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PREFACE

AS ORIGINALLY CONCEIVED, this book was to have been limted to a
consideration of the normat and pathological anatomy and physi-
ology of the portal venous system It was my intent to discuss the
clinical aspects of this umque venous cxrculation and to review the
many rclated expenmental studies which have been made upon 1t,
not only m laboratory anmmals but m man as well In this fashion, 1t
was hoped to bring together 1n one volume a useful body of informa-
tron concermmg this poordv understood blood vascular system

Early in the development of the manuscrpt, I realized that one of
the three cireulations of the Tiver could not be separated logically
from the other two Consequently the scope of tus volume was
broadened to consider not only the portal venous system, but also
the mtimate crrculators dynamics of blood flowing to and from the
Iiver In accepting the responsibihities of this more ambitious effort,
['have drawn frecly upon the mvestigations of others 1t s my simeer-
est hope that those who find their names in this volume witl not take
offense The subject of the Iner and its related vascular structures,
Thave discovered, constitutes a large research and clinical field sorely
taxing the abilitics of anv one cssayist “I'o those, therefore, who
have kindly penmitted me to reflect their views and to reproduce cer-
tain of therr illustrations 1 am most particulath mdebted

1t 1s my hope that, as published, this solume will enable the basic
scientist to appreciate some of the clinical problems which confront
the physician and surgeon m their efforts to manage successfully
patients wath hepatic disease and related disorders Conversely, 1
believe that chinical sexenbists may benefit from a broader under-
standing of the fundamental problems msolied m any discase proc-
css Bricfly stated, the major objectnne m writing ths book 1s to help
close the gap m hme which always seems to cust between discoer-
tes of the baste sciences and therr chimeal apphication to discase

Insofar as the ongmal stndies contamed n this solume are con-
cemned, I must pav tnbute to the resident svstem by which voung
surgeons are tramed Simce ats introduction mto thus comntry over a
half centun ago by Dr Willam Stewart Halsted, this system of
surgieal traming has alsavs mamtamed as one of 1ts major tenets a

vy



vin Preface

paiod of tune devoted to laboratory imeshigation. Only by carly
assoctation wath the dnaphnes of research mav an awareness be
aroused of the important relationslnp exsting between the surgical
evperimental laboratory and progress m cdmical surgery o the
saveral resident surgeons, past, present and future, who have con-
trbuted to thiy volume I must evpress my gratitude and apprecia-
tion Without their help, thar many mspirations, and their tireless
cfforts, thuis book would never have been wntten In this day of
faltening and wdeasion with segard to tesidency trammng programs
n surgeny, 1 would urge that thedeals of Dr Ha'sted be kept more
strongly i mind than ever before

To my teacher and recent chief, Dr Frank Glenn, 1 would cxpress
especial thanks, not only for lus encouragement and help m the
preparation of this volume, but also for the privilege of working m
the laboratonies of surgical research at Cornell Medical College and
upon the surgical wards of the New York Hospital To the memory
of my professors, Dr George ] Heuer and Dr, William DeWitt
Andrus, I would pay mportant tnbute, for they were surgeons,
skilled n their art, comanced of the place of research m surgery,
and loyal bevond measure to the 1deals of resident traming in sur-
gery For the fnendship of Dr N C Foot and Miss Margaret Boise
T am and ever shall be grateful

T should be remuss indeed were I not to express my apprectation
to Miss Lomse Cross for her work upon the test and sts imbhography;
to my sceretary, Miss Nan Walkson, for her cheerful and discern-
g cfforts in behalf of the manuscnipt and its many revisions, to the
W B Saunders Company, for their gencrous support and resource-
fulness m publishing tius volume, and to the National Tnstitutes of
Health for their many grantsan-aid without which this y olume would

have been mposable
Coarers G Cin, I3, M.D
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CHAPTER 1

Introduction

FRON time to tune m the development of the art and saence of
surgens, new therapes are devised and old ones undergo important
revisions Correntls, the rehitionshup between diseases of the Iner
and ts several circnlaton systems 1 the subject of surgical interest
and attack Portal livpertension, although sts existence had been sus-
pected for mans vears. has reeenthy been accuratcly defined 1t has
also assumied a posstion of climeal importance, for taday significant
clevations m portal pressure can be teduieed to hanmless leveds

Abdommal asates due to arthosss of the Iner hay long been re
garded as secondan to splanchnic congestion Numierons unsuieeess-
ful efforts have been made sugicalls to rddicve pitients of this
tronblesome man.festation of hepatic disease Purning recent decades,
however, mochenneal studies hne mdicated that large amounts of
fioad collectimg withan the abdonmmal cavity may more properh be
related to metabolic deficienaies or abnormahtics Comseguentls,
direct surgicat attacks upan asates fell for a time mto distavor and
were discarded one by one Withm the past fow vears, howeer, in-
terest m the surgical treatment of asetes has been revined through
a more comprchensne understanding of intrahiepatic airculatons e
Wationstups Intractable collections of abdom mil fud have appar-
ntly responded to hepatic artenal ligation

Although from time to time o fow surgeons have suspeeted that
man conld sun e sudden occlimions of Ins portal vem, 1t has been
praved only withm the past few vears that thn large vein could be
K:,c.dcd were 1t found iaded by a malignant temar Another one

4 host ot herctotore nndreamed of expenmental techmques e
been descloped to further knowledge concernmg tlis complex organ
Tow many of these may prose to be important clineally cannot yet
be estimated :

In spite, howaver, of these many advances in the physiology of
1



2 The Hepatie Circulation and Portal Hypertension

cpatic errenlation and m spite of many improvements m the medi-
4l and surgical treatment of hepabic diseases and thewr various
wamfestations, much vet remans to be leamed The many factors
onccrned in hepatic regencration have vet to be clanfied. What role
he hvmphatics of the Tner play i the normal econom of the organ
nd how these are adversely affected by discase 1s poorly understond
adas The physsologs of the hepatic astery m health and disease s
s vet fur from clear Why can Hus vessel and ts branches be suc-
essfully resected 1 some anmals and not 1n others? Why is hepatic
rtenal higation fatal m men whose huers are normal, vet apparently
ompatible with hfe when the ner s the site of cirrhosis? That cle-
ated levels of portal pressure can be lowered by shunts fashioned
ctween the portal and ssstemic circulations 15 today a matter of
cord Yet the operations requnred arc Yong, difficult, and hazardous
uch myjor efforts have these prosed to be that surgeons over the
orld have sought to devise some less fornudable and vet equally
ffectine operahon Furthermere, as far as can be determined, merc
>duction of portal pressure docs not improve Iner function in any
av Those who advecate hepatic artenal hgation, however, do ap-
ear postrfied m clauming that at least they are making some cffort
=~ improvmg the status of the hver iself
* = »mher of Iaboratory aud chnical miestiga-
~=obme ntraliepatic o
alatosy dynamics v crmng the nter-
Astsonshups of the portal varn, the hepaae lic hepatic artery,
ad the mtrahepatic lymphaties remasn unsalved In addition to the
irge pumber of detals which must still he learned about the hver
nd its blood and Iymph vessels, there custs today much confusion
nd httle clansty concerning the large body of facts and abservations
n tlus subject swhich hase accumulated over the years What new
sfosmation will be forthcomsng mn the future 15 a matter of con-
rcture, the problem at hand concerns what is known todav of the
ormal Iives, its comphicated vascular svstems, and the vanous dis-
1ses mn which its vessels are implicated
As the large number af essays upon the blood vessels of tius organ
‘e reviencd, numerous contradictions of scentimgly Basic fots oxin
¢ found The observations of one author cannot be correlated with
1ose of another Expermments reproducible n one labosatory are
yund not to check with thase w another To what, then, can all
1ese apparent discrepancees be attnbuted? In all probabdity, they
1 hest be ascabed to the mnumerable methods of mvestigation
Tuch have been employed Not only have savestigatne techniques
1ned, but, m addition, the hvers of any numbcr of diffcrent animals
ave been studied and efforts made to reduce these to a common
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denaminator When drugs, hormones, and tonte substances huve
been wsed 1n the course of an muvestigation, their dosages and meth-
ods of aduimstrat.on have been found to be wedels dncrgent When
dves, particulate matter, or collowds hase bean mpected mto one or
more of the hepatic vesscs, particle size and mjection pressures have
vaned extensisely. In some studies, myections have been made dunng
Tife, while i others speaimens have been prepared for study after
death In this great dnersity of imvestigatne ¢ffort, then, can prob-
ably be found a valid explanation of the many discrepancies n m-
formation on hepatic hemodynannes winch et today

These problems and athers, the s'gnificance of wlich 1s probably
quite unsuspected today, have provided the stimulus for the prepara
tion of this monograph 1f 1t successfulls portrays some of the -
portant aspects of liepatic physiology as this 1s understood today and
senves to nterest a fow 1 the many problems wlich remaim unsalved,
1t will have accomplished sts purpose



CHAPTER 2

Historseal Background

ALMOST from the beginmings of recorded time, the Jiser has been
the object of much speculabion, study. and expenmentation, By the
ancients st was accorded a posiion of fitst smportance s boddy
funchion They thought that m the hver the blood nuxed with the
chiyle and from there spread out through the entire body. In addition,
they ded the wera p possion m many rehigious nies,
particularly those concerned with anmal sacnfice and soothsaying
&5 Galen regarded the huer as the focus of animal heat and as an
orgas intesded for the formation of blood and for the origin of the
verns By tus g to ¢, Galen suceessfully held up
any adsance 10 true knowkedge of the hver until the sidteenth cen-
tury Audacions indeed was Vesahus when at the age of twenty-nine
be deseribed the coutse of the v ns, the vanous relationsiups of the
liver, and the truc anatomy of the heart Not only did Vesalius
change the entire course of medical ghought by cxposing the errars
n Galen’s specolations, but he also paved the way for clanfication of
the hiepatie arculation Accurate knowledge, however, of the portal
and hepatse sens and the hepatic artery had to awat the epoch-
making discorery of the arculation of the blood by Harvey n 1628,
This, together with the perfecting of the microscope, really marks
the ongm of modern ag tion of hicpatic anaty and physt-

ology

In 1640, fourtcen years befare Glissan’s classical descriptron of the
hepatic capsule appeared, Walcus pownted out that there were as
‘many branches of the hepatic artery as there were branches of the
portal vem or bile ducts and that these structures all lay in close
proxumuty encased m a common sheath Gliss elaborated
the vascular mature of the stroma of the hver, and suggested that its
primary usefulness was for the support of its weight. Ghsson akso
clearly d d by an exp that postal bload passed
through the hver and mto the vena cava Ata dissection i I{mdon,
he filled a farge ox bladder with water and a bttle mik This reser.
vou was fitted with a pipe which m tum was tied to the portal

4
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vem nee the lner, On squeestng the bladder, the milly water passed
through the Iacr, entered the vend cava, and thenee entered the
nght s of the hicart As mare of the nnlh-tinged water wats passed
throuzh the huer, the argan Tost ity red colar and hecame pale Thas
ohservation fed Glisson to canclude that portal blood bathed not
only the Lirre hepatee vessels, but the capidlanies as well Glisson also
wottced that numerous small arteries penctrated the substance of the
ner In comectusing at some length as to tharr function, hus cunos-
ity was perhaps the fisst to be aroused on the vanous functions per
formed by the portal vem and hepatic arten Win, be ashed, did
an argan so nchh supphied with portal blood actually need an
artenal areulation”

Wipferin 1663 and Bidloo m 1085 both recognized that the biver
was compased of utultiple small bodres I 10837 Malpichu, also
established the fact that the husan duer, as well as that of shelifish,

m function and he termed them aam
In 1694 Wilkiam $ilmon translated Premerbroeck’s popular book,
“Fhe Anatorny of Human Bodies,” mto Lngluh, and for the Rrst
hime gave the Englsh-speaking peoples a complete prcture of the
anatomy of the Iner ‘That the ca of spceatation was fast gang way
to the new medicdl scrence of obsenation and Gpenimentation s
reflected 1w Diemerbrocek’s comments on the old and the new He
wrote m 1672 Concernmg the Office of the Luer there are varons
Opmions, of winch the Ancentut and Hic most revered 1s from
Galen who sarth that Sangmmficabon 15 compleated i the Lnver,
and that st 1 the trae and prmany sangmfymg or blood makmg
howel But this Opuon, after the discovens of the Cirenlation of
the Blood s been wholly abolishied, smceat » found that the Blood
ts onte made m the Heart Malmghs, who has exammed the sub-
stancce and smncr parts of the iver most accusateh by Ins microseope,
has obseried many tungs wubcard at, and hatherta altagether
undiscos ered Bat Malpgloe, by reason of these new Golden I
\crzncns seems unwalling to call the lner a Bawel for the future, but

cation and there has been worshipped tor many Ages by the comman
consent of Physic, yet that m thesc our times it should be torn and
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depos’d from s thione aud despoi'a of all its Sovcseuznty, nay that
stshould besmd tobedead "' [ was not, of course, the liver which
was dead but Galen

Diuring the nest 150 sears, only a fow sigmficant obsersahions were

recorded In 1749 Ferran showed that the hepatic artery supphes
the portal space and 1ts assocated structures and then 15 drained by
way of the rachcular portal sem nto the lobuletself In 1781 Sabatier
expressed the view that Glisson’s capsule was a prolongation of the
tisstie susrounding the mesenteric vemns Thereby was formed a
structure by wihich blood from the digestne tract was arded 1 reach-
ing the hver This view was later, i 1802, supported by Laconee
Lacberluhn apparently recogmzed dunng this early period that -
jechon techmques provided a tool For deternmming accurately the
vascular arrangements of the hver Muller, creditmg Lacherkuhn
with the first expenments of this type, powted out w1830 that alf
of the vessels m the hiner secmed to commumcate with cacl: other

To Eranes Kicrnan (1833) must go the credit for the fiest com-
plate descnp e desenbed Glisson’s cap-
sule as a cellulovascular membrane m whneh the portal von and
hepatc artery dnade and subdivide mto thesr smallest branches
After the vessels reach thar smallest subdimvisions, the capsule then
forms a sheath about each lobule te demonstrated concluswely
that the hepatic artery supplhies the bile ducts and the walls of the
portal vemns as well as the loose areclar tissue m winelr these struc-
tures he Kiernan supported Faremn thus far, but here the vews of
these two early mucstigators dinerged  Ferrem behesed that the
hepatic arterial blood entered the lobule diectly, wlale Kiernan felt
equally sure that it was collected and entered the portal vem. Kier-
nau also showed that nexther the hepatic artenal branches nor those
of the portal vam could be mjected by way of the hepatie vens. He
did not beheve that the Iobules recesved anythimg but the smallest
amount of artenal blood ducctly Thidle (1844), Webes (1850},
and Beale {1856) added little of wnportance to Kiemnan's ongmnal
descrptions In 1865 MacGillavry fisst notsced a space Iymng betw cen
the hver cell and sts blood vessels Thrs was later (1890} described
by Ihssé and gnen s name The sigmficance of thns natrow space
was anknown Kot 2 long bme st was thought to be an astefact, but
recently 3t has come agmn mto promunence and today 1t 15 beheved
to represent the mtralobular lvmphatic system .

Higrt] (1864) studicd the hepatic artenal oealation i amplah.
ians and reptides and concluded that the hepatic artery cmphq
directly mito the portal ven capilfanies In tlus fashion the hepatic
Iobule recerves a mixture of arterial and portal venous blood In 1863
Betz beheved that he had demonstrated that flurds imected info the
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portal vemn and hepatic arten were mutnath ovedwane Of partienlar
mterest are the carefud studies of Chrzonszczcnsta wineh were pub
Ished m k666 Emplovng die syect on tednnques and sclectne
hgatan of the portalvem, hepatic arteny or hepabic saans, His author
concluded that even lobude of the et wondd be dnwded mto tvo
termter ey, contrat and ponpheral The central was fed prmapatly
but not wheth by the hepatic atten, the penpheral was enticch
naunshed by the partabvem

from spproumatels 1870 to 1926, these wses concernimg the
dutnbution of the hepatic vesweds were wideh studsed and dianssed
Although Kicrnan and hus schood had sueceeded » ol i establoling

he hopat de as atscular pma, these were some who were sn-
previed wath the ghindular nature of the orgon dnd sought to make
the Iner prmandy @ bitun glind Kiaman mamtamed that the
central vewn constituted the ans about which the lobular urat of the
Iner s formed Brssand and Saboum o 16854, bowever, opposed
this view, mauntammgthat the by e comm-
wxesh the contrad mat Phas i coneept slthough populas for o
tigsse. sas finabh dieasded Jargely beeanse st began to be secognized
that the diner possessed aans functions sther than the excrction of
brie Bichat, w D famous “Anatonue Genarale, postulated that
nature s ouldnot base made tie organsoJarge wereats only function
that of produang 4seachon fess abundant thun nome Wathn
fow vears, Clande Bonard establuhied the tner as an omgan of waor
cdocune wportance and the vascular concept of the hepatic umt
has persnted aer smce

Another problem whach domumated hepate phasiolozy during
thay penoc concerned how the ngh preswre i the hepatic aster
and the low presswie wm the portal wem were equalied Gad n
1873 concluded from Jus evpenimental wark that the hepatic asten
brought ovgenated blood to the Iner and abo mechanscally con
tralled portal fow Hle behoed that the lepatic artenal branches
youned thase of the partal san at an acute angle In thys fashion, @
flap-lhe valve was formed which not onb cffectnely reduced artenat
pressure but alsa controtied the flow of blood through the portal
sesseds Although not speafically stated, KiermaCs explinatioy for
the cqualization of portal senous and hepatic artenal prossure
parently Iay in the fact that the astensal blood had to pays through a
apiilagy bed before entenng the portal vessels -

Additional studies upon bepatic artens! blood flow have been
made from tme to time i 1922 by Plabd, mn 1927 1 Loctfler,
1930 by Cameron and Maves, and m 1930 by Olds and Stafford
Fhese investigators m general confinmed Kiernan's ougmal observa-
frons, while the Yatter two expressed the belief that branches of the
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hepatic artery passed durcetly to the hepatre simusond. Cameron and
Mayes believed these vessels constituted anly a small part of the
smusordal crreudation Olds and Stafford, on the other hand, mam-
tamed that small artenoles entermg the simusords constitnted the
main mwode of d.stubution of the hepatic artery.

For the most patt, the studhes recorded w the mimeduately preced-
ing paragraphs can cosnemently be called anatomical They largely
cancerned conclusions drawn from the exammation of microscopic
shdes of the hver prepared ether with or without the benefit of
injection of dyes or particulate matter of one sort or another, Many
mnestigators expressed varying degrees of dissatisfachion with these
techniques, pomting out, as did Chrzonszezcwshy as ecarly as 1866,
that varmtions m rate of admamstration, m dosage, in mjection
pressure, m speetes of ammal, and so on, nught well account for the
many differcnces of opiman which were expressed as well as for the
numerons disagreements concesnmg the precwse amangement of
the hepatic vasculature For these reasons, a fow men as early as 1900
and many recent myestigators tumed to what may he termed the
physiological approach Although these maore dynamic studics con-
tuibuted new wformation, they also added theis share of confusien

Perhaps the first man to concern hunself scnously with the dy-
namucs of the portal cuculabon was 1lesrick In 1907 he perfused
nonmat human byers and found a large volume of blood m the portal
vem creulating at a low pressure In the hoepatie artery, the reverse
was true—a small volume of blood flowed at ugh pressure e also
found that alteration m artenal pressure had hittce effect spos portal
pressuse Here, then, were studies directed pumanly toward deter-
ming f possible how the blood moved about through the hver
Like others, Herrick became mterested m how the pressures m these

twp systems equalzed themselves before the blood dramed out
through the hepatic venous system He postulated anly two possi-
ihhies—the entenng crenlations imflucnced each other ather by
direct o 100 o1 by lateral pr In effect, then, Hernck
sncorporated both views of the earher anatomsts those of Kiernan
postulating a capillary bed mterposed between the hepatic artery
and the smusod, and those of Gad prop a flap vahve 1
Dunng the nest few years, thinling about the hepatice areulation
was dommated by the studies of Burton-Opitz, who became mter-
ested m the relative amounts of blood passing through the liver by
way of the portal vemn and the hepatic artery s ongmal figures of
75 ‘per cent comng from the postal van and 25 per cent from the
hepatic artery were in general confirmed by ather imestigators (Bar-
croft and Shore, McLeod aud Pearce} Grab, Janssen, and Rem
{1929}, however, estimated that perhaps not over onesith of the
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blood supphied to the hhver 1 from the hepatie astery Tn 1932 Me.
Aichael undertool, 8 study of the hepatic eirculation as reficcted m
1ts vasomiotor teactions ¥ie made careful studics uspote the reaction
of the portal pressure to epmephnne, acets Ichahne, sird vasopressin
and demonstrated that 2 defiute control 15 exerted e hepatic
blood flow Iy neurageme and hormonal mechantny Alore reconthy
still, Konely, Mann, and mam others hine doveloped techmaques for
obser g lobubr Blood flon discetly By this method. the actunt
sesponses of the hepatic blood yessels to drugs, hormones, dves, par-
nienlate matter. and nenous stimalation can be enticath cwannned,
Thes technigne has successtulh resohed mam, but by go means all,
of the dinergent op of anatpmusts, pathologuts, and physiol
ogsts

Thus the studs of the crculstion of the ince has progressed over
three hundred sears from gross obsenation through muctoscopie ex-
ammatton of fined (and oftentimes myceted} bissue to actual ob-
senaton of the diwamics of blaod fow undir both normal and
abaormal cendibons Nans. m hus addres w1942 ta the students
at Indisna Unnersity, stated that the stosy of the arculation of the
fiser s buned under its own hteratare Fow truer @ ords were ever
spoken What can be aceepted today as senfizble fact and reasonable
conjecture on the cirenlaton components of the Iner?




CHAPTER 3

Comparative Anatonty of the
Hepare Crreutlation

IN the cvolution of ammal species, the Iner cannot be found untit
2 digestne sistem has made sts appearance In its most prmmtine
form, the mtestinal tract consists s mply of a cavity with a single
opemng serving both as mouth and anus As such a structure, the
gut first mahes s appearance m the coclententces, that phylum to
which belong coral, jelly fish, and sex anemones Here the huer s
represented merely by a cellular tinchemag m the darsal wall of the
digestne canty (Fig 1} With the apprarance of ammals with
a muscular digestne tube wineh includes both mouth and anus
{worms, molluscods, and balanoglossus), a parr of glandular &
vertienla can be wdenbfied just caudal to the pharyny These are
believed to funchion as a Iner (Fig 2) Although the better dovel-
oped of these pnmitae forms of animal Iife have a closed ewrculatory
svstem wath dorsal and Jongstudinal vessels and even a contractile
area m the aosta, the liver ss without any recogmzable vascular con-
nections At this stage m its evolution, the Iner 15 clearly glandular
This fact undoubtedlv senved as the stimnlus for a number of casly
anatomsts to onent the structure of the b er in tersns of ifs glandualar
sather than s vascalar pattern

A Iner mamsfesting both glandular and svascular components 1
fist scen m the Amphionws, a small fish-hhe anmal with a cur-
tilagwous rod runnmg the entire length of ds back This ammal,
comenmenth mamfesting features interpreted as characterstic of a
transshon from mertcbrate to vertebrate, possesses a divertieslum
focated just below the pharsmy and projecting from the digestive
tube As the wascular system s ammal 15 traced, blood 15 found
propelied through the gifls, collected m a dorsal osta, and passed
down to the tat The blood returs through the postcardmal and
the submtestmal sein The fatter vessel breaks up mto capillary
ramifications withm the huer from wihnch blood ss secollected 1 4
short hepatic vem which enters the smus senasus wmto which the
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Fig 1. Hydra Certawn of the cells linmg the entenic cavity of this prmitie
orgamism are presutned to function as the Incr of gher fonus of amimal lfe
As'far as 15 Lnown, the secretory function of these specualized cells 1s entirchy
external. (Modificd from Nealand Rand Comparatne Anatoms The Blakis
ton Co )

¥ig 2 In manv pomatsse forms of ammal life, the liver can be recogmzed
oot e : *ot- e funchion
. * lified from

. . L Co and




CHAPTER 3

Cosmparative Amatomy of the
Hepane Circulanion

IN the evolution of ammal speaics, the Iver cannot be found untit
4 digestive svstem has made 1ts appearance In its most prmntive
form, the mtestinal tract consists s mphy of a cauty with a single
opemng serving both as mouth snd anus As such a structure, the
gut first makes its appearance m the coclenterates, that phylum to
which belong coral, jelly fish, and sea ancmones Here the Iner is
represented merely by a ceflular thnckemng i the dorsal wall of the
digestne canity (Fig 1) \With the appearance of amimals with
a museular digestive tobe winch mcludes both meuth and anus
{worms, molluscaids, and balanoglossus), a par of glandular di-
v ' ovdoean be wdenbfied just caudal to the phatvny These are
’ teer (Tig 2) Although the better devel-
e T 7 v s closed arculatory
system with dotsas we. even 3 contractie
area m the aorta, the Iner s waithowt aa, zable vascular con-
nechons At this stage m its evolution, the biver 1 clearly glandular
Ths fact undoubtedly served as the shmulus for a number of carly
anatonusts o onent the structure of the hver in terms of its glandular
tather than its vascular pattern

A lwver monifesting both glandular and asculay components 1
first seen m the Amphiowws, a small fisklile pmwal with 2 car
tilaginous sod running the entire length of ats back This anwmal,
convemently mamfestg features interpreted as charactenstic of a
transition from imvertebrate Yo sertebrate, possesses a dnerticntum
located just below the pharvny and projeching from e digestive
tabe As the vascular system # thns anunal s traced, blood 15 found
propelied through the gills, colleeted i a darsal aorta, and passed
down to the tas] The blood retumns through the posteardinal and
the submtestmal van The latter vessel breaks up into capiflany
ramifications withm the Iiser from winch hload 1s recollected m 4
short hiepatic vein which enters the ssnns senosus mto sshisch the

10



Comparative Anatomy of the Hepatic Cuculation 13

I a number of pnuntive and w most advanced fishes {clasmo-
branchs, wcluding shars, 1235, and clumaeras), there can be found
many genenal features which must be constdered derelopmental
tefinements or mstance, m some the stomach s J shaped, 2 prlorus
ws present, a duodenum can be secogmzed, and the pancreas 15 well
descloped In mamy speas, the fnes becomes a multifobed structure
of considerable size, a configuration which this organ retams through
ont even the most advanced forms of anumat hifc The spleen s now
welt estabhished as @ part of the portal wstem The heart s further
dercloped, but the smus senosus remams vnalsorbed  From the dor-
sal aorta just below the branches leading to the aorhic arches, @ tong
celuac arten proceeds some distance before sending branclies to the
Iner, stomach, and witestines The portal ssstem collects blood from
the gastromtestinal tract through the following vans the gastoe,
the duodenad, the pancrcatic, the rentral mtestinal, the antenor

pl and the p testmal Al these jon the man
postal stem shightly above the prlors and proceed m a long mam
trunh to thelner (F1g 43 fnaddition, cortam other venous changes
occur m the disection of the mammahan swstem The candal ven
dnides, formung two branches which break up to travense the meso-
nephron whence the blood s carmed by the new subcardimals, thus
formmg the renal portal swestem Latesal abdomsnal s eins also enter
the common cardinals

In the langfish, wath partial air breatlung, pure snd wepuic blood
1 separated to some extent m the first step toward fall long breath-
mg mstead of gl breathmg A branch of the hepatic vem extends
upward along the puimonan fold to pln a part m the tornation of
the new posttana which onginates m a connechion between the
pastenor cardinals in the region of the adney The blood from the
postenior part of the body hencefornard mereasmgly follows this
route to the heart, and the old arches of the post<ardingls shank
untl m more advaneed anirnal form they bueome the azygos vemns
In the study of more advanced forms of snmal hife, minos dsffesences
are encountered, but sadical departures from the pow firmly estab.
hished basic portal pattern cannot he found In the wrodele, the
Tateral abdommmal s fuse to form a single sentral abdominal
winch entors the portal vesn sather than the doct of Cuvier as 1t docs

w the shark This wmque connechion between the swstenne and
portal ccolation 5 well demonstrated m the frog (Fyg 5§

In the bid, the sascular pattern 15 i generat reptilian, but 2 num-
ber of interesting changes 1n hepatic cireulation appear The cehac
artery 15 well developed and supphies the Jsver with artenal blood by
wav of a distmet hepatic astery The supersor mesentenc artery, how-
€ver, amses as 2 trunk separate from the celiae The vental abdominal
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common cardimnals also empty. Thus, the Amphiowus manifests the
first portal system {Tag. 3). 1t 15 qunte comect, then, o state that
the portal system appears in the first vertebrate and, as will be seen
shartly, bocomes a charactenstic of all vertebrates,

LOWER VERTEBRATES

In most pruutn e vertebrates sach as the cyclostomes, the ver
makes onc further differentiation oser the pattern seen in the Amplh-
oxus It s no lenger @ diverticulua but becames a closed organ wath
a well developed ductile system  Interestingly emough, the gall-
bladder 15 present m the larval stage of the cyclostomes, but it dis-

Hepahic Artery

Hepatic  Veins

Fig 4. Squalus. In ths pnmuine fish all elements of the hepatic peula-
fion 2rc folly developed Arteral Blood 15 carrsed throvgh a hepahe artery;
portal senous blood travels to the hver through 2 well developed portal venous
system, hepstic blood 18 returned to the heart through the hepatle vews,
Furthermote, the hver 15 completely developed, smusads are present, and
there custs both intcrnal and external seeretasy Function (SModified from
Neal and Rand  Comparative Anatomy The Blakiston Co.}

appears by the time adult hfe 1s reached, Furthermose, i them the
liver 15 known to produce enzymes actve n digestion. The subin-
testmal and supramteshnal veins pattiapate m the formation of 2
postal system winch collects blood from the intestmal tract and, as
m the Amplioxus, passes 1t through the hver. By this ime, there iy
a three-chambered heart, and a definite hepahe artery can be iden-
nficd

in lampreys and hagfishes, compriszng as they do one of the lowest
forms of vertcbrates, the hser manfests 1ts final evolutionary de.
velopment It 18 an organ of both mtemal and oMernal seoretion
There 15 2n arterial blood supply, 2 portal system, 3 hepatic venous
systems, and well developed si ids Its ductal ge system for
transport of its evternal secrebion is camplete {Fig
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1o have undergone 2 number of changes These vary from speaes to
sprues s well o watim speess Hhe wanatians from speeies to
specits are mmportant i the studs of thie hepatic cocnhition, and
fadure to reogmze thee has wdoubtediy acconnted for maw of
the confusmg reports concermng the nomal ph}\u))ogy of the
hepatic airculabion For mutanee, the cat and dog die promptly

Coccygeat
Mesenteric
Vein

tax 6 Bud In thes sectebrate 3 unigue commehion bodacen the ssskmc
anef portal «onous sesk o exiats i e form of a von conmcetisg the posteanal
aath the portal sem ua the wftror mesentene vem Lagation of the post
canat s s cfoct produces m the bird @ reverse 1ok fistaly Higgns, Mayn
and Pocstis toab sdvantage of this umgue cresnstance, s ther studies of
lipatic regencration after partiat hepatcctomy { Redraws from Adams Gom-
pisatne Anatonn~—An latroduction to Vistdbratos John Wiles & Sens )

aftee sudden accunion of the portal vom whereas, under silar
wrenmstanees, the smonkey and man sunne Vanattons wothm
spraes, of course, constrtute anomales and are considered m detat
m a later sectien

In the mammal, the snus venosus 15 finally absorbed mte the
heart, and the aorta leaves that organ by a smgl azch on the left
“I'he renal portal sistem has completeh dsappeared, and the Jateral
ahdnmmals ate tepresented only as the fetal sstellime veins The
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vem, figunng promunently m certam rephies, 15 replaced by the
coccygeal mesentenic vem which enters the portal vem as do the
ventral abdommals The epigastnie vemn, howener, enters the hepatie
vesn above the Iner Thas 15 one of the few evamples of the entry of
a systemnc vem, or anv vem for that matter, mto the hepatic dram-

Fig § Frog Here, too, the portal venous system 15 fully developed but
presents an addstional feature~a large systemic sein, the antesior abdotmamat
vein, drams mto the portal sistem In obscnng reactions of the Iner fo sub
stances injected direetly mto it, thus amterior abdaminal ren has proved
exceptionally wseful Through it parhiculate matter, dics, drugs and othe
substances mav be myected mto the Iner without entering the pertoncat
cavitv (Redrawa from Adams Ci Anatormy—-An I jon fp
Vertebrates John Wilev & Sons )

age system As wall be seen later, thesc pecuhar arrangements m the ©
bid have contnbuted sigmficantly to the study of hepatic segencra

tion (see g 6)

MAMMALS
Along wath other developmental advances in the cardiovascula
d structures in Is are found

system, the Iner and ats
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to hne undergeme o smmber of changes These wny from speares to
specaes as well o wathay speeies The wmatiom from wpeads to
speeies are wportant m {he stach of the hopahie aseulation, aud
fnluve ta recogue these bas andonbtedly acconnted for massy of
the confwamg wposts conctmug the natmad plaswlagy of the
hepatic arculation For unstance, the ot and dog che promptly

Epgostire
Vi

an Gut

Caccygeal
WMesenterie
Ve

f15 6 Bard In ths awrtebrate 2 ymgue conmcton betwngen the svstenie
v port af vaous watere ests m the fore of 2 vem Copuecting the posteavat
uth the portal vem vz the mienor mesentene van Lagation of the past
cavat vem w ffeet produces w the bird v rovanse bek fistuts Yhiggs, Maun
and Pacsthy fook adhantige of thn umque cncumstingt m therwr studies of
hepatic (genctation after partiad hepitectomy § Redrawn from Adams Com
pritae Anztomy-An Intioduction w0 Vestcheates Jobn Wil & Soms 4

after sudden occlnsion of the portat vem wheteas, wader somslar
arctmstances, the wmonhkes and man sunne Vanations within
specres, of course, canstitute ananatios and ase considered i detamd
m a later sechion

In the mammel, the smus senosts s finalh absorbed mto the
Tieart, and the aorta leares that organ by a wngle arch on the left
The renal portal system has completels disappeared. and the lateral
abdommaks are represented only as the fetst vitelline vens The
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may renuim m anastomoses. the coceygeal mesenteric ven has
dropped its caudal connections and has become the superior mesen-
tenc vemn contnbuting to the portal system (Fig. 7). The intestine

/Collohmls develop only
n presence of ob-

struction fo

%, Portal fiow.

Portal V.

Fig 7 Mammal Here the portal system 1s completely separated from the
systemie venous airculation Only when abnormal obstruction to portal blood
flow develops do important portal systemuc collaterals appear (Modified
from Adams C Anatomy—An T i to \ b John
Wiley & Sons )

of mammuls 15 greatly elongated, and m them for the first time the
cloaca 1s replaced by separation of the rectum from the urogenital
organs. Duodenum, jejunum, and ileum are clearly defined, and

there 1s full differentiation between colon and rectum. .
- BN T e s SN IR N

of the nght lateral 15 a clearly separated candate tobe. 1nere 1 also
some sanation 1 lobulation from species to species, and from ind;
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vdual to indwdual In the pravates, the Iner 15 exeeedmgly large
and pushes the stomach to a lower plane thav m man The prmate
tner ws tridobed with night and left Tobes placed dorsatly and a single
ventral lebe The nght and centrat Jobes ave mtiateds connected,
but the left lobe remams quite fice and was even have a separate
hgament attaching it to the duphwgm The lobulation of the
gordla, howeser, resembles mose the carhier lobulated form found
m the rat, rabbat, cat, and <dog
The artenal and scnous supply to the e s natueally affected by
the degree of hepanie fobulation, separation of the Iner mto several
tabes requires more pownts of entny for these vessels Hhan when it 1s
compact  The duct vanes dingly In the dog, the
portal vem recenes two main branches, the first brnging blood from
the stomach and pancreas, the second from tw o mesenterie branches
wluch aze joned I the gastroduodenat and pancreatic vossels In
the eat. the cficcts of extensne lobulation are welf lustrated by the
entrs of the portal van asto the different lobes by fice separate
branches of the mawm trank Butler, studung the forcgut plevas of
the albio rat which s demved embrologcalty from the splanchnie
somatic mesodermy, pomts out that tus plexus gocs nse to pul-
tnonan cins and to \ows of the trachen, csophagus, and stomach,
and that the vems which dram the caudal thied of the esophagns
connect with the portal system e finds ntunate councctions both
n artenal and \enous systems between gut and lung and medus-
timum A direct connection between the portad and pulmonary vams
by way of the pernagal vems normally remams m the adult ot and
guca pig ln man, ths remams onhy as venae comtantes of the
sagus, joining the left gastne to the bronchial veins with small con-
ncctions with the extrapulmonary portions of the pulmonan rems
T he degree to winch pulmaenary, portal, and svstcune vens remam
attached vastes from lower ammal to man, but conncctions are
alwavs present and may be enlarged vnder certam Circumstances
I fugher amumals such as the monkey and man, there 1 an 1.
portant anatormcal featuse which, though it docs not concern the
portal airculation spearfically, profoundly affects cortam of st dy-
namcs Thas feature apparently 1elates to the retropenitoneal poss-
tion of porhions of the pancreas, the duodenum, the spleen, and the
ught colon In such common laboratory ansmals as the sat, eat, and
dog, the pancreas, spleen, and nght colon are i what mxg!;t be
designated an miramesenterie posihion In studving the anatommeal
welationships i these ammals, 1t 1s evident that collatera] venons
channels which dram these organs mto the systemic s cnans crreula-
tonare scant T the monkey and man, how oy e, these organs secupy
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T etentores empty g mito the post-cava. fn mam-

T T beaat feny

the catitm sy res
semebeminee the coceigent Hivume. s

~eénv emesen-

stine

loterols deveiop oty
in presence of ob~

/Col

B

. Z tely sepavated from the

Fig 7 Mammal Here the portal sy SECP 35 comgk

Syst;gmc senoms 2 Only shen i to portal blopgd

fow develops do mportant portal systemic collstesals appear  (Modified

from Adams Compasatine Anstomy-—~An Introduction to Vertebrates, John
Wiy & Soms }




.
Comparative Anatamy of the Hepatic Circulation 19

and man alse ase more apt fo present a broader mesenteric base than
can be found in the cat or dog These anatormeal peentanties, pos-
stbly assoceated with assunung the upnght pesifion, account for the
fact that the monkey and man ¢an sunne sudden and complete
ecchnsion af the portal vein wliereas the cat and dog mmmedhately
succrmb to thus operation (Frg 8)
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a maore retropentoncal position Pattiealarly is this true of the pan-
creas and daodenum Thng tetropentoncal position, of couse, places
these organs m greater apposition to the body wall than is the €ase,
for wstance, m the et or dog Although not as striking as n the
panereas and duodenum, the spleen and night colon of the monkey

B

Fig 8 Relative postion of the pancrens and
with 1espect to the fetroperitoneal tissues A,
creas and portal vemn he between the leaves of
Here little opportinity s provided for natural
Man In man a5 well as in other prumates the pa

portal vemn of the dog and man
Dog In thes anmmad the pan-
3 ncll developed mesentery
portacaral anastomoses, B
ncreas and portal vew hy n
sty 25 provided for the de.
venous It

}

a retropenttoneal posibion Here ample opportu;
! ! survive sudden parg)

or of

us crculatory difference which permsts man to
gcrfc’ms Ocdum,:y while the dog dies Natural portasystemic shunts Provide
adequate portal decompression m man Swnce no such shurts ocﬁur natorally
m the dog, this ammal bleeds to death mto his splanchme capilary heg fol.

lowing sudden portal occlusion
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and man akso are mote apt to present a braader mesentenie base than
can be formd in the eat or dog These anatomaeat peevhanties, pos-
sibly assocuated with assuming the upnght position, account for the
fact that the monkey and man can sune sudden and complete
ocelusion of the postal vemn whereas the eat and dog immediately
syccamb to thus operation (Fig §)



CHAPTER 4

Embr)w/ogy of the Liver
and fts Bleod Vessels

GROSS EMBRYOLOGY

EVEN 2 cursory suncy of the Instory of embryology 1eseals that
for many lundreds of years and physi have con-
sistently manfested nterest in the early development of man and
of lower ammals In these studhes, the fetal crrculation recorved ex-
tensive attention Not only were the general curculatory dynamics
of the deseloptng embrys accorded detaled im estigation at an carly
date, but the vessels of the Iner proved a parhicularly attractive sub-
1ect This was undoubtedly duc to the fact that in the embryo the
umbtheal vern, leading as st does divectly to the hver, 15 such 2 prowmi-
nent vessel that it conld hardly £l to rawse questions concerning sts
functional relationsinps Galen i the second century a p. fitted this
large vern into Ius gencral concepts of the hepatic vers; 1t was just
another vem finding ongmn i the hwer The views of Galen held
sway unti} the snteenth century when Vesahas and Fabnows of
Aguapendente independently described the ductus venosus Fabn-
cius’ sustratrons 10 “De Formato Foetn” of the venous relation-
shnps of the hver dunng fetal Ife have hasdly been ymproved upen
and are reproduced w Figure 9 These show that the complex ana.
tormieal relationsinps of the umbiheal vem, the portal ven, and the
ductus venosus were clearly understood at this time
When IHarscy began lus studies of the arculation, enough wos
Lnown of the fetal vaseular pecuhanties to focus lus attention upon
this aspect of the blood vascutax system 1o his treatise published 1
1628, Harvev wrote, “In the embryo the hver has practically no
1 function—~the umbihical s em passes mtact through that visens, ang
from the porta hepatss there 1 an opening so that blood returning
from the mtestines wakes for the heart, not through the liver but
by the aforesnd vmbihical 1cm ” From Haryey's time on thiough the
1800's, the anatomical era fourshed, and many c‘xrcfully‘cxecutcd
studhes of the mirahepatic venous circulation were published, In
1736, Trew described the extrahepatic and intrahepatic circulation,

28




Embryology of the Liver and Its Blood Vessels 21

and examination of Ins dugram reveals that he had an eveetent
prasp of the esscatul relationships (g, 10},

Von 1aller {1757} perhaps deew the first plivaologreal deductions
from anatonucal facts when he wrote that the greater past of fetal

Veno_Goww

Tig, 9 About 1577 T abnesus of Aquapendente studicd the fetal circutation
It 15 obwiaus From these two Mustabions that Fabrows was welf mfacmed on
gsoss anatomny of the umbileal, portal, and hepatic senons blood flow

Ductus
+  Venotus

Laft fobe .
of Liver

Umbitieal
Vein

way concerned,
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blood passes from the thac mto the umbihical artenes (and thence
to the placenta). The blood returmmg (from the placenta) passes
to the umbilical vem, one seventh gomg directly to the vena cava,
wile six sevenths pass through the Iner By wax injections of the
human fetal Tiver, Bertin demonstrated that the left Jobe of the Iner
15 supplied mamly from the umbihieal vein, while the nght lobe

Fig 11 Reproduction of Ziegenspeck’s ongmal diagram of the fetal cireu-
labon For the first time the complete story of cireulttory dynamics was under-
stood (Redrawn from Ziegenspeck Samml Min Vortrage, Gynak no 148,

1905 )

recewves blood from branches common to both the umbth]'and
portal vemns Bichat reported in 1801 that certan of hus stLi(hcds indi-
cated the presence of a spur of tissue at the beginning oif ‘ed l;Ctus
venosus which he believed partmally prevented portal oo] Tom
entening the ductus e also noticed that the hver was relatively
larger during fetal life than in the adult. The anatomlca]{em}came]&,
a close with Ztegenspeck’s complete deseription of the fctal circula-
tion which he published n 1910 His diagrammatic representation
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of the fetal crenlation 1 reproduced m Figure 11 The solution of
gross physiological problems 1 fetal circulation came somewhat
later in the twenticth century with the studies of Pohlman, Kellogg,
Barcroft, and Barcly Blood gas analyses and roentgen: visualization
of intrahepatic and extralicpatic blood flow  hiving specimens have
all but completel clanfied fetal cardion ascular physiology

MICROSCOPIC EMBRYOLOGY

While but 2 fow imestigators seem to have been interested m
gross development of the hepatic vascular svstem, many have con-
cemed themsehos with the smceroscopse anatomy of the deseloping
Iner and sts blood vessels The foundatson for inodern microscopie
cmbryology 15 “The Anatoms of Human Embryes,” publshed m

Liver m
Yolk Stalk Ventral Mesentery
Tig 12 Transverse and samttal scebion of 4 pig emnbrio at the eod of the
fonrth week Ehe hepatic diverticubunt as clearly evident at thus stage {From
Patten Humin Pmbnologe The Blakiston Co )

Heart

1850 by VWilhelm His In tlus menograph, the carly devclopment of
the Inet 1 completeh claborated In thas covntry, Mall, mterested
fically i the ner, publshed summan of his many
stuches of this organ Thas treatise mncluded not onhy the cmbry olog-
1cal deselopment of the Tncr, but also the mmute anatoms of this
organ i ats adult form In recent years, Patten, one of the country's
foremost embryologists, bas imterested humself m thos Feld Because
of the completeness of His's, Mall's, and Patten's studaes, a detailed
deseniption of the deselopment of the liver in thes volume ss unneccs-
sary A brief sésumé, however, may be helpful m undentanding
better certam aspeets of the ner's complex vaseular arrangements
The primordial outgrowth of cells destined to become the Iner
appears i the endedenmnal lunng of the forcgut dunng the fourth
week of life This grows sath remarkable rapidity aud pushes out
between the two lasers of splanchme mesoderm which at this hme
represents the ventral mesentery of the gut (Fig 12) Almost as soon
as the hepatse cells begin thewr expansion, they mvade the omphalo-
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mesenteric veins, breakmg these up into small eapillaries later known
as sinusoids. At twenty-two days, the hepatic diserticulum com-
mences 1its rapid growth and mvades the adjacent splanchnic mes-
enchvma This 1s reflected over the surface of the growing glandular
mass of the Iner and ultimately gives risc to the connective tissue
capsule of the liver as well as to the interstitial connective tissuc of

ror e = Tyer The hepatie
+ human embryo
. «m Textbook of

Hstology )

the Tver lobules Except for the capsule and the scant fibrous tissue
supporting the lobules, there 1s surprsingly httle connectrve tissue
formed about the developing hepatic cells. Instiad of ﬁ_"“[‘e““e

ER - PSRRI N SN

ts of the hal 1€ 1 ¢s5¢ls or whethar

the hepatic cellular aggregates g;ow 1nto these vessels and thereby

become mvested with endothelum 1s not known In an embryo of

16 mm , hver cells appear in direct contact with sinusoidal endo-

thelum The :lccomp‘;nyin% tx’igurlc, re(dlx"a;rigf)mm Maxumow and
18 relationshy [

Bl?\:“;’r(‘)i\s?l‘\ogi:;}t:essscts: a clmractensll)lc' pnm?m 1 established The

liver plates continue to grow, cach carrying with it an mmestment of

grow around
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endothelinm to form the myrads of smusods evident w the adult
fner The of many d bitutes at one end the
Mfferent portal venndes and at the other the central vous of the
efferent hepatic vesoms system, Tlus mtmate appheation of 5
nusodat endothelwn to the hepatse ccll 1s imaportant m hght of the
active discussion waged today over swhether 2 Uspace,” presumably
lymphatic, casts between the endothewm and the Inver ccl Man-
mow, m hus detmled study of the Iner, was unable to demonstrate
a defimte relationsiip of the lpuphatics to the ner ool or of
ymphatic caprllanes to the lner lobule Caly i the penportal con
nectne tissuce sbout the rmifications of the portal vem can Jyme
phatic vessels be identified (Fag 14).
Bectuse the mamahan cmbryo has pactically no food supply
w the form of yoik, 1t 1s dependent for survival upon the precocsous
blask of blood fatory sk ips witham sts mother

Veay carly in its desclopment, therefore, masses of mesoderm aggre-
gate and prompth hollow out mio tubes Within a relatiecly short
time, these asseme the pattera of adull artenies and xeans, the former
leading from the heart and supplying blood to all embryome strue
tures, while the Iatter drun blood back toward the heat In the
capifiary bed of the miestnal tract and yolk sac, conientional ar-
tenovenons relationshups appear carly and ultmately Qifferentiate
mto an artesal supply system and venous dramage system Tn ap-
proachung the hepatic % 2 hat different

obtams The devclopmg hepatie plates wvade the omphaiomesen,,
tenc vesseds to form the afferent and cfferent senows airenlatory sisd
tem of the ner Precsscly when the arterss! svstem gains access to
the hepatic sinusomds has not been clearly defined  That artenoles
anstng from branches of the eeliac avus enter the simusosd m adult
hfc has been demonstrated many times, but when and how this
oeeurs 15 not known Although vans anse in the same manner as do
arteries, they become cleady defined somewhat later For thas reason
it can be assumed that the mesenchymal space, Later to be mvaded
by the developmg hepatic pnmordium, 15 well sapphed by astenal
compeanents by the time the omphalomesentenc voms become dif.
ferentiated

Tor arteniovenous anastomases to form normally at this time

would be distsnatly wnnsual, fox 2t 1s e that artenoles enter a tage
venous lake cxeept upon 2 basis of congenital defect Whether the
desclopmg hnet cells, as they push into and trabeculate the omphalo
mesentenc s, are able to force some form of wnusual arteno-
venous comection betw eon the hepate artenioles and the desclopimg
«nusoids 1s only 4 matter of congecture ‘That a developing organ
such as the gut or the Ter carnes with ot sts own artens! supply 1
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mesenteric vemns, breaking these up into small capillaries Jater known
as smusoids. At twenty-two days, the hepatic diverticulum com-
mences 1ts 1apid growth and mvades the adjacent splanchnic mes-
enchyma This 1s reflected over the surface of the growing glandular
mass of the liver and ultimatcly gnes nse to the connectnve tissue
capsule of the liver as well as to the interstitial connective tissue of

toanm of 81 a fosal Tver The hiepatic
man embryo
Textbook of

Histology )

the Iver lobules Except for the capsule and the scant fibrous tissuc
supposting the lobules, there 1s surpusingly Little connective tissue
formed about the dovelopmg hepatic cells. Instead of connective
tissue, endothchum pred Asa thin b this myests
the des cloping parenchyma and forms an enormously complex maze

of capillanes constituting the smusoids YWhether the liver tubules
N v -0at - e hllaarantena vessels or whether

«cssels and thereby
t In an embryo of
h smusoidal endo-

thelium. The accompanymg figure, redrawn 1t‘mm Maximow and
. B AR RS n |

established The
an imvestiment of
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Fig 14 Reproduction of Lee’s superb illustrations of the mtrahepatic
lymphatics These surround both hepatic venous systems and 1n areas actually
occupy an intramural position Although thesce can be traced along the finest
svenules, connections with the siusoids have never been demonstrated (From
Lee Contrbutions to Embryotogy, vol 15, 1923 )

umbilical ve1ns of a sesen weeks human embryo are shown mn Fig-
ure 16

As the umbilical blood flow stufts from the smus venosus to the
Iner, 1t tunnels a channel more or less dircetly through liver sub-
stance This intrahepatic portion of the umbihical vem becomes
Lnown as the ductus venosus Although recognized many years ago
as one of the distmgwishing features of fetal airculation, 1ts exact
physiologreal sigmificance has neyer been satisfactonly explamned

vostigaters, by employing senal roentgenograms and contrast media
SR e NN R
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well known, and 1t may be argued that though the omphalomesen-
teric vemns are pnmarily large sessels carrying blood from the gut,
they must have small branches draiming the mesenchymatous tissue
in which the liver will ultimately deselop. Thus, as the Iner en-
larges, 1t not only f the omphal 1c channcls, but
also carrics with 1t the ongmal capillary bed of the septum trans-
versum  In this fashion, arterioenous communrcations at the capil-
fary level conld eadily appear duiing the cowrse of development of
the sinusord This may be the explanation for the direct entrance of
the arternioles into the smusoids

Two of thc most interesting rearrangements of the fctal blood
flow occur at about the fifth week. the nght omphalomesentenc
vemn 1s obliterated Ieaving the left to serve as the ulimate portal ver,
and the main flow from the umbihical vem shufts from 1ts extrahe.

° — A o
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was scen cntenng the Yiver about 1 om from the ventral hepatic
border Shortly aftes entenng the hues, it gase off numicrous small
branches delneimg blond to the feft side of this organ ‘The greater
proportion of blood flowing throngh the ductus passes discetly on
through the ey, entenng the infenor 1ena easa by way of the
hepatic veins By mjeching a mesentenie sessel with contrast med,
Barcls was also able to show that portal blood supphedd the nght

Intestinal
Vecous
Artodes

I‘.v 16 A chroductmn of onc of Mall's tlmck‘ss ﬂ)mrmtmns demanstrat
" in mtra-nt bfc of the huge umbnht:n
vew, the small porml veu, and the hcr;mxc \enou: desinage sisterm e -
ambing § 3 mm long ) 1From Mall Am 1

an'e mne o
seur T‘hc ha RSN
lo do 30,1 wans ot e congenttal defects
encountcred o ugtty of w adult bfe

side of the lues These relationstips as w.¢ll as the genesal proportions
af blaad reschmg cach side of the liver are shown m Figure 17 Al
theugh Barclay clearly points out that w s m)cctxon studies the
contrast medjium passing through thc Artab = -
that passine threest ot
fion of the
what part
roentgenog Sav et
cava directly, while

head
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Sihus Venosus

Multiple
Anastomases,

of Qmoh Mes.
Vewns

Fag 15 Patten’s reconstruction of the develaping portal venous systcm
In A (four wecks) 1s shown the hepatic diverhiculum surrounded by the
omphalomesentenc venules In B {five weeks) the expanding Iner had al-
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sphincter can be recognized 1s scen m Figure 18 The stmulus to
closure of the sphincter is not defimtely known. As 1t appears to be
under control of the vagus, it may close by neurogcmie stimul
mitrated at birth, On the other hand, 1t may be a simple mechanical
process mitiated by sudden lowenng of umbilical vem pressure In
man, the relationships of these structures are essentially those found
1 sheep Such vauations as exist seem to be of mmor importance
In Fagure 1915 reproduced one of Barclay's illustrations showmng tins
sphmncter m man  As soon as umbiheal blood flow ceases, the Iner
shrmks marhedly mn size, and portal blood flow through the portal

K;?;?«(,q T e T
e "t"'/bﬂw > R
Lymany R
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Tig 19 Microscopic scction of the umbihcal venous sphincter in min
“Thas lies at the junction of the umbilical vern {U V ) with the ductus venosus

(DV) (From Barchiy, Frankln, and Puchard The Foetal Crenlation
Blackwell Sarentific Pubheations )

sinus 15 accelerated The Iver 15 now whally supphed with venaus
blood by way of the portal vemn

Duning fetal hfe the hepatic artery is small, and on several occa-
sions Barclay pomnts out that when injected, the flow of the contrast
medium throngh 1t 1s neghgible compared with the amounts of
bload pourmg into the Iner by way of the porta) and nmbilical vems

Returming now to the embryology of the hser, 1t will be recalled
that this subject was somewhat unceremoniously dropped 1n favor
of the ductus venosus at a time when the embrvo had rcached a
lcngth of ++ to S mm  (ffth to sixth week) From tius pomt on,
desclopment s rapid, and the scveral branches of the extrahepatic
portal svstem becomne well defined By the esghth weck, the main
hepatic vem 15 well descloped. and the vena cava can readily be
wdentified ‘T'he vascular pattern of the Iner 15, as Mall has shown
complcte 1n all1ts adult respects by 24 mm {esghth week) In Figure
20 15 reproduced one of Mall's superb llnstrations dcmmzstr.;;mg
the state of development at 24 mm

As the hepatic portal venous system 1s deselopmg from the wm-
hilical and omphalomesentenic systems, the umbilical vem lies -
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mg oxygenated blood durcetly to the hicart, One of the most interest-
g aspects of this structure 1s 1ts “spluncter” mechanism which 15
located at ats ongin and wineh closes at birth Thus, severe licmor-

SN

Fig 17 In their classic roentgenographic studies of the fetal hepatic circu-
lation Barclay and hus associates demonsteated all the essental features of
these complex crrculatory systems The roentgenogram reproduced above to-
gether with its identify ing dragram 15 self-explanatory (Trom Barclay, Frank-
I, and Prichard The Foctal Circulation Blackwell Scientific Publications )

Tig 18. Another of Barclay’s superb roentgenograms of the hepatic circu
lation 1n the fetus {shecp just prior to term) Of parhicular micrest 15 the
notched segment R of the ductus venosus This Barcllzjy ha\,fkTOfl'stratsd

the umbilical cord at birth 1s prev ented. Barclay, studying
nograms of this structure shortly befqre brrth, was able
rate that the sphincter became 1ncreasingly unstable and
jons The notching by which the

rhage from
Tus roentge:
to demonst:
underwent rhythmic contract
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the well recognized collaterals occurnng m cirhosis of the Iner
PR PR .

a
E R
portasystemic communications Their carly observations as well as

Suffice 1t at this point to emphasize that all of the‘pﬂﬂlways for !'llc‘;
development of portal coflaterals are laid down durmg cimbry ologcal
hfe

Of unportance embryologically 15 the stellate cell of Kupffer
which forms part of the Iintng of the smusord or actually constitutes
the entire hning of these structures These large cells are recogmzed
P~ B B . P

R O N I | sl e ah,

therefore, to establish the Kupffer cell as part of the reticuloendo-
thelial system

v Ttwill beseen that the hife history of the pathways of hepatic blood
flow 15 ndeed a vaned one The carhiest parenchymal cells are pre-
sumably nournished by hepatic artenial but non-oxygenated blood
and are dramned by branches of the omphal eric vein These
then acquire a complex tnternal capifary svstem known as the
smusoids Durmg this phase, the Iner cel's grow rapidly on blood

derved from the artenial system and from the developing gut Ap-
_____ o a .

venosus At the begmmings of tus structure, a spluncter Las bccn
demonstrated which seems primanly designed to present back-blecd-
g after dwision of the umbiheal cord at birth 1t 15 50 placed that,
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such closc provimity to the subcardinal veins that interconnections
develop between the portal and systemic carculations, Thus, there s
an embryological pattern i primates and man for the persistence of
both large and small connections between the portal vein and vema
cava Large portavenous communications have been descnibed, but
they are rare. The more usual form of anastomoses between these
twa venous circulations are small vessels They appear because of
the close provimity between the visceral and systemic vascular plexus
in carly embryological development. As the gut develops and be-
comes fived to the postenor panietal wall, ample opportumity 15

Ductus Venosus

Iig 20 Relative degrees of development of the portal vein, the wnlnheal
\cm,gnnd the ductus venosus i a 24 mm. prg cmbryo (Redrawn from Mall.
Am ] Anat, vol. 5, 1906 )

afforded for inumerable fine portasystermic venous communica-
tions to form The greater number of these occur, of course, m the
pancreaticoduodenal bed, the root of the small and large bowcl
mesentery, and m relationstup with the renalsexual organs For
these reasons, certain ammals, principally the prnimates, survive sud-
den interruption of portal blood flow, while occlusion of the superior
1c vein leads to gang of the bowel. In man, adequate
provision has apparently been made for sccondary dramage of the
gut, whercas artenal supply 1s without functionally cffectnve collat.
crals Madden, by mjection techniques, has been nb]c}o demonstrate
pre-formed portacaval venous shunts of some magnitude 1 50 per
is specimens .
Cc‘fiﬁ{eh:]sltslpRllysclx realize the controversy which he was starting
hen m 1738 he demonstrated that wax myected mto the 1ena cava
p d portions of the mesenteric veins, Over the intervening years,
frllle:lctl:\c discussion has waged as to the precisc pathways by which




CHAPTER 5

Anomalies of the Hepatc Vasculature

MANY years 2go, Plury wrote that "Nature creates mousters for the
purpose of astomshing us and amusmg herself ™ Twans, monsters,
and congenttal anomalies tagether with ather aspects of teratology
have been tecognized m one fonn or another from the begnmng of
medical history To account for these shps of natme, many theones
have been evolved, many relovant and a fow srselevant stahshics
collected, and a vast smount of expermental work performed Yot
aven today all too hittle precise mft tion 15 svnlable ¢

therr etiology Apparently, there are many factors concerned, any
one of wiuch can, under proper aircumstances, produce anatoncal
defects

S

Yemed

in his famous exg ¢ upon the nunnow,
shawed that all defetenous trends scemed to mansfest one factor
m common, namcly, the ability fo slow or to stop growth Stockard
behieved that thys process could be lighh selectne m that growth
mtubition could be kimited to one organ or to one mmnte part of an
organ Furthermore, 1t could be self-hmmting 1 the sense that the
inhibiing effect might operate for only a short penod of tme Al
though Steckard’s concepts of “devclopmental asrest™ have senved
to explam satisfactonly many puzzhng aspects of anomalous develop
ment, they hiave been found to Jesse much to be desied For i
<tance, there ate mans anomshes wiich, as Patten has so ably
emphasized, seem “due to such widely dnergent processes as grow th
which has gone too far, resorphion which has gone too far, tesorption
swheh has not gone far enough, or growth fassly normal m amount
but i an abnormal lecation ” A simgle or blanket explanation obsi-
ously scems wadequate Untd a3 more satisfactory bnowledge of
anomalies 15 acquired, 1t would appear sounder to temper the whole-
sale nse of “devclopmental armest” with some less specific and more
gencral term such as developmental defect

Mackay has expressed the opinron that there can be no doubt but
that many cong t malf sons are d i} v and
that they are heredtany At the same tine, he cmpliasizes thé fact
that many mav be caused wholly by a vanety of environmental m-

3%
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were 1t to function duning fetal life, a greater sharc of umbilical
blood could be diserted from time to tune through the hepatic
stnuscids Under these circumstances, the mechanics of portal flow
are such that were the sphincter of the ductus to close, a greater
proportion of fetal portal bloed weuld simultaneously traverse the
hver Whether or not any such intrahepatic alteration of umbilical
and portal blood flow occurs during intra-utenine kLife 1s as yet un-
known Immediately after birth, the major portion of total hepatic
afferent blood flow siifts from the Iughly oxygenated umbnlical to
the poorly ovygenated portal, and errcumstances as they cxist m
adult hfe are imtrated. The most strking feature, of course, is the
sudden marked decrease m total flow as well as the sharp decrease m
total oxygen supply Apparently, the Iner cell is able to withstand
these manv changes 1 1ts environment quite uncyventfully. That
the ductus venosus 15 essential may, of course, be questioned, for in
some mammals 1t 15 entircly absent
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that Kienan in 1833 agam exammed t w the museun of St
Bartholomew’s Hospital and confirnied the ongmal descaption He
also concluded, as had others, that bile conld be forned from hepatic
arterial blaod alone In 1804 Wilsen desenbed a similar case, that
of 2 gul thuteen who died of a head wyury  Here agaw, the portal
vein enteted the wfenor vena cava There were two splewe vems,

Trg 2} Unusual anomaly of the umbilical vemn desenibed by Shryock Here
the mmbihcal vern groosed the antenor surface of the Incr, prerced the
duphragm, and entered the ught gurcle Thas iwfant alse presented nemercus
other snomalies {From Shnock Anat Rec, vol 82,1942 )

ong entenng the portal vesn and one the vena cava In both of these
imstances, the Iiser was entirely normal The hepatic artery appeared
about twice its usual sizv These, then, are tno well authenticated
cases of the portal voun entermg the sena cava, 1is blood reachrug the
heast wathout traversing the Iiner The embryalogical explanation us
donbtedty hies m the fact that at about the fftls weel, the omphalo
mesenterne ven hes sufficiently close to the des clopmg subcardmal
{these ultimately form the vena cma) to permut the formation o
2 permanent anastomons with the systemue system rather thaq watly
the liver As emphasized by Edwards, the embryologreal explanation
for the entianee of the postal system mto the vena cava probably hes
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fluenees such as maternal dicts deficient in one or another vitamin.
Recentls, Gregg has shown conclusnely that rubella in the mother
15 an ctiologreal factor m congemital cataract and heart discase pro-
ided the dusease occurs durmg the first three months of pregnancy
Fraser and Ius assocates have added yet another factor by demon-
stratmng experimentally that congemtal defects in the offspring can
be nduced by mnjecting cortisonc mto pregnant mice.

At the present tine, 1t scems unlikely that a single factor will ever
be proved to be the causc of all congenital anomalies; it appears
morc than probable that ultimately they will be shown to be due to
a senics of factors, some hereditary and many environmental

In focusing attention upon the anomakes of the cuculatory cit-

e g, ae was anun g wal Lals UrgdIl ACVEIOPS dimd A welter or
important blood vessels. 1iesc hie m such close proximty that almost
mfimte opportunity 15 offered for vanation before the final pattern
15 reached  Furthermore, as these vessels develop in pairs, anomabes
o PRI D PN
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quate venous supply and dramage for the lner 1t can hardly be said
that m themsch es hepaticoportal anomalies arc smportant chnically
in the sense that they present syndromes either incompatible with
life or requining surgical correction A few surgical cases, however,
have been reported n which anomalies have made operative cure of
one discase or another difficult if not hazardous or even fatal, The
surgeon must, thercfore, ever be aware of vanations upon the normal
hepahc blood fiow when he 15 called upon to deal surgically with
diseases of the upper mid-abdomen To review all of the anomalies of
the hepatic airculatory systern which have been recorded would carry
this volume far beyond plausible dimenstons Only a limited sum-
mary, therefore, of the major anomalies of thus circulatory system
which scem of special mterest or surgical importance will be outined
here
THE PORTAL VEIN

Perhaps the first adequately documented anomaly of the hepatic
venous system 1s that of Mr Abernethy reported 1n the “Philosoph.
1cal Transactions for 1793.7 In this patient, a c]ul(}, the portal vein
terminated m the infenor vena cava Of such interest was this
spectmen 1n relationship to the phystological problem of whether
bile was secreted from the hepatic artertal or portal venous blood
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denem degencrated wmstead of the left Smee the left hes durectly m
front of the duodenum, the portal v presisted m thus positson
thraughout the remasder of dovclopment and ou mto adult hie
Shonld a patient wsth Bs anomaly develop caneer of the pancreas,
pancreaticoduodencitoms wonld doubtless be greath faeslitated

Fig 23 Anomalh of the portal vem Pahaps this might awore properls be
considered an anomaly of the polmenary 3oin Certainly both scssels, how-
2ver, are cuncerned an this distactly srasual drwnage of the pulmonary vem
mter the portal von 1 Redraws from Young Arch Path, ol 44, 1947 )

Fraser and Brown have also repotted o congemtal anomaly of the
portal vew which » of some micrest A smalt portal vem was found
i its normal positon, but m wmmediate assoction with 1t were a
large number of small, tun-walled \ems ‘Fhis, these authors be-
heved, nmply represented pervistence to adult bie of many of the
small sessels winch go to form the portal

Another anomah of surmeal smportance 1s one deseribed by Young
and by Wemberg and Kolion Here the pulmonary vews entered
the portal vein  Thes unnsual venons ariangement s hagrammatice.
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m the perasience of the supracaudal system. This may be associated
m 1ts suprarenal component with reeeption of the portal and nght
pulmonary vein by the vena cava

Another anomaly of the hepatic system concerns the umbihical
vemn In the casc desenibed by Shryock and his associates, the single
umbilical vein simply grooved the Iner but did not enter i, It then
pierced the duphragm to enter the nght auncle (Fig. 21). The portal
vemand hner were normally developed. In explaming this deformity,

Fig 22 Anomaly of the portal yvemn In this unusual case, the portal vein
and all 1ts tributanes lay antenor to the liead of the pancreas and duodenum
(Redrawn from Kmght Ann Surg, vol 74, 1921.)

the authors expressed the belief that it resulted from an incomplete
mvasion of the ¢ * e L L |
vem, therefore,
up one nterest | | .
15 apparently not dependent for normal development upon the tor-
rents of oxygenated blood poured through it by the umbilical vein
during fetal hife .

An anomaly of the portal vem which x}ught prove of considerable
surgical hazard were it not recognized is one 1 which the portal
vem and 1ts major tnibutanes hie ventral to the head of the pancreas

nd duodenum This abnormality has been dcfcpbed by Knight and
i med in Figure 22 In explanation, Knight points out that{

i A
{f;,lftgﬁl right limb of the venous loop which surrounds the duo-
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Jomesentenie vessels should persist, a simple explanation for this
anomaly is forthcoming Another possible explanation for s rare
anomaly is found m Butler's description of the development of the
pulmonary venous plexus This anises fron\‘ that part })f the foreg‘l_lt

course, reachly explam the entrance of the pulmonary vems mto the
portal Another anomaly appears when the umbihcal semn fals to
be obliterated at hith. This has been described by Karabm m a
young gul of twenty-four vears who presented herself for the treat-
ment of 2 large cyst m the ligamentum teres wlich was successfully
removed at operation

Although the exact explanation for the appearance of congemtal
stoctures m hollow organs 15 not known, they constitute a well ree-
ogmzed group of abnormalities w both the artenal and venous
systems In the portal system, only a few references to congemtal
stricture can be found Thercfore, the report by Mahoney and Hogg
15 particularly important Here m two mfants, these authors found
3 tight stncture of the portal vain at the porta hepats (Fig 24)
Both of these pahients presented the picture of extrahepatic portal
obstruction with seyere portal hypertension In view of the fact that
portasplenic ¢ 101$ ar¢ Ct 1t 15 difficult to explain
why these did not develop sufficiently dunng intra-uterine hfe to
provide adequate portal decompression Particularly 1 thus perplen-
mg when 1t 15 realized that the obstruction m these ¢hildren must
have been present for a long time, cven before birth As Mahoney
pomts out, both of lus patients were strkmgly lacking mn collaterals
about the hulus of the Iver Apparently, they both were defictent in
therr share of normally occurring shunts

THE HEPATIC ARTERY

Because of therr importance m operations upon the extrahepatic
bihary tract, anomalous sites of ongin and pathways of the hepatic
artery have been extensively studied One of the most complete
reports on this subject 15 that of Browne which 1s based upon 280 dis-
sections of the cadaver In his analvas, Browne found two basic
abnormalitics, the first concerned the ongm of the artery, the sec-
ond concemed 1ts course Tn shghtly over 90 per cent, the common
hepatic artery ongmated from the cehac avss A such, the comnion
hepatic artery was abtent m 5 por cont, the Iner bemg supplied with
artenal blood from a vanety of neighborng sources, In four dis-
sections, the common hepatic arase from the superior mesentence,
while 1 two it arose as a single vessel from the aorta
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ally portrayed m Figure 23 Although there is no little confusion as
to preciscly how the pulmonary veins develop, there is one stage at
which the umbilical vem, the omphalomesentenes, the splanchine,
and the cardmals all converge Most of the commumicating channels
disappcar, but 1f onc between the developing pulmonary and ompla-

vetn Practieally all tubular structures are
Fig 24 Anomaly of the portal vern haces
and the portal vein 1s no exception. ese
sublect to tnctite '[m‘m'a"m'"' ""‘d e nartangion was encountered which
is anastomosis {From Ma
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lomesenteric vessels should persist, 2 smple evplanation for this
anomaly is forthconung Another possible explanation for this rare
anomaly is found in Butler's deseription of the deselopment of the
pulmonary venous plesus This anses from that part of the foregut
senous plevus wlich surrounds the lung bed 1t therefore, onginally
drarns wto the portal venous sustem ~ Although later 1t obtams a
new and final route, persistence of the ongmal pattern would, of
course, readily explain the ¢ntrance of the pulmenasy seins into the
portal Another anamaly appears when the umbihieal van fails 1o
be obliterated at birth Tius fias been desenbed by Rarabmn in a
soung gul of twenty-four vears who presented herscif for the treat.
ment of 4 Targe cyst m the higamentum teres wlsch was successfully
removed at operation

Although the exact explanation for the appearance of congenital
strictures i hollow organs 1s not known, they constitute » well rec-
ogmzed group of abnormahties in both the artenal and venons
systems In the portal system, only a fow references to congemital
stricture can be found Thercfore, the seport by Mahoney and Hogg
ws pattscolarly smportant Here i two mfants, these anthors found
3 tight stncture of the portal sem at the porta hepats (Fig, 24)
Both of these patients presented the picture of extrahepatic portal
obstruction with severe portal hypartension In view of the fact that
portasplenic communicahions are commen, 1t 15 difficult to cxplam
why these did not deselop suficenthy dunng intra-utenne life to
pronde adequate portal decompression Particnlarly 1s this pespley
mg when 1t 15 realized that the obstruchion m these cloldren must
hase been present for a Jong time, evcn before buth As Naboney
points out, both of hns patients were strlanglhy Jacksng m eollaterals
abaut the habus of the fiver Apparently, they both were deficient 1n
thesr share of normally occurnng shunts

THE HEPATIC ARTIRY

Because of thew importance i aperations upon the extrahepatic
billary tract, anomalous stes of ongin and pathwass of the hepatic
attery hase been cxtensnely studicd One of the most complete
fepotts on s subjeet is that of Browne which 1s based upon 280 dis
seetions of the cadaver In his analvs, Browne found two basic
b hitices; the first d the ongm of the arterv, the see-
?nd concerned it conrsc Y shghth over 90 por eent, the common

sections, the comman l\cp.mL arose from the supenor mesentence,
while in two it arose a5 2 single vessel from the sorta
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Singh and Sohal have recently added another type of congenitally
abnormal ongin of the hepatic artery. In therr case, 1t arose from
the Ieft gastue artery. Out of Browne’s 280 dissections, there were
10 instances of distinctly abnormal course; m 8 the artery passed
far enough to the patient’s nght to i i front of the common Inle
duct (Fig 25 A and B); onc passcd postentor to the portal vein (Fig,
25 C); and onc passed behind the common duct (Ig 25 D).

= Portal v
CB puct
A

Portal V

Fig 25 Representatnve examples of the more common anomahes of the
hepatic artery It 1s remarkable how constant 1s the portal ven and how m-
constant the hepatic artery (From Browne Surgery, vol 8, 1940}

In studying the nght and left hepatic arterics, Browne found con-
siderably greater vanation than eisted in the common. In 80 per
cent, the nght ongmated normally, that 1, from the common he-
patic, but pursued an abnormal course Two passed belund the
portal vemn, 6 swung anterior to the common bile duct, and 55 passed
anteror to the common hepatic duct In 44 of thesc, the nght lie-
patic artery traveled m such close proximty to the neck of the gall-
bladder that it would casily have consbituted a senous hazard in
cholecystectomy. )

In the remammg 20 per cent, various abnormalities in orgim of
the hepatic artery were found, 8 arose from the aorta and 9 from
the supenor mesentenic artery When an abnormal ongmm was en-
countered, a high percentage of thesc vessels passed posterior to the
portal vem In a rather appreciable number of nstances, a true



-

Anomahes of the Hepabe Vasculature 43

aceessory vight hepatic artery conld be idenuified, and n one m-
stance there were tso accesson nght hepatic artencs

In dussecting out the left hepatic arters, Browne found that only
65 per cent arose normally from the common hepatic artery In the
remammg mstances, the vessel arose ether separately from the

ANOMALOUS RIGHT HEPATIC, A

N

SUP MESENTERIC A ~~~%

Fiz 26 Awmalous hepatse artery and arteriosenons fistula botween this
and the nght brinch of the portal vun (Frons Sinckiey, Lufhin, and Rice
Surgeny, vol 31,1952 )

cehae as. or fram the aorta, or fram the supcrior mesentenc attery
Occasionally, accessory artenies existed  Anather evhaustine stady
of the hepatic attery and its branches 1 that of Miclicls appearmg
n 1951 In genesal, the findings of this anatosnst substantiated
eather eports

Congemtal anomalies of the hcpﬁhc cuculahon cannot be finally
dealt with without some
catians outside the Iner That they c‘mt \\\tlun the Tiver is well
established In discussing a paper on the surgical physiology of the
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poital venous system read by Chald before the New York Surgical
Society in February 1952, Blakemore epressed the opinion that an
anomaly such as an arteriovenons fistula between the arterial and
portal system might account for cases of portal hypertension in
which neither arrhosis nor an extraliepatic portal block could be
demanstrated In a recently studied case of postal by pertension, a

Tg 27 In tlus unusual anomaly the hepatic vein enters the nght anncle
instead of the vena cava {after Effter).

portal block could not be demonstrated, and there was no evidence
of curhosis of the Iner Yet the pressure in both the portal and
splenic veins was 32 em of sahne This set of crcumstances might
be interpreted as indicating an artenovenous fistma Recently, Stsick-
ler and his associates reported a pattent tn whom an artenovenous
fistula evisted between an anomalous nght hepatic artery and the
nght branch of the portal vein These authors nere melined to ex-
plan this abnormality upon the basis of a congemtal ancurysm of
the hepatic artery which croded mto the portal vem rather than
upon the basis of a congemtal Bstula (g 26).
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THE HEPATIC VEINS

In turning to the hepatic vemns, the only anomaly which 15 com.
monly found does not primanly affect this vessel but rather the vena
cava On occasion, the vena cava may develop distinet from the
Pt S S ) ERR

hepatic vemn enters the auncle directly (Fig 27) In the human
case, failure to recognize this caval anomaly during an intrathoracic
operation for cancer led to the death of the patient, for this vessel
was imadiertently hgated under the impression that it was a large
azygos vemn. The patient died m shock



CHAPTER 6

The Gross and Microscopic Anatomy
of the Intrabepatic Vasculature

GROSS ANATOMY OF THE HEPATIC VESSELS

TEXTBOOKS on anatomy gencrally gne a complete description
of the extrahepatic portal venous system and ats several components
However, the mpression 15 gamed that knowledge of the intra-
hepatic blood vessels 1s incomplete and fragmentary. Actually, tlus
1s far from the truth As early as 1654, Glisson studiced the distribu-
tion within the Iiver of the hepatic artery and the portal and hepatic
vems So accurate 15 lns onginal plate that it is reproduced in Fig-
ure 28
In later years, Rex (1888), Mall (1906), Ivans (1912), Segall
(1923), and Hyortsjo (1948) thoroughly studied the numerous
branches of the portal vein, the hepatic vems, and the hepatic artery.
The deseriptions by all of these authors correspond very closely and
wield the mmpression that there 1s httle more to be learned about
the gross anatomy of these vascular structures The most recent
investigators in tins ficld are Ehas and Petty (1952), who carcfully
reviewed all previouslv reported studies 1 the hight of ther own
ongmal mvestigahons The followmg brief description of the main
mtrahepatic blood vessels has been taken largely from the studies
of these two authars
Immedately upon entering the liver the main portal vein divides
- . a . RICLI I S TN »._..\-.J]y Sfﬂtcd
- the Jeft
- P . concept,
however, has been shown to be mcorrect It can be demonstrated
that these mam trunks supply areas of hepatic tissuc which do not
conform to the vanous lobes of the liver As a result of his studies
on the mtrahepatic distrsbution of the portal veins, Hjortsjo was
ot ~lems 3o dtme sha e o tyvp He designated these
sut that in the adult the
(Tig 29)

45
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The development of these terntones s presumed to be m re-
sponsc to the changes m venous blood flow which take place within
the Incr dunng ats development For mstance, m fetal hic the left

hepatic terntory 15 larger
dehers to 1t a greater am
terntory through the omg

Fig 28 It s obvious from this onginal study of Glisson that as long ago
as 1654 the gross anatomy of the intrahepatic vesscls was well understood
{Redrawn from Glisson’s onigmal plite i Elias and Petty Am ] Anat, vol
90, 1952 }

ately after burth, these size relationships reverse themselies because
after closure of the umbilical vein, the greatest amount of blood
reachmg the liver 15 through the portal vein In this connection,
there 1s another influence which also cffects a greater mcerease 1n
siz¢ of the nght over the left side This 1s found m the fact that
the night mam trunk leaves the man portal trunk at a less acute
angle than does the left This produces a streamlined effect, m itself
capable of delncrng a greater amount of blood to the nght side
than to the left After burth, thus fasorable arculatory pattern on
the nght enables the nght side of the lier far to outgrow the left
At about three years of age, the dividng plane between the nght
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and the left temtones corresponds to that seen in the adult (Fig.
0).

From cach of the two mam portal trunks amse mnumerable

branches supplyng blood to the hepatic parenchyma After passug
through the smusoids, the hepatic blood 1s collected for return to

Fig. 29 Hjortsyo’s planc Although 1t 1s commonly held that the hver
15 dwaded nto nght and left lobes with respect to the major portal venous
branches, Hortsjo has shown that this 1s not so Rather 1s the hepatic mass
divided oblig and 1ly into two (Redrawn from Hjortsjo®

Acta Anat, vol 11,1951 )

the general arculation by way of the hepatic venous system Th;
hepatic venules snterdigitate with those of the portal system an:

form progressiscly larger vemns which ulhimately drain mto the vena
cava Actual entrance into the vena cava 1s by way of thrce major
and several smaller vessels In general, the hepatic venous sys;im 15
much simpler 1 its arrangement than 1s the portal. Figure 31, re-
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drawn from Ehas and Petty, shows mecly the gross anatomical re-
Tationships of the hepatic and portal s enous systems m the adult

Of further gross anatomical interest m Ehas and Pettv's studies
15 the fact that when ather onc_or the_other of the antrahicpatic
venous systems_(portal_or hepatie) 1s myected alone, the_resultmg

FETAL

Z
Right Uembil, Vein Left
ADULT

Portal
Ve

F1g 30 Companson ia sizes of the hepatic Iobes duzin;
g fetal and adult bie
In l}xf x)xﬁxfc{_{r_n:v‘xn.q i ﬂlagn:mmdh,mﬂjl_l’grtr_:l)cd the relatively greater sze
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Hepatic Vens

Portal Vein

Fig 31. Elas’ concept of the mmpartant gross anatomical branches of the
portal and hepatic venous trees i the adult. (Redrawn from Elas and Petty-
Am | Anat, ol 90,1952)

Fig 32 Even as the cxtrahepatic scgments of the hepatic artery are in-
constant, so are the mtrahepatic branches of this vessel The above mncon-
ststencies are reproduced from Elas’ studres of this subject. (From Ehas and
Petty Am ] Anat,vol 90,1952 )
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cast.can be teased apart ito its smallest components. Where these
aremjected sunul ly._an_t _mass_results swhich
cannaot be sep: d Tlys. ‘7 rat n‘w ‘r‘ d 10n

tothetsoy enous.systemssrwhich con swkcncuuhuu]c..ln Figure
32 15 dagrammatically portrayed the extreme mconsistency of the
hepatic artenal distnbution wathin the lner

MICROSCOPIC ANATOMY OF THE HEPATIC VESSELS
The Iner, as a composite glandular organ wath_both incrctory
' 3 . $ 3

basic anatomucal as well as the functional unt of the liver has for
many years been termed the lobule Archutecturally, this has been e-
garded as composed of hepatie cells with a cord-like tubular or trabee-
ular arrangement This time-honored concept has recently been chal-
lenged by Elias and s associates who have demonstrated to thewr
P T T L FRN . <

laminae per
The walls b
anc hepatic B
scparated mnto 1ts mdividual components, 1t has been found profit-
able to do so for clanty in description

The Hepatic Lobule

The mosatc of, small polygonal areas wlich were first (1664)
observed bv Wepfer in the pig undoubtedly first gave nise to the
concept of the luer lohule which has persisted to this day As tech-
mques for microscopic exammnation of tissues became available,
PR P SR I ?

Lyer lobule be considered.as_centening about. the smallest_element

of the bihiaryductile system. Although tius glandular concept of
the hepatic umt enjoyed some measure of popularity for a time,
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Hepatic Voms

Portat Vein

Frg 31 Elias’ concept of the important gross anatormcal branches of the
portal and hepatic venous trees i the adult (Redrawn from Elas and Petty-
Am ], Anat,vol 90, 1952)

Petty A J AdldL, VUL sus a00m
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\_Lh;gh_cgﬁa.m, ﬂrc)sn‘lusolds In manmmals, theparenchymatous
wnalls separatmg neghboring smusexds are one cell thick .
As a statting pomt for the development of tns concept of hepatic

structure, Elias requests hus students to chmmate all mbrahepatic

Fig 33 No more appropriate kegend for Elias’ diagrammatic represcatation
of the basic cellular structure of the hser 15 to be had than Ius ewn words
“ . the spaces i which the sinusords are suspended are scparated from one
another by walls of hepatic cells These walls are one ecll thick (and) form
2 continuous system of anastomosing plates, uch kike the walls scparating the
rooms within a building These rooms, the ‘lacunae hepatn’ are, heweer,
much taller than wide. Many doors and windows connect them, the walls
separating them are crooked, as are the rooms themselves Thus the vast
system of these spaces constitutes a labynnth which penvades, without
mtermuphen. entire Iner Jobes " {Reproduced fram Elias Am | Anat, vof
85,1949 )

structures except the Iner cell, conceving of all structures lymg in
between the cclls simply as space Begmning at 2 hy pothetseal cen-
iml space {w reabty the smallest dishinet branches of the hepatic
vem}, Bhas desenbes plates of ver cells arranged on and abutting
upon the central vewn_Between each of these plates of liyer cells
are fmall spaces;(m xcah_t; the sinusords) connecting freely with
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the vascular 1dea has persisted and been supported by gencrations
of migro-anatomists.

Krétz 1n 1905 studicd thick senal scctions of the liver and in man
showed that normal liver cells form a continuous and connected
mass He described the hepatic unit as follows, “The_parenchyma
of the liver surrounds the hepatic venous tree as a continuous mantle,
while the portal sesscls pervade the. interstices between_the cell
mantles surrounding the hepatic_yvenous radicles” Kretz agreed
with Hyrtl who desenbed the portal and hepatic vcms as constantly
crossing each other and so arranged that at all points they are sepa-
tated by a layer_of parenchyma In attempling to clarify lus concept,
Kretz likenced the portal and hepatic sascular systems to two pine
trees so carcfully fitted together that cach needle of one was separated
from cach needle of the other by a contmuous layer of liver cells
Kelly mn this country, also in 1905, substantially confirmed Kretz's
descriptions

The nent myvestigator to claborate on the minute anatomy of the
Iner was Epplen In 1922 he summanzed his opinions as follows,
“Essentially the liver 1s a radiation of two sets of capillarics arising
from a common pomt fand] converging into the hepatic ven
Since the hner 15 usually regarded embryologically as an epithelial
structure, an adequate conception of its comphcated vascular archi-
tecture cannot be obtamned Indeed, 1t 1s just this that leads to the
usual musconception of the anatomy of the lobule or acinus, de-
scribed as 1t 15 as a rounded polyhedral mass of radiating cclls with
a central vein, surrounded by a connective tissue capsule. There are
actually no such glandular lobules in the hver, each scparate and
distinet from 1ts neighbor The hver is essentally a vascular skeleton
in the mterstices of wlnch 1s 2 mass of cells, just like the flesh on a
skeleton Tlence, all parts of the Iner tissue are not only n contiguity
but 1n direct conbnuity with all other parts without complete con-
nective tissue, separation or segregation into lobules ” If, believes
Epplen, there must be a lobule, it can be thought of with reasonable
clanity as that mass of iver tissue emvelopmng a radicle of the hepatic
vein It is punctuated and tunnelled by a fibrous capsule so that
afferent blood 1s mtroduced into it at many different points Such
a lobule would, of course, not “shell out” of a connective tissue
capsule because 1t has none. In 1932 Arcy reviewed all the evidence
available and concluded that in reality the physiological unit of the
Tiser 15 a composite structure composed primanly of the “peripheral

parts of several adjoining lobules.” .
The anatomist most recently to attempt a detailed description of
the hepatic lobule is Elas Particularly do Elias and his associates

AT
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man and the cat, the spaces between the Tner cells are wide and
irregularly shaped, and the plates are broad {“hepar sacenlare”). In
the rabbt and the horse, the spaces betwcen the liver plates are nar-
row 2ad almost cylindncal {“hepar tubulare”), and in the dog a
combtnation of these tuo tipes 1s found In Figure 35, the thice
basic structures of the hiver—the cells, the sinusoids, and the large
vessel combined tognea plete prcture of hepatic structure

Although 1t can be granted that a concept of a hepatic umt 13
usefu), some question can be ramsed as to 1ts mportance, for all of
these units are, as far as it is known, wentical The Iner 1s not a
stracture hie the pancreas wath two types of units, the glandular

process quite generally miohes the entue structure Because, how-
ever, it ts diffictrlt to think m terms of malions of cells and milltons
af vessels, and mullions of ducts, some benefit acerues From retamning
2 concept dentifying the Iiver as composed of mnumerable func-
tional units, any onc of winch will senve for the whole n a detailed
study In the remamder of this section, an cffort will be made to
place withm the empty spaces lyng between the plates of Inver cells
the vascular and ductile components upon which each mdividual
cell must depend for 1ts custence and function

The Portal Venous System
As soon as mjection techniques were apphied in the study of hepatie
blood vessels, the basic pattern of the major and minor radicles of

course of the portal vein after its entrance mto the bner As a result
of their obsenations, they stated with assurance that the portal
yemn disxdes through six or seven ordess of division until the sinusosds

are reached Of pasticular interest 15 the fact that diymon almost

uniformly takes place at nght angles Recently wvestigators have
revienced the carhier studies, and 1 few pertinent obsenations have

slender branches which give ise almost immedtately ta the smaserdal
tufts In addition, blaod 15 brought to the liver cells mdirectly by
way of small branchies which Tannfy wathin the portal tract before
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relationslup m the following words, “If we split up a hepatic vein
and cxamme ats mternal surface, we may see all over it a countless
number of minute openmgs winch belong to little venous twigs ...
‘The whole arrangement may be compared with that of the brjstles
m one of these brushes whichare used for deaming fest-tubes.”

As the penplicry. of the Jabules approched. (ic. swhere the liver
plates abut_on Ghsson’s capsule and the structures it_contains), 1t

L i 28 Won poalion, [T
S e ST

T4 TP Ll 4 st af ha Toae nalls se narkreed  Acn

laminac radaate from the central space . The portal spaces (nght), how-
ever, are lined by a ‘hmiting lamina” with which many tralobular Iaminae
are connccted The lacunae commumeate ndmidually wath the ccn(ral‘speci

YWhere a lobule rests aganst another lobule and not aganst the

structure of Glisson’s capsule, the plates of hepatic cclls and their

intervening spaces arc continuous In Figure 34, the central and
P ERN vy

e lnka winkira af what

Ehas points out that there are species difterences rov istice
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reaclung the pomt of smusordal division ‘These stender branches
are constricted near their ongm, whether tlus s an artefact or a “true
sphuncter” Macgraith was wnable to determme Free anastomosis
between the branches of the portal vemn was not noted cxcept, of
course, through the sinusoids. Onc of Maegraith's India ink prep-
arations 1s reproduced m Figure 36 A,

Elas, m lus analysss of the portal ven, confirms the observations
of previous msestigators concermng spatual relationstips of the
portal and hepatic systems One of Ehas” plates (redrawn m Fig
36 C) clearly demonstrates branches of the portal ghing nise to sinu-
soidal tufts as they run perpendicular to a central vean Of great
mterest 15 a shide (Elas 1949, Figurc 15, page 433) made n 1887 by
Stohr winch shows distinetly by what means the simusod reeenves
blood from the port=* -- 77 T T xS o
terns of portal yenot
the Tmiting plate o
nfo a smusord, (2) ) '

included Ehas® final comments upon this new concept are “Thus, instead
of hepatic cell ‘cords’ immersed 1n a mass of blood, the liver tissue consists of
blood ‘cords’ embedded 1n a mass of hepatic cells The true Iner structure 1s
the diametri pp‘osn n§ ﬂx‘c old theory ’l:hc conventional notion of the

. ln‘atn{np!mlg to portray accutately Dr Hans Ehas’s concepts of hepatic
SN MBI 4 e R R “ | n

.- , oy
PR [ . '

4 sserae sy MULCAGUOOY WHGL WO LXQUTE | have
struggled with this same problem, but gave it up because I failed In supplying
you \:1tlz‘ﬁg:ucs"!o rcphce‘ Yyours, your onigtal plan 15 abohshed Ths 15 very
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B
Fig 35 In tlis dugam® _the componcnts of the hver are assembled to-

the two marm sites of entrance of the hepatic arterioles 'I'ke bile ducts arc also
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beeause his snjechon mass was too visad) the small venules which
anse dircetly from the larger branches of the portal vem and run for
some distance m Ghsson's capsule before entenmg the smusoidal
space The subject of portal venous distnbution cannot be closed

P
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Fig 37 Aand B Anung from 3 small portal vein branch {CV and TV) »
shown a small distobuting sewn (SBY) From this amises an mict venule (1V)
through which blood gatns direet access to the sinwads {dog) € To the
basie pattesn of A and B has been added a brancls of the hepatic artery BHA
D Ebay sct of wmteat anching of portal sem
4nd partal \wenates The passage of the smattest seswels throagh the hamting
plote Yo become, m effect, the siusends s cleasds shown (3 xom Elas Am |
Anat, ol 85,1949

without mentioning the fact that certam branches of the portal
ven and hepatic artery break wp mto a flary_bed surrounding
the bl ducts This was hisst deseribed by Kiernan and s most cleatly
shown by Maegrasth 1 hus dlustration of a portal tract imjected with
Neoprene (Fig 38).

In summary, the present dav anatemcal concept of the termunal
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lobule where 1t then breaks up into smusoids Actually, as these lic
withm the Tobule, they mght well be considered sinusoids rather
than branches per se of the portal vem. In Figure 37 Ehas’ data on
mtrahepatic portal brancling are summanzed.

Although Mall stated on the basis of his original studies that
capillanies (today identified as 1dentical with the sinusoids) were
given off only at thesr extreme tips, it appears that he missed (perhaps

N
-:t", 3 .
,E v
% A Moegraith
/ 1952
.
B. Stéhr C. Elias

1887 1949

drawn HUL Liss dms jes B
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distsbution of the porta) 1enous system favoss the sdea of short
and long branches supplying the sinusaids (directly and mduectly)
and the penbihary plexus The venules supphymg the sinusoids are

resumed to have sphincters regulating the flow of blood to food to the sinus-
oid_The picture of the portal venous system was stabic, that i,
adduced from examination of microscopie sections, until Kmsely,
Bloch, and Wamer threw addional and more dynamee hight on
thus system by meaus of thew tansthumnation techmque. Knwsely
and his tes are p ly responsible for emphasi the
dynamuc concept of the sphanctenc actrvty 1n the venules described
by Elias and Maegraith, This 1s Jocated in_the portal yenules as
they traserse the hrmiting plate to supply the sinusord.

The Hepatie Arteroles

The manner of termmnal distubution of the portal vemales has
been reasonably well understood for some time Precise and venfiable

f: concermng parable relationships of the hepatic
artery has only recently become avalable For somewhat over a
century mnumerable mestigations and much discussaon have cen-
tered about a single pomt  how and where do the termunal hepatic
artentoles jom the sinusods?

In 1833 Kieman demonstrated small artenes Iying within the
walls of the portal s ems and also formung capsilasy plexuses about the
bile ducts Only rarely was he able to wdentify a few artenoles enter-
g the lobules dwectly Gerlach (1849) and Mondine and Rattone
{1889} supphed abundant evid berating Kiernan's obser-
sations that the portal space 1 hberally supphied with branches of
the hepatic arternv 1o later years Piubl {1922), Loeffler (1927),
Cameron and Mayes (1930), and Ausap (1931} also substantiated
thns aspeet of mtrahepatic artenal distnbution None of these men,
however, seemed able to set forth a elear concept of what happened
to ths astenal blood sfter it had passed through the capillary bed
which they were all able to demonstrate m the portat space It was
generally accepted that m one way er anether collecting \ems prched
up the attenial blood and cmptied st into the portal venules while
these still occupred a posttron within the portal space.,

Whereas Kiernan's wotings have been widely read, those of
Chrzomszezensky scem to have been largely overlooked From the
Department of Patholomcal Physistogy m Charken _im 1866, this
investigator published the results of Tus studies of Iners imected with
ammomated carmme He wiote, “The lobules of such Iners are
separated from one another by the mtislobular branches {of the
portalvem) filled to the utmast with stagnated blood, next to these
sun numesous vesy fine branches of the hepatic artery stamed red,
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/
Portal Vein

cmptymng diect

representation of

1y nto a fanshaped cluster of smusods B iagrammatic
f penbilary plevus (A, From Maegraith Ann Trop Med,
vol 43,1949 )
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though the quotation abose 1 exact, it 15 1mpossible o fnd where
Mall deseribes the artertovenous ncttons which he clamms cast
within the lobule A fen years later, Gdbert and Willaret (1909)
riported that as a result of thews injechon studues, they wese foreed
to conclude that the bulk of artersal blood entered the lobule directly
{mot indurcetly as Kiernan had mphed) through a capillary bed
drmmmg mto the portal venules m an extralobular postion Agan
the actual junction of the hepatic artery and portal vems was not
demonstrated

Fig 40 These two ongmal ilustrations of Qlds and Stafford cleady derson,
strate_the penpheral entrance of the hepatic_artenolcs mtn_the_susouds.
Inexdentally, the_postal scuous entrance s als clearly shawm {Trom Olds
o Staffsd Bull Jobms Hopluns Hosp, el 47, 1930)

The next investigators to study the hepatie actery senously were
Olds and Stafford $n 1930, placmg thew faith m njection tech-
niques, they attached the problem of the “exact mode and site of
jnction between the portal venous aud hepatse arteraal trees ” In
mitroscopic sectsons prepored after switable snjechion, Olds and
Stafford were able to show that the hepatic artery communicates by

micans of artetial capillancs duwcefly wifh the Sinusords at the pe
ophery of the lobnle Thev were undBle, Wowever, to demonstrate
a conncetion bebween the hepatic arters and the portal vem waithay
the portal space The branches of the hepatte astesy which constitute

the bate duct plexuses also appeared to commumeate direetly with
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they course from the penplicry to the center of the lobule and dis-
solie into the capillary network wihich takes up the blood too ”
Chrzonszczewshy's ongmal Figure § 15 redrawn i Figure 39

In 1906 the Amencan anatonnst, Mall, apparently unaware of
Chrzonszezewsky's earther contrbution studied the course of the

potnts ont, many vcars ahead of his tine (From Chrzonszczewsky  Virchows
Arch f path Anat,vol 35,1866 }

mtrahepatic artenioles and concluded that therr branches enter the
lobules of the iser directly together with the branches of the portal
vem and bile duct He wrote of the portal space, “Here the artery
gnes off a few branches to the bile ducts winch form a capilary
plesus around them, after wluch it communicates with the capiflary
plevus of the lobule By far the greater number of artencs enter the
centers of the portal umits and commumcate at once with the capil-
lanics, they supply the pe_r_lphery of t])q l_ubule§~ ... The gr(ca‘t bulk of
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hepatic circulation, Kmsely’s observations on the hepatic artery
will be recorded in some detail In support of his method, Kmsely
pomnted out early i his studies that a true picture of arternal flow
cannot be denved from studies of histological sections of dead livers

Kmsely believes that the hepatic artery gives off arterioles which
course along the corresponding portal venule much Like a vine on a
o= LT T 1 e 3o
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\\hmnd\ of the hepatic artery Basteally, then, Kmisely has demon-
strated that there are two types of connections artengPortal which
jlie within the portal space, and artenio$inuseidal which lie outside
ithe portal space The degree of dilatation or of tonic contraction of
‘the interlobular hepatic artery’s artenoportal and arteriosinusordal
t communications determmnes, of course, the composition of blood
| supphied to the Iver cells When these are all tightly shut, the lobule
Ireccn es only portal blood, when wide open and the portal sphincter
closed, only artenal blood enters the sinusoild Vanous mistures
‘must take place between these two extremes as well as complete
cessation of flow through a given sinusoid when both afferent sources
are closed These mechamsms Knsely believes are under both nexy-
ous and hormonal control, but he admts that as yet precise knowl-

|
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the hepatic smusoids. In Figure40 are reproduced Olds and Stafford’s
ongnal Mustrations  Maegraith, some twenty years later, studied
agam the site of arteriovenous junction and concluded that in addi-
tion to supplying the tissues of the portal space, the hepatic artery
sends branches directly to the peripheral network of smusoids. In
both instances, artenal blood mixes with venons immediately out-
side the portal space The brle duct plexus.also drains directly into
the sinusoid, not into portal venules oAl oy

McIndoe summanzed the extent of knowledge on the hepatic
artery n 1928 by stating that he believed there was sufficient evidence
to indicate a threefold distribution+ (1) vaginal branches which
supply the structures of the portal space through a capillary bed
which then drams both into the portal vein and into the sinusoids;
(2) vascular branches which enter the simusoids direetly; (3) cap-
sular branches which communtcate over the capsule with the phrenic,
internal mammary, renal, and suprarenal arteries.

McMichael, who contnibuted so much i the 1930’s to the prob-
lem of portal hypertension, reviewed all of the anatomical evidence
and came to the concluston that an arteriolar system is 2 practical
necessity in order t?'re'd'ggc the arbcrt_ﬁl pressure to the level of that

the artenal and portal systems ¥his techmques, which were physio-
logical rather than anatomical, led lum to concludc that the hepatic
artery and the portal vem are linked 1 the portal tracts by an ar-
tenolar capillary system,

Current thought on the hepatic artery 1s largely guided by the
studics of Knisgly, Mann, Maegraith, Elias, and Seneviratne, Begin-
ming n 1932/Kniscly and his associates started to develop their
transillumination techmique for the observation of hving hepatic
tissue. Most of their work has been performed upon frogs, but there
seems little reason to beheve that the crculatory dynamics of the

Tran Iiver 15 ficantly daff Furthermore, as the tech-
mque has been adopted by other mnvestigators, mammaln Iners
have been studied and the onginal observations of Kmiscly on the
frog Liver hase largely been confirmed Krusely's primary interest lay
n attempting to determune the mechamsm involved in selective
phagocytosis To accomphish this aim, the liver was employed
because of the relatne case with which 1ts carculation could be ob-
served In a sense, lus observations and conclusions on hepatic circn-
latory dynamics were by-products of lns major study. Because for
the first time thesc reports produced a complete picture of mntra-
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artcrionenous mrang teok place s the postal canal, were unable to
thew behiefs ty Macgrath and b asso

T 42 a flere 15 reproduced i cross section a small bile duct (D, an
artenule tA), ad tho attenal coprfhimes FAC) b Yrom mome <o b oans’-



A

66 The 1epatrc Curculation and Portal Hypertension

edge concermang thewr manner of action 1s not avalable In Figure
41 aze combined several of Knisely's illustrations showing these rela-
tionshups of the hepatic attenoles,

In 1942 Wakim and Mann, who used the transillumination tech-
mques earher employed by Kuiscly, published their observations on
the crrculation m the ﬂmphthn'ﬁ(cr and w the hver of smalldnam-
mals In both of these vertchrates a lobular pattern could be dis-
tngushed, though 1t was far more definite m the mammals than it
was m the frog The lobules were uniformly arranged about a central
vem One of the most stnking features of arculatory activity was
its ntermuttence, about 75 per cent of the mtrahepatic circufation

bemngnactise at any given moment, Theyolume of blood flowsaried
from mmyte to mnnte and from hour fo hour In the frog, many
artenoycnous communications could ke found between correspond-
g branches of the portal vemn and the hepatic artery. These actnally
took the form of shunts and were sumeraus, Just as often, however,
the hepatic artery would wind around the portal, form a short loop.
and then enter a Jobule dircetly One feature of the frog’s arcula-
tion which conld not be identsficd in the mammalian organ was a
defimte commumcation between the hepatic artery and the hcpﬁtic
vems In configuration these were similar to those between the
artery and the portal vein Arother feature of the hepatie cirenlation

4
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the penphery of the lobule, while others coursed toward the middle.
af the lobule, terminating near the_central vein These men also
obsenved that certam soids or even seg) o ids ap-
peared to be supplied with blood exther whoily artenal or wholly
portal rather than a nucture In addition to the abviaus acterignenous
commumications withim and without the lobule, Wakim and Mann
described two types of vennyenous commumications, those occurrmg
n the portalvpace and those located just as the portal venule 15

about to/enter a simusord

A e Lealcce la cactal and e

times the size of capitlanes nto the portal vein and swere able to
yetries ¢ them a few mo s Jater from the Jungs. They cancluded,
thetefore, that there must be shunts of diamcters comparable ta

f the hepatic
neutally with |
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wnability to reproduce Chrzonszezewsky’s miection fnds. Elas fell
back, then, upon the study of serial sections, and was able to show
small hepatic artenoles present in the portal space These small,
pbonantid acbaceal anaNacnn TV am dacmn nmp ~f emmdan el

semblance to small brle ducts. In Figures 42 and 43 are reproduced
Elas’ reconstructions of scveral artenal capilianes. Here is shown
an artenal capillary penetrating the hiuting plate of the lobule (Fig
43) In many sections taken from the dog, the horse, and from man,
artenioles and artenal capiflanes have been traced for a considerable
distance into the substance of the lobule (Fig 35). Elias, therefore,
concludcs that branches of the hepatic artery do supply the central
areas of the ds and that Chr, ky's abservations,
made nearly one hundred years ago, were indeed correct

As a corollary to his ongmal absersations, Elias pomts out that
many of the intralobular capillanes are of very small diameter and
by virtue of their small size act as sphincters entirely capable of
2l v an 3 - o ol

contrachility of the capillanes and bnng hepatic blood flow under
nenvous control Elias imdulges i some extrapolation when he states,
“If 1t 15 closed, no artenal blood can flow,” and likens the ends of
these small capillanes to “nozzies of a garden hose " Unique 15 Elias’
Lottt 1 P - N

chadormnnt that &

that these artenal ds can easily_be dxshnguBl{Cd
{mn\f‘ the conventionally desenibed venous smusoids or termimal
N . M Dl
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ciates sct as their pnmary objective the defimtion_of.the precso site
where the artenior enous mumg took place Thcir mgenious m;z&ion
technique imohed the use of two fumds which could be relicd npon
to form a precipitate on nng one of these was wjected mio the
hepatic artery, the ofher smto the portal voin of small mamumls. The
preapitate was found m the large® ud ely surroundi

the portal tracts, m the vessels surroundumg the bife ducts, in the

Fig 43 By assembling 3 number of sections of a secondary artenal capiilaty,
Ehas constructed thus graphic pictuze of a primary artersal capsllary gnang sise
to a secondary artenal capillary which pierces the hruting plate, The secandary
arteral capillary 15 show n surrounded by thsee ganglion or glomus cells, The
thickened wall of this tiny artery presumably represents a sphuncter {From
Ehas Am | Anat, ol 85, 1949)

ssnusonds radiating from the txpsaof the portal yenules, and m small
amounts 1n the branches of the portal vem .

The anatonust currently expressing the greatest interest in hiepatic
structure 1 mammals 15 Elws Thos insestigator grves Kmsely full
credit for providing essential mformation about the final distubution
of the hepahic artery in the frog After reviewsng the pertinent studies
on the hepatic artery, Ehas tudes that Ch ky was
correct when he contended that hepatie arterial blood gained access
to the center of the hepatic lobule He tred to repeat Chrzonszcze\y—
sky’s experiments but failed, attnbuting the lack of suceess to his
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captilarics, he recogmzes Kupffer's chum that these sessels arc hned
m part with stellate cells Furthermare, Nall pomts ont that st 1s
evtremely difficult to find evidence of gouncctng tissue withw the

ner lobwde Both Oppel and Mall damonstrated by special tech-
mques a fine reteulam comparable to that found w lymph nodes

Tag 44 In 1906 Mall deserhed the hepatee sers as Jarger thun the portal
and marhed by mans constrictions which farmed “spiral saives ” C represents
acentral vemn, while  constitates asublobularvem (From Mall Am | Anat,
sal 3, 1906

and in othes organs contaming cndothelial Tmed spaces Withm the
hver lobule, then, Mall defined three clements the hver cells, the
endothichal cells (Kupffer), and a rebieuhun between them Mall
adnutted that the exact relationstups between these clements were
not clear

Minat was probably the first to recognize the importance of the
comersion of a2 major vascular channe to a capitlany -hhe vascular
bed In the development of the ner, exactly this sct of cercumsstances
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the hepatic artery conneets wath the portal vem, with the sinusoids
both perphenally and centrafly, and with other branches of the
hepatic artery As had Wakmn and Mann, Sencviratnie demonstrated
m the frog wnall artenal branches connecting with the hepatic vein
which were not present i the mowse or rat, in general, Seneviratne
felt that m the mammahan hver there were many types of com.
muncations behwveen the hepatie artery and the portal vein and
betsween the artery and the smusads In summary, then, it can be
aceepted as proved with reasonable certanty that the hepatic artesy,
m additsion to nourshmg the structures of the portal space, com-
mumeates directly with the portal venules and with the smusoids
Phese Litter connections take place both at the perplicry of the
ssord and near s conter,

‘Fhe Sumseds and Kupffer Cells v

Although Malpigh, Ghisson, Morgan, and other carly micro-
scopic anatommsts recogmyed that the Iner contamed small blood
spaces, they did not apprecate the exact nature of these vascular
channels For mstance, w 1733 Ferrem desenbed the lobnles as
composed of two different substanees, one brown and the other
vellow He beheved that these two diff 1 ticated

y colored areas indic
that the lobule was composed of cells eonstituting a trae medulla

and cortex This view prevatled for over & hundred years, that i,
until Weber proved that these vanations m color wese duc to an
nnequat distubution of bleod witlun the lobule o Kicran the 277
medical world owes 1ts first acenrate description of the small blood
vessels distnbuted throughout each Tobule, As related casher, Kier-

nan descnbed practically alt of the wtrahepatic structures Fhe in-
tralohular vessels he termed camilanies When, in 1899vRupfler
desensbed the stellate eclls which now beas his name and which he
thought lay watlun the imtralobular capiiancs, all of the essential
constituents of the hlood vascular system scparating thie Jiver cells

fiad been dentified.

Mall, in 1906, published lus extensive manograph on the strue-
tural enit of the hver Tn thas he gave a most comprehensive desenp-
t1on of the capatlary bed of this argan, and hes ilustrations of these
small blood vessels Iemve hittle to be desired m the way of claity,
For mstance, Mall's ¥igure 32 which outhnes m defail intralobular
eapillary arclatecture lias not been mmproved upon simee its publica-
tion a half century ago This s reproduced in Figure 44, Mall also
commented at length apon Thoma's princples of capillary hed
development and thar appheation m the hver Althoungh an the
greater part of Mall's wiitmgs he refers to the intralobulat vessels as
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capillarses, he recogmzes Kupffer's claim that these vesscls are Tined
w part with stellate cells Furthenmore, Mall powts out that it s
extremely difficult to find evdence of conncctive tissue sathin the
n

ner Iobule Both Oppel and Ml demonstrated by speetal tech-
niqucs 2 fine rehicalom comparable to that found m lymph nodes

Jug 44 In 1906 Mall described the hepatic voin as Jarger than the portad
and marked by many constrictions which formed * spralvahes ” € represents
2 centsalvemn, winle $ constatutes a sublobular sewn (From Mall Am § Anat
vol 3 1906 )

and in other organs contaming endotheliad hned spaces Withis the
hwver lobule, then, Mall defined three clements the hver cells, the
endothelial cells (Kupfer), and a rebieulum between them Mall
admtted that the exact relationships between these clements were
not clear

Minot was probabls the first to recogmze the mportance of the
comersion of a major vascular channed to a cpillany-fike vascular
bed In the development of the lier, esactly this seb of cireumstances
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prevails As the laer cells pervade the omphalomesenteric \ems,
these sessels ate converted to a capittary-hike bed which differs in
a number of respects fram a capilary bed as the term s generally
used For thus reason, Minot suggested the term sinusoid, designating
the arenlabon through such v esscls as smusodal Based largely on
Mimot's concepts, the vascular spaces Iymg between the plates of
hiver cells have come to be caled smusods rather than capiliaries

Minot takes pams to pomt out that aunused.differs.in_ many
unportant respects from a tme capllary, although its walls also con-
sist of endothehal cells wathout any supportig medsa ar adventitsa,
A smusoud, according to Minot, 15 of larger’cakiber and its cells are
apphed tloscly agamnst the cells of the organ m which st has de-
veloped Furthermore, sts walls present mnumerable largéhpertures
through winch it mtercommuncates freely with neighbaring sinus.
oids 1t follows the arclutectusal pattentiof the organ i which it
resides, st does not, as does the capillary, follow its own pattern, The
smusoid 1siat, as 15 the capillary? imbedded m connective tissue.
In addition, the embryological dovelopment of the smusoid differs
fundamentally from that of the capallary. Al of Mimot’s critena for
a sinusowdat ereculation are fulfilled m the circulation of the hepatic
Tobule The basic reason, of course, for the close provimity of the
smusoidal wall to the iver cell hes m the assumption that efficient
patenchymatous function is thereby greatly facihitated.

For the next thirty to forty years, hittle sas added to Minot's and
Mall's fundamental description of the hepatic capillaries or, as they
have come to be designated, the smusords. Such comments as wese
made duning this peniod were based upan exammunation of fived hver
tissue Epplen sunply refers to these vessels as capillanes, Rotleston
and McNee dismiss the subject by stating that the portal capllaries
are pecuhiar fot thewr width and ther meomplete himng with Kupfier's
cells The articles of Olds and Stafford, Mavimow, and others writing
m the 1930°s reflect a mose complete apprecuation that the lobular
vessels are not simple capillanies From approximately this time on,
the term smusord has been used extensively and sts conmnotations
meotporated mto alt thinking on the vascular cantponeats of the
ver
Present concepts of the anatomy and physiology of the hepatic
simnsoid have largely been developed by Knsely, Mann, and more
recently by Ehas The first two worked with the transitumination
techmque, while Ehas has rehed largely upon examnmation of sedially
cut histologe sections of the hver Although most of Knisely's ob-
servations were upon frogs hivers, others have confirmed bis findings
in so far as small mammals are concerned {Hoers, Sos!gm, Essex,
Herrick and Mann) Early m hes descrrption of the sinusoid, Knsely
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lhrbugh ” He desenbes the sinusoids of the frog’s Ineras “smooth
walled, branglnng and anastomosing cylindncal tubes, winch have
a_completeZeltular Jining. Eagh_cell of this hinmg1s a_phagocyhic
son_Kupffer_cell.” Knisely agrees with Ellnger and Tut who,
1929, showed that the cvimdncal configuration of the hepabic
sinusord could be meely outlined after mjection of fluorescent dyes
Tie msists that the Kupfer cell 15 never suspended Tike a_spideran

LT T

) AL, w0 62, 171y )

hepatic portal vein, Elias descnbed the sinusoids from the histol
ogist’s pomt of view “At their very tips,” wnites Elas, “the portal
vem branches spht up mto sinusoids These termunal ends of the
portal vein anastomose with thar own kind via the sinusoids ” Elas”
Figure 21 which 15 reproduced m Figure 45 shows hus concepts of
the mtralobular cirenlation vety clearly According to lnm, the ter.
minal twigs of the portal venule enter the lobule in either of two
gencral wass, as end arbonzations supplying the perphery of the
lobule or a3 aval smusoids which run deeper mto the Tobule before
splitting wp 1mto branches ANl vanahions on these two general pat-
terns, of course, can be Wdentified Bltas states that basically he 15 1n
agreement with Kruscly's concepts In support of cestam minor dif
ferences, hie pomnts out that the fived slides he was studying can be
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prevails. As the hiver cells persade the omphalomesenteric veins,
these vessels arc converted to a capillary-ike bed which differs in
a number of respects from a capillary bed as the term is gencrally
used For thus reason, Mnot suggested the term sinuseid, designating
the circulation through such vesscls as smusoidal Based largely on
Minot’s cancepts, the vascular spaces lying between the plates of
liser cells have come to be called smusosds rather than capillaries.

Minot takes pams to pomt out that asinusoid.differs.in_many

s of the organ mn which it has de-
PORUUIS DU R DD SRURME

In addition, the embryological development of the sinusoid differs
fundamentally from that of the capillary. All of Minot’s criteria for
a smusordal crrentation are fulfilled in the circulation of the hepatic
lobule The basic teason, of course, for the close proximity of the
sinusordal wall to the Iner ccli hies in the assumption that cfficient
parenchymatous funchion 1s thereby greatly facihitated.

For the next thurty to forty years, little was added to Minot’s and
Mall's fundamental description of the hepatic capillaries or, as they

BN

.
cells The articies of Olds and Stafford, Maximow, and others writing
n the 1930’ reflect a more complete appreciation that the lobular
vessels ate not simple capitlanes From approvmately this time on,
the term sinusord has been used extensively and its connotations
wcotporated 1mto all thinking on the vascular components of the
hver,

Present concepts of the anatomy and physiology of the hiepatic
sinusoid have largely been developed by Kmisely, Mann, and more
secently by Elias The first two work'cd with the g\‘ansiﬂurr[lmahgn

l}:ieJn‘nc.k-:md Mann) Early in bis description of the sinusoid, Knisely
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efforts hie was unsuceessful, and today the smallest branches of the
hepatic vems, the central 1ems, are accepted as the avis of the some-
what poorlYeireumsenbed hepatic umt, the lobule

As a tesult of us panstaking mjection techmque, Mall pomted
out certan anatomical differencey between the portal and hepatic
vemns The latter are somewhat“arger and possess fewer termmal
twigs In the dog and the cat, they present a pecuhar spualfattern,
the significance of which has never been determmed althongh 1t i
A nor I R ]

' '
portal vein connects with the smusord only at ats tip, whereas the
hepatic vemn not infrequently recenves stausoidal dramage divectly
nto 1ts larger branches (See Iig 44)

To the anatomusts, then, the hepatic vems preseuted themsclves
as an uncomplicated system of vessels dramng the hyer wathout
structural details mdicative of any particular function When physi-
ologists beeame interested 1 the vanous responses of the Iner to
stimuli of one sort or another, the hepatic veins began to acquire a
measurc of functional significance Bauer, Dale, Poulsson, and Rich-
ards called attenhon to the strong bundles of smooth muscle n the
caval ends of the hepatic vans of the dog To a sphinctur-hhe action
of this musculature these 1mestigators as well as others (Simonds,
Popper) ascribed certam unusual ways i whach the dog's Iner 1e
sponds to a number of different drugs Deysach also became mter
ested 1n the funchon of the hepatic vems and reported that m the
ammals which they had studied {dog, raccoon, opossum, bear, and
others), the junction of the sinusords with the central vems was the
site of a “slurce-ile valve mechansm ™ They believed that tins
mechanism, wlhich was under drug, hormonal, and nersous control,
accounted for the behavior of the liver under a vanety of cireum-
stances They also ponted out that the central vens as well as the
smaller branches of the hepatic vems posscss contractile quahitics
which could control the solume of flmd aither impounded m the
Inver or released from it into the general arculation Kniscly, follow-
mg ths trend, expressed the belief that the outlet spluneters of the
stnusoids together with Deysach’s “stwce mechanmism™ functioned
mportantly 1n enabling the hver to carry on the role of a blood
reservorr The penpheral red cell count, the circulating blood volume,
the venous pressure, and the cardiac output could all be matenalls
affected by these valves which so effects ely control stusoydal empty-
g In precise al detail, the hepatic venous tree can then
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compared with a “snapshot of a transitasy phase which exists only
for a very bricf period™ In fina) analysss, Fhas behenes it guite pos-
sible that the two types of smusmdal patterns which he deseribes
are simplv a manifestation of the contractility of sinusoids so ex-
tensiselv cphasized by Knisely,

Next to the Iser eclls, the Kupffer or stellate cclls are the most
mportant celtular component of the Iner The special ¢ tology of
these cells was ably reviewed by Mann in 1932 He evpressed the
behef that phagocytic actnaty charactenzes the functiomally active
Kupffer cells As blood passes through the hver. it is readily freod of
foreign patticles through the activity of these cells. The mechanies
mohed m this process were the bass for Knsely's extensive stodies
an selective phagoeytosss published in 1998 Knnscly summarized his
apunons at the Ninth Macy Conference on Liver Injury somewhat

tas follows: The stellate cell of Kupffer does not mgest cvery foreign
"partiele which enters the hepatic smusord Selectively, fororgn par-
{ ticulate matter rccc‘wcg“a contmg of a clear, glossy prc‘cipilagc, Rmb

rved from studies of the liepatic circulabion i hving tivers that fug
older adea that the sinusad 15 composed of two ¢ells, endothehial

dand stellate, should he abandoned

The Hepatie Venous Dramage System (Hepatic Veins)

Although difficulties and complexitics beset iny estigators studying
the hepabie astery, portal vemn, and hepatic lympliatics, thesc inter-
T T e e em to have expenenced
portion of the hepatc

the contral sem ns the

axss of the hepatic lobule and the bepatic veins and therr branches
as the blood drainage system of the liver retams sts volidity today
Although Mall accepted Kicrman's work on these vessels, he pro-
osed, 3 number of vears later, that the nmt of the hver be onented
ahaut the smallest branches of the portal vein as its center. In these
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mjection masses employed has_penetrated_the lobule. Even today
the precise arclntecture of the inkialobular Jymphaties remains un-
defined

The Frst important morphological obsenation upon the mtea-
Iobular lymphatics 1s that of MacGillavry who i 1865 descrbed a
clear marsow space between the wall of the smuserd and the mem-
branc of the hver cells Thurty years later, Disse descubed thus sante
space, and for some wmexplamed reason this area, descrbed first by

3 - ks B L
fat ¢ ’ﬂ‘“iw o M Zel
VTG oF i 5 4
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¥ig 47 Llas’ concept of Disse’s space which has been referred to here as
Mal's space and designated by the Jetter M (cat) (From Elas Am | Asat,
10} 85,1949

MacGullavry and later bv Disse, 1s now known as “Dusse’s space ”
Perhaps no stologic entity has been the subject of more extensine
discussion, From time to time, the concept of Dissc's space has
fallen mto disrepate, for many msestigators mamtamed that 3t was
an artefact consequent to tissue fxation

Mall, m 1906. asscrted that he was able to myeet the lmphatics
successfully by emploving Prussian blue gelabin e stated that the
blae entered the capillanes of the lobule and was thence fitered
throngh the capflary ™ © ~ - A o
lobular” lymiph space '
fincd as commumcat N B
with 2 large lvmph space between the hyer cells and the capsulc of
Glrson  These spaces mtcrcommumeate with the Iymph radicles
Jvng withn Ghsson’s capsule Mall's Figure 34 15 reproduced in
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he considered a refatively uncamplicated system of vems without
eudence of commumeation with the other oirculatory systems of
the Iner other than through the smuseids,

The Hepatie Ly nphatrcs

‘The story of the relationships of the Iiver to the lymphatic system
1s Jong and comphicated, and the last chapter has yet to be wntten
Henry has ablv reviewed the histoncat question of who discos ered
lymph channcls It was not for some years after Asells (1627)
descnbed the lacteals that Jolyff was credited by Glisson with having

Fig 46 Mall's illustration depicting the much discussed Disse’s space
PVL, so designated to represent the penvasculir lymphatic space, has been
presumed but never proved to function as the intrafobulir lymphatics (From
Mall Am ] Anat, ol 5, 1906 )

found lymphatics within the Iner {1650). At about the same time,
Pecquet (1647¥ and Rudbeck (1651) mndcpendently desenbed the
thoracic duct. It was the discovery of the Iymphatic system which
dealt the time-honored views of Galen a cripphing blow  Here were
Cﬁh—a—@e—.h—&@ug.]-) :wlll;c]!:l?lgd!{cts c&d}ggstion were carned 't? thg

N i . | trate_the
. Tnjection_techniques served ad bly.to
tamed. Iy he portalspaces, hulnonent E the translymphatic

Iymphatic vesselsan th
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Mold first, to salvage plasma protemn, and second, to conduct stored
and newly formed protemn to the general arrculation In the normal
dog, the volume of lymph secreted per twenty-four hours was found

tto amount to 47 per cent of the estimated plasma volume Tius

"contamed 35 per cent of the total circulating plasma proteins In

espenmental curbosts, the flow of hepatic lymph was found to

! ncrease as much as 258 per cent and to contan as much as 207 per
cent of the circulating plasma protemns The rate of flow under these
crcumstances was accelerated as much as 500 per cent In patients
with curhoss, a tremendous mcrease in lymph flow leaving the lner
can legitimately be postulated upon the hugely dilated lymphatic
channels which can be seen about the porta hepatis duning surgical
operations for portal decompression Tlus poolng of lymph 15 not
seen dunng operations about the porta hepatis of patients with

normal Livers

In association with expenmental cirthosss, Bollman and s asso-
ciates became mterested 1n the intricate relatronslups of the lym-
phatics with the blood supply to the liver At the Nimnth Macy
Conference on Liver Injury, Bollman reported the results of us
study and the discussion which his remarks imitated mdicates the
confusion which exists concerning the mtrahepatic lymphatics Boll-
man’s first observations were upon retrograde India mk injections
mto pigs and rats In general, it was demonstrated that the hepatic
lymphatics follow the portal vemn down toats finest terminal venules,
but ik could not be found within the hepatic lobule proper If pen
smusordal lymph spaces exst, they were not injected by this tech-
mque A few lymphatics surroundmng the hepatic vemns could be
identified as well as a rather extensive network surrounding the bile
ducts As a random comment, Bollman called attention to the well
kunown expeniments m which occlusion of the common bile duct 1s
followed n a matter of mmutes by the appearance of bile in the
hepatic lymph He then remarked that 1t appeared to lum that the
lym‘p]l:lhcs are the chams forming a mechanism for fluid and solute
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Figure 46. Both Dusse’s space and Mall's space have been identified
hlstologxcally he Fhac and oo hie Rimies 40 whink e vanendionad fn
Figure 47,2

hepatic Temg e "
temptation to refer to these two spaces as lymph spaces or channels
Although they may function as such, they can never by defimtion be
true lymphatics, for they do not possess cndothelial linings The
perisimu . ot e PR frid
the siu

cells an

(Mally

tract an
Mall would, he coutd not demonstrate istologically any direct con-
nection between Tus space and the readily identifiable Iymphatic

channels lymg witlun the portal spaces. Mall concludes, “All my

“rapid transfusion through them ™

Kmisely, in his nnumerable observations of the living sinusoids of
the frog, Walum and Mann m their studies of the Iivers of small
mammals, and Bloch in his obsenation on the sinusoids of rhesus
monkeys, liave all concluded that these spaces'must function in a
P A PR o aa eV Mealtes:

...... tntinn or et Toa
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amounts of flnd leave the hver. None of this ever appears i the
central venous system, or 1n the bile ducts, nor does the lver swell
Knisely maintains, therefore, that this large volume of fluid must
pass out through the only other exit available, the lymphatics.

Recently Popper has questioned agam the actual existence of the
pensinusoidal spaces of Disse Ile bases this doubt primanly upon
sections of lner obtamed from persons dying instantaneously in
which Disse’s space could not be found \When, howeser, death was
preceded by an agonal period, this space appeared in the micro-
scopic sections Popper concluded, therefore, that Disse’s space 1s
an artefact

Cam, who demonstrated that the hepatic lymphatics could be
intubated, started a senies of investigations which promised to help
clarify the problem of hepatic lymph dramage. Nix and his asso-
cates, n their studies on the dog, showed that the hiver contributes
the bulk of the fluid and protein_content of the thoracic duct. Since




CHAPTER 7

The Normal Physiology of the
Hepate Vasculature

HISTORICAL NOTE

UPON what evidence Galen based hus conclusions that the iver was
the site of sangunmifaction 1s not at all clear, but he must be credited
with ﬂ;gﬁ—rs_t—a%\e—ml;ﬁ-(;%‘;l\ emany of the problems of the phystology
of the hiver After lum came the centunes of purely anatonucal m-
vestigation, the Tughhights of which have been reviewed 1n the pre-
vious chapter To 1dentify preusely when anatomical imvestigation
gave way to physiological 1s difficult, for no sooner werc anatomical
obsersabions recorded than efforts were made to mterpret these in
terms of function For instance, Glisson, after desciibing the portal
space and 1ts contents, postulated that the parenchyma of the Iiver
sered - -t .
Daer

Ineras .

a certain Stramer through winch the Blood and Humours pass, and
that those alterations which they undergo n the Liver are accom-
plisk'd by percolation True 1t 15, such a simple straning may sepa-
fate the thn fmrrj\ thc‘tluck, but oceasion no other alteration worth

PO NI

through, losmg its own nature and sweetness, 15 ch’:mg'd nto bitter
and yellow Chaler 1f Glisson should perhaps object, That that same
Choler 15 the thicker part, and thercfore 1 does not pass with the
vest of the blood but 15 evacuated through the Ductus Bilianus, 1
answer, That t‘l:e Ch?}er m<‘leed doces often acqguire a certam thick-

c e - bl

blaod itseit And this | will prove by the Roots of the Porus Biliarsus,
81



80 The Hepatic Curculation and Portal Hypertension

remaths, he omphasized again that although large fluid exchanges
are known to occur, techmeal advances have not yet permmtted final
settlement of the preaise mechamsms through which these evchanges
are meduted At the moment, then, i can safely be stated that the
last word has not been written on the hepatic lymphaties.
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yralscin Near the penphery these appeared pnimanly to be bifurca
tions, while at the center of a lobule they seemed to appear as
reanastomoses The mam_purposcof both sets of sphincters seemed
to_be to_control the rate_of blood fiaw through the lobule As the
intralobular circnlation was observed over a penod of tume, these
sphincters could be seen m all phases of contraction and dilatation
At certam times they were widely opened, at others they were par-
tially patent, and at still others they appeared to be shut tightly
Kniscly summarnzed the modern concept of intrahepatic vascular
actwity as follows, “The termmal hepatic artenoles, the artenal sinus
twigs, the termmal portal venules, the arterioportal anastomoses, the
mlet sphncters, the tubular smusoid limings, the outlet sphincters
of the simusaids and of Deysach'’s sma}l sh:mc channels, the central
P R S N B PR
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When the hepatic sessels are considered as a whale, 1t 15 abvious
that the most important single umt 15 the capillary bed or the
sinmsoids The liepatic astery bungs artenal blood to the liver, the
portal vein brings portal blood from the spleen, pancreas, and gas-
tromtestinal tract, wlile the hepatic vems basieally comstitute a
dramage system for the liner It 1s obvious that these large vessels
occupy space and are subject to the nsual vascatar controls, vet their
total actrvty 15 small compared with that of the siusordal bed
When these great vessels are taken as a whole, they are found con
cerned prunanly with transporting blood to and from the lner To-
gethar with the sinusoids, thev create a “milien mténenr” for the
Yoer cell such as that postulated for the body's cellular structure as
a whale by Claude Bernard

Any study of the function of the hepatic vasculature must be con-
cerned primanly with the mechamsms by which the blood vascular
trec creates and maintains a swtable medium for hepatic cellnlar
actnity In addition to thns its major function, 1t 15 generally con-
ity SR PRt et v



82 The Hepatic Circulation and Portal Hypertension

and the Gall-bladder, which arc much less, much thunner and nar-
rower than the Roots of the Vena Cava inserted into the Liver. For
1f 1t were thicker, it could never be suck’d in and cvacuated through
the Vessels much thmner than the rest; and leave the thinner to be
recav'd by the bigger and larger Roots of the hollow Vein, Besides,
the Choler sweats through the Tunicles of the Gall-bladder, and
dves the neighbornng Bowcls of a yellow colour, whereas, the blood
never sweats through any Tumicles of the Veins, wlich are thinner
and softer than that Bag; and this 1s very likely to be true, because
it 1s much thicker Thercfore, the true office of the Liver is ta moisten
the Blood with a sulphury Dew, and together with the Spleen to
perfect the ferment of that and the Chylus. And thercfore all Men,
all Creatures, as well as by Land as by Watcr are fumish’d with the
Inver, because without that Ferment the spimtous blood could never
be made
Amusing as this bit of armchair physiology may be, 1t typifies the
carly historv of the desclopment of knowledge concerning the func-
tion of the hepatic blood vessels Gross and microscopic anatomists
altke have many times attempted to draw phystologreal conclusions
from the study of dead and fixed tissue. At the Nmnth Macy Confer-
ence on Lner Injurv, Knisely chid these mvestigators wath, “His-
tologists Iike to believe they can stam everythmg in tissue, That is
not so They believe if sometiung 1s made out of smooth muscle, 3t
conld contract, and if not, it could not contract, There are things in
ammals which can contract which are not made of simple smooth
muscle ”
MODERN CONCEPTS
Today a new chapter m liepatic phystology s being wntten, not
through the study of fixed and stawed sections of Inver, not through
mdirect evidence based upon gross physiological obscrvations, but
_upon actual observation of living tissue From the dynamic picture
presented by the transillumimation technique, Kuisely, Mann, Sene-
wiratne, and others have been able to venfy many of the complex
vascular mechamsms postulated by the microscopic anatomists of
the past For mstance, Kmiscly has identified an et spluncter at
the junction of the portal senule with the portal vein Furthermore,
he has seen an outlet sphincter located at the junction of the sinusord
TR miaa¥ e
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;x;_&i:oﬁscjeml confluent siusoids with a  commonLoutlet to a cen-
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smusordal bed  Althomgh dleatly demonstrated only m the dog, st
scems logical to beheve that man, too, 15 able to control hepatic blood
flow by means of smooth muscle Jocated m the walls of the hepatic
veins as these entet the vena cava

Although tlie Iner stsclf may have 2 hmited capaoity m terms of
volume as compared to the spleen and the vessels of the gastroimtes-
tinal tract, the amount of blood nnder control of the vanous hepatic
gatehhe mechansms 15 Targe. Under ordwary oreamstances the
hepatoportal system may hold as much as 55 per cent of the total
slaod ¢ - b - P wo .

nsms
from
means complete master of its own curculation

INTRAHEPATIC AND EXTRAHEPATIC VASCULAR OCCLUSIONS

For many years the gross effects upon the liver of occluding the
major vessels entering of leaving 1t have been well known Sudden
occlusion of the pottal vem produces a temporary shnnkage m he-
patic volume waithout change m color Withm a few mnutes, how-
ever, the size of the organ returns to normal When the hepatic
artery 15 suddenly occluded, there 1s hittle discermble change m vol-
ume Upon occhusion of both the hepatic artery and portal vem, the
Tiver shrnks, becomuing flacaad and dark m color Occlusion of the
hepatic vemns produces a tremendous congestion of the liver as both
portal and artenal blood are poured nto 1t without a pathway for
I SR e S . B

When Knusely, Wakim and Many, and Sencniatne observed the
mitrahepatic crcutation through the mucroscope, the effects npon
the sinusoids themsels ¢s of these vanous occlusions conld be studied
Early m the course of Knsely's onginal observations, he noted the
cffects on simuseidal blood flow of closure of vanaus of the hepatic
vascular channels. Duning abstruction of the outlet senules of a
sinusord, he was able to observe great distention of an ndividual
lobule, where hepatic artenoles were closed, the related sinusoids
recened only portal bload Conversely, when portal venules were
tightly closed, only artenal blood flowed throngh a gien set of
sinusords

On the basis of there studies, Wakim and Mann expressed the
behef that the relationshups described by Kmscly were not wholly
correct They thought they were able to demonstrate that whele
sectors of lner were supplied predomumantly with artenal or with
portal blood When these i estigators oceluded the hepatic artery,
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large volumes of blood which it can release on demand. Compared
to the actvity of the smusords m rclationship to hepatic cellular
function, these other activitics are all but neghgible.

THE BLOOD RESERVOIR FUNCTION OF THE LIVER

With the spleen, lungs, and subcapillary venous plexus of the skin,
the hepatic vessels have long been known to participate in the func-
tion of blood reservorr Although the percentage of blaad volame
stored and released by the Tiser vanes considerably from species to
spectes, 1t 13 generally conceded for all mammals that the liser dilates
whenever the return of blood to the heart 1s excessue. Conversely,

the hver 15 able to disch considerable ts of blood to mam-
tamn cardrac output under emergency conditions Gollwitzer-Meicr,

PRI PR

vena cava ncreased Schutz showed that m cardiae failure, blood
mav account for as much as 60 per cent of the weight of the Iiver.
Ludwig cstimated that the liver of a notmal man_could_deliver_as
much as 1 to 2 hters of blood on.demand More recently Bradley
and s associates, after establishing the validity of estimated hepatic
blood flow by Bromsulphalem retention, showed that the fow of
blaod through the hver varied gicatly durmg sasoconstriction and
et
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many times that the Iner as well as the portal system has a distmet
part 1 segulabion of general blood flow

Most of the evidence has been obtamed from animals, but there
is sufficient cortelation with man to support the belief that, though
variatrions m degree may be present, the basic mechanism s the
same Under vanous conditions, constderable amounts of blood and
flid may be removed or returncd to the general circulation by sev-
eral means described by various investigators Wakim and Mann,
patterning their expermments after Knsely's obsenations on the frog,
have demonstrated that peniods of mereased :md_ dgfxeaseg blogd
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would happen were small intrahepatic portal venules occluded. To
this end, he imjected a suspension of starch granules i 5 per cent
gum acacia (parhicle size S 4 mucrons m dumcter) When a smail
quantity of this matenal was injected slowly, the mtrahepatic ar-
culation did not change dramatically, although large granules could
be seen obstructing a short segment of the simusoid If farge quan-
tities of this material were injected, the sinusords and portal venules
became plugged. and the portal arculation came to a standstill
Cluld and Barr, in their experiments with berylum oude, have
shown that tlus matenal can plug the sinusoids to such an extent
that 1 the dog cffective portal occlusion 15 accomplished In such
cxpenments, the portal pressure rose to 0 to 56 emt of saline, and
the dogs dhied With smaller amounts, the portal hvpartension was
transient, and the ammal recovered

BLOOD 1 ORMATION AND DESTRUCTION IN THE LIVER

Only m embryvomic hfe does the Iner function as a blood-formumg
organ Few subjects in Tnstology have been the object of greater con-
troversy than those concerned with the ongm of the formed ele-

poicsis begms wath the “rounding up of outstrctched mesenchymal
«clls into frec basoplul cells which m time gne mse to all types of
bload cells ™ Imtialls. thas takes place i the solk sac, then succes-
snehy appears in the body mesenchvima, the lney, the bone marrow,
the spleen, and the Ivinph nodes From the very begmming of the
formation of the Iner, large thin-walled blood vessels arc located m
a meshwork of developmg epithelial cells A thin layer of mesen-
chvma lies between the vascular endothehum and the hepatic ept
thehum From tliese mesenchymal cells ansc the hemocy toblasts
whnch prohifcrate hemopoictically to form, i the extravascnlar posi-
tion, envthroblusts, megaloharyocytes, and myclocvtes The mature
envthrocytes are beheved to ship through the wabls of the smusowds
to enter the general circulation

At about this time, the endothehum of the sinusoids 15 trans.
formed into a layer of macrophages which form the Kupfter cells m
the adult Iner Here, then, 15 one of the cssential metamorphoses of
the hepatic vascular svstem upon which later depends onc of the
major functions of the ner, plagocytoss Although the simsoids
augmally ate Imed by endothclum, this is Jargcdy replaced very eardy
m «mbryome development by a specalized el having a speafie
fimction Whether the transformation from endothiehal to Kupfier
cellis complete ot not 15 still undeaded Knisely maintams that i
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When 4 branch of the portal yem was closed, blood stopped flowing
mn t!w srnlxsc}ds w}uch Wakin and Mann believed to be supplied

the systeme mjection of India ink that small amounts of Blood con-
tinue to reach the Iner by way of artenal collaterals (mternal mam-
mary, draphragmatic, and decp hepatic) and by way of blood re-
gurgitating up the hepatic vefns
Scneviratne extended these observations, paying particular atten
. L At « L JESTU L R S 3
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sulted w appreciable slowimg of the eirculatory rate in the portal
and hepatrc vens This was only temporary, for within two os three
munutes errculation returned to normal, The important impheation
Brere 1s that m both of these anmals there are sufficrent intrahepatic
arteriovenous anastomoses to return lobular blood flow to normal
withm a very short time Seneviratnie was umable to distiguish -
portant circulatory differences betwcen the frog and the rat after
occlusion of the hepatic artery; m both anmmals, blood flow di-
mimshed and then promptly returned to normal In a measure,
tiese obsersations confirm those of carhier myestigators who demon-
strated ayery real degree of reciprocity betw een the iver’s two spurces
of bload, the portaly e and the hepatic artery

VIR Py

cmpty of blood A few nunutes later, the central portions of the
sinusotds became partually filled with blood This was interpreted by
Scneviratne as back flow from the hepatic veins Obstruction of the
hepatic vemns praduced mtense sinusordal and sascular congestion
and apparent complete atrest of the circulation,

From the clinwcal powt of view, Spucvl_r_:lt_nc:s a‘bsenntionf on

Jation to the normal liver cowtd be ddequdleny irauaiey by v
hepatic artery alone. Seneviratne also became curious about what
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Dealthy erythrocytes As the coated_particle enters_the sinusoid. it
mmedutcly mamfests a strong tendency to adhere to the smusoidal
wall_Tetherng of a patticle by ts streamers may enhance this proc-
ess but 1s not necessary: As soon as a coated particle sticks to the wall
of a smusord, 1Lsmks, streamers and s, Wto the eytoplasm of the
first mural cell with wiich 1t comes i contact. The yolume of the
Kupfler cell tgesting such a particle mcreases That thus 1s a selee-
tive process 15 shown by the fact that notmal red and white cells
bump along from side to side m the sx’nusyxi wxl'hout ’sh.owmg tlrc

\ .
tion of thonum dioide, for mstance, this substance can be demon-
strated wathin the Kupffer cell. However, when sihea 15 mjected,
much of this material finds 1ts way into the lymphatics of the Iner
and can be dentified in large amounts n the nodes dramming the Wver

Acag, one of the collosds which was for years considered a satis-
factory blood substitute m the treatment of shock, persisted in the
Inver and mgesfered senousty with hver funchion Manmx and others
have demonstrated that arabinosis 15 1 strange discase of the hiver
whicl follows the wntravenons mjection of acacia Magromolecular
substances such as these do not casily pass through the capiary walls
but are stopped by the phagocyhic cells of the ner Patients who have
rcc?\cd acaaa may present many years later greatly enlarged lvers
A PRrT .

substances are bang studied mtensively as potential blood or plasma
substitutes Whether these will uttunatelv be found to hase 3 dele-
tenious effect upon the Iner has vet to be determined Dextran, a
polysacchande of Tugh molecular werght, hias been used etensucly
wn studics ont shock and found to exert a bepeficial effect upon this
state, wtimately th matesial s completely metabolzed Polnuml
prrzehdone has also been employed as a plasma expander It too
amehorates the shock state, but microscopic exammation of the
tymph nodes, Iner, and spleen of anumals receivmg large doses af
thas substance reveals that wnportant amounts are mLc)) up by the
reticrlo-endathetinl system and app 1y ranam there y
{Kellner) Whethier the presence of thns substance i the ammal's
bmphatic sy stem a5 a whele is harmful has not vet been determined

Nor 15 the reticulo-endothehal system of the Yiver restnicted en-
tirely to phagocvhic actinits Lasch and Roller have shown that when
the Kupfier cells are blockaded by parbicalate matter, the hner's
abihity to stare vitamin A 1s greatly reduced This fact 13 of consid-
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the adult the smusoid 15 a_cyhndrical tube completely lmed by
Kupffer cells. Maximow and Blaom, on the other hand, describe two
types of cells ining the smusoid, the endothehal and the Kupffer
cell Theseauthors state, however, that “numerous transitional forms
connect these two cell types ” Evidence that these are all onc and
the same cell 1s denved from the fact that the larger the amount of
vital dye mntroduced into the Iner, the greater docs the number of
these phagocytes appear to be By the end of intra-uterine hfe, hemo-
poictic activity 1 the Iver has largely ceased

PHAGOCYTIC ACTIVITY OF THE SINUSOIDS

As soon as early anatomists appreciated that the hver recencd all
of the blood draimng the ntestinal tract, they assigned this argan
a scavenger action So gencrally was this concept accepted that for
many years the hver was actually referred to as the body’s cesspool
In the performance of this function, the liver was likened to a
“stramer ” Teleological as werc these carly concepts, they were not
far wrong, for m recent years many have demonstrated the lver's
remarkable capacity for removing a wide vanety of substances from
the blood stream

1t has been shown that by means of the phagocytic activity of the

fKupffEI cell particulate matter, certan collords, worn out red and
 white cells, and many types of bactena are removed from the blood
istream India ik, sihea, and other small partscles are extracted from
the blood stream m the iver Drmker and Shaw have shown that
manganese diovide can be completely removed by the end of twenty-
four hours after injection Roger demonstrated that ammals survive
many times the lethal dase of certain bactena provided these are
mjected nto the portal blood stream rather than mto a penipheral
vessel One of the techniques for producing extensive scarmng of the

Iver mvalves the repeated mjection of highly imtating materals
ER B F S R T 1Y 4

at

In their cxtensive studics on selectne phagocy tosts 1 the frog’s
liver, Knusely, Bloch and Warner have worked out i great detad
how this process takes place Immediately upon its introduction mto

the_ blood stream the small particle (India mk) acquures a coating,
T - *orr- - from that of plasma

- identificd under the
to identify the exact
nature of this coating, but several of its teaturcs became obsious m
the course of their studics. Tlis coatmg frequently leaves streamers
hehind, and it does not form about normal blood elements such as
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ot physiological obstruction lay, therefore, on the hepatic venous
side of the Iner and that a5 flmd was removed from the portal crren-
lation 1t was stored m the hiser temporanly. Stowly it found its way
back to the general circulation by way of the hepatic lymphatics and
thoracic duct Thus, sudden overloads of water can exther be selec-
tnely stored 1n the hiver or returned to the Greulation Nor need an
overload of flud be denved from water admunsstered intravenousty
For years 1t has heen tecogmzed that large amounts of water enter
the portal system daly, In 1ts hy drodynammc role, the hver concen-
trates the dnute blood brought from the gastromtestina) tract. Part
of the excess Buid 15 returned to the gencral arculation slowly by
wav of the hepati lymphatics, while part 15 excreted through the
bihary tract
Althongl these grass mechameal aspects of water reguiation hane
been known for years, the exact mechanisms by which the Tiver ac-
comphishes this function were not studied until dircct observations
upon the liver could be made Agam Knusely, Nann, Seneviratne and
others are Jargely tesponsible for wformation, controversial as it 15,
on this phase of hepatic vascular actnity As a result of many huan-
dreds of obsersations upon frogs’ hvers, Kmisely finally came to the
conclusion that there are thrce phases of permeability of the sinus-
odal membrane In one phase, hie noted thar the red cclls changed
therr relationship to therr fud menstruum but httle Here he con-
cluded that hittle of any fuid was leaving the sinusaid At the oppo-
site extreme 1 the second phase dunng which the red cclls became
closely packed as thes traverse a gnen smusod Durng this phase,
Kmsclv believes that the simusoidal mombrane 15 extremely perne-
able to water and to blood collmds This phase he has descnbed as
onc of “contnuous filtration,” and 1t 15 one dunng which large
amounts of water and blood callowds {prnmanthy plasma) pasy aut
wto the lymph: ‘Thrs hypothesss, of course, confirmed the ex-
penimental obsersations of Stathing, of Dnnler, and of McCarrell
and Dunker who noted that under vanous circnmstances the liver
af cats and dogs can and docs form large amounts of iymph wluch
contams about as much protem as blood The thud phase of per-
meabilits Knsselv desenbed as imtenncduate hetween the two ey
tremes st noted Senes iratne, on the other hand, m hus studies an
the Yiser was anable to confinm Kasch's obsenations e agreed
that the sinusod represented 2 conbnuous thin tube, but he could
oot identifs the sabues upon wlich Kmiscly bases sa much of tus
micrpretation of hepatic Grculatory dynamies Nar cauld Sene-
wiratng adentity Disse’s spaces This mvestigatar, therefore, conld

nat confirm entirely Knsely s opmion of the role of the Iner m water
tegulation
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crable iterest i the vitann A defictency scen m airrliosis Here the
bt <t PN " R M vl v w
de . ..

twenty years for roentgen visualization of the liver The extensne
reports on the subject have recently been reviewed by Thomas, Henry
and Kaplan These authors reported that in a colloidal suspensian of
thonum diovide the particle size vanes from 3 to 10 mllmcrons.
A diagnostic dose of 75 cc. of Thorotrast 15 roughly cquivalent to 3
mcrograms of radwm salt Tlus dose of 1omzmg radration is quite
capable over the years of producmg local necrosis and fibrosis, Al-
though 5 instances of primary hepatic neoplasms hay e been reported
following the mjection of Thorotrast, this meidence 15 considered
s0 Jow that 1t precludes thormm dioxide as a carcimogen 1 man, Of
far greater significance 1s the fibrosis and cicatnization of the hser
which occurs as a late complication of the mntravenous injection of
this matenal So important did this complication appear to be that
1t was concluded that this form of hepatosplenogtaphy should be
used only 1n nstances of extreme urgency or when life expectancy
1s short

THE LIVER AND NORMAL CONTROL OF BODY FLUID

Closely related to its function as a blood resers oir and as a flood-
gate betwcen the splanchnic and systemie erculation 1s the role the
hepatic vasculature plays in the volumetrnic control of body water.
As long ago as 1882, Stolnihow pomnted out that ammals with an Eck
fistula rapidly passed mto cardiac failure and dicd when the Iner
was removed In 1889 Johannson and Tigerstedt wrote, “We sec
then a considerable quantity of fluid 1s taken up by the Iner and thus

withdrawn from the general circulation ” In 1894 Bayliss and Star-
ling studied the reaction of vartous ammals to overloads of flusd
When water 1n large amounts was added to the circulation, they
found that a considerable proportion of this was taken up by the
portal system as evidenced by a great increase i portal pressure
corapared to that in the vena cava In 1921 Lamson and Roca con-
cluded from their expenments that an the dog the liver accounted
for the immediate disappearance from the general airculation of the
major portion of mtra enously mjected ssotonic salt solution Their
primary evidence for this physiological fact was derned from cv-
periments m which the hver was prevented by an Eck _ﬁstu]a from
partrcrpating 1 this phase of arculatory hemodynamics In such
\prepamhons the rate of disappearance of the salt solution was four

imes less than 1 the normal
i These investigators proved to therr own satisfaction that the site
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acryes, (n the dog, for mstance, the presiure rase promptly from
anenmatof 810 10 mm. of magnessm sulfate solition te.as ugh
417010390 mm, Athough these effects s ere asenbed speafically to
splanchmc symulahon, it 15 entirely possible that they were duc to
epmcphune A fow years later, Frangois-Franch and Halbon studied
the solume responses of the hver to splanchme stimulaton and
decsded that the dusmutton m Iner volume was due to constrichion
of the hepatic asternd and portal venous mecles BurtonQpitz also
contrbated 10 ths subject by pomting out that the hepabie axtery
was mfiuenced by henvous stirah more than was the portal venous
syskesm

Although most of the reported studies have been performed upon
dogs, and the consensus was that portal pressure 15 elevated by
splanchie shmulation, a number of myvestigators (Schmad, 1909,
Haxa, 1929, Guffith and Ewery, 1930, MoNchael, 19321933, and
Fekhardt, 19353 have stadied swmlar responses wm the cat Me-
Muchael, for mstance, 1 1932 demonstrated that in ths anmal post-
ganghonme nerves passing e the hver contamed vasoconstactor

bers

When st was found that splanchnic stmulation produces mtra-
hiepatic vasoconstriction, it way natusal that students of the subect
should desie to sec whether vagal stimulation was capable of pro-
duaing vasoddation Goffith and Emery (1930) studied this problem
extensively and concluded that the yagus nen e dogs not catry yasodh-
Ltor fibers MchDichag), two years later, was convinced by has studses
that parasympathetic dilator achion on the portal or hepatic venules
docs not et This work, done entirely on cats, was in agreement
with studies made many years earher (1914} by Dale

More recenth, obscrvations on the effect of mene stimulation
upon the wimhepatic vessels have been made by Senevimatne In
the rat, tetamang curients apphed to the ssmpathetic plesus pro-
duced 2 blanching of all of the hepatic sinusends without affecting
the cabber of the portal or bepatic vems Interestingly enongh, this
vasoconstrictor cltect could be elinunated by ergotamine fartrate
Sumilar currents apphed to the vagas faled to produce a visible
cffect upon the sinusouds

The most recent ahservations on hepatic nervous stanulation are
those of Danwel and Prichard After deseloping serml“toentgeno-
graphy of the portal venous wetem to 2 agh degsee of aceuracy,
these miestigators demonstrasted that severe portal venous comstne-
uan.follows clectnet stanulation of the distal end.of the hepatic
plows o these studies, thes emploved ammals of fve different
species and reported a sunddast of revults inall To the portal venous
construction which was demonstrated they attnbuted the sharp e
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The ability of the hver to remoyve or to add flwd selectively to the
general circulation has been shown to be under a number of differ-
ent controls Drugs, toxins, states of shock, and neurogenic mecha-
msms all participate i exerting their own particular mfuences over
these mechantsms In resting states, the mtermediate phase of filtra-
tion can be presumed to be n operation During digestion, when
portal blood flow mercases tremendously, permeability probably 1s
at its height 1n order to prevent excesses n water from flooding the
general circulation Agamn it 1s necessary to emphasize that much of
this expennmental cvidence 1s dernved from ammals Although there
1s reason to believe that comparable reactions take place m man,
final proof 15 not yet available Much more obsersation and study
will have to be devoted to hepatic mechanisms m man before definite
conclusions can be reached

NERVOUS CONTROL OF HEPATIC CIRCULATORY ACTIVITY

To give a gencrally acceptable account of the effects of the nervous
system upon the hepatic airculation 1s a difficult and complex task So
many different expeniments have been performed upon such a wide
variety of ammals and under such a host of different conditions that
thas entire subject 15 1n a state of confusion What can be accepted as
the known cffects of stimulation of the hepatic nen es upon the cireu-

Basch m 1875, 1t was probably Pal's studics, reported in 1887 and
1888, that established the fact that the Iner 1s under vasomotor
control In these early expenments Pal, after excluding all portals
of hepatic flow, was able to show that splanchnic stimulation pro-
duced a marked pouning out of blood from this organ He concluded
that the splanchnic nerves have a direct effect upon the circulation
within the hver Ten ycars later, Mall repeated a number of Pal's
expermments and came to similar conclusions.

‘The next fifty years of expennmental effort i this ficld were devoted
to proving, by indirect means, that stimulation of the hepatic nenves
produces mtrahcpatrc, nction This concl was largely
deduced from observations upon blood flow, hepatic volume, and
changes m venous pressure In 1894 Bayhss and Starling found that
the sympathetic newves supplymg the hver arose from the third
through the cleventh thoracic segments, wath the majonty of the
fibers coming from the fifth, sixth, seventh,. elghth,. and_ninth seg-
ments They also measured the effects of nersous stimulation upon
the portal pressure and were able to demonstrate dramatic niscs in
pressure in_the_portal vem after_strmulation_of_both _splanchnic
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all agreed that tlus hormone produces a marked although transient
nise 1n portal pressure They were unable, howeser, to confirm A
Baner, Dale 4nd Richards, and Banbridge and Trevan's observation
that the liser mereased n volume. In fact quite the opposite was
demonstrated, they all noted that the lwer shrank in size after an
mnjechion of epinephime This dispanty m results recerved much
attention, and many comments were made to prove that the lner
responds differently to vanations in dosage

It was not until 1932 when I1 11 Baner and Ins associates sug-
gested that epimephnne opened a “spt 1 " in the
nver that a reasonable explanation for the observed decrease n the
size of the ln et appeared Here, how ey er, further contusion arose, for
cmphass was shifted from a study of the size of the liver to blood
flow w and out of this organ Bauer aceepted the fact that epr-
nephnne cruses a constriction of the branches of the portal venules
and hepatic artenoles, but catly he emphastzed that he was not so
much concerned with inflow of blood into the Iner as with ats out-
flow through the liepatic vams To study this problem, he and his
co-workers cmployed a perfusion techmgque which, though carcfully
cantralled, war, a3 Macgraith has pomted out, have been subyect
to a senous evpermmental error At any rate, Baner and lus associates
showed that in spite of hepatic artenial and portal venous constric-
tion, tisere was alwavs an nerease i the amount of blood leaving the
hver when tlis organ was subjected to the cffects of epmephrne
‘Tlis phenomenon was employed as evidence that i the dog this
hormone opened a spluncter mechamsm located near the caval
openings of the hicpatic vemn and pernutted the liver to dump a
Targe amount of blood mto the vena cava It was suspected that
falnre of caval pressure to nse under these arcumstances was due
to another action of cpinephune, namely, 1ts ability to increase
cardac ontput In reporting Ins expeniments, Baucr emphasized the
compleatics invohed in studying the hepatic erculation Tie wrote.
*“These achions of the spluncter or sluice mechamsm of the dog's
Iner, together with the chemical and nenvous control of the dunhlcf

n PN F g Pt - oL the,

could this sphincter or shace mechanism be demonstrated x\lth;ugh
1t had been powted out many times before that there was a marked
speaes difference. Bauer's studics served to foens the physiologsst’s
attention upon the fact that all research upon the hepatic excnlation
must be defincated most accutately in termis of dosage, drugs used,
speeies of aml studied, and expenimental conditions



94 The Hepatic Crrculation and Portal [ypertension

w portal venous pressurc which had been obsersed so many times to
follow splanchmic excitation In addition to these changes in blood
pressure and flow, Snyder and Tyler have shown that the flow of
hepatie lymph also 15 mediated by neurosascular responses In all
Iikehhood, this reaction 15 duc to lymph bemg squeczed out of the
hver rather than to any dircet action upon the hepatic lyphatics.

REACTION Ol THE INTRAHEPATIC VESSELS TO HORMONES,
DRUGS, AND TOXINS

Few subjects related to hepatic physiology have been more evten-
snely studied than have the reactions of the mtrahepatic blood
vessels to a host of hormones, drugs, and tonic agents Nor has any
subject suffered more from lack of umformity m species of amimal
studied, m espenmental methods, and m dosages cmployed Dis-
crepancies and contradictions in reported results, therefore, are le-
gion In fasluonmg tlus review of currently pertinent materal, 1t
has been found rmpossible to consider ¢ven bricfly all of the mnumer-
able expernnents performed m tlns field Onlv reports considered of
major physiological sigmificance will be meluded here

Eptnephrine

The carhest recorded studies upon the reaction of the portal cir-
culation to epmephrine are those of Ohwer and Schafer who in 1894
reported that the spleen shinnks profoundly when subjected to the
influence of this hormene In 1905 Bamnbridge and Dﬂl(i stuched
H ; . B 113 aababal aeenen

Lo v .
pomt out that this effect could be obtamed only with very large
doses Banbndge continued his interest i this subject, and i 1917
he and Trevan reported that if epiephnne were mjected contin-
uously and slowly into the blood stream of a dog, a state of “shock”
could be produced Thrs they believed was due to obstruction 03
blood flow through the liver and sequestration of significant amountg)
of blood m the abdommal viscera Later the samne year these mivestr-
gators summarized their expeniments and concluded that epincph-i
rme produces a marked ncrcase m liver volume and a sharp nise in
portal pressure The latter obsersation had first actually been made
many years eather (1909) by Schmid

During the next ten to fifteen vears, numerous physiologists (Ed-
wards, Mautner and Pick, Lampe and Mches, Baer and Rossler,
Burton-Opitz, and Gollsatzer-Meer) studied mtensively the cffects
of epmepbrine upon the portal carculation In sprte of the numerous
different e\penmenml techniques employed, these inveshigators
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The neat important physiological mechanism connected with the
bepatic vasculature 15 that obscried by Deysach who m 1941 de-
sersbed his “s(\_llcg\\'_al) ¢” mechanism. Based upon cpinephrme ex-
penments and microscopic sections, Deysach desenbes this mech-
amsm as foffows, “Although it 1s generally stated that liquid enters

f the In er lobule by way of the *portal canals’ and that hquid 1s draned
from the Iner lobule via the central vein, my own ebscrvations show
that Tiqud may also drain directly into the sublobular vein tia small
endothehal tubes (shuce channels) which arise from the confluence

f many ordmary sinusodal capillarics ” Deysach belicses many of
the conflicting obsersations made upon the hepatic erculation may
be resohied through 1ecogmtion of thus mechanism  Futhenmote,
these channels offer a pathway by winch the blood may be shunted
more or less ducetly throngh the ver waithout having to traserse
the smusaids, 1o statimg that this shice mechanism 15 opened by
epinephnne, Deysach echoes the work of Bauer wha nated that m
the dog the sphincter is opened by thus drug

At about the same time, Franlhin (1937), Katz and Rodbard
(1939), and Wakm (1942) reviened earlier studies tegarding the
effect of epmephnne upon the hepatic ceulation, and cach per-
tormed a number of addiona) origmal expernmeuts. All of these
men agreed that the major effect of cpineplirine upon the ner is
to cause a widespread intrahiepatic vasoconstriction and a distuct
ris m portal pressure The reader ss referred to these excellent resiews
for complete details

In association with the mnestigations of portal pressure in hemor-
shagte shack, Wiggers and Ius co-vorhers i 1946 studied the action
of cpincphnne on the pottal system They pointed out that smallj
doses of epincphnne are supposed to constrict the mesenteric ves
sels as well as the portal radicles withm the hver In his expenments,
such doses produced a sharp though delayed nise in portal pressure.
This delay occurred despite the fact that the spleen dunng tins tume
empticd siself of considerable guautities of bload Wiggers attached
great importance to thys delay, for he beheved it meant a marked in-
crease in 1¢ resist: Furth since portal pressure
does not reach 1ts peak until aottic pressure bas returned almost to
norma), Wiggers also behieved that constriction of the hepatic rad-
seles must occur When Wiggers compared the relationshup betw een

icand hepatic ¢ to blood flow. 1t scemed obvious to

Tam that the imtial effect of epmephnune was an inerease m miesen-

teric resistance, while the secondaty response was Jargely a mamfes-
taton of a donunant increase m hepatic resistance . .

sorc recent studics upon the effects of epinephrine

Among the m
upon the Iner, the most unportant are those im ohang the usc of
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ic follow g the same dose of cpmephmne simlardy adun.
In + patients wath advanced arshosis and severe degrees of
iy pertension, there was an unmediate fall rather than a nse
anse to the same dose of cpmephnne (Fig 131 A, B, C, D,
3 Inall the pated mse m syst artersal

DOG 57

ADRENALINE

3 49 Dog 57 Macgrath's “bluc” proparation 1, i peepanug the tner
wrfusion, ovigenation s atlaved to lapse cun far a short penod of time,
lue” or shnoral appeartng acr 1 obtamed Here adrcnaline produces
werease 10 hpatic senaus autfiow 1§ cowe Stugeath Laser tuun Trang
+ Conforence Ma 2122, 195 Josuh Mucer Jr Youndation )

surg appeared A graph of one of the paticats 1n whom cpm-
nne produced a fall m portal pressure s teproduced w Fig
W

cre, then, is another cvanple of the revetsal of the response of
ints to a physiclogically actne dmg, cpincpbnne In this m
«e, howeuer, this change can only be sunmsed to be due to the

s, Tn seehing a clear explanation for the rev ersal manfested by,

honal stuties spon the cffects of epmephime upon partal pressure
and man are dlaborated an Appendix 5
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uflow and mn the Iner volume ” Macgraith showed two shdes at
this meetmg demonstrating these differences. The first, Figure 48,
shows that epmephnne after injection into esther the hepatic artery
or portal ven of the “red” Iner produces a decreased hepatic output,
The second. Figure 49, shows the increase in output produced by a
sxr‘mlar mjection of epmephrine mtroduced mto the circulation of
a “bluc” Iner If the “red” Iner 1s allowed to become “blue,” there
1s a reversal of cpmephrine cffcct. Macgiaith and lis associates
miterpret this evidence to mean that in the Iver thereare mechanisms
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¥ig 48 Dog 59 Macgraith's “red” preparation Dunng preparation of
this huer for perfusion, «very precaution 1s cxcressed to ansure a contimuous
flow of ovygenatcd blood Undet these circumstances a “red” Iiver, healthy m
appearance, 1s obtamned Here adrengline produces a deerease 1 hepatic yenous
outflow (From Maegraith Lucer Injury. Trans. 10th Conference May 21-
22,1951 Josiah Macy, Jr Foundation.)

which can aiter thar reactions to cpmephnne This change these
meshigators attnbute speaifically to vanations in the ovygenation
of the Iner They also suggest that the “red” Iiver is nearcr to the
“physiological state” than the “bluc.”

‘These obsersahons of Macgraith and of Macgraih, Jones and
Andrews were of parheular sigmficance to Child, Nestler aud Hols-
wade in connection with their studics upon the cifect of epmephnne
upon the portal pressure of human patients with noomal and with
cirthotic Iiners In patients with normal livers and a normal portal
pressure, the mcction of 0.5 cc of 1.1000 cpmephrnme into a small

%‘a{vt;vd;g;nc;ano;) and mild portal hypatension, the portal pressure
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also rosc followmg the same dose of cpmephrine smlarly adnun-
istered In 4 paticnts with advanccd aurrhosis and severe degrees of
portal hypertension, there was du mineduite fall rather than a use
1n response to the same dose of epicplinme (g 131 A, B, C, D,
p 349) In all mstances, the anberpated rise m systenic arteral

DOG 57

ADRENALINE

Fig 49 Dog 57 Macgranh's “bluc” preparation I, wn prepaning the hner
for perfusion, oxygenation 15 atlowed to lapse even for a short pened of time,
2 ' blue” or abnormal appearing lner 1s obtamcd Hese adrenaline produces
an merease m hepatic yenous outflow {1From Macgraith Lner Injure Trans
10th Conference May 21-22, 1951 Josuh Macer, Jr Foundation )

pressure appeared .\ graph of onc of the patients m whom epin
¢phnne produced a fall m portal pressure 15 reproduced m fig-
urc 50 *

Here, then, 1s another example of the reversal of the responsc of
the liner to a phvsiologicaliv active drug, epincphine In this -
stance, however, this change can only be surmised to be due to the
anhosis Inscehinga clear explanation for the reversal manifested by

* Additwonal studics upon the eff i "
dog money and . v Slborated v oporin 3 P POl pressre m
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the patient wath portal Iy pertension duc to cirhosis, an expernnent
performed by Medhchael miany years ago appears to be relevant In
1932 this nnestigator became iterested i the then pootly under-
st?o‘d condstion termed “splente ancnua,” of Bunty's discase, It was
AT LT Vel hivpothiesss that the hesorthages m the spleen and the
t T~ ymms were anatomical expressions of
! Ve Y bl behesed that

. -1
physiology,” e sct dvun. .

e WTH w820 130
KOVANCED BMTAL cotenasis
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s

Sercarin ohos

¥ig 50 Graph of the cffect of epmephiing upon portal pressuse 1 3 patient

with severe portal Iy pertension duc to advanced cushosts {Sce Appendns 5,
Tigures 124-131 )

3o1
FEtonime oo

cphnne upon ths wmque cnculatory system Asa result of s studses,
which were performed upon normal cats, McMichael confirmed the
mereases m portal pressurc and decreases in hver volume which had
been shown so many times before to follow an wmyection of epin-
ephsine e deduced from Ius experiments that this hormone “first
{ causes a vasacoustuction of the ranuficabons of the portal vem m
the Iner leading to a nise 1 portal pressure, 2 sceondary rise occurs
from an imercased flow of blood m the portal systom through the
 fiepatic and mesentene artenes.” In Figure 51 A 1s repraduced one
of Mehhchael's typieal epincplime curves 1t demonstrates par-
ficularly well the pumary and sccondasy nses i portal pres ¢
which are encountered m the cat
The experanent of MeMhchack whuch mterested Shila and his
associates, particularly 1 connection with thea demonstrated re
versal of the epinephrine curve in patients with advr~.ed crrhosis
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and portal hypertension, 1s desenbed by McMichael as follows, “If
the portal s 1s occluded partially by means of a higature apphed
near the Iulus of the I er, the portal ontflow 15 so obstructed that the
pressure sets itself at a ngher levcl, and alterattons m pressure m the

1ng 51 A Lypical adeenaline cffect upon the portal pressuse of the cat The
same sharp nsc s also seen 1 the dog

B In this mtcresting expenment McMichac] partially obstructed the portal
vem and totally occluded thie hepatic artern Imjection of adrenaline then pro
duced a fall rather than a rise n portal senous pressure. The sumlanty between
this aaperiment, the red and  blue” preparations of Macgraith, and Child's
crrhotie buers s stikang s set 2 whally sahsfactons explanation of these
pheaonena has vot been found  {From MeMichad ] Physiol, ol 75,
1932 )

portal vemn dependent on mtrahiepatic effects of adrenalin are pre
vented from mamfesting themselves on the portal pressure record
By clamping the hiepatic arterv and thus praventing adrenalm from
teaching the Iner, the mtralepatic effects can also be abohshed
Under these arcumstances the myection of adrenalin is followed by
an unnediate fall m portal prossure, wlnch begins as soon as the
artenal pressure stasts to nise ‘The moment that the arterial pressure
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g 52. Companson of cffccts of 1.0 ml. of I 1000 cpinephrine mjected
mto a small branch of the supenor mesenteric vem in man, monkey, and
dog. In the patients with cirthosts i whom the epmephrme effect was re-
versed, the cirrhoss was far advanced Stmilar studies 1n patients with mimmal
crthosts, yct mamifesting comparable degrecs of portal hypestension, faled
to mamfest a reversal effect, thewr cunes followed that seen m normal man.
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passes ats summit, howeser, the portal pressure begms to nise agam
and reaches its lughest about the tunc that the artenal pressure re-
turns to nomal” MeMchael's ongmal graph s reproduced n
Igure 51 B, In Figure 52 arc summianzed our expenments m the
dog, monkcy, and man (normal fer and arthotic Iner) after the
mjection of epmephrne wto the portal airculation

"T'o attempt to explain why an abnormal Iner responds abnormally
to at Icast onc form of stimulation, namely, epmephunne, has been a
great tumptation As evidence accrucs Concerming sascular abnor-
malities 1n the cirthotic Iiver, a number of mechamsms present them-
selves upon which to base an hypothesis Certamly the curhotic lner

. 1

P might relate ; v to the mtrahepatic vessels; per-
haps these are so changed by the arrhotic process that they are
unable to respond to cpmephirme Yet another conjecture invohes
the abnormal connechons between the hepatic artery and postal
senous and hepatic venous clements whacel are known to appear m

hormone At the moment, the ondv logical conclusion \\axmn(cdr
concerning this unusual phenomenon 1s that it has not been studied
crtensicly enough to fustifv anv evplanation at all

Pitintary Extract
As soon as the responsc of the hepatic airculation to epmephrne

WS ¢ biologically produced
and he studied Ohver n
1897 .. _. of a pituitary estract

upan small vews e noticed that 1 the frog the mesenteric vem
contracted under the influence of pitwitary extract Gollwatzer-NMeer
and MchMichael have studied the cffect of tins hormonc, and both
demonstrated that it produces a fall w portal pressure Clael, Wig-
gers, Clurkravarh and ‘T'npod, and Katz and Rodbard have studicd
the actton of putressut upon the Iner and substantiated the general
obscrvation that the portal pressure decreases under the mﬂuenccl
of this hormone The changes m artenal pressure have usualls been
an mitia] ise followed by a fall Both of these effccts are prolonged
and do not manifest the prompt recoveny seen after the use of epr-
nephrue The gencrally accepted explanation for this fall m portal
venous pressure Ties m the ability of vasopressin to constrct the
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splanchme capilancs and artenoles, thereby excluding blood from
the portal system. This concept has been confirmed by Wiggers,

Histamme

‘The romarkable swellng of the Iner produced by hitamng was
first noticed by Mautner and Pick 1 1915 Baer and Rossler, a few
sears later, demonstrated a sharp merease w portal pressure con-
conutant with the mcrease n liver volune Bauer, Daic, and their
assoctates made an exhaustne study of the reaction to histamune and
m 1932 rcported the charactenstic effects upon the portal circulation:
a marked increase m hser solume associated with a comparable m-
crease m portal pressure These obsenvabions led these myveshgators
to propose their theory of an hepatic sphincter n the dog’s lver
They pointed out that the hepatic vems in this animal contam so
much smooth muscle that ther sigorous contraction can impound
large amounts of blood at greatly mcreased pressure witlun the portal
bed This large amount of snooth muscle had been noted by Arey
and Sunands Ehas and Feller had been able to show compatable
amounts of smeoth muscle m the hepatic vens in man While the
presence of large bands of smooth muscle could be demonstrated
ut the dog and wn man, they could not be found in the cat and the
goat This was consistent wath Bauer and Dale’s observation that
m these two ammals merease in Iner voluine and portal pressure
id not appear after the myechion of lstamme. Katz aud Rodbard
(1939) also studied the action of hustanune and confirmed the earher
findings They ascnbed the phenomena to the divect action of bista-
mme upen the hepatic spluncter, Seneviratne also studied the hiver
directly after the adnunustration of lustamumne. He observed a marked
dilatatian of the simusoids which he beheved could be due either to
an obstructed ontflow or to a retarded nflow at reduced pressures.
He finally cpressed the opmon, howeser, that this drug reacts
directlv upon the sinusoidal wall producing 2 widespread dilatation.
That histamine causcs a Iner volume and portal pressure increase m
dogs and 1 monkeys bas been amply confimed n our laboratory
Because the use of Bus drug dunng surgical operation has been

dered excessnely hazard its action w man has not been

studied.
« Wiggers {1946) accepted with reservation the concept that husta- \
'mine constricts the venous splincters at the caval ends of the hepatic
veins Althangl his cunes after histamine administration show a
marhed merease m portal pressure, be suggests that this might well
Jbe due to dilatation of the mesentenc vessels As the cffects of this
drug continue, Wiggers finds 1t difficult to avoid the concluann
that the responscs are due 1o marked merease m resistance to hepatic
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outflow. He, too, then agrees to the popularly held concept that
Instammne produces matked obstruction to hepabic outflow.

Acetylcholme (Huut, Snyder; Bauer, Dale, Poulsson and Richards;
Katz and Rodbard)

Acetylcholine has been considered to have some iunportant action
even though the livex reacts but slightly of at afl to vagus stimulation
Bauer and his associates faled to notice any appreciable effect, while
Katz and Rodbard demonstrated that Jarge doses produced a fall
in portal and artenal pressure together wath a dectease in portal
flow Snyder has descnibed the cffects of acetyl-beta-methylcholme
as producmg a short penod of mereased nflow which he suggests
may be duc to dilatatiou of the unusords and a sunultancous merease
m rate of ontflow Thesc bnef cffects ase followed by a sharp de-
crease m outflow and mflow assoctated wath a sharp increase m m-
flow of hepatic Iymph Smyder suspects that this bloe oceurs m the
hepatic ycnous rather than i the portal system Wakun (1944) saw
no cffcct from small doses, wiile large doses, comadentally with
slowmg of the heatt rate, seemed to produce a decrease m rate of
flow throngh thic sinusoids and somc cngorgement of these structures
So rapid was the recosary that Wakim whimates that the hepatic
reactious were largely sccondary to the carduac cffects Seneviratne,
also employing the direct obsenvation techmque, failcd to obsenve
an unportant wiraliepatic effcct due to acctyleholme
Thyroxm

Wakim admnisstered thyroun to cats darly aver a ten-day penod
Yrom the sccond day on, there was cuidence of marked mercase m
trahiepatic airculatory actwity No longer did the bver mamfest ats
normal thythn, and atteriorcrpus communications, which normrally
arc visible only occasionally, were readily 1dentificd n large numbers
yAfter withdrawing the tharoun, the hier slowh retumned to noral
Tover abaut a ten-day penod This absersatian, of course, 15 of same
mtesest, for a relationship between the Iner and the thnsoid has
Tong been suspected though sts nature has not been kown Precisely
of what importance tlus apparent merease m arculation 15 cannot
et be clearly defined

Bile Acids

10 1941 Grodins, Oshore, Ivy and Goldman were able to show
that any ndrocholerctic such as sodunn Indrochlorate or cincho-
phun mareased the blood flow e the bepatic atenn They alsa
showed that this increase w artenal fow sas not essential for a
cholerttic response to bile salts
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Nor-Epmephrne

This recently 1solated hormone has been extensively studied by
West and by M Mann and West These mi estigators found that
stunulation of the hepatic and splenic nerves produced nor-cpincph-
nne m amounts sufficient to cause an clevation m portal pressurc
comparable to an mtraportal imjection of tlus smne matenal, In con-
nection with this hormone, Cluld lias noticed, as have others, that
when at 15 mjected mto the femoral v, the systemic arteral pres-
sure mises about 30 per cent When, however, a comparable dose
1s myected mto the portal vem, artenal pressure is clevated only 11
per cent The mipheation, of course, 15 that tlis honmone 1s partually
destroyed m the Iner

MISCELLANEQOUS OBSERVATIONS ON ‘1IE INIRAIEPATIC

CIRCULATION

In addition to the major obsenations made upon the phystology
of the hiepatic vasculature, there are a few others which seem to ment
bricf note

1y pertome Solutions

Seneviratne observed that when ather 30 per cent solutions of
sodwum chlonde, 50 per cent solutons of urea, or 50 per cent glucose
solutians were mijccted, the effects upon the lver were all compa-
rable When given mtraportally, the simusoids immediately con-
tracted, then relased slowly entermg a phase of dilatation withm a
ranable penod of tine—fifteen munutes for the sugar solution, much
longer n the casc of urca

Resprration
Many of the older physiologssts were greatly ted in the shght

also McMichael believed this phenomenon to be caused by changes
1 intra-abdominal pressure, but since it also appears when the abdo-
men 1s widely opencd, this cannot be the major factor. The con-
sensus scems to be that these mmor and rhythmic vanations m
pressure are mdirectly duc to respiration, when the diaphragm con-
tracts, it squeezes the I er gently and sufficicntly to unpede flectngly
the et of the blood through the hepatic vems Sencviratue showed
that when respurations became deep and labored, the bver I)J'k‘d
and the smusoids contracted shightly When respizatory obstruction
was telcased, the smusordal flow retumed promptly to nonmal
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Scneviratue also meshigated the cffcet of anowa upon the smusoids
in thus state they dilated widcly and the anmmal died Under states
of hy poua, simusordal dilatation progressed slowly reachmg its mani-
mum after about an hour At tlus tune, blood flow was very slow,
and m some smusords stasis was complete In tlus stage the reaction

able to recover completely
Trauma, Heat, and Cold to Body Surface, and Hemorrhage
Seneviratne studicd the cffeet upon smnsordal flow of a number
of stmuli winch anv organism may cncounter m the course of its
dav-to-day casstence Trauma i the form of a severe crushing mjury
to an entremity produced an immiediate constriction of all the smus-
oids After ten to fifteen minutcs, the contraction passed mito a state
of wide dilatation ‘I'hic smusowds were packed wath red cells, and
hepatic eirculation appearcd greatly retarded In these expenments,
performed upon rats, many of the amimals dicd m trom one to two
hours Heat applied to the body surface produced immeduate con-
traction followed by dilatation lastiag as long as the stunulus was con-
tinued Cold also caused an immediate smusoidal contraction which,
however, was not followed by dilatation 1lcat and cold apphed
to the Iner dircetly produced simnlar effects, that s, 1mtul contrac-
tion and dilatation follow g hicat and 4 prolonged contraction fol-
lowing cold The response to hemorrhage was dramati, the entice
Iner paled and the sinusoids contracted so tightly as to disappear
from view This mechanism reflects the blood reseryorr function of
the nver, n blood loss the splanclune and hepatic circunts are effec-
tnely removed from the arculation. thereby mamtaiming as long
as possible the flow of blood to more cssential organs

Selective Distribution of Portal Blood to the Liver

Altheugh different expenimental miethods were used by these m
vestigators, S¢rg¢, Bartlett and us associates, Copher and Pick,
and others have all demonstrated conclusnely a so-called “stream-
Imed effect” m the distnbution of portal blood to the Iner Basically
ths effect was discovered by the mjection of dves and particulate
matter mto vanous areas of the portal bed Jt was shown that blood
from the nght half of the portal bed finds its wav to the nght half of
the Iner, wlnle that from the left half of the portal bed flows prmanly
tatheldtobe of theiner 1o some tume myestiaators were attracted
to the adea that this partitionng of the portal blood within the liner
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pomted to a different function of the cells m vanous arcas of the
Incr This hypothesis could never be proved, and Seneviratne,
though he too observed the “strcambined effect,” also noticed that
withm a relatncly short tune the mivng of blood throughout the
Iiner was so extensive that eventually all substances of splanchme
ongn found their way to all parts of the Iver.



CHAPTER 8

The Intrakepatic Vascular Changes

m Lner Disease

CENERAL connideration of the effects of wyary upon a comiposte
organ such as the liver reveals that these may be com cuently con-
adered under two headings—mmmediate and delayed The myury
may be so overwhelming as to lead to massne hepatic necrosis and
imimediate death of the orgamsm witlun a few hours to davs On
the other hand, the response to the msult mav be so subtle and
msidious that ats cffects cannot be detected for‘ many months or

. . - mooah v
3
remaim only the cells of the vascular system, the fibrous tissue in
the portal tracts. and the components of the reticular endothelial
system ‘These scem to be the last to suffer damage

\
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ACULE LIVER DAMAGE

Tur acute hepatic lesions, whether the cause bhe mfectious or chenn-
cal, the damage to the parenchymal ecll 15 most conspicuous For
mstance, within a fow houts after exposure to carbon tetrachlonde
or chloroform the Iner cells become pale and swollen { Camereon
and Karunaratne) ‘This parenchymatous swelling produces narrown -
wng of the smuserds sufficicut 1n degrec to acclude completels sinus-
oidal blood flow s 15 clcarls ddmonstrated m Figure 53, where
the effccts of cellular cdama prevent India nk injected mto the
portal van trom penctrating to the central van - Before the sigmifi-
cance of ths particular reaction was (dearky understood, the reason
for the appearance of necrosis at the conter of the lobule rather than
tats periphieny prosed to be one ot the most perplesing observations
m apunmental pathology Wy did carbon tetrachlonde not Wli
the cells ncar the penphiery of the lobule which surely absorbed it
greiter cancentration? The diffse swellmg of all lobular paren-

19
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chymatous cells, producing as it docs dmnmished blood flow through
the sinusoids, cffectn cly presents blood from reaclung the center of
the lobule Central lobular necrosis, then, 1s perhaps a mamfestation
of ischenua rather than of parenchymatous intovcation That this
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the lobule (After Himsworth )
ept can be applied to hepatic discase i man 1s borae out by the
ggrdcy l())f the lcslollj'lg produced by mfectious hepatitis In this dlsi.‘:lsc,
Lucké has shown a central lobular necrosis which closely simul ;tes
that seen n the experunental ammal followng exposure to cark ?11)
tetrachloride. The rcason for the survial of the cclls in the periph-
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ery of the lobule w both mstances 1s believed to be the fact that these
cells are near cnongh the source of bloud Baw (portal tracts) to
assure them a sufficient quantity of blood to wamtam cellular via-
Bility

In aff cxpeniients conipatable to those m which manal doscs
of varous tome agents arc emploved, it 1s sbviyus that hepatic celly
<an be damaged selectnely both w regard to locstion aud to total
numbers It scems cqually clear that 4 smwordal deerease m blood
flow plays a defimtne role m causing myury to the eclls In nane of
the reported studies 15 1t mdicated that blood sessel myury 1o stself
15 impertant The voluine and rate of blood flow. as reflected m
physiologieal vanations and pathological abnormalitics, must be
considered at Icast one umpottant factor m hiepatic disease, the extent
and lnmtatsons of which have uot as set been clearly defined

‘Toue substances can naturally be admmstered m such large
amounts that complete necross of all hepatic components appeats
{u smlar fa3lion, vanous acute catdstrophcs was osertake the Iner,
such 4y occlusion of both the hiepatic artery and portal van or the
appearance of acute vellow atrophs, whichi result wm massi e necrasis
and total lnver fadure OF subtler auport m relation to liner discase
15 the concept that a stgle, relatischy savere msult or oft repeated
mmot wsults may lead to the establishment of a chronic process
witlun the Incr which mas then perpetuate stelf The vanous ar-
thoses of the ner confonn to such an byvpothesis and fulfill the
cnteng of what mav broadh be termed chitome mpun to the e
Here agam the Wood vesseds and thar complex relationshups play
an snportant subsidian 3f pot a dommant prumars rofe

CHRONIC LIVER DAMAGE, PORTAL CIRRIIOSIS

Although John Brown (16851, Matthew Baithe (1797) and Lan-
uee (1826) firmly cstablished arrhosts of the Iner as o pathological
cntity, they were conecmed prmaniy with the gross appearance of
thie organ, ds e, its consttenes, and its color Very shortlv after
ther ongmal doscnptions, a wimber of obwrations were made
wdicating that not onhy were the huer cells and the mterstital con-
nectie tissue mvohed w tis morbid process, but also the hepatic
arculaton components were wphicated  The first comprebensne
acconnt of the changes taking place m the vascular structures of the
et s porhiaps that of Frarels YWonting m 1561 on atchosss of the
hner under the headmg of Chrome Mrophy of the Lner. Frenchs
states, lmportant alerations may be distingmashed m the blood
sesseh, the portal sem s wuathy conaderably entarged as far as s
subdnsions mto capilancs e walls of the enlarged sams are
sometimies nommal but at other times they present 2 romrable
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tinchemng This thichcnmng disappears suddenly where the
capilary ramufications commence ‘The capillanes thomselves are
m a great measure destroyed hence mjections of the postal vemn
usually succeed very imperfectly Tt 1s only here and there that a few
1solated captllanies become filled as far as their anastomoses with the
roots of the hepatic vems, the latter are more eastly mjected and
the mjection runs to a greater distance The meshes formed by the
capillary vessels are contracted, and at some places completely
disappear The hepatic vems may i many cascs participate m the
cnlargement of the vena porta .. Fhe hepatic artery has appeared
somew hat smaller than natural |
These obsersations upon the hepatic vasculature made by Frenchs
over one hundred years ago have stunulated the mterest at one time
oranother of all investigators of hepatic discase In 1882-83 Sabourn
demonstrated clearly that i arrhosis an mtrahepatic collateral ar-
culation forms betwcen the hepatic artenoles and the portal ven, In
1905 the renowned pathologist Richard Kretz expended consider-
able cffort n clanfymg the relationshnp of airrhosis to the hicpatic
vasculature Ile pointed out that in the cirrhotic Iiser a minute arca
of parenchyma perhaps the size of a pea may contan from onc to
five central vems Furthermore, m many of the small islets of paren-
chyma wluch remam m the amhotic Iiver the central veins are
cecentnically placed It 1s smportant that Kretz concluded that this
cccentnic position could only have been caused by asymmctrical
degeneration and regencration of Iner eclls In addition, Kretz de-
scribed many arcas of parenchymal tissue devoud of central vens.
Extending his studies to mjected preparations of cirrhotie Invers,
Kretz noted and emphasized the fact that when the portal ven was
mjccted, the cellowdin used frequently passed dircctly mto the

e e v e pemsmaa s A
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of portal blood trasversed the siusoids m its passage into the hepatx

vens; and second, that an excess of hepatic artenal blood probably
found 1ts way to the portal system Both the “lengthenmng and
narrowing of the capillary vessels and the excess of artenal blood,”
Kretz believed to be the “true causes of the increase 1 portal pres-
sure as 1s shown by the occurrence of ascites m subacute atrophy of
the Iner with 1on " Kretz's Dr. Helly, also com-
pared specimens of normal and curhotic I ers ijected through the
hepatic and portal semns For the first ime these men demonstrated
the marked restriction of the two venous beds m airrhosis To as
great a degrec as anyonc, Kretz, then, 15 responsible for focusmg at-
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tention on the abnormahitics in hepatic vascalature which play an
unportant role m portal cucchosis
About two years later, Hemnck {(1907) approachied the problem
of acnlatory changes m arrhosis w2 more dviasmic fushion Tustead
of drawing deductions from micrescopie sections and myected prepa-
rations, he undestook the evalvation of witrahepatic pressure dy-
naries by perfusing normal and onrhotic hners remased at autopsy
When hie perfused the curhotic Iner through the hepatic artery,
Herrick behieved he conld demonstrate that more fluid passed out
through the portal sem m the arthotie than w the normal lner
Upon this obsenation [ ermck based tus theary that, as the cchotic
PIogess p , ol )¢ ations developed between
the hepatic artery and the portal venous system He concluded that
this accounted for the nse w pottal pressure w cwrhosis Hernch
damed that the cffccts of tus abnormal artenovenous shanting
were clearly reflected 1n the fact that portal pressure rose 1 mm of
mereusy for every 6 mm. clevahion m hepatic artenal pressure, m a
normal Iner at required 40 mm of mercun clevabion m hepatic
artenal pressure to raise the portal pressure a smmlar {1 mm
amonnt
Twenty years after Hemnel's ongmat approach te the phvsiology
of hepatic wrculation, Meindoc undertook smlar msestigations
By combinmng his obsersations sith bath perfusion and safusion
techimgues, he succeeded w producmg a classic articde upon the air-
culatory abnormabitics i the dner indunced by the eurhohe process
- « curthiotic with
« by the marked
shoucd that the
tuaint portal and hepatic ks were distorted and stenosed and the
tiny senules toisted In the normal Iy er these structures are robust,
while in the abnarmal thev are shrneled The bizatre configuration
of the hepatic vascular trecs w curhosis Melndoe beantifully demon-
strated by Ins imeehion techmgue Tle clearhy showed that s the
embotic Tner, the portal vams are catled upon themsches and

the hcpatic attery, ’H\c’l\cpanc ams and portal venules shared
cqually s the most pronounced changes Mthough 1n a number of
mstances the hicpatic artery was enlarged, thus cnlargement was not
as consstent as Kretz had beheved. Tor this vessel was not fre-
quently atrophie and smaller than nonmal

In the arshiatic bner, Melndoe was tnable to find evdence of
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thrckenig This thickening disappears suddenly where the
capillary ramifications commence ‘Lhe capillanes themsches are
1 a great ineasure destroyed  hience mjections of the portal van
usually succeed sery unperfectly 1t 1s only lierc and there that 4 fow
ssolated capillanies become filled as far as their anastomoses with the
roots of the hepatic vems, the latter arc more casily mjected and
the mjection runs to a greater distance ‘The meshes formed by the
capillary vessels . are contracted, and at some places completely
disappear ‘The hepatic vens may m many cases participate i the
culargement of the vena porta “I'he hepatic artery has appeared
somewhat smaller than natural — .”

These observations upon the hepatic vasculature made by Frenchs
over one hundred years ago have stiunulated the interest at one time
or another of al} investigators of iepatic discase In 1882-83 Sabounin
demonstrated clearly that i curhosis an intrahepatic collateral cir-
culation forms between the hepatic arternioles and the portal vem. In
1905 the renowned pathologist Richard Kretz evpended consider-
able cffort 1n clanifymg the relationship of cirrhosis to the hepatic
vasculature He pomted out that in the arthotic iser a munute arca
of parenchyma perhaps the size of a pea may contam from one to
five central vems Furthermore, i many of the small islets of paren-
chyma wlich remam n the cirhotic Iner the central vems are
eccentnically placed It 1s nnportant that Krctz concluded that thus
cccentric posihion could only have been caused by asymmetrical
degeneration and regeneration of Iner cells In addition, Kretz de-
scrbed many arcas of parencliymal tissue devoid of central vems

Extending lus studics to njected preparations of circhotic Iners,
Kretz noted and emphasized the fact that when the portal vein was
mjccted, the cellowdin used frequently passed directly into the
hepatic veins, leaving large areas of the parenchyma umnjected. In
summanzing lus studies on the curhotic Iner, Kretz apparently con-
cerved of two important abnormalitics  first, that only a small part
of portal blood traversed the smusoids i sts passage mto the hepatic
vemns, and secand, that an cxcess of hepatic artenal blood probably
found 1ts way mto the portal system. Both the “lengthening nng
narrowing of the capillary vessels and the excess of artenal blood,
Kretz behieved to be the “true causes of the mcrease n portal pres-
sure as 1s shown by the occurrence of ascites 1 subacute atrophy of
the liver wath jon.” Kretz’s Dr Helly, also com-
pared specrmens of normal and curhotic ivers injected through the
hepatic and portal vcins For the first time these men demonstrated
the marked rtestriction of the two venous beds in cirthosis To as

great a degice as anyone, Kretz, then, 1s responsible for focusing at-




The Intrahepatic Vaseular Changes w Liser Discase 113

tenhion on the abnormalities m hepatic vasculature which play an
umportant role m portal arrhosis

About two years later, Hernel (1907} approachied the problem
of circulators changes w cirrhusis m a more dynamic fashion Iustead
of drawmg deductions from i roscopic sections and myected prepa-
rations, he undertook the evaluation of itrahepatic pressure dy-
namics by perfusing notal and curhotie Iners removed at autopsy
When he perfused the arthote Iser through the hepatic artery,
Heruck beheved he could demonstrate that more Bud passed out
through the portal vewn w the cuciotic than m the normal Iner
Upon ths obsersation Hemck based Ins theory that, as the arthotic
process p d, ab 1 wons developed between
the hiepatic artery and the portal senous system, He concluded that
this accounted for the nse m portal pressure wm cuthosis Hemck
claimed that the cffects of this abnormal artenovenous shunting
were clearly reflected i the fact that portal pressure rose } min of
mercun for evers 6 mm elovabion m hepatic artenal pressure, n a
normal hser it required 40 mm of mercury elevabion w hepatic
artenal pressure to raise the portal pressute a sumlar (1 mm )
amount

Twenty years after Hernck's ongmal approach to the plisialogy
of hepatic cwculation, Melndoe sndertook sumilar uneshigations
By combming Ins obsenations wath both perfusion and infusion
techmgues. he succeeded in producing a classic article upon the cir-
culaton, abnormabbies m the liver mduced by the cnthotie protess
Campanng the hepatic circulatory systems of the arthatic wath
those of the normal Incr, Melndoe was first struck by the marked
dumnubion 1w the size of the total vascular bed 1e showed that the
man portal and hepatic ks were distorted and stenosed and the
tmy venules twisted In the normal Iner these structures are robust,
while m the abnormal they are shineled The bizarre configuration
of the hepatic vasculat trees m cirrhosis Melndoe beautifully demon-
strated by I smection techimque He clearhy showed that i the
arrhotic lner, the portal vems are curled upon themselves and
twited bevond secogmtion [n advanced phascs of thus disease, they
finatls arc broken up nta 3 greatlv dimimished netwark of stunted
vessels Those same changes to a lesser degree were demonstrated 1
the Liepatic artary The hepatic vaos and portal senules shared
cqualiy s the wost prongunced changes Although m a number of
mstances the hepatic artery was enlarged, this enfargement was not
as consistent as Kretz had beheved, for this vessel was not infre-
quently atrophic and smaller than normal

In the anthotic liver, Mclndoc was wnable to find eudence of
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orderly interposition of smusords between the portal and hepatic
renous trees, these did not alternate micely but frequently lay close
together leaving great gaps and free spaces, obviously the sites of
regenerating nodules of Iner cclls. He deduced from” his ijection
techmques that these arcas of new parenchyma were devord of

hepatogram m which the dye 1s evenly distributed tlkl)mughout the
Iner. In anumals with crrrhosis induced by butter yellow, the hepato-
grams showed innumerable rounded arcas of abnormal radioluceney
indicating that the nodules of regencrated hver cells were devoid of
blood vessels As a result of arcas of regenceration of Iner parenchyma,
the central vens were pushed to the pertphery Meclndoe concluded
that as the curhotic process progressed, slowly the vessels in the liver
tended to disappear Fust the vems succumbed, then the arteral
componcents. He did not behieve that this was caused by a progressise
pscudoplilcbitic process but merelv by pressure Actually, Mclndoe
felt that the process was quite comparable to pressure atrophy as
scen clsewhere i the body but that the cffects were disastrous m so
far as Iner function was concerned The hepatic cells became buried
m a mantle of scar tissue and effectuely separated from their blood
supply Parenchyma)l nutntion was consequently severely compro-
msed For a penod after the vems have disappeared, the ver 18
supported entirely by artenal blood When tins finally fails, hepatic
death occurs

Although MclIndoe could not vahdate Hernck's observations
regard to artcnovenous communications, he performed a senes of
perfusion expertments which he considered most sigmficant. In the
normal Incr, he was able to collect from the hepatic vein 100 per
cent of the perfusate mjected mto the portal vemn. In the arrhotic
Iner, however, only 13 per cent could be so retricved \When he in-
jected the hepatic artery, the perfusate returned both by the portal
and hepatic veins as well as through collaterals, On the basis of these
eapenments, Mclndoe became convinced that the obstruction to
portal flow resulted n portal hypertension, and in 1928 he suggested
that an Eck fistula be tried for the relicf of this condition rather
than, as Eck had suggested, to relieve asaites. McIndoe’s suggestion,
however, went unhecded for another ten to fiftcen years

In 1942 Dock attempted to repeat these experiments of Herrick
and MecIndoe. He obtamed different tesults n alcoholic and
non-alcoholic cirrhotic livers and showed an increase in arterial
perfusibiity 10 the alcoholic curhotic which he was not able to
Jemonstrate mn the non-alcoholic. As a result of his studes, he postu-
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lated a recaproca) rclationstup between the hepatic artery and the
portal venous flow proportional to the degree of arterial pressure and
of intrahepatic resistance

Although hardly a vascular component, the fibrous tissue develop-
mg m crthosis plays such an important role in compromising biood
flow through the hepanc vessels that its ongin ments special con-
aderation Ongual obser ers such as Brown, Baithe, Lacanee, Cars-
well, Charcot, and Frenchs regarded curhosts pnmanly as an

f y and scl hyperplasia of supporting connectine
tissue This view was supplanted at the tumn of the century by a
more realistic conjecture, namely, that the fibrosis was a response
to parenchymal degeneration More tecent thinking assumes that
the prohferation of connective tissuc 15 3 reparatise process stimu-
lated by hepatic cellular necrosis From time to time, other theones
have been devcloped such as that of Rossle who beheved that cir-
rhosis was a serous wflammatory process associated with increased
copillary permeability This theorv has never recencd very entha-
siastic support A further claboration in the iterpretation of fibrosis
comes from the expenments teportted by Himsworth who denion-
strated that viable Incr transplants ¢ oke a marked fibroplasia, while
those which have been botled do not Fimsworth behieved that tins
was eudence of a spectfic abihty of viable ner tissue to provohe
fibroplasia,

In the normal as well a5 1 the exrhatic Iner, the fibrous connee-
tue tissue presents a septalhihe distnbubon Furthermore, 1w the
novmal liver tlus tissue occuts onlv in the portal tracts For these two
easons, the excessive amount of fibrous bissue whath charactenzes
currhosis was for many years beheved to engmate solely from the
portal tracts This assumption undonbtedly accounted for the com-
pounding of “portal” and * cirrhosis” to produce the term which
even today 15 widely applied to the most commonly encountered
form of chronic Iner damage Recently evidence has appeared inds-
cating that much of the fibrous tissuc readily obsered in a arthotic
ncr does not angmate i the portal tracts but actually anscs around
the central van This concept 15 based on the studics of Ashburn,
Endicott, Daft and Lilhe who, 1 1947, produced dictary cirthosis
m rats and carbon tetrachlonde cirthosts 1 guinea pigs In the heavy
connectne tissue trabeeulac scen m these two forms of expenmental
arthosts, the vessels could not be flled with an imjection miass mtro-
duced into the portal vein Only when it was intraduced mto the
hepatic vems could the small vessels m these newly formed fibrous-
tissue trabeculae be filled with the smection mass Here was 2 new
aspect that cast senous doubt on the ofder hypothesis that the con-
nectine tissue appeanng i cirthesss derives from the portal tracts
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orderly interposition of smusoids between the portal and hepatic
venous trees; these did not altemate meely but frequently lay close
together Ieaving great gaps and free spaces, obsiously the sttes of
regenerating nodules of Iner cells He deduced from lus mijection
techmques that these areas of new parenchyma were devoud of
vessels Recently, this engmal obsenation has been beautifully
substantiated by Steinberg and Martin who show ed roentgenograph-
!Cﬂ“) that m the normal rat’s lner thoram dionde gives a diffuse

mdicating that the nodules of regenerated hiser cells were desoid of
blood vessels Asa result of areas of regencration of Iner parenchyma,
the central vens were pushed to the peniphery Mclndoe concluded
that as the cirrhohic process progressed, slowly the vessels in the Iner
tended to disappear First the veins succumbed, then the arterial
components He did not believe that this was caused by a progressine
pseudophilebitic process but merely by pressure. Actuaily, Mclndoc
felt that the process was quite comparable to pressure atrophy as
seen elsewhere i the body but that the cffects were disastrous m so
far as Incr function was concerned The hepatie cclls became buned
1n a2 mantle of scar tissue and effectncly separated from their blood
supply Parenchymal nutrition was conscquently seyverely compro-
wmised Yor a penod after the voms have disappeared, the hver 15
supported entirely by arternal blood When ths finally fails, hepatic
death occurs

Although McIndoc could not validate Hernek’s observations in
regard to arteniovenous communications, he performed a sencs of
perfusion expernments which he considered most sigmficant. In the
normal liver, he was able to collect from the hepatic vemn 100 per
cent of the perfusate mjected mnto the portal ven. In the curhotic
Iner, however, only 13 per cent could be so retneved. When he an-
jected the hepatic artery, the perfusate returned both by the portal
and hepatic vens as well as through collaterals, On the basis of these
expernments, Mclndoe became convinced that the obstruction to
portal flow resulted an portal hypertension, and mn 1928 he suggested
that an Eck fistula be tned for the relief of this conditton rather
than, as Eck had suggested, to relieve ascites. Mclndoe’s suggestion,
however, went unhceded for another ten to fifteen years

In 1942 Dock attempted to tepeat these expenments af Hernck
and McIndoe He obtained diff results in alcoholic and
non-alcoholic cirhotic livers and showed an ncrease artenal
bility 1n the alcoholic cirrhotic wiich he was not able to
trate in the non-alcoholic. Asa result of his studics, he postu-

perfusi
demons!
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their total umber reduced The portal branches were artanged m
basket-Iihe fashion about the cuthotic nodules, and the hepatic veins
were flattencd and distorted Popper also obscrved that the portal
and hepatic vems were generally thinwalled and appeared free of
signy of wflammatory reaction Furthermore, it was quite evident
that the fibrosis extended from the portal triads to the central field
and unohed the branches of the hepatic vemns

Elas believes that his findings confinn Ashburn’s obsersations
that the fibrous septa, in the expermmental anunal at least, onginate
{rom the central ficlds, beeause m the carly stages of induced cirrho-
s15 they can be injected only through the hepatic vems, At first glance,
thus might mean that esperimental and luman arrhosis were essen-
tially different processes But, say these observers, a differcnce
stage could casily account for the vamations scen. Although the
sngle steps cannot as yet be traced, it appears charactenstic of
Lacnnec’s auvhosis that in ats fully developed state the fibrous septa
contun vessels connected directly with both the portal and hepatic
rans Such conncchions, of course, cannot be damonstrated m the
normal lnver These mterrelationsinps are clearly shown 1n one of
these authors’ illustratians which 1 reproduced 1 Figure 54 Ehas
gives credit to the older imnestigaters such as Kretz, Mclndoe, and
Hernck for suspeeting the presence of these extensie anastomoses
wiich scem to carry off a considerable amount of blood befare 1t
even approaches the parenchymal cells In effect, then, these act as
an Eck fistula m so far as hepabe cellufar nutntion 1s concerned
Of particulat interest i the studics 1s the observation that most of

these ab \} t are of previous ids that
have dilated and the walls of which have become thickened The
ds are d to disapy 1t 15 nteresting to

P
question whether or not the smusads that persist may not be the
shunts Deysach referred to previously
Commenting upon the distortion of the venous trees, Ehas pots
out particularly that the flattening of the small venules may well be
due to regeneratng lver nodules as demonstrated by Kelty, Bag-
5,18
pas-
. . .
conclusion, Elas expressed the behief that deyclopment of multiple
intrahepatic venowvenous and artenovenous shunts which work to
the distinct detoment of the iver cell 1s a process “common to and
sigmficant 1 the pathogenesis of all types of curhosis
The mtrabepatic airculatary dynamics i expenmental cirthosis
have recently been extensnely studied by Dawel, Puchard and Rey-
nell These mvestigators produced carbon tetrachlonde curhoss in
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It certamly indicates that at least a portion of the fibrosis i cirtho-
s1s of the liver anscs about the central veins. If this be true, it would
account for many of the older obscrvations on the cirrhotic liver

could be demonstrated with fat stans Fat cysts could be casily
outhned in amimals sacnficed early in the course of their disease In
other rats sacrificed at defimte mtenvals, these cysts coalesced into
larger and larger droplets and were replaced by scar tissue around
the central vein In animals followed long enough, the connectine
tissue masses eventually imvalved the portal area as well.

Another aspect of the theory that the fibrous tissue 1n currhosis
stems from the portal tracts is found 1 a consideration of the small
bile ducts which can imvariably be demonstrated within the stroma
of this new tissuc. These hittle canahiculy, 1t was reasoned, could only
have come from the bile duets of the portal tracts Those supporting
the theory of central ongin of airrhotic fibrosis maintain that tlis
reason for believing that these bile ducts ornginate in the portal tracts
1s not necessanly valid These imestigators believe that often m
degencration of the parenchymal ccll there is such a profuse regen-

These controversial studies stimulated Ehas and lus associates,
already noted for their important observations upon the structure
of the normal liver, to mveshgate the curhotic Iiver. Ther recent
article must be considered an important contubution to the lage

Iners The prcpa’mtmns were then studied by means of t]uck'and
thin microscopic sections In the fibrous scpta of the rats” livers
injected via the hepatie veins, numerous tortuous vessels were founfl

injection through cither the portal vein or the hepatic ven Many
communications between the portal and hicpatic vems could be
seen When injccted by way of the hepatic artery, the specimens
showed many conncchions between the arterial and venous sy s'tcms.
In all the specimens these investigators confirmed I\.Iclndoes ob-
servations. that the vascular trees were all tortuous, irregular, and
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ten m this type of cirthoss, abnanmal communications develop
betwcen the portal and hiepatic venous system In Figure 55 Aand B
are reproduced two of Damel's hepatograms, one of the normal liser

and one of the cirhotic
(/::2}"., *7(\
s |

G

R

Fag 35 Thorotrast hepatogram 1 the rat A A normal Iner, B a cirhotie
Iner. In the normal Ince {A) thete s diffuse filling of the entie linver, while
0 B the distortion of the portal venous tree 1s evident Of additional interest
m B 1s the evidence of collateral circulation, R, U, and O indicating to these

tigators a degree of portal obstruction and con-
sequent portal hypertension (Fram Daniel, Prichard. and Reynell | Path &
Bact, vol 64,1952)

CARDIAC FIBROSIS OF THE LIVER

Aslong agoas 1833, Kieman recogmzed that n passic congestion
duc to heart discase there was a marked merease m witrahepatic
connectrie fissue In 1886 Sabounn wrote lus classic essav descnb-
mg cffects of chironic passne congestion on the Iner and called
attention to the marked capillary dilatation wlnch was present Pick,
m 1896, cestended these earlier obsersations with s studies of the
Iner in pencarditis That cardiac fibrosis dffered from ordinary
portal curthoss 1s evidenced by the fact that Pick comed the term
“psendacirrhosis” to desenbe 1t ©Most of these early inestigators
focused thew attention prunandy upon patenchymal degeneration
and connectine tissue prohfuration without paying 4 great amount
of attention to the cxculatory changes Recently, Moschcowitz has
studicd tins particular aspect of cardiac fibrosss of the Inver, 1le has

pl d that 1t 15 not a repl fibtosis but 15 an active and
prohiferatne process in connection with which new vascular shunts
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rats and studied the circulatory pattern by means of rapid seral
hepatography. Thorotrast was employed as the contrast substance,
The portal pressure m these ammals was mereased to a degree suffi-
cient to warrant a dugnosis of portal hypertension Hepatic angio-

Fig 54 Reproduction of Elias, Petty, and Popper’s mjection studics of the
arrhohe ner In A, a ph h of an wyected from wlhich the
parenchyma has been digested, 1s shown the marked distortion of the portal
and hepatic venous trees. These marked abnormalitics, due to regencrating

.
053y
grams obtaned 1 thesc ammals revealed that the mtrahepatic

vessels were greatly distorted Particularly were the vessels of the
In addition

al filling was

001, 113 dpire ve - e, 1 of the dye
through the Liser was not decreased, m fact 1t was, if anything, -
reased It 1s possible to mnterpret these findings as mdicating that,
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tumioss of to an obseure form of primary endophichitis restucted to
the hepatic venons tree The disease may run a rapudly fatal counse
or may be slowly progressin e aver many years {ts chnscal mamfesta-
tions stem from the fact that nather the pottal noc the hepatic
artenal blood can escape from the Iner. As a tesult, a large collateral
builds up, the mamfcstations of which are portal hypertension,
csophagogastrie vances, and hemorrhage. One of the most trouble-
same problems assocated with this discase is the massive aseites
“Tlus, of coutse, mrors the expermmental work whick has been done
on ammals m which large collections of abdommal fluid can be
produced at will by obstructing the wfenor vena cava above the
diaphragm, The massne ascites appearmg m both these arcum-
stances seems to be wtimately related to abnonnal intrahepatic
fymph flow In addition to obstructing the hepatic vaians, the throm-
botic process may catend to the vena cava and obstruct thus vessel
near the onfices of the hepatic vems When this occurs, massive
edema of the lower extremities and utema may further compheate
ihe picture ‘The chmeal details and pathological findings of this
mteresting disorganization of mtrahepatic airculation hasve recently
been ably reviewed by Caputs and Warthin

In gencralized artenoscernss, many body systems are adyorsely
affected Not so the Iner 1f prunary vaseular disease of the hepatic
vessels plays an important part m hver fajure, 1ts exact role has yet
to be determined There are, of coutse, a number of speaific afflic-
tions of the hepatic artery ox of the major hepatie vessels wineh, as
15 the case m aneurssm, may actually accur within the hner In addi-
tion, afthough necrobizing artentis and perrtentis nodosa mav
present vascular damage m the form of wfarcts within the lver,
these are usuallv of relative unimportance as far as ner funchion 1s
concerned  Since such major artenal or venous discases as ocour
prmanty concem the function of the hepatic vessels w their extra-
hepatic location. their discussion will be relegated to the sections
devoted to this subject
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are formed within the Iner, In his article on this subject, he de-
senbes four kinds of such abnormal vascular communications. those
between the terminal portal venules and the central vem, those
formed by new capillanes which also conuect the termmnal portal
venules with the central veins, those between the normal portal
branches and newly formed central venules, and finally those which
form directly betw.cen the portal and the central vems. The apparcat
purpose of these shunts is to assist in the equalization of pressure
between the hepatic and portal 1enous systems.

BILIARY CIRRHOSIS

This type of I er damage, be it eathier of the primary cholangiolitic
type or secondary to obstruction of the common duct, has also been
found to present distorted vascular relationships comparable to
those scen n portal cirthosis and cardiac fibrosis. The microscopic
pathology of this discase has been ably descnibed by MacMahon
Ahrens and lus associates, 1 reviewing 17 paticnts with primary
biliary cirrhosts, reported that 8 descloped portal hy pertension. This
mdicates the high madence of intrahepatic vascular abnormahty
which occurs in patients wath bihary cirhosis

A further comment upon abnormal hepatic circulatory dynamics
m curhosis can be found in the recent studies of Bradley and his
assocrates. These authors s estigated hepatic blood flow by means
of Bromsulphalemn In the normal subject, they cstimated hepatic
blood flow to be 1530 ml per mimute, 1n 39 currhotics this was sub-
stantally decrcased, the average being 1090 ml per munute. At the
same time, the hepatic artenovenous oxygen difference increased
and Bromsulphalem catraction fell. From these studies, they con-
cluded that the blood flow through the Iver decreases more than the
oudative metabohism of the residual liver cells. Thus, a relative
ischemia and hypoxia of the active liver cells develops n curbosis.

PRIMARY VASCULAR DISEASE

- P

neyJ, ;)rifnary vascular disease may play a predominant role m mal-
function Intnnsic disease of the hepatic blood vessels has, however,
attracted very little attention. One of the few discases in \\'llich one
system of mtrahiepatic blood vessels appears to be primanly involved
is the Budd-Cluan syndrome, First described by Budd m 1845 and
emphuasized by Cluari m 1899, this senous disruption of hepatic
tunction occurs secondary to licpatic venous obstruction. This may
be duc cither to occlusion of these vcssels by pnimary or metastatic
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\ascular bed After the admimstration of one of these novious sub-
stances, the hver becomes hugely swollen, portal pressure niscs, and
a large amount of blood 1s impounded w the splanchnie bed 1fa
large enough dose of the drug s gnen, the ammal dies Tere agam,
m a somewhat different hight to be sure, appears the concept that
hepatic malfunction bears a defimte relationship to the develop-
ment and persistence of shock Over the years, the cffect of a number
of these rclated substances was intenswvely studied, and many the-
ones suggested as to the mechanisim by which they produced death
Yor a longer or shorter peniod, one or another of these substances
cmjoyed a measurce of populanty as the cause of shock In retrospect,
1t might appear obvious that both portal gation and the adminis-
tration of hust or hust: Tike subst: Lilled by deplet-
g the blood volume, but the idea persisted that this alone was not
the answer to the perplevung plysiological problem  Although 1t
could not be proved, the impiession was held that in spite of the
cvidence to the contrary, hver failure was somehow unphcated

O T L SN

death of the ammal. In the study of tlis
phenomenon, Sharrand Fing are proncers Shorr and tus assocates
advanced the theorv that the pen; e which 15
charactenstic of the state of sresersibshits 15 due to 2 cwenlatory

Fems e v e L e AL S AL L
Tie and lus assocates have approached the wreversibility of
shock from a somewhat different powt of view They postulate that
1f normal ovygenation of the Iner were mamtamed, tlus state could
be prevented By cross transfosions from 2 normal g
culation thrangh the bser was hept antact. These investigators then
proved that m preparations such as these, y
ted-or long defayed Thev cencluded, as liad Shorr,
that the wreyersibility of shael was cansed by €addure of nopma) he-

s, Coln and Parsons,

The fonmer mamtaimed
hepatic owgenation by means of 4 graft mterposed between the
dorta and the portal sam, while the latter perfused the Tner with
ovigenated blood In both of these studics, the usual picture of the
mreversible phase of shock could be prevented



CHAPTER 9

The Liver and Shock

IT IS difficult to determme when a relationslnp between the Iner
and death duc to shock was first suspected. As long ago as 1877,
Sciuff, Oré, and other mvestigators demonstrated that 1f the portal
vem of the dog, cat, or rabbit was suddenly hgated, the ammal died
within a space of nunutes to an hour Many different explanations
for this phenomenon were offered and widely discussed. The most
genenally accepted eaplanation was that these anunals died m acute
Iner farlure

Eck did not agree with tlns popular explanation and, stimulated
by the reports of a physiologist from Philadelplia named Lanten-
bach, devised the famous fistula betwcen the portal vern and vena
cava wlich to tlus day bears lus name In 1877 Eck proved beyond
question that f the portal blood were diverted into the gencral cir-
culation, the dog survived higation of his portal vein quite unevent-
fully
With the devclopment of the concept of shock as it 15 known
today, greater msight was acquired as to why the dog succumbs to
portal hgation n the abscnce of an Eck fistula. Many years later,

m shock due to deplction of the cffectne airculating blood volume
into the splanchme bed Literally, the dog bleeds to death into his
own portal venous systent

Another landmark in the development of the concept that some
relationship eusts between the Iner and shock appeared n 1910
when Dale and Laidlaw mvestigated the depressant effects of lus-
tamine upon blood pressure Nine years later, these imvestigators
mtroduced the concept of “lustamme shock ” Therr reports started
2 wasc of enthusiastic mestigation designed to prove that autog-
ous dep of which h was but one, were re-
onsible under certam circumstances of scvere trauma for the
shock It was soon discovered that one of the pri-
he intrahepatic

en
sp
development of
mary sites of action of these substances was upon Y
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demonstrated the relabonship of the Iner to shock many years
carlier

‘That the last word has not been wntten on ireversible shock 1s
reflected m another observation ongmatmg m Fme's laboratory.
Startig with the obsenation that many patients with overs helm-
g sepsis die i a state sumiar to ureversible hemorrhagic shock,
Fine and lus associates concenved the 1dea that a bactenal factor
might well be mpheated 1 traumatic shock. By admumistening
aureomy cin to dogs for some days prior to performing their standard
type of shock-producmg experments, they report a recosery rate of
88 per cent Tluis was 1n sharp contrast to the standard recovery rate
of 14 per cent routinely obtamed when this antibiotic was not used
Currently, Fine 1s conducting further expeniments 1 an attempt to
find the explanation for this phenomenon In considening how far
these experiments can be applied to man, it should be recalled that
the Welch bacillus 15 normally present m the dog's Iner where it
readily proliferates if the intrahepatic oxygen tension falls below
certain normal levels. This organism cannot normally be cultured
from the Iner of ather the monkey or man In the future, it may
well be proved that the feature of the ireversibihity of shock 1s a
phenomenon peculiar to the dog and related to anacrobic prohfera-
tion of noaous organisms 1n the hiver of this animal

In 1946 Wiggers analyzed with great care the portal pressure
gradients which occur m the portal system dunng hemorrhagic
shock His expeniments seem to show that dunng penods of hypo-
tension, portal flow through the liner 1s reduced to a greater extent
than might be expected from changes observed aither m systemic
or 1 portal pressure The most recent studies of this complex prob-
lem are the mucroscopic observations of Kmsely and Sencuviratne
Kuusely, m lus studies on the frog, showed that when hemorrhage
oceurs the hepatic artenoles and portal yenules and mlet sphincters
close tightly, wlile the sinusoids constrict and the outlet sphincters
open Thus, the animal “gnes lumsclf a transfusion ” 1f the hemor
rhage has not been too great, Kmiscly has noted that gradually a few
simusoids begin to open up and a slow tnclle of blood reappears
Sencviratne, employing the direct obsenation techmique, demon-
strated that a comparable phenomenon was noted 1n the rat’s lner
after hemorrhage, the sinusoids contracted and disappearcd from
view Seneviratne also obsersed the reaction of the hver to a different
type of shock, namely, that produced by crushng the hind Limb of
anammal The mitial reaction to trauma scemed to be an immedate
narrowng of all the sinusoids, though the rate of blood flow con-
tinued at an unaltered pace. Slowly, howeer, as the shock state
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By r graphic visuahization of the Iiver with Thorotrast,
Fredman, working m Fine’s laboratory, has shown that durmg
shock there is a severe degree of vasoconstrction of both the portal
and hepatic venous beds. In Figure 56 are reproduced two of Iricd-
man’s roentgenograms illustrating tlus phenomenon. This investi-
gator also obscrsed that during shock there was mcreased resistance
to blood flow within the Iiner, a nise n portal pressurc, and a marked
sequestration of blood m the abdonunal viscera Frank, another of

Fig 56 Fredman and Fine, 1 association wath their extensne studics on
shock, demonstrated 1n films such as these the marked constuction of the
portal venules which accompanics this state This yasoconstnction (B) as
compared with the normal Iiner (A) 1s beheved by these mvestigators to con-
tribute smportantly to the hepatic hypovia of shock {From Iriedman ct al *
Ann Surg,vol 134, 195L.)

Fine's associates, then performed what may well be termed a erucual
cxpenment In dogs with a funchioning Eck fistula, e proved that
the usual picture of irreversibibity appeared m resp to repeated
bleeding despite the fact that the fistula effectively prevented the
impounding of blood m the abdommal viscera Here, then, for the
first imc the dn ersity of results i the onginal expertments by Sclnft
and Eck 1s explamed. Although dogs die when thewr portal vems

apparently be prevented only by maintaining hepatic ovygenation
at normal Jevels If a degree of cxtrapolation be permtted, st 1s
Togical to conclude that the cmployment of the monkey (which docs
ot die followng ligation of its portal vem beeause 1t 15 equipped
with 1ts own Eck fistula) in these vanious expenments would have



CHAPTER 10

The Effect of Liver Disease
upon Body Water

THE accumulation of excess flud 1n the pentoneal ety and n
the mtershital tissue 15 charactenstic of a varicty of disorders of
heart, kidney, and liner This flwd has long been considered a transu-
date tesulting from the passage of water, clectrolyte, and protein
through the capiflancs of the pentonewn Recently, however, ex-
penmental and chmeal studies have mdicated that at least a portion
of this find may demve directlv from the l\mphancs of the Iner It

a shghtly modified et flmd, The clectrolyte
content dffers from that of scrum wn that sodium and chlonde are
somewhat lugher and potassium lower The protem content 1s lower
and the albuunn-to-glabulin ratio higher The protan content de-
pends to some extent on the plasina level, and, as the plasina protem
15 depleted by successive removals of flud contaming protem, the
level of protem 1 both plasma and asaie flwd s reduced Laeb,
1922, has compared plasma to curhobe asaitic fuid m the same
paticnt with respect to sodium, potasstum, bicarbonate, and chlonde
{Table 1)

TABLE |

LLECTROLYTE CONTENT OF SCRUM AND ASCITIC FLUID
IN CIRRHOSIS

(From Loch)
CHLORIDE  WCARBONATE  SODIUM  pOTASSTUM
CASE FLUID mEq m!'.q mEq
1 Serum 100 0 75 1247 42
Ascitie Flud 108 2 263 1382 24
7 Serum 103 8 238 1718 4=
Ascstee Thind 090 18 126 6 20
3 Serum 105 6 26 4 nz2 2
Ssaite Flud 7 x6 138 6 23

127
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appeared, the smusoids began to dilate and blood flow to slow down
At the tiie of death, the picture was one of marked dilatation and
retarded blood flow In both of these types of shock, then, the end
result 15 the same—mipaired blood flow wlich may be assumed to
lead to deficient nutntion of the hepatie cclls,

In gencral, then, 1t may be concluded that the liver mdeed plays
a role m shock Although the evidence indicates that the prunary
factor mvolved 1s hiepatocellular fatlure, it scems unportant to recog-
mize that this 1s mediated through airculatory deficiencics in the
organ Any state that contributes to airculatory farlure must, there-
fore, be regarded as exerting a deletenous cffect upon hepatic func-
tion. Until proved otherwise, this state may be most Jogscally
considered due to hyposia or cven anowia of the liver cell nduced
directly by arculatory farlure
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pearance of asates Some paticnts with seemingly mummal hver
damage often present themsehves with severe portal hypertension,
esophagogastuc vances, and massne hematemess On the other
hand, many paticnts with advanced liver disease are encountercd mi
whom there 1s hittle evidence of portal hypertension, at least as
judged from the fact that esophageal varices cannot be detected
clically And yet, massne asates 1s often a elimeal feature in these
very same wdniduals Another mducc/t bit of evidence suggesting
that mncreascs m portal pressure are w6t themsehes responsible
for asaites may be dernved from patients with portal*hy pertension
due to cxtrahepatic portal senous block Here asleftcs i rarely if ever
encountered

{n addition to these conflicts 1n the climical course of patients with
arrhoss, there is additions] evidence concerning the mechanisin of
ascitre Autd formnation to be derfted from cxperunental anwmuals In
the monkey, for nstance, a marked clevation m portal pressure can
be produced by acclusion of the portal vein 1tis true, of course, that

CATLIUL DE PRUULLAG 0) pussas seeivss vecoes o ~mee, = - Ly
Tave demonstrated that n dogs severe degrees of asaites follow partial
obstruction of the vena%ava just above or Below its diaphragn In
these preparations, there is no verv great degree of portal by perten-
sion, yet massie ascites regularlv appears

Clinceal and experunental examples such as these could be enu-
merated almost endlessly withaut getting very much closer to defin-
mgwhat role, of am, portal hy pertension per se plays i the formation
of asates For the moment, 1t can only be said that any final conclu-
sion on this as part of the ctiology of ascites 1s unwarranted That the
Iner s primanly i olved seems obsious, that the hepatic lymphatics
may play an moportant yole m the formation of asatic fwd 15 a
dutimet, though as yet unproven, passibility

2 Decrease m Osmotic Pressure of Bloed

Sterling in 1951 and Schocnberger m 1952 have shown that the
total albumin pool as measured with tagged albuinm 15 usually de-
pressed 1 carrhiosss, thouglt tiot to as marked a degree as would
appeat from the plasma level The vere low plasmia proten which
results 1 a low osmotie pressire 15 duc m part to dilution of blood
w an expanded plasrua volume, and w part to redistubution of al-
bumim m extravascular sites It s well known that the discased Iner
15 unable to ssuthesize atburmm, and plasgia and alhummn levels
often fall as Tow as 2 0 to 2 5 grams per 100 ml In such patients, Post
and Pateh m 1942 obseried that i spite of adequatc protom and
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Recent expeniments m which ascitic fluid has been studicd with
radioactive tracers have brought to hight ats remarkably dynamic
nature. Water of ascihic fluid enters and leascs the pentoneal cauty
at the rate of 40 to 80 per cent an hour as determuned by Prentice m
1952 m hus trtium studies McKee's studies m 1952 n expenimental
asaites m dogs showed that albumm passed rapidly into ascibic
flud and attaned an cquiiboum within two days Sumlar results
have been obtaned in man by Schocenberger m 1952, Wath radio-
actnely tagged albumn, Wasscrman i 1951, and Abdou m 1952,
have shown m dogs and rats respectincly, how rapidly albumin 1s
equilibrated between blood and mterstitial fluid. These studses sup-
port the concept that there 15 a contmual circulation of protein from
the blood strcam to extraccllular flid and by way of the lymphatics
back to the blood strcam In the stcady state, as Mankin i 1948
showed, there 1s a constant colloidal and solute osmotic pressure
difference between plasma and asaitic flud which when altered s
rapidly restored by transfer of water solutes or protemn mto or out
of the cauty.

Many detailed metabolic studies have been performed to deter-
mune the cause and nature of these fluid accumulations, but cven
today the prumary defects i ascites and edema are but poorly under-
stood Currently, 1t 1s the conscnsus that several factors rather than
one arc mvohed Numerous studics have been made to determunt
the relative importance of cach of these in the overall prcture The
several factors considercd potentilly responsible for ascites are:
(1) portal hypertension, (2) decrease 1n the osmotie pressure of the
blood; and (3) derangement of hormones which control water and
clectrolyte balance These will be discussed m this order.

1 Portal Hypertension

Many physiians and physiologists have long held that the asaites
encountered m patients with advaneed cirrhosis was due to portal
hypertension or, as tlis state was ongmally designated, portal con-
gestion There can be hitle doubt that this was and is an attractue
concept, for 1t follows quite logically that as soon as hydrostatic
pressure 1s elevated there must occur a transudation of fluid across
the capillary membrane It was, of course, upon the vahdity of this
conjecture
ment of ast . . , -

of ascites dtew wu voe . . o
and today there s po_ evidence_that rehief_from. ascites will
follow the reduction of portal pressure to normal Furthermore,

any large series of paticnts with cirthosis, it 1s difficult to correlate
the degree of liepatic damage with portal hypertension and the ap-
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That the osmohic pressure of blood plays a sccondary role m the
chiology of asoites Bias heen shown m numcrous wavs The admms.
trabion of low salt husman albuui for the treatment of hypopro-
temen was first reported in 1944 by Jancway Swice them, it has
been vihized by many with meonclusine results Kunkel aud ins
assocaates m 1948 stated that the replacement of albumin lost m
shock or m nutntional cirrhioss 1s suceessful and may effect penna-
nent improvemient However, when ghen to rase the total collmdal

TABLE 2

SERUM ALBUMIN DETERMINATION BY KJELDAHL AND
IMMUNOLOGICAL METHODS IN NORMAL FATIENTS,
LAENNEC'S CIRRHOSIS, AND MALNUTRITION

AUMBER SERUM ALBUMIN SLRUM ALBUMIN DIFEERENCL
sumject o WIELDAUL (1) IMMUNOLOGICAL K MINUS T
) o AVERAGY IN 1) A\ERAGE T8 AVIRAGE IN
TECTS  GRAMS FERGENT  GRAMSTERCENT  GRAMS PERGENT
Normal 20 50 50 +0 05
Cuerbosis
Group A* 16 36 36 +0 az
Graup BY 16 18 3t +0 66
Malnutition 12 4.3 42 +0 14
due to ma-
hgnancy,

hiwasts, etc

¥ Group A are covhouc patients who showed less than 03 gram per cent
albumin difference between the o wethods

t Group B showed more than 0 3 gram per cent albunua diflerence between the
two et

asmotic pressure w cases of wiereased portal ycnous pressute w o
thoss, results have often ” ' -

strong 1 1948, and Post

use Patek, and Kunkel, tn

have shown that even when the plasma albumin 1s mamtamned at
a normal fevdd wath Targe doses of human albumun, prolonped di-
urems does not occuy and asatic fuid may still accunndate On the
other hand. Ratl m 1945 obscried that there may be no sign of
asatic flwd accumudation w3 patient whose plasma atbumin 1s well
Below the nonmal Yevel These sesults may be doe to the rapidity
waith which changes i water, clectrolvte, and protew occur across
the pontoneal membrane As Manlin pomts oot, when large
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calonc mtake, and in spite of the fact that the patient 1s in positive
mitrogen balance, the serum albumin remains low. This suggests a
definite defect m albunun synthesis in the face of normal ammoe acid
avatlability for the formation of other body proteins

The plasma protemns have been studied clectrophoretically by
Sterhing in 1949 and Frankhnn 1951, These investigators found that
m arrhosss, albumm 15 Jow, gamma globulin is high, and beta globu-
hn 15 also somew hat ugher than normal Progressn e changes toward
normal m the clectrophorctic pattern coincided with the clncal
unprovement of the patients studied. The serum albumin tumover
rate and the half-life of albumm in the body have been studied n
normal subjects and 1 patients with Lacnnec’s cirthosis by Sterling
m 1951 and Tyor in 1952 using 1*3! tagged albumin, The scrum
albunun turnover rate was slower in arrhosss than in the normal,
and the cirrhotic’s albumm had a longer half-hfe. This difference

[
or to cardiac fatlure In these, the half-hfe was below the normal,
and the turnover rate was in the normal range 1t would be interest-
mg, of course, to determine whether the albumin synthesized by
curhotic patients 15 chemically different from the normal, whether
a slower nictabolizing component 1s present, or whether catabolism
of alburmn was delayed becanse of homeostatic mechamsms which
tended to preserse the abnormally small amount of protemn present

‘That alburmin of errrhotic patients may be altered 1s suggested by
work done in our Jaboratory by the immunological method of Kunhel
and by mucrokjeldahl analysis following precipitation of globulm
with 23 per cent sodium sulfate by the Howe technique. Results are
shown i Table 2 Three groups were studied normal subjects, cir-
thohic paticnts, and a group of patients who were depleted of proten
by malnutntion, carcinoma, or other chronic illness In about half
of the group of cirthotic patients, there was a difference of more
than 0 3 gram between the albumin levels done by the two methods,
and 1 each case where there was a difference the unmunological
determination was lower In the chart, the airhotic patients have
been divided mito two groups 1n order to show the magmtude of the
difference between the twe determimations There was no obvious
correlation between tius and the seventy of the discase There ap-
pears to be a protem which 1s soluble i 23 per cent sodium sulfate

in cirrhosis.
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That the asmotic pressure of blood plays 4 sccondary role m the
ctiology of ascrtes has been shown m numerous wass The admuin.
tration of low salt human slbumm for the treatuicnt of hypopro-
remcima was first reported m 1944 by Jancway Swice then, st has
beest utitized by many with wmconclsine results. Kunkel and Ins
assoctates i 1948 stated that the replacanent of slbumu lost m
<hock or m nutnhional cirhoss 15 successtul and may cfect perma-
nent wiprarement However, when ghen to raise the total callowdat

TABLE 2

SLRUM ALBUAIN DLTERMINATION BY KJELDAHL AND
IMMUNGLOGICAL METHODS IN NORAMAL PATIENTS,

LAENNEC'S CIRRHOSIS, AND MALNUTRITION

usipen  SERUM ALBUMIN  SERUM ALBUSIN  DUFERENGE
" - RIELDAHL () IMMUNGLOGICAL B MINUS L
T AVERAGRIN ) AVERAGE TN AVERAGE IV
JEcTS GRAMS PERCENT ~ GRAMS PERCENT GRAMS PERCENT
Normal 20 S0 50 +0 03
Curchosis
Groop A* 16 36 36 40 02
Group Bt 16 38 11 +0 66
Malnuwuon 12 4.3 42 +0 14
due to ma-
lignaney,

sprue chole-
tithuasis, etc

albumn difference between the two methods
1 Group B showed more than 0 3 gram pes cent alburun difference between the
two methods

osmohic prossute m cases of mereased portal senous pressure m or
thoss, results have often been discouraging Thom i 1946, Arm-
straig w 1948, and Post m 1951, however, repart good results i its
use Patel,, and Kunlel, i 1948, and Faloon, and Watson, i 1949,
have shown that even when the plasma albumm 15 mamtained at
a narmal level with targe doses of buman albumin, prolonged di-
uresis docs not oceur and ascrtic flud may stili accumulate, On the
other hand Rafh w 1945 obsened that there may be no sign of
asaitic flmd accumulation 1n a patient whose plasnia albunin is well
below the nonnal level. These sesults may be due to the rapsdity
with which clhianges in water, clectrolyte, and protew occur acrass
the pentoneal membrane As Mankit powats out, when large
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amounts of albumun arc gn cn mtrasenously, its uschulness is evancs-
centand linmted by the speed at which it can become re-cquilibrated
with the albumm m the aseitic fmd

It 1s apparent from all studies that a low serum albumm level is
not the only cansc of ascites and that the admumistration of albumin
will not alone cause resorption of aseitic fluid. On the other hand,
Kunkel m 1948 and Post 1 1951 have noted a defimte gan m
appetite, strength, and feeling of well being m patients who hase
had large mtravenous doses of albumm over the course of many
weeks Itis possible that thns effect has to do wath the state of nutn-
tion of the patient rather than with the osmotic effect of the protem
mjected Patck m 1937 and 1941 first showed the mprovement in

specd up the disappearance of ascites and lengthen the hfe of the
arthotic patient. Control pahients in her serics were on a similar dict
and recenved the liver extract intramuscularly However, this therapy
has not been shown to be effcctn e by other groups, and it 1s not used
at the present time One would evpeet that a crude Iner extract
would contam a substance or substances which might be deficient
m patients with eirrthosis of the liver, and Rallt’s studics support the
view that Iner damage 1s produced or at least maintamned by a
deficiency of some cssentig) factor

The role of endothchaVpermeability in the development of aseites

to test m viv o because of the unknown area of the pentoneal surface
mvolved Schoenberger has utihized albumum labeled with radioactive
1odmne to study this possibility and to test the hypothesis that states
of malnutnition are associated with mcreased endothehal permeabil-
1ty to protem which may cause ascites and cdema The smproyement
n Rall’s patients may be on this basis

As the entire subject of ascites 15 reviewed m the hight of serum
alburmin deficiency, there 1s evidence that Jow levels of this substance
do play a defimte role n the production of cxcessive amounts of
mtrapentoncal fluid The preaise nature of the mechanism whereby
these two clinical statcs are related has not yct been clearly defined
and must for the moment remam almost as much of a nddle as
does the role of clevated portal pressure

3 Hormone Imbalance
There 15 increasing evidence that the abnormal behavior of the
t with cirrhosis toward salt and water 1s an important factor

patien
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1 the production of ascites and edema Furthermore, there is evi-
dence that a generahized endocnine disorder 1s at fault Normally, the
plasma lesels of electrolytes and the flud compartments are main-

the temporanly d d physiological
duced to normal

Because of the importance of the hidney in water and salt balance,
1t would be of vital interest to know the functional abihity of the
Lidnev n arthosis Reports, howeser, of renal funchion an airrhosis
arc conflicting Farnsworth i 1948, Sims m 1950, and Leslic in 1951
found that in this discase glomerular filtration rate and renal plasma
flow were low Leshe showed that they were Iow m patients who
were accumulating ascites, but not i those without ascites or in
those m diresis Joncs m 1952 found a hugh glomerular filtrabion
rate at mght but essentially normal renal hemodynamies m twenty-
four hour measurements As reported by Farnsworth and Krakusin
m 1948, Borst 1n 148, and Goldman m 195}, nocturnal water and
sodmm diurests i patients with cirehosis 1s similar to that encoun-
tered n paticnts with cardsac fadure and glomeruloniephritis Pateh
m 1948, Goodyer mn 1950, and Epstemn in 1950 reposted normal
ladney function It appears, then, that defectne kidney funchion 1s
not the pnmary problem m the abnormal behasior of patients with
Tiser discase toward sodmum and water Pitts m 1930, however, has
stated that small reductions m filtration rates can affect mordmately
the degree of water and sodium retention Thaus, with such different
sicwpomts and opposing observabions on the role of the kidnev 1t
would appear that 1t cannot be entirely responsible for the accumu.
lation of ascites

That the fluid compartments are abnormal m cirrhosms has been

are quickly re-

N

V- -
15 often witlun normal mmts because of the low red cell volume
When ascites and edema are present, the extracellular space 1s natu-
rally greatly expanded We have studied a group of 7 patients wath

using the method of Schlocrb was within normal lmmts Tlus ob-
scnation, however. does not have much sigmificance m view of the
large range of normal values for the total body water and the diffi-
culty of cstimating the fat content of the non-agucous portion of
the body THowever, we did find that the ratio of extraccllular flmd
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(as measured by radioactine sodium dilubion) to total body water

the question of the validity of the method when comparurlg normal
and cirrhotic patients since, as we have said, sodium metabohsm is
altered 1 the disease. This small number of obscrvations can ouly
be considered as prelmunary to the further clucidation of sodm
mctabohsm m cirrhosis.

The hormoncs that have been thought to contnbute to ascites
formation m cirthosis are those of the adrenal and the pituitary
glands ‘The adrenal mechamism concerns the retention of sodiunt
by the hidney tubules and 15 brought about by the group of adrenal
cortical hormones Normally tlus process 1s adjusted to the needs of
the patient, and any ecess of adrenal costicoids is disposed of by
detonification mn the Inver. The antidiuretic hormone of the posterior
pitwitary 1s the other endocrine mvolyved; 1t 1s secreted when certamn
postulated osmorcceptors have been stunulated by a nisc i total
cffectine osmotic pressure of the blood. The hormonc cffects an
mercased water reabsorption by the adney tubulcs, thereby con-
centrating the unne and conserving water in order to dilute the
blood to a normal osmotic pressure. On the other hand, if the body
15 over-hydrated the antidirctic hormone will be inhibited and a
dilute unne will be excreted. Volume receptors are also postulated
wlich will prevent a low salt duresis if the effective blood volume
1s depressed These volume receptors are beheved to be associted
with the vascular system and to be situated in the cephalad portion
of the body.

It 15 possible and profitable to discuss water and electrolyte balance
m arthosss 1 terms of derangemient of these hormones. The

stulated by Gabuzda in 1950,

1952, as the pnmary mecha-

That it is an adrenal steroid is

a real possibility smee, as Gordon m 1952 has stated, some adrenal
sterords do intrease the sodium reabsorption from the kidney tubules

abnormalities occur in cnrhosxs‘, and these have been explained on
the basis that the cirrhotic liver 1s unable to detosify some of the
estrogens The decreased abihity of the Iner to detowfy a steroid
“sodium-retaming factor” secreted by the adrenal 1s thercfore prob-
able, though such conjecture has not yet been put to the test by
studies of adrenalectomized cirrhobic ammals
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The retention of sodwm by patients with aurhass 1s a general
phenomenon which Berger, m 1952, and Bongiovanis have shown
wiclndes not only an abnormally Iugh reabsorption of sodum by
the hidpey tubules, and 1 fact often a tatal absence of sodwm m
the unne, but also a depressed sodwun excretion m sahsa, sweat,
aud wtestsnal seerctions. This agam suggests a generahzed defect
in metabolism Famsw orth in 1948 and 1949 found that the sodsm
retention an curhoss 1y greater than the retention of chlonde, and
that the retention of these rons s mdependent of thie plasma con-
centration of sodium It has been suggested that the stmulus to
retention is prebably the same w both cardiae and cuthotse patients

In the nommal subjeet, there 1s 3 maumum outpust of water, so-
drum, potassium, and creatimne n the daytme and 2 mumumat ont-
put at mght. Siota n 1950 has shown that tis 15 3 result of a
decreased unne flow and 20 increased tubulas reabsorphion at mght,
but the physiologeal cause for this finding 1s not understood Gold-
man, Jones, and Popper, i 1952, have shown 1 controlled evpen-
ments that 1n patients wath curhosis Hus dady evele ss ot obsenved
and more water and clectrofytes ase Oxereted at mght than m the
dinv The abnormality conld be chated even in patients sho were
w spontanceus diresss if salt was resticted A sumilar sberration
occurs 1 the asaites and edema of cardiac decompensation The
phenomenon could be esplamed in casdiac pabents on the hasis of
casdiorenal hemodynasmcs, but this explanation cannot be apphed
to awshotic patients, and 1t 15 possibly an codocnne phenomenan
Rosenbavm m 1952 has shown that corshical extract admaustra-
ton will reverse the dwmal eacretion shvihm v the normat
This 15 fusthes sdirect evidence that mereased cortteal hormones
are imohed in the stmilar abnormality m ashotse and cardrac
patients

A decreased unne outpat w circhosts was fist reported by Gulbert
n 1910 Adlersburg in 1943, Popper o 1952, Ralli e 1951, and
Leaf in 1952 uhilized vanous water tolerance tests to examme the
physiology of duresis m the normal and cuthotic patsents Test
deses of water were wygested, and the time and the entent of the
resulting dwrests measured 1a the normal patients dwresis accuired
inmedtatcly, whereas n crthosss there was delayed exerction of the
test dose Ths was well dlustrated m expenments done 1n ths chime
using the tolerance test devised by Fremont-South Esexy half hour
the subjects mgested 200 mi of water and »oided, the unne being
collected and mcasurcd Dsusesss began m the normal indsidual
withm one hour of the begmming of the test, and everction kept up
with mtake, whereas a patient with crhous evercted a smaller and
smaller fraction of the water taken m throughont the test, ang
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(as measured by radioactie sodum dilution) to total body water
was eleated shghtly but consistently m these patients, In normal
patients this ratio was 46 per cent, while mn those with cirthosis 1t
was 54 per cent. The use of sodium to study evtracellnlar enape ricee

aitered i the discase This small number of observations can only
be considered as prehmumnary to the further cluadation of sodium
metabolism m airrhosis
The hormones that have been thought to contnbute to ascites
formation 1 cirrhosis are those of the adrenal and the pitwitary
glands The adrenal mechanism concems the retention of sodm
by the kidney tubules and 1s brought about by the group of adrenal
cortical hormones Nonmally this process 1s adjusted to the needs of
the patient, and any excess of adrenal corticoids 1s disposed of by
detoufication m the hiver The antidretic hormone of the posterior
pituitary 1s the other endocnne involved, 1t is scereted when certam
postulated osmorceeptors have been stmulated by a nise n total
effectise osmotic pressure of the blood, The hormone effects an
creased water reabsorption by the kadney tubules, thereby con-
centrating the unnc and consening water m order to dilute the
blood to a normal esmotic pressure On the other hand, f the body
1s over-hydrated the antidusetic hormone wall be anhibited and a
dilute unne will be cxereted Volume receptors are also postulated
which wall prevent a low salt diuresis 1f the effective blood volume
15 depressed These volume receptors are beheved to be associated
with the vascular system and to be situated 1n the cephalad portion
of the body
It 1s possible and profitable to discuss water and electrolyte balance
m carthosis 1 terms of derangement of these hormones. The
stulated by Gabuzda n 1950,
1952, as the primary mecha-
+ e cemeeemneen Thatatis an adrenal steroid is
a real possibility since, as Gordon mn 1952 has stated, some adrenal
steroids do intrease the sodium reabsosption from the hidney tubules
and Bongiovann: m 1951 has observed hugh corticoid levels in the
urine of cirthotic patients Lloyvd in 1948, Bongiovanni, and Dohan
in 1952 have resiewed the ample chincal evidence that endocrne
abnormalities occur m airrhosis, and these have been explamed on
the basis that the curhotic Tiver 1s unable to detoxify some of the
cstrogens. The decreased abiity of the hser to detoufy a steroid
“sodm-retainmg factor” secreted by the adrenal is thercfore prob-
able, though such conjecture has not yet been put to the test by
studies of adrenalectomized cirthotic animals.
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that 1t volves complex speculation as to the nature of the volume
receptor Especaally 15 this so when considered mn light of the fact
that the extracellular volume and blood volume are increased in
cirrhosis and that there 1s no good evidence for the suggestion that
penpheral effective blood olume is reduced

Essenmenger m 1952 explamns the presence of anhidiuretic hor-
mone 1nt the relatively dilute plasma i curhosts by saymg that m
this disease the patient has become adapted to a new low plasma
sodum level which 15 somewhat raised on the ingestion of salt and,
because of the salt-retaimng abnormality, there 15 thus a constant
stunulus of the osmoreceptors for antidiuretic hormone production
Thus elimmates the necessity of postulating volume reccptors The
consensus at the present time, as voiced 1 this laboratory as well as
bv Gordon n 1951 and Ralh in 1951, 15 that the sodum-retaming
cffect stimulates the excessive sceretion of the antidiuretic hormone
This guves 1ationale to the current and most effectrve symptomatic
treatmient for the disease, namely, restuction of sodwum This regs-

THERAPEUTIC APPLICATIONS

Exsenmienger 1n 1949, Chalmers m 1949, Kark m 1951, Richetts
m 1951, Lowe m 1951, and Tarail i 1951 have utilized a hugh pro-
tem, lugh calone, low sodium diet m the management of cirrhotic
patients with encouraging results Layne i 1947 has used a high
fluid, low salt regimen When salt 1s restrcted, ascitic fliud accumu-
lates more slowly or not at all For each patient, there appears to be
a salt intake level which can be tolerated without accumulation of
fAlmd As the patient improves chinically, he can tolerate increasing
amounts of salt Fisenmenger in 1950 describes the recompensation
of patients who have been placed on a low salt diet The first mdi-
cation of improvement 15 a nise m serum sedium and an increased
sodium exeretion Thus occurs long before a decrease 1n asaitic flud
formation appears and assoctated fluid balance changes become
obvious It 15 probable that the sodium retammg hormone has been
reduced possibly by an improved Iner mechanism for destroyng
the evcess hormone

Other fypes of therapy have been attempted m this disease
Portis has recently reviewed these Havens m 1950 and Hulton
1952 have used murcunal dineetics to stumulate the discharge of
ascitic fud lation, but unless ium chlonde 1s gnen
suth the dwirchic the distesss 15 mimal Cation cxchange resins
have been proved to have value m treatinent of cirrhotic patients by
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half an hour after the end of the dunking peniod he had evercted
onlv 259 ml of the 1200 ml mgested
Vernay reported m 1948 that vasopressm, the antidirctic hor-
monc of the postenor pitwitary, 15 scercted uuder the stimulus of an
mereased total cffective solute concentration of the plasma, The
organs stunulated wcre named “osmoreeeptors,” and Vermay gase
cvidence that they are situated m the vascular bed of the ntcmal
carotid artertes .\ low plasma sodwum 1s typacal of cirrhotic patients
and espeeially those who are decompensated Amatuzio m 1952 has
shown that several other plasma conshituents such as potassum,
calerum, and phosphate, as well as protem, are also low. In fact, the
blood appedrs to be gencrally diluted Howeser, Dochuos in 1951,
Ralliin 1951, Hall m 1949, Sums in 1950, Dnllin 1948, and Robmson
m 1950 measured blood and unnary antiwretic hormones dunng
the course of water tolcrance tests of the hind described above and
showed that m spite of the low plasma sodium level and the test
load of water, this hormone could still be 1dentified in the unne of
patients with cirrhoss as well as i the unne of patients with cdema
from other conditions On the other hand, this honnone was absent
i the normal overhydrated subject White i 1951 and Nelson 1
1952 have shown that the sensitity of osmorceeptors to changes in
solute concentration was not mercased m airrhotic patients and that
their ability to destroy vasopressin was normal. These i estigators
therefore concluded that the honmone was produced m mereased
amounts. Typical signs of decompensatmg Inver discase ncluding
hyponatremia and edema resulted when Lyons and Lloyd m 1951
mjected daily doses of vasopressin into curthotic patients No such
cffcet, however, was noticed m the normal This was taken as addi-
tional evidence that some of the symptoms m crrhosis can be ev
plamed on the basis of an mereased antidiurctic hormone secrction
‘The abnormal output of antidiuretic substances i the presence
of a low plasma sodium 15 not confined to cirrhosis but 1s noted 1n
several other conditions Leaf mm 1952 has observed 1t i (1) Addi-
son’s disease, (2) patients with congestive heart discase, (3) dogs
deplet LS fend electzolyie by p al dualysis, and
(+) dogs given small amounts of vasopressin He suggests that two
receptor mechamsins are msolved: onc 15 sensibive to total cffectie
solute concentration and stimulates osmorcceptors to seerete the
antidwretic hormone when solute concentration 1s ligh; the other
1s sensitive to volume changes i a crucial postion of the extracellu-
lar flurd Lewis in 1950 and Strauss m 1952 suggest that the latter
receptor 18 probably mtravascular and has prionty over thcpsma-
mechamsm so that m spite of a dilute plasma, diuresis docs
r. This seems like a clever explanation for the facts except

receptor
not occu
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latter hormone will be excreted under the shnnlus of oveessne
sodium setention, and water will be retamed These are onhy a fow
of the hormones wluch are known to take part “There may be otherny

Mthough receut studics hase uncoscred wmany new facts m tins
ficld, the mportance of the wanous factors 1 ner disesse ss not yet
Lown, and very httle has been accomphshed as yet along the Ines
of using this new miormation for effecting anythmg but pallsation
m the treatment and management of chrome Iner discase Rehef
of bleedmg esophageal vances has been accomphshed by portacaval
shunts, bat no susgical procedure 1s known for the presention of
ascrtes Many unestigators have found that o Tugh calone, tugh
protem. hugh vitauun regunen scems to benefit these patients. Per-
haps the most ymportaut single element m their treatment s the
restrictson of salt intake The mipression has been gamned by some
uns cstigatoss that of the paticat is able to tolerate 4 low salt regmuen
and stilt heep to a nutntne diet, the disease process ts actually de-
Tayed Thes nias be merelv due to the retardation of fuid accumula-
tion and the prolongation of bme Yetore wasteful paracenteses be-
cOME nrcessary
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Trwinan 1949, Hay i 1950, Rosenak n 1952, and Best 1 1952, but
Gabuzda m 1952 has shown that they were often not tolerated and
could Iead to low salt syndrome, acidosis, nausea, and yomiting
There 15 no dication that mercurials or resins do any thing to im-
prove the Iner function or the chimcal course of the patient In fact,
they may do harm by dangerously depleting the tissue of salts.
Recently, Habif, Randall and Soroff have reported a sencs of 15
patients with curhosis and ascites who were also candidates for
portal decompresion As a result of their carcfully documented
studies, they concluded that the most mportant smgle defect 15
sodium retention In 10 of these patients, asaitic flmd control was
aclne\cd’thmugh restricted sodium mntake; m 5 jon exchange resins

ta be prevented Resins, although not without danger, can, these
imestigators beliese, contnibute matenally to the rapidity wath wlach
ascites may be brought under control in thosc patients urgently re-
quinng a portacaval shunt

It 15 apparent that the lner functions mdireetly m the control of
body water m several diffcrent ways. A study of the patient with a
diseased liver shows that the Iver 15 mvolved in the mamtenance of
vascular pressure relationships, protein synthesis, and endocrme bal-
ance—all of which affcct the control of water and salt w the body.
‘The itrahepatic vascular system must be normal to handle the
large volume of blood which constantly flows through it When
scarnng of Inver parenchyma occurs, Iner vessels and lymphatics may
be occluded and a Iugh portal pressure may result Then ascites will
occur, and although portal hypertension 1s known not to be the most
important factor 1 ascites, 1t undoubtedly contributes to it The
most important blood protemn from the osmotic point of view 15
plasma alt which 15 behieved to be factured solely by the
liver. Here agam a deficient, and possibly defeetne, albumm syn-
thesis by the Ineris not alone responsible for the large lation
of asaites and edema flmd n liver discase Howerer, the deerease of
cffectrs ¢ osmotic pressure as a result of the low plasma albumin lesel
must play a role m acccleratmg the accumulation of flud m extra-
vascular areas. The mechamsms i the Iner whicls detoxify hormones
form an mtegral part of the delicate balance of salt and water which
normally enssts 1n the body. A defectise liser may be unable to des-
troy the adrenal cortical hormones which cffect the retention of
odum The mereased sodm retention which results from the
evcess of this hormone will cause an unbalance of another hormone,
the antidretic hormone of the postesior pitwitary This

namely,
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been shown upon mnumerable occasions to yphibit hepatic repair
(Vars and Gurd, Gurd, Ravdin and Cars)

‘That hepatic regeneration bears a definite relationship to certain
endocrine functions has been demonstrated by numerous mnvesti-
gators (Berman, Sylvester, Hay and Selye, Rapport, Canzanell and
[ L T .
' o' . 1

L

. :
of hypophjsectomy 15 irect or medited through the adrenal In
adrenalcctomized rats, for mstance, the abihitv of the Iver to regen-
erate can be restored by adrenal cortical extract or desosscorticos-
terone If desowycorticosterone 15 admimistered to normal rats, ex-

of the hepatic duct, the Iner remaming after partial hepatectomy
regenerates but hittleaf at all It s not known whether thus reduction
In Teg e capacity 1s a /{ 10n of parenchymatous dam-
age or secondary to the reduction m hepatic blood supply which
occurs m oyrrhosis

Hepatic regeneration has been studied extensively under cond-
tions of altered blood supply The most dramatic of these concerns
diversion of the portal blood away from the Iner (Milne m 1909
Mann and Nagath n 1922, Mann, Fishback, Gay and Green n
1931, Stephanson 1 1932, Gnudlay and Bollman mn 1952, Child,
Barr, Holswade and Harnson m 1953), exther by partially constrct-
mg or hgatng branches of the portal yem or by creation of an Fck
fistula Under these circumstances, the normal lu.t;&bgmmmng;ﬂ_»
1¢, and 1f the expenmients are performed 1n young anmmals, the hver
fals fo. graw $o normal size In ammals with an Ecl fistula, the Iner
tissue after partial hepat ¢ fuls completely to restore
uself as 1t does i normal ammals The season ‘or this apparent
dependence of hepatic growth and regeneration upon an mtact
portal airculation has been the subject of extensive discussion and
ewpenmentation The adverse cffects of dnersion of portal blood
away from the Incr have been related by seme to an as yet unadenti-
fid factor.m portal blood and by others to reduchon 1 total hepatic
blood flow

A number of attempts have been made to demonstrate a relation-
slup between blood flow and hepatic regeneration Higgins, Mann
and Pnestley m 1932 combined partial hepatectomy m fowl with
hgation of the posteasal sem Fowl were chosen becanse there




CHAPTER 11

Hepatic Regeneration

AS RECENTLY as 1898, Aschoff evpressed the belief that all or-

. ko
wdeed able to restore stself to normal by a biologreal process which
could only be mterpreted as regeneration. The cvidence of this was
derved not only from the study of diseased human livers, but also
from vanous cxpenments performed upon numerous species of
ammals For mstance, Ponfick and von Meister in 1894 were among
the first to rescet large portions of the Iner m dogs and to demon-
strate that regeneration took place from thie hepatic remuants, These
mscstigators pointed out that the hepatic Jobes which were per-
nutted to remam ncreased several_fold n_stze, In addition to
establishing the capacity of the liver to regenerate, they also demon-
strated that tus capacity was of considerable proportion, In 1929
Fishback carmed espenmients of this type from the qualitative to
the quantitatne and showed that cyen after repeated resections of
hepatic tissue m dogs, the Iiser was able within a matter of weeks to
restore iself to ats onginal weight

FACTORS AFFECTING REGENERATION
Oncce the ability of the Iver to restore 1tself was recognized, nu-
merous cxpenmental efforts were made to modify the regeneratine
process The cffects of dict, endocnine deficiencies, brlary obstruc-
tion, currhosis, and alteration m hepatic blood supply have all been

E(;rce-ééncrahon and that ammals fed lugh fat dicts were capable of
restormg their Iners to normal provided adequate protein and lipo-
tropc factors were added to the dict Davisand Whipple also demon-

strated that proteins, while supporting_regencration,_were naot. as
effective as carbohydrates. On the other hand, protain deplehion has

140
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m 1945, Benz. i e O T
the left lobe . [ :
penodofhic, ', ., ot e o0 o0 vt b
the nght Jobe. At birth the ductus venosus closes, routing the major
portion of the afferent hepatic venous blood through the night lobe
The left Yobe decreascs in relatnve size as the nght lobe enlarges In
humans, atrophy of the left lobe of the liver has been reported several
times Perhaps the largest senes 1s that of Benz, Baggenstoss and
Wollaeger, who described 32 cases m 60 per cent of which they
found anatomical evidence of compromuse of the left mamn branch
of the portal vein It would appear, thercfore, that the lner m
humans, as m other species, 15 dependent upon an intact venous
supply

Because the question of which was the most wnportant factor in
hepatic regenerabion—portal blood flow or sumply venous blood flow
—did not appear to have been answered conclusisely, a sencs of
expenments designed to throw more hight upon this perplesing
problem have recently been performed 1n the surgical laboratones
of The New York Hospital There 1t was postulated that if all portal
blood could be excluded from the Liver and at the same time a copi-
ous fiow of systemic venous blood maintamned, some more defimte
conclusions might be reached This was accomphshed by an anwmal
preparation m which the portal and caval blood flows were trans-
posed In a senes of dogs, the caudal end of the portal vem was
sutured to the cephalic end of the abdominal vena cava, and the
cephalic end of the portal vein similarly sutured to the proamal end
of the divided vena cava {Fig 57) In such a preparation, all the
portal blood 15 diverted awav from the liver, while all of the systemzc
enous blood from the hind part of the ammal passes through the
Iner After the ammals had recovered from this operation, a 70 per
cent hepatectomy was performed, and the course of the hepahic
temnants followed closely As neartly as could be determined, the
lobes remamimg after hepatectomy regained 20 to 80 per cent of the
weight of the resected Iner The average was 50 per cent with a
standard desiation of 21 The complete details of these expeniments
are recorded 1n Appendiy 6

‘The degrec of hepatic regeneration (50 per cent) observed n these
aramals m which the portal and caval arculations had been trans-
poscd 15 considered sigmficant Partienlarly s this true since normal
dogs regenerate their hvers completely after partial_hepatectomy,
whereas dogs with an Ec\ fistula are completelv incapable of hepatie

m e e s



42 The Hepatic Circulation and Portal Hypertension

custs i these birds a natural anastomosis between the posteaal and
hepatic portal venous systems via the infenor mesentenc vem.
Ligation of the postcaval vein m cffect produced a reverse Ech
fistula There then followed greater hepatic regencration than was
antrierpated This was mterpreted as due to an excessive volume of
venous blood coursing through the Iner Grindlay and Bollman n
1952 did not confirm this observation 1 dogs where, i the presence
of a reverse Eck fistula, hepatic regencration after partial hepatec:
towy was no greater than normal. In spite of tlus, Mann, Bollman
and Grindlay have long supported the hypothesis that Iner regenera-
tion 15 dependent upon an abundant supply of venous blood al-
though this need not necessanly be portal.

In 1940 Mann, attempting to relate hepatic regeneration to the
presence or absence of portal blood, performed partial hepatectomy
1 dogs with side-to-side portacaval shunts He found that when the
shunts were patent, Iiver r 10n was di d as compared
with normal dogs but greater than in dogs with Eck fistulas, He drew

¢

factor 1 3t was respongible for. the.rcg tron seen. In the normal
dog, partul hepatectomy duerts the entire portal flow.inta a reduced
hepatic cap ™ 7 T 7 N , e
tegeneration )
QOIATEC. A v cv s pusmuros smuBe PAUYIUYS W Ul S e
relatne ecess of portal blood created by partial hepatectomy. 1t has
been reasoned that since portal pressure does not nisc as hugh, less
rcgcnemhon occurs

Grindlay and Bollman (1952) reported that constriction of the
thoracic mferior vena cava promoted Iner regencration after partial
hepatectomy n dogs with classic Eck fistulas, Restniction of blaad
flow 1 the mferior vena casa below the Iner also simulated regen-
cration m these dogs Compression of the portal vein impaired Iner
regencration after partial hepatectomy, but when this was relcased
or combined with caval constriction above or belaw the Incr, addi-
tional regencration occurred Tt 15 easy to visuahize how partual caval
obstruction above the diaphragm might produce increased hepatic
venous filling and so account for the regeneration found. Why this
should occur with caval constuction below the diaphragm is _Icss

" Cettain observati lopment of
tain observations made dunng the prenatal developme
sl\g:;r and humans are pertinent (Barclay, Franklm and Prichard
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hkelthood of the custence of a portal factor, speafic for 100 per eent
regenerati, has dnnmished m the hght of the wiormation obtawed
from these evpornnents, 1t hag not been excluded Obviowshy, a
greates number of evpenments such s these muost be performed
under carefully controlled condstions before any decisne conclusions
can be reached

While both nutnihional angd cadocrme deficiencies as well as m-
tnnnie discase mhuibat Iner regencration, 1t appears that the state of
the hepatic arculation exerts 2 dommant mfvence There s, at
present, very Bitle mformation segarding the role of the hepatic
artery, attention w the past having been focused upon the portal
system Since, m terms of total blood flow, the portal vean supphes
upwards of 70 per cent of hepatic blood, st may be that the venous
component iy more wnportant than the artenal i this phase of ner
physiology The fact that ner atrophies and fails to grow or regen
crate mn the absence of venouns blood lends support to this belef
Yet the assumption that portal blood stself s requiced 1s vaw arsanted
for, as has been demonstrated m the dogs waith portaca at transpo-
sition, systesnte senous blood can support hner segeneration It
follows, then, that 1t s a requirement by the Iner for a mmmmal
quantsty of venous blood that must be fulfillcd This the portal ven
supplies 1n health 18 may or mas not m discase 1t 55 therefore m-
tuguing to specutate upon the possibilitt that the prmany coffcet of
certamn pathological processes upon the hepatie vaseulature may n
large part be responwible for sccondan changes we hepatte stracture
and funchon as reflected m atrophy, farlure of regeneration, or
hepatrewsufhaenoy Theyascalar changes resalting from nutntanal
and endocrme deficats are not obvious, but that these do ocour
followmg biliany obstruction and wn archass has been desmonstsated
wany s

THE NATURE OF RFGENLRATION

Certam basic questions pertammg to Iner regeneration hase been
debiberately avaided up to ths pant “these concemn why bver re-
gencerates i the first place, what the stuvnb are, wht it stops when
1t does, 2nd whether regencration 1 2 precursor of caremoma The

270 pur cont hepateetomy 7 he marked regenerstion of the 30 pet cent som
nants caw vwadih be discerned by companng € and

1 Frgree of hepatig segener ttion obtuned following ™ per cent hepetee-
toun m dogs with normal wd tawspined portacaval csatations For these
compansons dogs of niarl cqual woght were selocted In b s showa the
huopatic remaant feft after "0 por cont hopatectoms 2 the amount of ¢
gencration after s weeks mov dog with tramposed portacaral circulations
aud 1 3 the degiee of rguucration appu g after a sombys Jength of trme
m an ammal with narmal port it st tos {see toat}



44 The Iepatic Crrculation and Portal Hypertensior

e 1R . F 7e¥ 104 A

[T e

Sl;]’]r;l,ﬂ[ portal venograms obtained one weck, TOUL WEERS, LU M WLLAs o



CHAPTER 12

The Extrabepatic Splachuic Circlation

EACH nmmute a »olume of blond approvmately equal to one quartes
of the cardiac ontput passes through the hwer The source of thus
large amount of binod 15 unequally divided between the podtal ven
and the hepatic arters, the portal blood finds orsgn s the splanchme
~enous bed and 15 deln eved to the Iner under low pressure, while that
from the hicpatic attery reaches the hver dieetly from the sorta and
armcs under high pressure The relatne proportions of enous and
agtenal Blood reachmg the hver sere thought ot one hme to be
fixed in amounts, but recently evsdence has accumulated mdicating
that this rato 1anes 1 tesponse to both hormonal and nenous
controls Thus the fner, bathed wtcmalls mn a lasge volume of blood
of \aryng composition, cames on its many functions all of whuh
acc essertial to mormal bodih cconomy n order to discharge efice-
taely its destiny and to deal successfully with two quite difforent
sowces of blood eptering it under widely dnergent peessarcs, the
Isser has devdloped the highly speaialized micrnal sascular arrange-
ment outlmed in the previcus chapters 1tas the purpose of these
sechions to consider the snatomy and some of the phvsiological
features of the three bloed s stems comprising the mflow and outfiow
pathwans of the faer

GROSS ANATOMY
the Portal Venous Svsfent

The portal venous svstem, umique w that it 15 bounded by two
capittary beds, consists pnmanly of the portal, superor mescatene,
aud splamc vews These major channels, although romarkably
constant w thew general ssatosmieal relatunslups with nerghbonag
raectures, wan somes hat s sice aud kength At relatineds inconstant
locations thes wcene e cistn, cororars, aforwt wosertene, aud
pancrcaticvems Anomiahics of the major canstituonts of ths sy atem,
though they eccur, are rare and have beon discussed an o previows
chapter Becsnsse of the recenth rencued miterest e portal decam
presion m the treatment of portal hnpertension, siveral extensne
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carhicst writers viewed the processes of liver regencration as com-
pensatory hiperplasta and hypertroply w response to functional
demand Yet all anmals are endowed with more Iner tissue than
they actually nced This 1s at least mphed m the somewhat teleo-
logical statement that the Iver has great functional resenve It 1s
possible that what really 15 meant 15 that the ner possesses great
resenve because of its regenerative capacity Mann disputes the theory
of functional demand because of the compleuty of the liner and its
multiphaity of functions He behieves that the stimulus to Iiver re-
generation 15 blood flowing through the mtrahepatic vascutar bed
under mereased pressure, regencration occurnng. passiscly as the
liepatic vascular bed enlarges

Factors sinular to these must also be concernced n the transpo-
sition from hyperplasia to neoplasia, but at present their precise
toles are obscure The frequent comcrdent oceurreice of cuerhosts, in
which reg; 1on 15 sucha p feature, and hey both
1 humans and m laboratory anumals pomts towards a relationship
between these two pathological states, but beyond tlus little can
be smd Unfortunately, m the present state of our knowledge and
understanding, the questions rassed must remam largely unansw ered




CHAPTER 12

The Exirabepatic Splanchnic Circulation

EACH nunute o volume of blood appravmately equal to one quarter 2
of the casdwc output passes through the lner The source of this
large amount of blood 15 nnequally diided between the portal sen
and the hepatie artery, the postal blood finds ongm m the splanchms
senous bed and s deft ered to the Iner under Jow pressure, while that
from the hepatic attery reaches the Iiver disectly from thie aorta and
arrnes wnder Ingh pressure The relatne propostions of senous and
artensal blood reaching the Iner were thought at one tune to be
fined w amonnts, but recentlv evidence has accumulated mdicatang
that ¢ns ratio vanes 1 response to both hosmonal and nervous
controls Thus the hner, bathed mtamalh m a large volume of Bload
of vanng compontion, carnes on s mamy funchions 23 of whach
ate essential to nornal bodily cconomy In order to discharge effec-
tively ats destiny and to deal suceessfulh with two guste different
sources of blood entenng i under wideh dnergent pressures, the
Iner has deyeloped the Iughly specalized wternal vascular arange
wment outhned w the previous chapters Tt s the purpose of these
sections to consider the anatormy and some of the physwlogical
featurcs of the three bload svstems compnising the mflow and ostfiow
pathwass of the Iner

GROSS ANATOMY
Fhe Portal Venous Ssstem

"The portal venous systow, wmgue m that 1t 15 bounded by two
capillary beds. consists pnmanly of the portal, superor mesentene,
and splepse ves These miager channcls, although remarkably
constant m thur general anatomical relattondbips with neighboring
stractuses, van somoshat in size and fength At relatncdy wconstant
lotatwons they reeane the evstic, cotonars, mfaror mesenteng, aud
panereatic sems Anomahics of the major constituents of ths system,
though they oceur, are rare and have been discussed 11 4 provions
chapter Beeanse of the recenth rencwed micrest w portal decom-
pression sny the treatment of portal byvpertonsion, several extensue
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anatormeal miestigations of the portal venous system have been
reported withm the past few years, These have sened not only to
confirm many of the studies of older anatomists, but also to establish
certam new and Iutherto unappreciated anatomical facts Roussclot
was perhaps the first to call attention to numicrous of the deviations
m standard deseniptions of the portal venous system as portrayed
by older anatonnsts Figure 58 illustrates diagrammatically the con-
cepts of several leading anatomsts—ITanrahan, Spaltchols, Gray,
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Fig. 58 In these diagrams are reproduced the concepts of the rclationships
of the portal, coronary, splenie, mfenior and supenior mesentenc as porteay e
by a number of carly anatonusts

Paitre, Sobotta, and Picrso! 1t 1s obvious that numcrous differcnces
m opnion appedr as to the entrance mto the 1)::{ml c:rcm'tvof the
coronary, the pylonie, and the mfenor mesenteric vems The ev-
planation for these diffcrences can probably be found m the fact
that most anatomists hase based their conclusions upon one of

[PRURO

unfined speenmiens studicd were removed at routiie postimortem
cxammations, 21 were adults and 4 were stillborn mfants Cllﬁ”.‘l;l
found that m his 61 disechions the portal vem was funnsd witht
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iy to the porta hepats Here it dinides to forur the nght and left
fiepatic vems, the gross anatomy of which has been discussed wm an
cather secion The smalter tnbutarses of the portal s stself con-
ssted prutandy of the coronary, the pylone, the oystic, and wregnlar
pancreabicoduodenal branches Ameng these. the coromary systom
of sems 1s of greatest chmeal mierest, for at 25 thus system that s
dheectly related to the development of esophagogastne sances In
68 per cent of the 61 disscctions, the coronasy or left gastnc sem
cntered the portal sem In the remamder t entered the spleme,
wither near of atits junchion with the portal vom

The surgical ssignuficance of these vossels 15 greatest i operations
m whuch 3 portecaval anastomosns 1 contemplated In freaing the
portal vem withan the hepatoduodenal hgament, great care must
he exeraised duning dsseetion lest one of these small vems be tam
off from the portal Not onls 1 the hemorthage bash follow g such
a dssaster, but the transfivon hgatare wiuch must be used to control
bleeding messtably cither compromises the size of the vem or hes
duecth i the suture hine of the proposed portacasal anastomosts

The splemc vem, dernmg ihs blood from the spleen, the stomacl,
the pancreas, and, w gregular sistances, frome the left colon and
rectum, jouns the sapenoer mesentene to form the portal Near the
liead of the pancreas the splenic vern may be well bunied sn pancreatic
tissue, but for the most part 1t 15 cleark vinble dlong the eephahic
border of the pancreas Al along tts course st yecenes aamy small
branches directhy from the pancreas 'These shost branchies mav he
torn dunng cithar panercatectoms or mobihization of the splense
vem preparaton to the performance of 3 splenosenal shunt In the
latter circumstance, hgation and duon of these small s essels man
so serioush, compromise the dumeter of the splentc vamn that st
becomes well mgh useless for the purpose of constructang an ade
quate shunt Under such encamstances Reusselot bas arged that an
antogenous vem graft (4 sustable segment of the patient’s supesficisl
femoral vemy be nscrted between a uscful stnmp of the spleme vem
and the side of the renal ven

The supertor mesentenie yemn, collecting bloed fram the small
sntestme, the colon, and the head of the pancress, 1s charactenstically
short, i fact st may consist of o more than the junction of sescral
large mesentenc v

The mfenor mesentenc vem, coliecting blood from the lower
smalt mtesting, the descending colon, and the sigmord colon, -
regalashy enters ather the spleme, the supenos mesentene, or the
jonction of the splomie and supener mesentenie vens Gilfitlan found
that this vessel cntered the splense {the position most generally
shown m tevtbooks of anatoan s m ouly a kttle over 50 pes cent,
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11 43 per cent this large vemn entered arther the supenor mesentene
or the portal van Gilfillan’s final conclusion on the vanations m the
morphology of the portal vem and ats tnbutasies with the average
length of cach segment 1s reproduced m Figure 59,

. N
Superior .~ Inferior
Mesenteric Mesenteric
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Pyloric

Superior 3 Infertor
Mesenteric °¥ g Mesentenic

Superior

. Inferior
Mesenteric

Mesenteric

E  Mesenteric

§ the portal,
g In these diagrams are portraycd the statistical anatyses of

corl;ll%.lrzg pl;lonc, spleme, and inferior and supcrior mesenteric vns as
svolved l;y Gilfltan (From Gulfillan. Surgery, vol 61, 1949.)
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In 1951 Purcell and Ins assocuates dissected 100 fresh autopsy
speaimens and found that the average eanatomcal Jength of the
portal vein was 7 34 em , while the as erage surgical length was 402
cm The greatest surgieal Jength was 7 em , while the shottest was 2
em Theaverage drameter of the porta) sam was } 09 em Instudymg
the numbcer of tnbutanes recened by the portal v, these surgseal
anatomusts found that m only M per cont of thewr disseetions was it
completcly froe of entenng venous chanscels 1n all othess the gystie,
coronary, ot pylonc vem entered the mujor portal vessel In studymng
the spleme vem, they found even greater vanatious . length and
size ‘The average length was 10 54 cm L winle the average diamcter
at the dutal end was less than 0 5 em {44 per cent of these autop-
sies, the spleme vem recened the mfenor mesentence vessel The
average length of the supenior mesentenc von was 3 39 am, the
longest 15 em and the shortest e The infenor mesentene vens
which did not enter the spleme ather emptied mto the supenot
mesentense sem or entered the anetion of the spleme and superior
mesenterne vessels Beeause of 185 potential impottance w fashionmg
a splenorenal shuat, these anthors also studsed the length and size of
the supenor mesentene ven This they found fo average 831 em
The aserage dameter was 092 em

Ta 1950 Davglass, Baggenstoss, and Holhnslicad, workang at the
Mavo Chinse, also studicd the normal anatoay, of the portal svstom
of vans Dissatisfaction with standard tets and atlases of anatomy
Ied them to an analysis of 92 necropsy speamens for the purpose of
determinmg the percontage madence of major sanations m the
portal vem and sts affcsent vessels They noted that the splenic vem
was formed by the comergence of a number of short sphemc trunds
In 7 of thar specimens, they found an excesselv long splemie trunk
which was of sufficient dumicter to hav o senved admrabh m fastuon-
g a splenorenal shant "Fhe opuon of these i eshigators upon the
fusther disposstion of the spleme e differed somewhat from that
of Purcell They behiesed that the splemc vam was frequenth so
completels encased m pancreas that tts mobthization for purpases of
a shunt would have been well nigh napossible These snen found

the sverage postmartem diameter of the splemc vem to be 045 em .
4 size hardh large cnough ta i fash g of 4
sphnotenal shant The wmfersor mesentene vem was varsable m s
tenmmation, it entered ather the supenos mesentenc the splone
or at the pomt of wnction of thoe o weaes The postal vem was
found to recene the splonte and sspenor mesenteng s gorralh
deseribed The onh vanaton from staudurd seprosontations can
aisted m the fact that sts length was 64 an |, camewhat horter than
usually desenbed The coronan generally tennmated at the ine-
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tron of the supenor mesentenc and splenic vews, though w 24.4 per
cent of the dissections 1t entered the portal, while m 16 7 per cent 1t
entered the splemc. Douglass, Baggenstoss and Hollinshead's con-
tept of the portal system of vems s reproduced in Figure 60

In genenal, then, the normal anatomy of the portal splenic and
superior mesenteric veins 1s remarhably constant and anomalies are
rare It 15 obvious from the many measurements which have been

"

Iag 60 Detailed anatoms of the portal senous systan (From Douglass,

Baggenstoss, and Tlollinshead Proc Staff Mcet, Mayo Climie, vol 25,
1950)

taken that normally these vesscls are not of any very great drameter.
Were portal decompresston necessary i a normal individual, the
question might readily be asked whether these vessels mught not be
too small to yield venovenous shunts large enough to carry ymportant
amounts of blood Furtherniore, 1t might be postulated that shunts
of such small caliber would close promptly Fortunatcly, portal hy-
pertension of suficeently long standmg to produce vances and
hemorthage 1s associated with an appreciable anlargement in the
hameters of both the portal and spleme vems In patients with ar-
thosis, portal vems hase been encountered with diameters of 2 em
So common 1s this finding that 1t prosides considerable assurance
that an adequate shunt of large caltber can be fasluonced for purposcs
of portal decompression If the portal yvemn can be rchied upon to
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enlarge m currhosis, the splense vem cannot Although occavionath
the vessel man reach & duancter of 2 em b mare frequentdy s Joss
than 1 om. Tt the Tack of rdubidits w the swe of the splenie vem
wluch bas pensgaded many surgeons to abandon disec? splenosenad

frg 61 N e of
the gross anatomy of the hepatie artcen {n the abine dragram awe representad
sandim suuples of dlos anatomist < divsections

anastomoses m favor of the partucinal sanets 'The wee of course,
of the splenorenal shunt can be sncrcased of 2 vean graft s emploved

The Hepatie Artery

&5 emphanized m the section on cmbnology and snomalies, the
hepatic artery presents 3 much greater degree of vanatios than s
cncountered w the portal senows swstem The most suthantatue
ditscle on thas subjeet 15 that of Michel, and the <aficnt features of
tus many dssections e outhned m Figure 61 Recenth Johuston
And Anson performed detailed dissections of the hepatoduedenal
ligament Although these suthorn directed their atiention prmanhy
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tron of the superior mesentenc and splemic veins, though in 244 pa
cent of the dissections 1t entered the portal, winle n 16 7 per cent it
entered the splente. Douglass, Baggenstoss and [olhnshead’s con-
cept of the portal system of vems 1s reproduced in Figure 60.

In general, then, the normal anatomy of the portal splenic and
supentor mesentenc vems 1s remarhably constant and anomalics are
rarc It 15 obvious from the many measurements wiich have been

Tig 60 Detailed anatomy of the portal venous systom (From Douglass,
Baggenstoss, and Hollmshead  Proc  Staff Mcet, Mayo Cluue, vol. 25,
950 )

taken that nonmally these vessels are not of any very great 'dmmctcn
Were portal decompression necessary m a normal mdnidual, the

pertension of sufficiently long standing to produce vamces and
hemorrhage 15 associated with an appreciable enlargement n the
diamcters of both the portal and splenic vems, In patients with ar-
rhoss, portal vems have been cnconntered wath dumeters of 2 co.
So common 15 this finding that 1t provides considerable assurance
that an adequate shunt of large caliber can be fashionced for purposes
of portal decompression If the portal vem can be relied upon to
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entarge m curshosss, the splenic san cannot Although occasionally
hie vessel may veach o dusmicker of 2 an, st wore frequenthy o less
than t em Bt s thas Lack of reluability s the sze of the spleme vem
which Tas perswaded many to abandon dircet spl 1

{4

Tig 61 Michels has made man of

the gross anatomn of the hepatic artery In the above disgrams are reprosented
cindom s imples of thus anatamust's dissechions

anastomaoses tn ot of the portacaval vanety The size, of course,
of the splenorenal shunt can be mereased 5f a vesn graft ss employed

The Hepatic Artery

As emphasized m the section on cmbryology and anomahes, the
hepatic attery presents a much greater degrce of vanakon than 1
encountered m the portal venous system The maost authontatie
article on ths subject 18 that of Michels, ang the salient features of
s many dissections are outhned v Tagare 61 Recently Johaston
end Mnsan porformed detaled d of the hepatoduodenal
hgament Although those authers duected therr attention primanly
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toward the extrabepatic bile ducts, their concomitant observations
upon the hepatic artery and portal vein arc unaluable to surgcons
called upon to work m this arca. So excellent are therr ilustrations
that they are reproduced m Figure 62,

Fig 62 In this extensne serics of diagrams are seproduced diagrammatically

d Anson’s extensivc studies upon the 1anations front
atic segments of the hepatic artery. {From Jobnston
& Obst , val. 94, 1952,)

the results of Johnston an
the normal of the extrahcp:

nec.
and Anson Surg, Gy N
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The Hepatic Vans

In thew esrahepatic pasihons, the hepatic vems are so shart that
any detaled anatomical description of them i guite unnecessary
Saffice it to state that these vessels have been approached surgicatly
on such rase that not one to ther anatormcal
relationships can be found save those occumng 1 standard text
books of anatonyy Furthesmore, st seems unhhely that these vesscls
will ever become smportant swrgically |

MICROSCOPIC ANATOMY
The Portal Venous Systeim

The vewns of the portal sustem are relatively thm-watled compared
i Thasg of the Si sTemicy cupus circuits and generally do not con-
tamAalies Thest anotomical chatactenstics Wndonbiealy STCHT Fiom
the fact that they are ragely ¢ thstand a yery great
Qegrec of pressure The walls of the portal vem, and to a lesser extent
thase of the supenor mesentenc and splente vans, do, however,
contam well doveloped elastic snd muscular coats 1n the portal sein
of man can be found a definte clastica mterna wath fibers munning
both 1 2 areular and m 2 Tongitudinal direction Collagen also 15
mresent though its amount vanes from region o segon 1w the
splanchme bed  As soon, howaever, as the portal som enters the hwer,
st qunchlv loses it musculas, collagen, and clashie tissue coats Ast
w followed to its smaller and smaller rdicles, the pomt i reached
where, at 3 cahiber of a millnucter or so, all evidence of museular
coats dssappears Its final branches, the walls of the unusasds, are
but onc cell thuck The gastne sems have a thuek inner layer of
crcalar muscle fibess mbmatcly mtertwined with longtudinal elastie
twssue fibers and a wade outer layer of callagen and areular clashic
fibers The spletue vem, on the other hand, 15 possessed of an exten-
sive carcular museutar cost but only a fow longituchinal fibers The
hepatie vemns hasve been extensneh studred w both man and lower
ammals because of the appatent role this vascular crcuit plays n
regulanng hepatre blood flow In man, these sessels are behieved to
be selatnely devord of smooth musele nnhl the larger constituents
are reached Neag the sena cava Yarge muscle bundles can be casdy
rdentificd In the dog theseare, of conrse, particulady well devcloped
Brendle has d the mcroscops of the postal
enous system as follons AWorkig from the penphweral sphanchnic
caplary bed tonaed the Iner there are progressnely fewer cicnlar
muscle fibers and a relatns clv greater number of longitudinal Ghers
Throughout most of the eatent of the portalsessels, the elastie fibers
arc arranged Jongstudinalh (o the portal vain atself, haweses, there
15 a well developed arcular elastic coat Brendle’s concept concurs
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toward the extrahepatic hile ducts, ther concomitant obscrvations
upon the hepatic artery and portal vein are maluable to surgeons
called upon to work m' thus arca So exeellent are their llusteations
that they are reproduced Figure 62

tically
lus entensie series of diagrams are reproduced duagramma

} Flg‘fl%; f)? }ulllms!on and Anson's extensnc studies upon the vanations from
:h,r(:: Irlcosnnal of the extrahepatic segments of the Iiepatic artery (From Johnston
and Anson Surg, Gynec. & Obst., vol 94,1952 )
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upon to shunt blood dircetly wnto the portal senous bed at such tuncs
as st v not needed for enteric absorption and transport  Spanner
studied these mechanisms extensnely and concluded that m man the
shunt lies m the villus itself As the hiepatic artenole reaches the tip
of the villus, it brcaks up mto two branches, onc supplymg the
capillasy bed and the other emptying directly mto a portal venule
Durmg alternate periods (fasting and absorbing), blood airculates

Nana, _ o
Ve RERrEwdan ) Y
Ay

kig 63 Circulatorv arrangements 1n the small mtcstine  Although the
hepatic capallary bed has been the object of many imveshgations, this other
portal capillary bed has been relatnely unstudied 1n so far as ats relationshup
to portal hemodynamics are conecrned Of particalar intercst s the fact that
ander certam curcumstances of stress, huge amounts of blood can be shunted
past the capillary bed of the intestinal tract and dclivcred directly to the liver
{From Maxumow and Bloom Teatbool of 1listology )

ather through the capillary bed of the illus or 15 dumped directly
mto the portal venous system In the cat and dog, how ever, Spanner
beheses a different mechanasm is present In these animals, there are
arteniovenous connections m the submucosa which are able to m-
fluence directly which blood 15 dclivered to the wilkt and which 15
shunted dircctly mto the vans of the portal system Whichever of
these mechamsms 15 at work, 1t appears reasonably obsious that all
mammals possess a mechamsm whereby portal blood flow can be
regulated in accordance with the needs of digestion Presumably
these mechamsms are under nervous control The relationships of
the wtestinal vessels m the dog are dagrammatically portrayed m
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essentially with the views of Gilfillan who states that the portal vem
differs fundamentally from vcins of the extremutics It follows the
pattern of visceral veins i general in that it 1s sparsely equipped with
crrcular fibers, while its longstudinal muscle fibess are well developed.
‘The portal vein, therefore, 1s constituted primanly of longitudmal
fibers interspersed with small amounts of arcolar and clastic tissue

The Splanchme Capillary Bed

musculans and enter the submucons layer Herea larg:: arterial sub-
mucous plexus 1s found Three sets of artenial capallanics stem from
the submucous plewus, one group supphes the muscalans mucosac,
while another pierces this layer to form dense capillary networks m
the base of the mucosa The third sct penetrates the mucosa, almost
reaching the surface where at surrounds the onfices of the glands
In the stomach and colon, portal blood ongmates from the super-
ficusl capillary network about the glandular clements Soon the
capillanies become veins of considerable size winch form a large
senous pleus between the base of the glands and the musculans
mucosac The vems of the stomach then penctrate the musculans
externa and jomn large vems draming other portions of the stomach,
Intcrestingly enough, colonic and gastrie vems are frequently sup-
phed with salves and have a relatn ely thick muscular coat

Dbeneath the mucosa The veins arise from the capillary network near
the tip of each villus, descend, form a glandular venous plevus, and
then prerce the musculans mucosae to jom the vems of the sub-
mucous plexus Valves are not present m these vems.

Two mmportant phases of blood transport are ascnbed to these
particular vascular arrangements 1f a iving villus 15 observed under
the microscope, 1t 15 seen to contract thythmieally m ats long ais.
As 1t does so, the contents of its capallary bed are forced into the
underlymg venous plexus The sccond function ascribed to the m-
testinal vascular pattern is the sphincter-like action of the arterices as
they picree the muscularis mucosac Closurc of these could be rclicd
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g cclls and by reticulum. They constitute 2 pleatform, three-dunen-
sional system of channels mtimately connected with onc another by
actual and potential passages ™ The arterioles commumicate darcetly
with the capillary ampulla, and on the venous side the pulp spaces
comcrge upon free opemings mto the venous smuses These imves-
tigators, of course, support the open pattern of spleme cireulation as
proposed by Mall, Robinson, Foot, and Klemp

Although this peculiar spongy arrangement for the transfer of
arteral nflow to venous outflow has particular sigmficance m the
splenotegaly which develops n the presence of portal by pertension,
few other important relationships between the spleme blood flow
and the postal airculation can be identificd As n the case of the
pancreas, the splemc vascular bed 15 sunply one source of portal
blood As far as 15 hnown, the spleen does not claborate a hormone
or other substance directly concerned in the dynamics of the hepatic
orculaben The onlv possible relationship tests n the resenvoir
capacity of the spiecn On demand, ths organ can deliver from 00
to 1000 ml of blood to the general circnlation winch, of course, has
to pass through the Incr on ats way to support cardiac output

‘THE PHYSIOLOGY OF THE EXTRAHEPATIC PORTAL VENOUS
SYSTEM

The Portal Venous System m Experunental Anunals

The normal physiology of the eatrahepatic portal cremts 15 not
complicated, and many of 1ts more sahent features have already been
discussed n the scctions dealmg with the intrahepahie crenlation
Mann’s statcment that the Incr 1s not the master of its own aircula-
tion can be applied wath cqual appropnateness to the visceral portal
bed, blood flaw m these channdds 15 subject not only to mfluences

m the actiaty of the splanchnic venous bed In lower ammals, the
story of the hemodynamics of this aireulatory system has largely
been wntten m terms of obstruction to its flow and m terms of 3
ranety of venovenous shunts and arteriovenons fistulas wluch can
be fashiencd one way or another between the portal system and
naighboring vasenlar structures For many years, the physiology of
this sistem v man was largely deduced from obscrvations made
upon aumnals, of these, of course, manv have been shown to be cor
rect, an egual numbcr, however, have been proved meorrect In
Tecent sears, renewed surmcal interest m treating portal lyperten.
ston has opened up this Nittle exploted creulatory system to a host
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Fxgurc‘GZ This diagram has been reproduced from Mavimow and
Bloom’s modification of Mall’s ongmal plates.

The Puncreas

of the artenes and drain either into the supcrior mesentene, the
portal, or the splenic veins Because of the cxtreme yasculanty of the
islets of Langerhans, 1t was suspected for many years that these
structures might have an endocnne function, In 1ccent years, of
course, this has been proved, and it 1s known that large amounts of
msulm cnter the blood stream In so far as has been learncd, this
hormone has neither a direct nor an ndircct effect upon the intra-
liepatic or extrahicpatic circulations. Wharton, Berg, and Beck and
Berg have carefully delincated the pancreatic circulation, and save
for the fact that its venous blood drains directly to the liver, they
have not noted a special relationship to the portal circulation The
pancreas does not seem to possess any artenoicnous shunts which
can ehmunate it from the general splanchnic flow. As Knuscly, how-
cver, has emphasized, the relationship of the pancreatic circulation
to the liver has not been extensively studicd One feature of the pan-
creatic circulabion noted by Wharton was that though there is gen-
crally a close association between the arterics and veins, there ar¢
large venous pleauscs along the pancreatic ducts which are without
artenal counterparts

The Splcen

Unless 1t be that of the Iiver, no circulatory bed has been so ex-
tensively studied as has that of the spleen. Controversy Has centered
about whether the splecn presents a “closed vascular system,” that
15, with a continuous endothehal layer extending from the artenes
across the capillary bed to the venous system, or whether its circula-
tion 15 “open,” that 1s, the blood actually cscaping from the arteroles
into an open spacc before bemng returned to the splecn’s venous
dramnage system Not until the quartz hght method of direct obser-
vation of hving tissue was apphed to the spleen were some of the
problems concermned at least partially solhed McKenzic, A o
\Whipple and Wintersteincr have probably come nearest to answer-
ing completely the many questions involved. They have concluded
that the splemc pulp spaces provide the onc and only Ik between
the arterial and venous systems in the mammalan spleen. These -
vestigators descnbe the pulp spaces as being composed of “tortuous,
utterly irregular, and mconstant channels Limed by fixed and wander-
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m Scluff's laboratory i Geneva As was the custom, the professor
put this young man to work on portal occlusion Lantenbach ve-
turned to Philadelphia some years later and m the “Phuladelplua
Medical Times” of 1877 published what apparently was a summary

the attenhon of Nicolar Eck, a young surgeon about to cnter the
Russian army Eck did not accept, though e docs not say why, the
conclusions of the Schuff school as reflected n Lautenbach's cssay

Te set about to prove hus convictions by devising the famous venover
nous shunt which 1s today so unwersally referied to as the Eck fistula

In 1877 Eck proved bevond doubt that the dog sunnes sudden
portal occlusion quite uncventfully, provided the portal flow of
Dblood 15 deviated mto the svstermic errcwit Tlus Eck accomphished
by a side-toside anastomosns betwecn the portal vein and the vema
cava and then tightly occluding the portal vomn liverwards to the
fistula Of p.

that a fistala

asatesducte .. . - - -

went off to the anmy and, as far as can be determined, the medical
world has not heard from lum smce

So gencrally unavailable has Ecl's onginal article been to English
1caders that 1t was recently translated by Dr Tla N Kovarsky, Scere-
tary of the New York Russian Medical Societs, and published iy
“Surgery, Gynecology, and Qbstetrics,” Valume 4, page 375, 1953
Although 1t could have been determined w1877 that there was
very little oceult or obscure about death in the dog, cat, and rabbit
following sudden occlusion of the portal vemn, many intermediate
steps were neeessary before the final story was wntten

So definitine were the results abtamed in the dog and so mmpot-
tant were the wmpacts of physiological facts derved from dog and
cat capenments that the results in these ammals were applied un-
questionmgly to man In spite of good clmical evidence to the
contrary, 1t was beliesed that man, too, would necessandy dic were
the portal vein to be occluded suddenh and completely But ths 16
auother story to be recorded a few pages hence What have been
the most smportant espershents performed upon Yhe portal arcu-
Tation to the lner from 1877 untal the last fow years?

Brerv few vears after the ongmal cspermments on total mterrup-
tion of portal blood flow, laboratars workers  this field reported
thar results on kesser degrees of mterruption of the portal flow
Soloweft, attracted, as had been others, to the problem of the cti-
olagy of curhosis, also undertook to studv the effects upon the lner
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of mestigations, many of which have yiclded important contnbu-
tions to fundamental knowledge concenning the achwities of the
portal venous bed Furthermore, the development of methods for
estimating hepatic blood flow has provided additional mformation
concerning what actually takes place withm the portal vem and tts
major trbutarics

Although the umque arrangement of the portal airculation
(bounded as 1t 1s by two capillary beds) carly attracted the specula-
tive attention of cnunent anatonusts, physiologists, and clinicrans,
mterest i portal senous occlusive phenomena ongmated in a much
more practical, important, and as yet unsolycd problem—the chiology
of cirthosis of the Incr. Beginning along toward the nuddle of the
last century, 1t was commonly observed at the autopsy table that
paticats with aurhosis mamfested an accompanymng thrombosss of
the portal vein Frenchs, Klebs, Rindflassch, and others expressed
the belief that the thrombosis was dircctly telated to the arrhoss,
wlhile Gmtrac, Bothm, and Oré wondcred whether or not the cur-
thosis might be the result of thrombosis of the portal vemn. In 1861
Oné attempted to simulate thrombosis of the portal vein by abruptly
Ligating this vessel i rabbits. By experiments such as these, Oré was
probably the first to discoser that one of the usual laboratory ane
mals, the rabbit, dicd more or less immeduately following suddcn
occluston of 1ts portal vem Claude Bernard, two years later, and
Sclnff, seven years later, repeated Oré’s cxperiments and uscd the
dog rather than the rabbit Both of these obscrvers noticed that the
results were the same, these ammals, too, promptly died.

Thesc carly cxpeniments, the first of many thousands on the portal
circuit, arouscd the interest of many contemporary physiologists
The fact most diligently sought for was why these anumals died so
quiclly after sudden and complete portal occluston, Bernard, occu-
pied as he was so completely with hepatie function, at first did not
offer an explanation, but later (1877) he turncd his attention to this
subject and tentatnvely suggested that death was duc to cxsanguma-
tion mto the venous bed of the gastromtestinal tract. Tappemer
was not satisfied with tlus explanation, for he beheved that he had
proved that more blood could be withdrawn from a systenne vem
wathout death than could possibly become impounded 1, the portal
bed Schiff and Ins pupils propounded the theory that hner failure
was the cause of death m dogs whose portal vemns were suddenly
occluded So widespread and great was Schiff's mflnence that Iner
falure as the cause of death after portal occlusion enjoyed world-

i tance for many ycars
¥ l‘l‘ﬁ :;CSC;E Lautenbach, fm)pmmmcnt young physician of Phidadel-
plua, reparred to the contnent to complete Ins medical cducation
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due to frank blood loss, that transfusion, although it clevates blood
pressure temporanly and postpones the fatal outcome, docs not pre-
vent death; that the blocked splanchune hed cannot perform its usual
office m presenting shock

Boyce and lus associates agreed generally with Elman and Cole
but insisted on retamng the concept that a ncurogemic mechamsm
1 patt, at least, contnbutes to the death of these ammals In support
of this contention, they pomt to Thole’s ongmal expcnments
which he prosed that scction of the vagus nerses prolonged survnal
but did not avert death In addition to insisting that a neurogeme
factor share the responsibility with blood loss, Boyce ponted out
that the clotting tine lessens appreciably as the experument pro-
gresses toward the death of the ammal Tlus plienomenon has not,
as far as s kmown, been eaplained

In the section upon the relationship of the Iner to shock, attention
was called to the fact that in spite of the volumes of contradictory
evidence, the thought has sunncd from the carhest expenments
to those of the present day that somehow portal occlusion and he-
patic function bore a relationslup to the state of shock ‘That there s
a relationshup has been adequately established in recent years, that
the connection bears more upon Iner parenchymal achivity than
portal blood or portal blood flow now becomes increasingly obuvious

CXPERIMENTS 1N MONREAS The most recent study of portal occlu-
sion has been the review of the entire subject i terms of one of the
prunatcs, the Macaca mulatta monkey, and 1n terms of man These
experiments have been performed by the author and lus associates
while working in the Laboratories of Sutgical Rescarch of Dr Franh
Glenn at The New York Hospital-Cornell Mcdscal Center Because
of frustration 1n a number of attempts to cure pancreatic cancer
because the tumor was found invading the portal sem, expenments
were designed to determuine whether or not thus structure might be
tesceted successfully This thought coinaided with the demonstra-
tion by Whipple and Ius associates that man, with or without s
Tiver function 1mp 1 by cirrhosss, tol d well plete duner-
s1on of s portal blood into s systenuc airculation In the onginal
application for a grant-m-aid from the U S Public Health Service
to study this problem, i was prop that p duodence-
tonn be preccded by an end-to-side anastomosis between the supe
tior mesentene ven and the vena cava 1 did not, howeser, want to
use dogs n these expeniments, for not only did 1 conuder that the
vascular physiology m the nght upper abdonunal quadrant of tlus
anumal had been completely worked over, but T also felt that there
siught be some virtue 1n studving an amumal with anatomcal rela.
tionships more closely correlated with those of man than are those
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ot portal occlusion He, too, confirmed the fact that dogs dicd in
four to twenty-two hours after sudden and complete occlusion of
the portal vein. Solowieff was dissatisficd with this type of expen-
ment, for he did not beheve the ammals sursied long cnough to
devclop changes m thor Iners, He, thercfore, devised a senes of
experiments m which the major branches of the portal sem (splenic,
supenior mesentenc) and finally the portal vemn tself were higated m
stages By this techmque, Solawicff was able to mamtain hus animal
m appatent good health long enough so that he could obsenve any
changes that iight take place m the hiepatic parenchyma, By s
studies, he concluded that the dog could surune portal occlusion
provided 1t was accomplished m stages Neuhof confirmied these
evpenments m 1913 Dunng the carly 1900's a number of imvesti-
gators, including Ito and Om, 1902, and Steenhus, 1911, reported
a senes of confusing results relerant to the wdispensabibity of the
portal blood flow reaching its destination m the Iner. In spite of
thesc, it gencerally became accepted that the cat, dog, and rabbit
could tolcrate portal occlusion provided it was accomplished aither
1 several stages or wn assoctation with a portacaval shunt. The prob-
able explanation for the many diffcrences of opimon evpressed dur-
mg tlus period lies 1n the fact that there 1s great species variation in
response to portal occlusion, esther sudden or gradual. There can
also be great vanation within the same species For instance, some
dogs dic withm thirty to forty mnutes after sudden portal occlu-
s1on, while others may live on ten to twelve hours. In rare mstances,
a dog mavy cven sunse the expeniment

Neuhof, Hallopeau, and Thole (1910-1912) were responsible for
adopting Bernard's onginal theme and applying the concept of shock
to the annmals succumbing to sudden portal occlusion. In fact,
Thole performed the first of a series of expennients which m all
hhehhood have been repeated thousands upon thousands of tines
since m laboratones throughout the world, He cannulated the caro-
t1d artery of a dog and noted that the systemic artenal pressure fell
to one-half its normal value m six to eight mmutes, and in most
stances the dog died withm a few hours The final chapter upon
the relationship of shiock to death m sudden portal occlusion for the
dog and cat was written by Elman and Cole m 1934 Thesc surgeons,
employing the Evans blue dye technique for measuring blood val-
ume, proved conclusnely that death was due to rapid depletion of
the effectn ¢ circulating blood volume mto the splanchaic bed, These
eypernments were shortly confirmed by Boyee, and 1t became avi-
omatic that the cat and dog die after portal occlusion by bieeding to
death mto ther own splanchme beds Elman and Cole concluded
that, m such expenments, the animals present the picture of death
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to ten days after operation, tius measured repeatedly at lexcls little

1f any abosc the pre-occlusion Ievel This obsersation together with

the poar results obtaned m our onesstage pancreatectomy led to the

concept of a two-stage operation for the rescction of the head of the

pancreas. the duodenum, and the portal vemn At the first stage, 1t

was proposed that the portal vein be occludsd At the sceond sle‘lgc',
v (e [ ot

of our expermments Tncidentally, we all became so cngrossed m our
studics of portal occlusion that our engmal plan to perform porta-
caval shunts was completely side-tracked

At first the two stage operation fared no better than the one-stage,
when transfusions werc added to our surgical armamentarium, our
animals began to survine from several dass to several weeks The
difficulties 1 rendering even a trace of good postoperatne care to
monheys are immense, and the predictions of the study section of
the U S Public Health Service upon how devilish were monkeys
and how impracticable their care were confirmed many tunes Neser-
theless, we reached the conclusion that pancreaticoduodencetonin
with rescction of the portal and superior mcsentenc vems was a
feasible, though larrowing. operatne procedurc m the Macaca
mulatta monkey The details of all the cxpetmients perforined upon
the Macaca mulatta moukey are recorded v Appendn 2

The Eck Fistula m the Experimental Animal

The annals of surgical rescarch are veplete with ramarkable teeh
mceal accomphshments But probabls none 1 mare extraordman
than Nicolas Eck's feat of fashioming successtullh an anastomosis
between the portal sem and sena cava at a tune when antimicrobials
were unheard of and vascular surgeny had hardls been considered
possibie Yet n 1877 this abscure Russan army sargeon calmly an-
nounced that he had succeeded m diverting all of the portal blood
flow directly ito the inferior vena cava In tlus dav of direct intima
toantima suture of blood vessck, FFek’s ongmal techmique mav
1
. . . 1
favor m some laboratonics

1<l angmal techmgue for the anastomoss whieh now bears hus
name requured that the portal vem and vena cava be sutured to-
gether m such fashion that the external surfaces of the two yessels
oppored cach other over an oval area approvimatels 3 by 05 cm
At one end, the sutures were untied and through this aperture Eck
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of the dog 1 chosc, thercfore, as my cypermmental ammal the Macaca
mulatta monkey

The first ammal to enter our laboratory was a splendid fellow
called Jocke Roger Milngs, a fourth year medieal student, and I'sct
about fashionmg an anastomosis between Jocko's portal verm and his
vena cava Howeer, our best efforts resulted m having to ligate the
portal vem Jocko was returned to lus cage to await the dismal end
which we were all confident nust follow By ten m the evemng of
the dav of operation, Jocko was obviously recovering from hus ancs-
thesia and the next mornng he breakfasted heartily. Monkey dealers
were harassed far and wide to speed their prize spectmens to our
laboratonies, and m a series of 76 anumals, 59 survved sudden and
complete portal occlusion Our scries grew, and 1t was ternunated
m 1951 with an uncorrected operatne mortality of 22 per cent, cer-
tamly a wholh different picture from that seen m commoner labo-
ratory animals subjected to the same type of expenment

At weelly mtervals the hemodynamics of the portal airculation
of the monkev was studied by means of portal venography and
manometry As a result of these carcfully controlled expenments,
the explanation for the survnal of this primate became obvious; as
the portal pressure rosc after portal occlusion, portasystemic collat-
crals opened widely cnough to pernut sufficient blood to flow nto

with a sufficient number of preformed portacaval shunts, (See Ap-
pendix 1 for complete details of these evperiments. )

All cngaged m the evpenments mote or less simultancously
reached the conclusion that as thus primate tolerated portal occlu-
ston so well, this vessel could perhaps be resected together with the
pancreas and duodenmn - Accordmngly, 6 monkeys were subjected to
a one-stage pancrcaticoduodenectomy wath resection of the portal
vemn In 5 ammals, the operation could barely be completed before
the amumals died, obviously the victims of hemorrhagic shock. After
occlusion of the portal vem, biood oozed uncontrollably from every
concenable capillary which had been divided within the field of
operation One ammal surviscd this one-stage operation for twenty-
four hours, 1t was tentatnely postulated that this monkey possessed
a sufficient number of portasystemic connections to permit his sur-
vival for this period

‘An observation of great importance which was made during the
course of the weeKly portal venography and manometry to which
these ammals were subjected concerned the fact that the mtally
produced portal hypertension rapidly subsided By the end of seven
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Eck and the reverse Ech fistula i annmals, ot has not prosed smtable
mman

A few years after the dexclopment of tlic cuthing suture technique,
both Jerusalem and Jeger devcloped small, hight, narrow-bladed
clamps which, when applicd appropnately, provided a techmgue
whercby the portal vem and vena <ava could be sutured together
directly wathout senously compromising blood flow m cither vessel
Although clamps for the direct and unobstructise suture of blood
sesscls have undergone many revisions since their mtroduction by
these two i estigators, the gencral pnneiples molved have proved
sound and ate m extensive use today Clamps allowmg frec manipu-

lation of the walls of the vena cava for suture, sct sunultancously
permitting blood to flow largely umimpeded through this vesscl
itscif, are available today in a number of different designs The two
m common use today are those designed bv Potts and by Large
(Fig 6+ A and B) The Potts clamp, although a very uscful mstru-
ment requires the freeing from its bed of a long segment of vena

two clamps were required, one applied to the vena cava and one to
the portal vain In fashioning a shunt for portal hypertension, only
the caval clamp 15 required because the collateral circulation 15
so great that the portal ven can be completely occluded for long
penods of time without hazard

Auvotlicr anportant feature of venovenous anastomosis was c\v-
pounded many years ago by Franke Tlis unestigator, unpressed
by the unforhmate tendenct of venaus shunts to close, described
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ntroduced a small pair of seissors tipped with guide wires, With
these the walls of the opposed vessels weze shit, thereby connecting
the portal and systemic circulations. The scissors werc then wath-
drawn, and the pomnt of exit closed by tying the sutures which had
already been placed. After higatg the portal vein liverward to the
anastomosss, all of the portal blood flowed into the vena cava, One
of the features of Eck’s onginal operation was that blood flowed
normally m both the portal vew and the vena cava until the portal
hgature suddenly duerted the entire portal stream mto the vena

LRI T e R
lsuricrablc amounts was allowed to cscrupc mto'the systenme circu-
ation

In 1882 Stolmkow adopted Eck’s techmque in its entirety and
reported excellent immediate results and many long-term sunivals
Pavlov, and a number of years later Guleke, also became mterested
m what was rapidly becomng known as the Eck fistula dog By
improving greatly upon Eck’s scissors, they were able to cut through
the walls of the tno vems with greater certamty and less bauma.
Both of these early mvestigators consistently reported successful

. g Aveg e - s - .
from the techmiques employ ed successfully by the carher myestiga-
tors Instcad of fas) the m the side-to-side posi-
tion, he divided the portal s e obliquely and sutured the splanchme
end to a shit m the antcror wall of the vena cava. Tansim seported
that Ius dogs surined i good health

Markowatz has expressed the belicf that the modermn ¢ra i Eck
fistuization was troduced by Fischler and Schroeder, Although
Eck’s mitial steps were followed, a cutting suture of silk was em-
ployed instead of scissors to conneet the two vessels The stimulus
to the devclopment of this techmque lay m the desie of these men
to avord cven the shghtest compression of ether vessel durng the
course of the procedure They believed this to be mportant “not
only because of the congestion which 1s connected with it [re. cven
temporantly occluding cither vessel] but mainly because of the in-
jury wlich 1s associated with ligating or clampmg vessels which may
lead to sccondary alterations or mjunes ” By their cuttng suture
techmgque they believed they avorded all of these difficultics. So
attractine did this techmque prove that it was practiced for many
years by I C Mann, descnibed agamn by Fishback, and mote re-
cently still by Markowitz. In spite of its extensine use for both the
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rated in the ladncy after partial constrichion of the renal artery As
far as could be detenmmed, this type of hypcrtension was not
modified by passing renal blood directly through the hver by incans
of a reverse Eck fistula {Chila 1936}

] Sweet n 1923 beheved he had waproved upon the cuthing
suture when he replaced tins by a wire wiich, when heated by an
clectnc current, successfully cantenzed sts way throngh the \essel
walls. Perhaps the most recent modification of the portacnal oxr-
culabion 15 5 transposihion by means of dwect sature {see Fag 57,
p 1441 Asdeveloped n our laboratory, this anunal preparation was
dewised to study hepatic regeneration and consists essentially
diverting the caval blood through the hver and the portal blood
mto the \ena cava These cxpenments are cuthned fully wm Ap-
pendix 6 Whether or not tlus operation will ever have amv apph-
cation 1n man 15 qute unknown Yrom an entirely theorchical pomnt
of view. 1t is possible that 1t might be found to have some uscful
appheation It would obviousty decompress the portal arcwmt and
at the sam¢ time supply additional amounts of venous blood to the
Tiver

Eck, w hus onginal article, reported that the few dogs that sur-
snved appeared to hun to be normal m everv respect So convinced
was Eck of thew good health that he did not hesstate to suggest
that the operation be used m patients with asaites When, however,
Parlov became mterested i these espernimental preparations and
obscrved a large series of dogs over a long penod of e hie became
convnced that s amumaly were not entirely nomal A repeated
obseriabion was that a certam small nuniber of Yus dogs appeared
quite unable to cat meat without mamfestig signs of a scuere sys-
temie mtovucation The most important fatures of thys state were
consulsions, perods of depresston, ataxic g, catalepsy, and occa-
sionally blmdness This state was also olserved i a number of other
taborators ammals with Eck fistulas and became a pomt of consid-
crable discuswion Lattle of 4 speetfic nature concaning it has ever
been established save that it need not neeessanly appear Even today
the guestion of the normahts of the Eekl fistula amma) s contro.
versial The most pesistent explanation for thas state 15 that the
Iner exercnes some vague sort of direct censorslup over products of
digestian and athicr equatty vague but navious substances ongwating
s the gastromtestinal tract Sa comvmeed were carly mestigators of

the reabits af colorie tavs that they dehghted m refernng to the
gustromtestsual tract ds the buds™s cesspool Several vears ago, Mar-
Rowtz stated that the evpertence of the Mayo Clune w arpted the
gencrahty that “dogs with an ek fistula oy veasonably gond
healthf meats not guen thew and espeenally if their dict congsts
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a techmque whereby he hoped to avoid this complication After
preparmng 4 section of vend cava 4 an o lengtly, ats lumen was cn-
tered by way of an oval hole corresponding i size to the diamcter
of the portal vem ™ In sutunng the portal vem to the vena cava today,
exaision of a button of caval wall s considered an essential part of
the operation whether the anastomosis be perfonned 1 the end-
to-side or side-to-side position

Another vanation upon the direct suture techmque cmploys a
glass or metal prosthests Credit for devising such a technique must
be gnen to Quicrolo who used a short Iength of glass tubing over
which he everted the cut end of the portal vem. Tius then was in-
serted mto the vena cava and hield m place by a purse-string suture
Ihs teclmque has been employed successfully m many diffcrent
animal evperuments and applied to man by Blakemore and Lord
carly m thair expencence with portacasal shunts These latter inves-
tigators employcd small vitallium tubes on the basis that this metal
was least apt to produce tissue reaction Unfortunately, tissue reac-
tion did occur, and the techmque was abandoned by them within
a few vears in favor of direct suture

In 1912 Franke devised another type of Eck fistula m whicl he
omutted the occlusn e higature upon the portal vem and to which he
referred as a “false Eck fistula ™ He expressed some concern as to

gamsm as a whole It 15 tlus “false Eck fistula” wlich finds favor
the hands of those surgeons today who believe that in portal decom-
pression an effort should be made to allow at least some portal blood
to pass through the lwer This operation currently 15 refered to
as a side-to-side anastomosis m contrast to onc of the end-to-side
waniety It should not be confused wath the ongmal Eck fistula
which, although performed in the side-to-side position, carmed with
1t higation of the portal vem above the site of anastomosis. In effect,
then, Eck’s sidc-to-side anastomoss 15 functionally an end-to-side
shunt

Many others mterested 1n hepatic physiology have worked from
time to time with the Eck fistula and in domg so have devised an
almost endless vanety of wnovations. Ludwig Mayer 1s credited
with fashionmng the first “reverse Eck fistula” wluch, of course,
mvohes ligating the sena cava cephalad to the anastomosis and
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been hgated than collaterals begm to form and withim a vary short
tume by-pass the pomt of obstruction Almost withm 4 matter of
weeks normal or near normal hepatic flow has been reestablished
Furthermore, m the four or five paticnts m whom the portal vemn
has been reseeted far cancer there 1s httle evidence that any state
resembling the meat mtovication syndrome appears Either man’s
reaction 15 comparable to that of the monkey or other as yet unde-
tected factors are present At the moment, 1t appears likely that as
these vanous problems arc studied further thev may be resohed
around certain peculianties inherent i the hepatic physiology of
the dog

The Portal Venous System m Man, Including Banti's Discase

Precise nowledge of the physiology of the portal senous systeus
m man has lagged far behind that whnch has been accumulated for
cypenmental anumals The reason for this deday 15 obvious, it 15 not
pemussible to expenment deliberately upon man if the nsk to Iife
and health 1s great Because man’s portal venous system 1s generally
unavatlable for study except by exploratory laparotomy, physicians
and surgcons have had, unhl recently, to depend upon mdirect
sources for ther basic imformation concerming the physiology of
human portal venous circuits

Pathologists have been able to supply a certam number of ady-
namac facts deduced from postmortem exanunation of both nermal
and abnormal portal vems Corrclabion of autopsy findings with
chmeal information acquired antemortein has provided a fund of
mformation which has generally been found valid Many of the
behefs concerning portal hemodynamcs have, however, been bascd
primanly upon wformation acquired i the study of laboratorv am-
mals On relatnely rare occasions, surgeons have been able to con-
tribute a few facts of 2 mote dynamic nature from obsenvations made
at the operatmg table The wnport of these mdirect observations
and deductions led to the commonty held opinion that the portal
yenous system snust not be tampered wath, of it were, exther acer
dentally or purposcfully, man, cven as the cat and dog, would
prompths die

Recenthy, 2 number of improvements 1n i estigatise techniques
have been mtroduced which permit study of the portal venous sys-
tem without unduc nish and with greater accuracy than has been
possible n the past Monkeys have been added to the list of avail-
able cxpermental atumals, and it has been shown that thegr partal
hemodynamices cortcspond closehy to those m man. Portal cnog
raphy (st Chap 14) has been dovcloped to a point where st 1 uscf;)



170 ‘The Hepatic Crrculation and Portal Hypertension

of dog Irscuit, anlk and syrup ™ In addition, Markowitz expressed
the conviction that following an Eck fistula, the Iner undergocs
atrophy “wiuch 1s well marked at cight weeks”; at this time the Iner
15 “one turd its ongmal size ” This and the fact that hepatic tissuc
does not regencrate completely in the absence of portal blood appear
tn‘ be well established today. In addition to these facts, G 11 Whip-
o T fest certam amportant

H nufacture hemeglobn

. e vnny mmemrs weew yJhnston have expressed

the belief that meat intovication may m reality be potassium mn-
tonication Hallett and Ius associates have been able to prove a 50
per cent reduction in hepatic oxygen consumption in the presence
of an Eck fistula In spite of this, glucose production was normal
These mestigators took especial care to point out that the post-
operatnve course in all of their ammals was remarkably uncyentful
In a recent article upon this subjcct, Markowitz emphasizes that,
contrary to his beliefs of a few years past, most of his ammals with
Eck fistulas enjoy remarkably good health, So important did Marko-
witz consider s present opinton that he felt called upon to try to
explam the convulsions and other signs of 1l health which he had
previously reported In attempting this, Markowitz admutted that he
hiad Tuttle to call upon other than speculation Nevertheless, he felt
justified 1 pointing out that m many of the ongmal experiments the
operation was tune-consuming and trauntatic, These factors may
have lcd to such cxtensne fibrosis at the porta hepatis that the he-

hepatic decompensation and coma In many respects the “meat m-
toxication syndrome” rescinbles the state of these amimals in hepatic
decompensation Whether this analogy be correct ot not will per-
haps never be proved, but for the time being at lcast, 1t scems 2
more logical hypothesis than any herctofore proposed

In our own laboratory where Macaca mulatta monkeys have been
deprrned of all portal hepatic blood flow by sudden and complete
occlusion of the portal vem, 1t has been impaossible to detect m them
any mamfestations of a chuical state comparable with the meat
ntovication syndrome described m dogs It 1s true, of course, that
these monkeys will not eat meat n any apprecrable quantitics In
addition, it 15 also true that n them no sooncr has the portal vein
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areutt without traversing the Iner De Jong, Reddmgus, Thole,
Charpy, and Thomson all wotked out i clhaberate dctaid the m-
numerable pathways by which portal blood could, if called upon to
da sa, escape o the systeme senous arcwts Not only was the
exsstence ot these channels demonstrated m normal man, but st was
well recogruzed 1n patients with cishass In thom they were elabo-
rated mto the many collateral pathways too well recogmized today
to warsant repctiton i this volume The picture, then, of splanchinse
congestion and descloping collaterals contnibuted two physiological
facts of major importance 1 man  that the portal venous system s
not clased, and that »f portal flow 15 progressn ely compromised man
sunases mdefimtely
Early knowledge of the hemodsnamics of portal blood flow can-
not be left without mention of the work several Fresch scientists
undertook about 1900 Led by Gilbert and Weil, and Vallaret, and
Pichancount, mvestsgators became mtcrested n measuning the pres.
sure under winch asoites collected an the pesttoncal cavty They
found the pressure clevated to agh degrees and concluded that m
the portal semn it must also be elevated a hhe degree 1f it wore not,
these vessels would collapse as soon as any appreciable amounts of
asaitic fund collected This phenomenon they designated portal
hypertension To the static obsenations of the older mvestigators,
the French schoot added a more dvnamie concept, the splanchme
Aossels - arshosss not only were congested, but 1 addition the
pressuze withan them mant obviowshy hase been clesated appreciably
Another ghstruction to portal blood fiow winch over the years
has contrebuted extensnelv to the fund of physiclogical infermation
concermng the portal arculahon m man was vanousty referred to
as congemtal stigture, case dous transformation, or throm.-
bouss, 1lere these witl be Toferred to colechvely @5 chronic obstruge.
tion of the portal scm and the mnumerable controversies as ta its
ctiotogs will be disregarded In amv number of reported cases, the
onsct of the abstruction was well carrelated with chimseal mansfesta-
tions ang often confi d by 1 m ¢ By combin-
g these several obsersations, a comprehensine picture of the effects
of portal obstruction m man was canstructed Before claborating
these concepts it must be panted out that acclusion of the postal
som by 2 bland thrembaotic pracess 1 more unpostant m tesms of
pinsiological mterpretation than when the obstructnag process 15
sephic s ongin In the lstter mstance the perpeirating factors, acute
appendiaitss, portal pricphlchitss, pentomtis and the ble, 2l too
aften obscure the picture of pure portal abstraction bs SUPCHMpOS-
g upon st the signs and symptoms of an acute septic discase Dhs.
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m studymg the portal system dynanueally and antemortem, The
ng“ltCSt stimnlus to further mvestigations of the nommal and abnor-

R R L. P
supportive therapy, have contnibuted importantly to the claboration
olf basic information concernng normal and abnormal portal physt-
ology.

As scienbific medieme and surgery were being developed, the chn-
1cal features, both antemortem and postmiortens, of patients with
arthoss of the Iner contnbuted heavily to the carly accumulabion
of myths and facts concernng the portal circulation. One of the
carhiest obscrvations, of course, was that cirrhosis was often asso-
crated wath ascites At the autopsy table patieats with this discase
were routinely obsen cd to present greater or lesser degrees of dilata-
tion of the vems of the splanchme bed Tns fact was correctly
mterpreted as due to impared blood flow through the hner and
uniformly refcrred to as “congestion ™ To this congestion, of coursé,
was ascribed the formation of ascites For many years it was consid-
cred sclf-cvident that whenever portal congestion oceurred, ascites
was formed simply by transudation across the venous capillary walls
and the pentoncum So direct was this relationship considered that
it led Eck to proposc that Ius fistula mught be uscful in preventing
this troublesome collection of Awd withm the peritoneal cavity.
Today, of course, 1t 1s known that the formation of asaites 1s a far
more comphlicated process

Early i the study of patients with cirrhosis, it was obsersed that
the portal vein was often the site of extensive thrombus formation
As mentioned carher, this obsenation led Oré and Solowieft to
perform expenments on ammals designed to determne whether
cirthosis was not w atself due to inparred portal blood flow. Space
does not permut discusston of all the controversies on exactly this
pomt that went on during the latter part of the last century. Although
most mestigators admitted that the evidence was equnocal, the
consensus was that liver function was senously mipaned if the flow
of portal blood was mterrupted

1t was learned many ycars ago from the study of patients with cir-
rhosis that the portal venous system m man was not closed as it
apparently was i lower ammals This fact 15 clearly reflected m
the extensine writings of R Josschn de Jong who pomted out
1912 that the postal system p many atic ct 1
with the systenuc venous system Through these the portal blood
in greater or lesser amounts finds direct access to the major venous
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laterals All authors agreed that the spleen was enlarged and that a
lurge collateral circulation was present comparable m extent to that
scen i imparment of portal blood flow due to arthoss of the hyer
1t was clearly recogmzed that csophagogastnic vances were often
present, and that these were frcquently the source of a severe hemor-
thage was also appreaated Most authors agreed that the hver was
normal but that 1t was so by virtuc of some blood renclnng‘xt through

it appcnr’cd Its absence, however, produced considerable contro
versy, but was usually eaplamed away with the statement that suffi-
cient collaterals had developed to dram effectivelv the splanchmic
venous congestion

At this pomt should be added another type of portal occlusion
‘Ttus 15 referred to by Himsworth as “acute and complete occlusion
of a normal vessel (portal sein) ™ This he states s most commonly
seen after splencctomy and m patients with polycythemia vera
Humsworth states that such a catastrophe 1 charactenzed by the
raptd accumulation of ascites, the appearance of melena, colicly
abdominal pamn, and ilcus The spleen, if present, may enlarge rap
1dly Death follows wathin a few days In studying the cases of acute
portal thrombosis winch have been reported, 1t appears evident that
this tram of cvents may take place m man although the picture 15
certamly not that appeanng after hgature of the portal vein This
apparent conflict can be resolsed only by assunung that m patients
with acute thrombosis referred to by Himsworth the obstruction
could not have been sharply limited to the aud-portion of the portal
van s n the case of hgature It undoubtedly must have extended
further to have blocked successfully the splemie, infenior mesentenc,
and sapenor mesentene Whercay stmple and sharply delmeated
occhusion of the portal ven docs not result m immcdiate death, any
such extensine thrombotic process as has been postulated to account
for the typc of case desenbed by Thimsworth would probably result
mw the rapid death of the paticut ;

T'o obscrvations such as these, a few more have been added by
surgeons as a result of thar expenicnces at the operating table In
1913 Burdenko reported a patient whose porta hepatis had been so
badly myured that the portal vem had to be compromised This was
followed withm a few moments by a seyere fall m blood pressure
and daath In another patient, the portal vein had to be hgated m
the course of dissecting out a large number of upper abdonynal
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cussion will be linuted, thercfore, to those patients in whom the
process was presumed to be bland in origin.

Heller was probably the first to desenibe cleatly a patient with a
thrombosed postal vemn whose Iiver was normal, whose spleen was
enlarged, and wlo presented definite evidence of vancosities of the
coronary venous system In this patient, there was no evidence of
asates Pick was largely responsible for the mtroduction of the term
cavernoma of the portal vemn, and on the basis of his obsersations he
devised the concept of a hepatofugal and hepatopedal circulation,
the former for decompressing the congested splanchnic bed, the
latter for supporting Iner function In 1914 Enderlen, 1otz and
Magnus-Alsleben published an extraordimanly comprehensine re-
siew of portal venous occlusion They outhned the history of a
woman who fell from a wagon and, although there was no outward
sign of mjurv, she soon noticed sexere upper abdominal pain which
pemsisted. She was 1l wathout speaific complamts for the better part
of a month, and just as shie was beginnumg to improve she descloped
hematemesss and tarry stools An esploratery cchotomy for pre-
sumed gastric ulcer showed the spleen enlarged but the I cr normal.
There was no evidence of ulcer. This patient contmued to bleed
into the gastromtestinal tract and died siv months after the pre-
sumed onsct of her portal thrombosis At autopsy the portal vem
was completcly thrombosed

In contrast to thus patient whosc pimary mamfestation of portal
thrombosis was gastrointestmal hemorrhage 15 a case reported by
Falkenberg m 1928 This pahient, 2 man aged thartythree, suddenly
became weak and for several days vomsted blood and passed tarry
stools Following this episode, he was well for cightcen months but
then began to desclop asates This continued and required many
paracentescs and posed so much of a problem that thirty months
after the onsct of his illness, a Talma operation was attempted. He
died on the sixteenth day after operation The autopsy revealed that
the portal vein was constricted and dorsally flexed by a small cav-
crnomatous mass of tissue Iying 1n s wall about 6 cm from the
porta hepatis The hver was normal, the spleen and pancreas were
cnlarged and fibrotic, and the hepatic artery hyperplastic There were

csophageal varces .
Cascs such as these can be collected almost without limit from

the medical Iiterature from 1900-1930 * They typify the medical
thinking duning this period on the effects of bland portal thrombosts
which progressed slowly enough to permut the development of col-

+ Ehrenteil, Gross, Gruber, Kaspar, Koebnch, Kuhr, Loeb, Palmedo, Risel,
Umbret, Versé, Emmench, Josselin de Jong
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laterals. All authors agrecd that the spleen was enlarged and that a
large collateral circulation was present comparable m extent fo that
scen m imparment of portal blood flow due to crrhosis of the Iner
It was clearly recogmzed that csoplugogastnie vanees were often
present, and that these were frequently the source of a severe iemor-
thage was also appreaiated Most authors agreed that the liver was
normal but that it was so by virtue of some blood reaching 1t through
collateral channels by-passmg the site of obstruction (the hepato-
pedal arculation of Pick) In regard to whether or not ascites de-
veloped, there appeared o be considerable question and confusion
Obuiously, ascites was expected and httle comment was made when
1t appeared Its abscnce, however, produced considerable contro-
versy, but was usually explaned away with the statement that suffi-
cient collaterals had developed to dramn effectinely the splanchmic
1enous congestion

At this pont should be added another type of portal occlusion
This 15 referred to by Humsworth as “acute and complete occlusion
of a normal vessel {portal vem) ” This he states 1s most commonly
seen after splencctomy and i patients with polycytheima vera
Himsworth states that such a catastrophe 1 charactenzed by the
rapid accumulation of ascites, the appearance of melena, cobicky
abdomunal pam, and ileus The spleen, 1f present, may enlarge rap-
1dly Death follows withn a few days In studymg the cascs of acute
portal thrombosis wlnch have been reported, it appears cvident that
thns tram of events may take place i man although the picture 15
certamly not that appeanng after higature of the portal e This
apparent conflict ¢an be vesohed only by assuming that m patients
with acute thrombosis referred to by Himsworth the obstruction
cauld not have been sharply lmited to the mid-portion of the portal
vem as o the casc of ligature [t undoubtedly must have extended
further to hase blocked successfully the splenic, mfenor mesentene,
and superior mesentene Whereas sunple and sharply ddlincated
occluston of the portal «ctn docs not tesult m numedhate death, any
such extensie thrombotie process as has been postutated to account
for the type of case described by Himsworth would probably result
m the rapid death of the patient .

To observations such as these, a few more have been added by
surgeons as a tesult of their expenences at the operating table In
1913 Burdenko reported a patient whose porta hepans had been so
badly mjured that the portal vem had to be compromised This was
followed witlun a few moments by a severe fall in blood pressure
and death In another patient, the portal sem had to be hgated m
the course of dissecing out a large numbee of upper abdomnal
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lymph nodes Thus patient survived, and Burdenko credits survial
to the exstence of chromc compression of the portal vemn for a long
enough peniod to pesnt the developnient of collaterals, Bemstem
teparted 4 patient i whom sesechon of the portal vem in connec-
tion with removal of a large cclunococeus ¢yt was quitc uneyentful,
11 1926 Colp became micrested m trying to save the lives of patients
with ascending pylephlebitis secondary to acute appendiciis and
gencrahized pentomtis, In several patients Colp deliberately Igated
the portal vem, and though these patients all died withm a few days,
Colp expressed the opimon that the immediate cause of death was
probably their primary disease rather than the portal occlusion. In
1945 Brunschwig reported a patient whose portal vemn had to be
occluded duning the course of pancreatcctomy. Although this patient
dicd, death did not scem to be due to the portal occlusion. A year
later, Andrus simlady occluded the portal vemn in a patient oper-
ated upon at ‘The New York Hospatal, tins patient too dicd, but at
postmortem the gastrointestinal tract appeared to be normal.

On this wealth of matenal collectcd over a half century has been
based the gencral ¢ as to what bappened when the portal

die, although very recc;nly two cases have been reported i which
1t seemed unbhely that death was due to portal occlosion In rcg?‘d

ot

Aesse [

devcloped vances and brlcd 15 well documented. That m a few
others ascites occurred  the absence of hner discase also appears
apparent from a review of all the recorded cases.

IXPERIMENTAL PORTAL OCGCLUSION 1N AN, The most recent con-
tnbutions to knowledge concermng occluston of the portal sem m
man ate those of the senior author of this monograph and his asso-
crates After proving that the Macaca mulatta monkey survived sud-
den portal occlusion quite upeventfully, a swtable human paticnt
on whorm to try the procedure was sought This objective soon mate-
rrahized i two patients with inoperable carcmoma of the stomach,
In both of these patients, the cntena for inoperability were pentoneal
implants without evidence of significant hepatic metastases or signs
of preexisiing portal obstruction In both of these fnstial expert-
mental subjects, the portal vem was deliberately Iigated at the porta
hepatis. In both there was a transtent fall in systemic artenal blood
1ng about ten to twenty minutes and amounting to

ressure last
gbout 20 to 30 mm of mercury Just as m the monkey, the portal
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pressure ros¢ precipitously from a pre-occluston level of 10 and 12
om respectincly to 35 to 40 cm of salme The upper small mtestime
and stomach became dusky and ¢ngorged wath blood and the spleen
became tense Except for these mtra-abdommal changes, the pa-
hents’ normal physiological processes appeared undisturbed They
left the opesating table 1n good condihon and recovercd as though

Hatostases
/)N”‘v,/ﬂ}é >
e

PREOLE AREANRE e 17 SAUINE
oS0t PRESSRE — 30em. SAINE

B "Sudden and complete eclusion of the portal vein In @ patient With a
Jorie aimoma of the head of the pancreas Fortal pressure rose preciprtously
from 17039 cm of saline

from amy simple esploratory cchiotomy An immediate post-occlu-
<ion portal 1enogran i man 1s shown m Figure 65A In Table 3 are
outlmed preoperative and pastoperative huer function studies 1n
thus comparable paticnt In Chapter 15 15 detatled the pertinent
data on an additional five patients subjected to sudden and com-
plete occlusion of the portal vemn as a fitst stage operation in prepara-
tion for a radical pancreatectomy wath rescetion of the portal vem

By these deliberate expeniments upon man (Fig 65B), 1t has
been shown that 7 human patients have survned sudden and com-
plete mterruption of their portal circulation. This, of course, does
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not mean that all paticnts can be counted upon to taletate this pro-
wdwic Reasomng from the series of evpersments performed upont
the monkeys, 1f would appear Teasonab'e to articrpate 2 10 to 20
per cont meortabity It should, howover, be possible to avaid any
dhate deaths i€ p hgatuse 13 preceded by 2 petiod of

temparasy occhunon of the portal vem and of at the same tume the
systesue artestal pressure 15 closely followed Should the pressuee ful
to retwrn to preocchusian lovels within twenty to thaty mmutcs
fter ovelusion, the operatos should conclude that thas pactcular
patient canuot toterate bigature of hus portal van Such 3 tawm of
arcusmstanees would have to be intetpreted as one of the crtera
of wmoperability were the occlusian necessary as a preluzumnary step
w2 raducal tesection of the portal vem by 2 twa-stage apexation

1t yomans to attompt to late these evp with ded
cases m whieh sudden occlusion of the portal vem las termunated
fatalle Most of these have been reposted m connection with pre-
sumed thromboss of the portal vem Here, of course, it has not
been possible to know st iow estensie was the thrombosis Should
this imobc the portal, superior mesentenc, and spletuc van, 1t 15
possible that the patient’s reachion would be hle that of the dog
and cat Tn other words, stch an extensn e occlusion mmght cffectisely
conert the portal bed from an open to a closed crcwt Under sueh
crcmmstasices the paticat’s effectve crculating blood would prob
ably be trapped m tas splanchause bed It 15 almost certma that of
man s depmied of arculation through hus coronare, wfenor mesen-
ten, spleme, and supenor mesentene vens, he will die The wabdity
of tlas I pothess was well borne out in the cise of Af F, m whom
o onestage resechion of the pancress, duodenum, and portal van
was completed This patient, however, dred 0 shock {in spafe of
adequate blood repl: t) after about erght hours In all
respects thus patieal’s normal cardinascular physiology was dis-
turbed w g fashnon comparable to that of a patient suffering an
oxtemne t of the postal-spk § terie pue
om

v sharp contradistanction 1o tus pahient s B C Thys young
woman requied 3 subtotal pancrestectomn for fibrocaiafic pan-
weatits. Dunng the counse of operahon the portal vom was so
tensincdy tom that 1 had to be sescted as shown w Pigure 66
Lmncdhately after resoction of the portal vem, the prossare s the
wupengr mesentene ven was only 23 am - of sahine 1t was fostunate
of course that the wufenor mcsentene seu m ths patsent entored the
supenor mesentene ven and seeed to decompress her splenchic
senows bed by way of her peluc collaterals She sunned hex o
watne procedure quite unesentfully, and 1t 15 doubtfal whether she
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will ever deselop esophageal vances because her splenic circulation
has been resected and her coronary flow persists unimpeded,
OCCLUSION OF SUPERIOR MESENTERIC AND SPLENIC VEINS It is ob-
stous that the preceding paragraphs have dealt pumanly with
obstruction to portal blood flow without regard to superior mesen-
tenic and splenic vems as distinct and separate entitics. As the avail-
able information upon these two vessels 1s reviewed, it is difficult to
difficrentiate occlusions of erther one or the other or both as impor-

STOMACH

EXTENT OF PANCAEATIC u:sz:;n)n—’
/

REsiouas,
PANCREA!

SUP MES. ¥:
PRESSURE 1 24 cm SALINE

Fig. 66 EC, N
During the course «
the portal vern was .- __ . -
placed nferior mesentenic sein comveniently provided adequate portal de-
compression Because of normal coronary venous dramage, 1t would scem
unlikely that this patient wauld ever develop esophageal varices

tant either chimeally or physiologically It 1s impossible save in one
or two mnstances to find their occlusion separable from that of the
portal vein

In so far as the supenor mesentenc vem and its lesser branches
are concerned, only two relevant facts arc av J)l.:l])]C. One concerns
thrombosis, either bland or septic, of the superior mesenteric ven.
Tlus subject has recently been extensively vrevlcwcd by No'rth and
Wollerman who recognized that mesenteric venous occlusion due
to phlebitis can occur spontaneously m otherwise healthy mndi-
viduals. This condition, first recognized it 1866 by Sir James P:x%‘ct,
has been reported under a vanety of names and has always proved a
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most perpleung clinical entity. Occasionally, it 15 assoclated with
penpheral thrombophlebitis and occasionally appeats to mvolve the
mesentenc vems prmarly. A major vessel may be myvohed and the
picture of mtestmal obstruction, infection, and pentonitis quuckly
appears, or lesser scgments of mtestinal vems may thrombose and
give nise to abdomimnal pain and signs of parhal mtestinal obstruc-
tion with spontaneous recavery

Another and by far the commonest type of splanchmc venous
thrombophlebitis occurs sccondary to trauma, surgical operations,
Teart farlure, and polycythenna The extent and nature of the phle-
bitic process, of course, determine the senousness of the sequelae,
1t may lead to gangrene of a segment of gut, and not mfrequently
has been shown to be the source of pulmonary embol

Recently Madden, intnigued by the possibility of treating circhosis
of the Iner by venous occlusion, hied off the superior mesenteric vein
1 an cffort to relicve the liver of some of the burden of its blood
flow This paticnt rather promptly developed extensive splanchme
infarction and died It seems reasonable to postulate, therefore, that
occlusion of a previously unobstructed superior mesenteric vem 15
not tolerated at all well by man Depending upon its extent, a
major thrombosis of the mesentenic vessels becomes a serious catas-
trophe requunng immcdiate surgical mtercntion

BANTY'S Discasc Before leaving the snbject of thromboss of the
portal-splenie-supenior mesenteric comples of sews, the subjeet of
Bantr's discase, splenic ancima, and congestivc splenomegaly must
be considered. The term splenic anemia was presumablv fisst used

mn 1866 by Gretsel to descnbe a cluld with splenomegaly and an
ancemia

tosis H

of a long senes of papers which led to the common use of lus name
in conuection wath the syndrome as 1t 15 known today Although it
was recogmzed earlier n the nincteenth century that thrombosis
of the portal vem 1n the absence of arrhosis of the Iner led to en-
largement of the spleen, splanchuic venous congestion, csophageal
sarices, and hemorrhage, these obsenations were not generally cor-
1elated with the picturce of splenomegaly and anemua described by
Guida Bantt In s fits avticle on this sabject, Banti aited the case
of a young gul who at the age of sivteen developed an cnlarging
spleen and progressne anemia In lus mutial formulation of this
casc, Bant: pointed out that two years after the onsct of her discase
she was “stuchen with hepatie cirthosis,” but he emphasized that
thus was not Lacnnec’s crrhosis in ats usual form His ongmal 1dea
was that the splenomegaly was primary and that this was semchow
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related to the development of the patient’s cirhosis A fow years
later (1894), Bant: published an article entitled “Splenomegaly with
Hepatic Currhosis” m which hie added three cases to Ius first one
All of these mdiiduals had been followed by um for a long time
and had ultimately come to autopsy.

In hus sccond publication, Bantr outhned the enteria for a diagno-
s1s of the discase which for years has borne his name and which has
given nise to so much chnical confuston He desenbed his patients as
“young adults,” although actually the four cases constituting the
basis for Ins report ranged m age from fifteen to fifty-four years
Banti considered the abscnce of the usual ctiological factors gen-
erallv associated with Lacnnce’s currhosis to be of great importance
In none of lus cascs was he able to chicit a hustory of alcoholsm,
dictary deficiency, mfcetion, poisons, or touns. He believed that the
discase ran a long progressne course, the features of which were
ancima and splenomegaly These antedated the appearance of ar-
rhosis and asaites During a penod lasting from onc to four years,
lus patients had been relatnely asymptomatic General weakness,
casy fatigabihty, and left upper quadrant discomfort due to the
cnlarged spleen were often their only complamts This imtial period
then often merged almost imperceptibly nto the sccond phase of
the diseasc which was charactenized by progression of the ancmua,
digestive disturbances, evidence of carly Iner farlure, and ohguria
He called this the ntermediate phase It charactcnstically lasted
only a few months, and then rapidly progressed to the thurd or ter-
mmal phase of the discase This was charactenized by ascites and
death m Iner farlure Interestingly enough, m none of lus many
papers on tlus subject docs Banti mention hematemesis as a promi-
nent feature, rather he stresses Iner failure as the cause of death.
Although Banti repeatedly pomnted out that the ctiology of this
discase was unhnown, he expressed the belief that the pnimary site
of miolvement was the spleen Furthermore, hie surmused that the
penarternal fibrosts in the spleen wlich 1s commeonly referred to as
fibroadenia of the malpightan bodics was distinctine and pathog-
nomonic

As others, pnmanly interested m splemic enlargement, began to
study paticnts mamfesting this phenomenon, a number of reports
appearcd roughly paralleling Bantr’s For instance m 1900, Osler
reviewed Jus expencnces with fifteen patients whose spleens were
enlarged and who had a defimte ancmia Osler credited Giesiger
with having comed the term “splemic anemia.” Ie pomted out that
he had had no personal expenence with the disease descnbed by

Bant. In addition to the splenomegaly and anenua, Osler recog-
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mized that generalized lymphadenopathy was not present and that
esophageal hemorrhage was occasionally an additional feature of
the condition Osler concluded from Tus study of thus group of pa-
tients that untid a speaific etiology could be found, their discase
would have to be designated as a syndrome charactenized by cnlarge-
ment of the splecn and anemia without lymphatic enlargement

As interest began to be focused upon this chmeal picture, a num-

[T N
mary splenomegaly and septic thiombosis of the splemic and portal
vemns Edens in 1908 for the first time postulated that portal throm-
bosis occasionally became assocated with a clintcal picture similar
to that descnibed by Banti Simultaneously, Cauchois expressed
the belief that Bantr’s was not pnmanly a disease of the spleen but
that portasplenic thrombosis was dircetly responsible for its devel-
opment Warthin 1 1910 and Eppinger a few years later agam
cmphasized the great ssimilanty between Banti's disease and the
splenomegaly devcloping secondary to chronic thrombosis of the
splenic vem Otver the next twenty years, a number of men, chuefly
Hart, Klemperer, and Janabee, stressed repeatedly that m reality
Banti's disease was not a disease at all but a syndrome devcloping
secondary to obstruction of the portal or splenic1cins

McMichael 1n 1934 and Rousselot n 1936 descnve the greatest
credit for finally clanfying the relationship between portasplenic
enous thrombosis and the chmical picture vanously designated as
splenic anema, congestive splenomegaly, and Bantr's discase Me-
Michael reszewed congestive splenamegaly from the pathological
viewpoint under the heading of hepatolienal fibrosis He took us
lead from the pathological changes ocenrnng m the lung sccondary
to mereased pulmonary artenal pressure, and deaided that a com-
patable condition nught est n the spleen wherever pressure was
clevated m the portal senous system Furthennore, e deseribed
penartenal fibrasis and dilated venous sinuses m the spleen when-
cver an acute mflammatory discase of the hver was present He be-
licved that the splenic abnormalities were intensified but not neces-
sanly caused by nereased portal pressure So comvinced was Me-
Michael of the correctness of tus hypothesis that he took the mrcro-
scopic scctions of the spleen, which he had studied, to Aschoff for
review  Aschoff, who Dad seen Banbi's studics, agreed wath Me-
MMichacl that the two lesions were identical By thus time, then, 1t
can be accepted that the fibroadema of Bants had been associated
dircetly with mereased portal pressure
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‘The neat step was taken by Rousselot in 1936 and by Thompson,
Caughy, Whipple and Rousselot in 1937, At the operating table
they measured the pressure in the splenic vcin of a great number
of patients with splenomcgalv and fonnd marked inerancac when.,

. )

ot santi’s disease In addition, they had all had hematemesis, an
i each theliver was normal He showed conclusnely that the clmical
preture 1n all was duc to portasplemic obstruction, usually caused by
chronic thrombosis After nearly fifty years, then, the ctiological
factor involied in at least one group of patients charactenstically
fulfiling Bantr’s criteria has been clanficd Whether i some of the
patients coming under thus general heading 1t wall ultimately be
shown that the discase was mitwated by a factor other than portal
hypertension 15 a question as yet unanswered. Ravenna presents
good evidence that so-called congesti e splenomegaly can exist wath-
out venous obstruction In children there also scems to exist a type
of congestive splenomegaly which 1lora has shown to be unassociated
with abstruction to splenic blood flow. These divergent opinions
have yvet to be reconciled with the bulk of current evidence which
favors the opmion that the majonty of patients have developed
Banti’s syndrome sccondary to portasplenic thrombosts

Out of this wealth of chinical, pathological, and surgical myest-
gation has come the single fact that m man, chronic obstruction of
the portal and splemc vein by thrombaosis leads to cnl o
the splecn, the formation of esophagogastric varices, anemia, and
leukopenia It seems strange that thus picture cannot be reproduced
successfully i the expenmental ammal by operative occlusion of
the spleme vein. Simple higation of the splenic vein m common
laboratory animals leads to httle more than splenic atrophy. In the
monkey, all manner of portasplemc occlusions failed to produce
any thing resembling the picture of Bants's syndrome, splenic ancmia,
or anything other than a transient portal hypertension and congestine
splenomegaly. It must be saad, of cowmse, that sunple ligation is
quite a different process from progressne thrombotic occlusion of
these vessels which 1s the commonly accepted manner in which
the disease 1s produced 1 man,

In so far as Banti's oniginal cases are concerned, it 1 probable that
at least a few of the paticnts in whom he was mterested suffered
from carly cirrhosis which was not far cnough advanced to be de-
tected clmically. T¥ad st not been for the secondary splcnomegaly
and ancmia, these patients would in all probability not have come
to his attention. Others of Ius patients undoubtedly had portal hyper-
tension duc to portasplenic thrombosis, Thus, Banti descnbed
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portal hypestension primanly without, n cffcct, distingwislung be-
tween whether the block was nside or outside the Iner ‘Today 1t
makes relatis cly ittle difference whether the tenm Bantys disease, or
more propetly Bautr's syndrome, 1s retamed ov not 1€ 1t 1y to be
used at all, 1t had best be restucted to portal hypertension due to
extrahicpatic block

The Eck Fistula m Man

"I he apphcation of the Ecl fistula to portal decompression m man
cpitomzes the art and the science of modem surgery. The unfortu-
nate dday of twenty-five or so years which generally takes place
between the deelopment of an operatine techmque m the evpen-
mental annmal and its appheation to man 1s evident The crucial
role modern supportie therapies have played 1n malang the opera-
tion a successful routine is also mamtest Cryptically stated, the
first phase of portal decompression might be charactenzed as making
the operation safe for the paticat, the second as making the paticnt
safe for the operation Eck deviscd Ius fistula m the dog wn 1877,
T'w enty-five years later, Vidal first performed this operation success-
fully i man Forty years passed before Whipple and lus group at
the Presbytenian Hospital m New York City standardized postal
decompicssion for man

As emphasized carhier, Eck had two objectnes m devising his
fistula first, to oppose those who hicld that the dog would die were
portal blood flow through the hyver to be interrupted, sccond, to

he had the relict of mereased portal pressure speetfically in mind
Nor did he mention that Ins fistula nught be uscful for the treatment
of esophagogastnic hemorrhage

‘The ongial suggestions of Bck escaped attention until 1902,
when they were taken up by Tansim who successfully repeated Ech's
wpenments i dogs However, mstead of employng a side-to-side
anastomosts and then bgating the portal vem on the liner side of the

upon the experiments of ‘Tausi, Lonoir i 1912 undertool a porta.
caval shunt m man m the end-toside position As far as can be
determuned, this was the first time that portal decompression was
performed in thus fashion Unfostunately, ths patient died 10 anuna
farts-cight hours after operation.

In rather rapid succession a mumber of contmental surgeons
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mterested themselves m portacaval shunting As ther reports are
studied, 1t 15 difficult to determine the exact chronological order,
for the cases operated upon were not reported separately but were
often merely recorded dunng discussions at onc or another of the
clinical conferences of the day All of the men to be mentioned m
the next few paragraphs did their work somewhere between 1900
and 1918 It 15 remarkable how renumscent of today's problems
are some of the controversics which took place over fifty s cars ago
Franke's msistence that the fistula must be performed between
the portal vem and the vena cava became associated intimately with
the results of Jerusalem's expernments m which the rationale of the
use of a true Eck fistula (1¢ with hgature of the portal vein Iner-
wards) was challenged Jerusalem summed up both sides of thes
question 1 the followmg words. “The possibihity had to be con-
sidered that, in the first place, part of the portal vemn blood would
not be sufficiently detovicated because of the detour around the
Iner and, m the second place, that the blood from the vena cna
mferior with its rich store of adrenalm, might, on reaching the Inver,
cause pathological changes there Exhaustne research, though not
vet completely finishied, has gone far to prove that these fears were
unfounded The ammals, after operation, showed no deficiencies
whatsoever and various methods of deternuning the adequacy of
Iner functron showed no loss of function.” In other words, Jerusalem,
by omutting the hgature of the portal sem Inerwards, devised the
first “false” Eck fistula—a shunt which permutted the porta]'bed h:

e e e o,
accessible for suture and Jerusalem's claims for the advantages of
his “false” Eck fistula, the so-called FrankeJerusalem operation
came nto recogmition as the most anatomically and physiologically
sound operation devised up to this tume

Durmng this penod, Beer clarmed that he had attempted this
procedure twice but 1n each mnstance he had to abandon the effort,
once because of cnormous peritoneal adhesions, and once because
of severe hemorrhage De Martel reported carryimg out the operation
on a human patient who died a few hours later from renal nsuffi-

cency

Jen

AS sas o o -
anastomosts of the portal ven and the inferior vena cava has been
successfully performed n a lning man It may, therefore, be of inter-
est to show you a patient in whom I anastomosed (these vessels)



The Extrahepatic Splanchme Creeulation 187

for curhasts of the hser with ascites and who has, as you will sce,
sumned the operation very well” Although Rosenste carchutly
pomts ont that the mmedate results of the operatron were poor,
there were mdications fise months postoperativeh that the procedute
way not entirch unsuccessful At ths time, the rate and amount of
asertie fluwd formation secmed ta be decreasmg appreciabh Mod
estls, Rosenstoun posnted ont that 1t required great shall and deftness
to place the continuous sutures in the 1essels

White surgeons were working wpon the problcms of mayor shunts.
o uumber af men concemned themsehes with lesser procedures
dengned to decompress the portal venous bed Bogaras successfulhy
sutured one of the lesser mesentenie seins to the vena cava e re-
posted that the spleen becawe noticeably smaller and the asates
dwappeared Gunn attempted unsuccessfulls to anastomose the
portal vein to the ovanan vem, and Viliaed and Tavermer (1910)
created an opening bebween a branch of the supenor mesentenc
row aud the ouanan wan So nartew was this anastomotic chanact
that these authors finally secommended that the infertor micsentent
and ovanan or spermatie vem be used Muersing {1912) estabhished
1 commanmcation between the portal and systorme crrendations by
sutunng the spleme and spermatic and the coronan and syprarenal
wans By and Jarge, these small sessel anastomoses scemed so uns
formls doomed to fal that reports cven of thar successful performt-
ance were neser vers enthusiastically secened

In thar scarch for suceessful small and large vovecd anastomoses,
3t 1s apparent that most of the men concerned were well anare of
the phassolomeal and techneal prablemss winch plague those witer
ested todas i portaf decomrpresston For mstance, Endetlen and b
ansocrates an their extesne monograph covenng the entire subject
pounted out that harm will not be done m camnmg off portal blood
for “hittle crougl bas been passing through the cessed ™ These men
ale observed that w dogs, the venosenoos connection might close
without disturbang the dog Under fhese arcumstances, the entire
poactdl fow would be carned through the collateral Rosenstem
suggested that one of the reasons for unatsfacton resalts m his
successfulls performed shunt rght well hase ber 1ty clawure
Fanons and Lenow coused a consderable furos b proposmng ay
cnd-to side shunt It was argued (mcffectnel however) that nodher
men nor attsials conld sarine without the mmmucdute detovcatme
achon of the Wer upon the portal vem Blood "Jhe danger of com.
pletch occludug portal and cnat flon whkh predomnated cathy
thalsng about these vanous operatiom, Jed mtas to devise ingentous
clamps of one design or another to permit blaod to fow through
those great wessels dunng the course of fashonng the shun.
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In his discussion of de Martel’s announcement of an unsuccessful
portacaval shunt, Vidal in 1910 expressed the opnion that ascites 15
due to portal phlebitis and not to increased pressure. Hemorrhages,
on the other hand, Vidal mantained are caused by elevated lesels
of portal pressure. This casual refereuce 1s one of the cathest indica-
tions that a few men at least concen ed #f .portal decompression as
an operation pnmanly uscful in portal hypertensipn and its attendanty,
hemorrhages rather than m the treatment of d¥ates. Bogoras and
others made the sage obscrvation that onc of the miportant comphi-
cations of all of these operations wag dimimshed urinary output
Tus they tentatively ascribed o impeded outflow of blood from
the renal vems caused by the greatly rgereased mflow of blood mto
the cava from the plethone portal system. OF especial note was
Endetlen’s msistence that, “The operation be not undertaken m
patients m such poor condition as to make it dangerous to life; there
must be the assurance that the patient can survie, or clse the proce-
dure will be discredited ™

The present-day application of the Ech fistula to the treatment
of portal hypertension in man was developed in the Spleen Chime
of the Presbytenan Ho N .
under the direction of .
staff were drawn from
atology, and pathology ... ... .ccuvncr, vun cisviunn we -
published hus first report on the abnormal physiology of the portal
venous bed He and Caughy undertook the measurement of the
pressure in the splenie vem 1n certan cases of hepatosplenomegaly
In some mstanccs, this was found markedly clevated abose normal
In 1942, therefore, Roussclot and Whipple again Jﬂcmpfcgl the
decompression of the portal bed by fashionng an anastomosis be-
tween 1t and the general systemic eirculation, Their imtial efforts to
anastomose a small portal to a small systemic scnous radicle falled,
cven as such efforts had fatled 1 the past Roussclot then had to
cnter army service, and Whipple and Blakemore continued to study
the problem of portal decompression 1 man i

The techmque mtially employed by these two surgcons was simi-
lar n design to one devised many 3 ears earhicr for the dog by Quicrolo

(1895). This early expermenter everted the cut end of the portal
vemn over a glass tube and introduced this vessel and 1its prosthesis
mto an opening i the vena cava where 1t was held 1n place by a
purse-string suture Instead of using a glass tube, Whippleand B]zkfl-
more employed small vitallm tabes sumilar to those Blakemore an

Lord had devised for the end-to-end approsimation of astenes. :'\ppﬂl':
ently, neither Blakemore nor Whipple was aware of Quicrolo’s work
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until they had successfully completed shunts upon sic human patients

Not long aftcr the initiatron of the modem eram portacaval shunt-
g, Blakemorc and others becamne dissatisfied with the prosthetic
techmque because of 2 Tugh meidence of thrombosis ‘They tumed,
thercfore, to the everting suture technique so successfully applied
to arteno-artenal anastomosis by Blalock, by Gross, and by Hum-
phicys In addinon, curved rubber-shod clamps sumilar to those de-

S =
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inf vera cava

big 67 Blakemore's ongtnal technique for a portacasal shunt Although a
sikalium prosthess was emploved for the onginal shunts, this techmgue nas
soon abandoncd in favor of a durcct sutre type of anastomosss

vised by Jerusalem many vears carlier were designed to permut the
construction of the anastomosis without obstructing caval blood
flow In their onginal procedures, Whipple and Blakemore cauployed
ather splenorenal or direct portacaval shunts The anginal llustra-
tion of thar techmques 15 1eproduced m Figure 67 In fashiomng
the splenorenal shunts, Blahemore adsocated that the ladney be
removed and that the anastomosis be performed between the ends
of the splentc and renal veins, Lanton show ed that this was not neces-
sary and demonstrated that an entirely satisfactory shunt could be
formed between the end of the splenic and side of the renal yem
without saenficmng the hidney On the basis of Whipple and Blake-
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more’s demonstration that portal decompression was an cntircly
feasible procedute, the operation m once or anotlier of its many mod-
fications has been widely practiced both m ths country and abroad

The Hepatic Vens

In man, obstruction of the hepatic vemns due to onc or another
cause has been recogmzed as a chimical syndrome for well over a
hundred years Smce Budd's ongimnal deseription i 1845 and Chian'’s
carcful study appcaning m 1899, about a hundred carefully docu-
miented case reports have appeared in the world’s medical hterature
In general, this discase 15 due erther to a pumary endophlebitis of
the hepatic venous dramnage system or to obstruction of the mam
hepatic vans by a benign or a maligant tumor or by an abscess form-
mg either withm or without the Iiver In 1its acute form, 1t 15 charac-
tenized by the sudden appearance of abdomimal pain, nausea, and
vomitmig The Iver and spleen cnlarge rapadly, massive ascites ap-
pears, and death in hepatic coma supervenes withm one to four
weeks In ats chrome form, the course 15 sumlar though protracted
over many months to years. It 1s well recogmzed that if the patient
sunives long cnough, portal hypertension and bleeding csophago
gastric vances may develop

In stew of the stoking picture presented by patients suffenmg
from sudden or progressive occlusion of their hepatic vems, it 1
not surprising that numerous efforts have been made to reproduce
the syndrome 1 experimental amimals Because the hepatic vems are
short and enter the vena cava over a relatinely wide area, most i estr-
gators have been content to produce hepatic senous congestion by
wholly or partially occluding the vena cava just above the hver
Bolton m 1931, Stmonds and Brandes n 1925, and Brandes 1 1929
all expernnented with sudden hepatic senous occlusion m the dog
They showed that systemrc artenal pressure falls prcclpltoushZ that
there 15 marked venous engorgement of the Incr, spleen, and intes-
tinal tract, and that the rate of flow of lymph m the thoracic duct
increases cnormously The dog dies withm a very short time even
as he docs after portal venous occlusion

In our laboratory, having shown that the monkey sunnes portal
\enous occlusion, we became iterested m whether or not thus anumal
mght sunvive hepatic venous occlusion With difficulty a techmique
was deseloped whereby the hepatic vems alone cou!d be occh‘ldlc‘t‘]
without PN T : :
monkeys . Dot . o
Tiepatic Velvus veviusstal capp .o | T D
to withstand the occlusion than was the dog It appears obviou
that both of these ammals succumb to depletion of their airculating
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blood volume mto the liepatic and splanchnic venous beds. Although
n the monkcy the preensting collaterals arc adequate to decompress
the portal system alone, they appear madequate to carry the added
burden of §
of hepatic
Tertself, weves sunvmnnn o, ~n o =
pottal system The complete details of these expenments appear
n Appendix 4 i

Of physiological importance 15 the extensive serics of expenments
1 whieh the vena cava has been partially or progressively occluded
Just helow the diaphiragm Thus, of course, not only produces hepatic
venous back pressure, but retards blood flow i the cava as well Tins
latter orcumstance detracts somewhat from the value of these
studhes, for it introduces reactions over and above pure hepatic con-
pestion ‘The stimulus to perform this type of cxpenment has been
the obsenation that hepatic venous obstruction surpasses alt other
chiologic factors 1 the rate at which asates 1s formed Ongmally,
thesc exeesses of asaitic flud were eaplamed upon a basis of venous

teric cong Although additional factors i the formation

of asaites {low serum albumin and sodm retention) have been
demonstrated, cien these did not scem adequate to eaplam the
degree of asates m hepatic venous obstruction Thus obsenvation,
together with the knowledge that hepatic ymph flow increascd
when the licpatic vans were occluded, led several inmveshigatots to
postulate that m addition to the known factors, the hepatic lym-
phatics might contnbute heasily to the formation of asaites not only
in Budd-Chuau's syndrome but wn the common forms of curhoss as
well Largely on the basis of the studics of Volwiler, Gnndlay and
Boltman, and othus at can be aceepted as proved that the hepatic
hymphatics contnbute unportantly to the formation of ascites
hepatic disease

Of parhicular mterest m tlus connection are the recent miosh
gations of Madden m which 2 scnes of digestion expenments were
performed m ten fresh cadaver specimens 1t was postulated that if
the normal and the discased Iners could be miyected with varymg
colored salutions of hiquid latex and the surroundmg parcnchyma
) rculation conld be
‘Tipe 571 supplicd
. olurcd solution was
wed for the wyection of the mtrahepatic systemue vovous system,
and a yullow colored solution for the wteabepatic portal system,
and a 1ed colored solution for the mtrahepatic artenal arculabion
“The parenchyma was then digested with commaraal HCL (30¢%).
Ten Incr specimens were so miccted and digosted. In fise, cicthosis

.
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of the liver with ascites was present. In three, cirthosis of the hver
without ascites was present In the remamng two, the Iners were
normal. In cirhosis of the hver wath ascites there was no defiat m
the mtrahepatic portal bed On the contrary there was an absolute
mcrease m the trahepatic portal bed However, there was a marked
absolute decrease m the intrahepatic systenic venous bed, so much
so that a reciprocal pattern ewisted between the mcrease in the intra-
hepatic portal bed and the decrease in the mtrahepatic systemic
venous bed On the other hand, in cirthosis of the liver without
ascites there was a symmetuical pattern between these two systems
charactenized by a symmetncal defiat i both the mtrahepatic
portal bed and the intrahepatic systemic venous bed. Accordmgly
these studies would confirm both Hernck and McIndoe From the
studies 1t 15 postulated that Hernck must of necessity have perfused
specimens of carthotic hvers m which there was, clinically, an associ-
ated asates Tlus would explam logically the reason why, gram for
gram of lwer substance, a greater amount of perfusion fluid was
used By the same reasommng one can also confirm the work of
McIndoe by postulating that McIndoe must of necessity have per-
fused specimens of cirrhiotic hvers 1 wlich, climeally, asates was
not an associated findmg Smce our perfusion studies 1 curhosis
without ascites have shown a constant finding of an mtrahepatic
deficit 1n both the portal and the systemic venous systems, it would
cxplam both the dimmution 1 the volume of perfusion fluids uscd
compared to normal, and the portal bed defieits demonstrated by
MeclIndoc 1n Ins digestion expeniments The studies would also con-
firm the cxpenments of Dock who, as previously stated, confirmed
the work of both Herrick and McIndoe We postulate that i the
four Iner specimens used by Dock, chincally, ascaites was present
n two and absent in two
“From thus study we postulate that the pathogenesss of ascites m
curhosts of the Iner 1s not primanly an mtrahepatic portal bed block,
but 1t 1s primanly an mtraliepatic systenuc venous bed block An
casts but ths is only
tfow tract, namely, the

The Hepatic Artery

It would be logical to assume that the portal vem, m view of 1ts
size and umque position m between two capillary beds, would have
attracted the attention of experimental physiologusts long before
the liepatic artery, but such was not the case In 1699 4 no lesser
scientist than Malprgln became interested in the relationship of
hepatic artenal blood flow to the secretion of bile e showed in a
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series of acute expersments performed upon the dog that occlusion of
the hepatic artery did not affect the flow of bile from the common
duct Henle and Hadenbain repeated these expenments many years
later and dagreed with Malpighi, they beheved they were able to
show that mterruption of the contmuity of the hepatic artery re-
sulted m the abrupt cessation of bile flow As mentioned m the
Tustoneal itroduction, another bt of carly evidence concerning the
relationships of bile formation to blood flow was obtaned from a
paticnt whose portal yein emptied directly into the vena cava with-
out passng through the Iner Since thus paticnt was known to have
seercted bile non
dences to the cor
secretion of bile s wae v vy oen oo e .
tion ta hepatic artenal flow 15 not even yet considercd closed 15
attested by the recently reported experiments of Hermann, Jourdan
and Sédallan These investigators, dissatisfied with previous expen-
mental studics, devised an mgenions cross circulation preparation
1 which the Incr recened 1ts artenal blood flow from the artery of
another dog In this preparation hile, normal m every respect, was
promptly secrcted npon establishment of the new crculation Of
perhaps more than passing mterest 1 connection with these expen-
ments was the observation made by these imvestigators that 1s remi-
miscent of Maegrath’s “red” and “blue” preparations referred to
the scction deahing wath the effects of cpmephnne upon the hver
Hermann, Jourdan and S¢dallan noticed that of thar preparations
were not sct up deftly and quickly, the hiers of some of thewr ammals
never regained a normal ruddy appearance Tnstead, they remamed
dull, shrunken, and hifcless

Practically all of the carly expenments upon the hepatic artery
were acute, 1t was many years before mvestigators became mterested
w what would happen to the animal as a whole were its lner depnved
of arterual blood Sunon de Metz m 1828, Kollman m 1857, and
Cohnham and Litten m 1876 studied hepatic artenal occlusion m
the pigeon, dog, frog, and rabbit respeetinely The cffects ware van-
able the pigean was unaffeeted; fatty degeneration was reported
m the frog; and the dog and rabbit died Betz m 1863 antedated

of the gastroduodanal artery did the dog dic’ -
What may be termed the modern cra i the study of the physiology
of the hepatic artery began m 1909 with the work of Haberer and
Baudoum Both these men showed that most common laboratory
2amals dic follow g complete mtermuption of their artenal blood
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flow Although these anumals were just as certain to dic as were those
with thew portal vems hgated, it was evident that the time relation-
ships differed sharply. Following portal ligation the cat and dog
died withn a matter of minutes or at the most hours On the other
hand, death did not follow hepatic artenal higation for a penod of
many hours or ¢ven several days In addition, the difference on post-
mortem exammation between the livers was stuking: hitle 1f any
change was noted after portal ligation, whereas after artenal occlu-
sion the hver was necratic The success of these early experunents
n producing hepatic necrosis was dependent upon how completely
the Iner was deprived of its oxvgenated blood

Early Haberer emphasized that m order to produce hepatic necro-
s1s m the dog, the duodenal and the nght gastric as well as the
several hepatic artenal branches must be securcly higated, From this
carly date on, all mterested m the physiology of the artenal supply
to the liver have realized that partial dearteralization of the Iner
15 meffective Nat onlv can small collateral channels be everlooked,

i o . R
sion In the dog, Shaw, Frascr and lus assocrates, Davis and Tantun
and others hasc shown that the mortality of apparently complete
mtrahepatic deartenialization 1s about 35 per cent Asa result of many
expermments 1t has been Jeamed that onc of the mast saluable
entena of complete dearterialization of the liver 1s necrosis of tllc‘
gallbladd

that the ¢

demonstr
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liration of the hepatic arterv, there appeared a few years later many

Boy 57: and McFetndge deaided from their studics that death was
caused by the hiberation of tomc matenal from postmiortem cnzy-
matic degradation of the lier proteins The next contrbution to
thus subject apveared m 1916 when Narath agam demonstrated that
all of hus
when he .

ven, the aimmes ves « oo wepee A ,
Save for these relatnely mfrequent expenments, mnterest an the

hepatic artery did not agan become apparent for almost twenty



The Eatrahepatic Splanchnie Crrculation 195

years As related 1 the Eighth Macy Conference on Luver Injury,
Markowitz, after beg mterrupted by the war, agan took up lus
studics on arteriahzabion of the lier after hgature of the liepatic
artery Waorlang indefabigably on tlus subject, Markowatz success-
fully created artcnoy enous fistulas between the aorta and the portal
vem, between the aorta and sena cava and, combined with a reverse
Eck fistula, between the splenc artery and vemn, and betwcen the
hepahic artery and portal vem Because these techmques were only
mdifferently ‘successful, Markowitz was msprred by Gnndlay and
Bollman’s work on the hepahic Iymphahics to use Transflex tubing
coated nside with silicone to jom the splenic artery and vein. Because
he could not be sure Ius techmque was really aseptic, Narkowitz gave
Ins ammals pemallin In every mstance, these ammals surined
licpatic deartenalizahon Howeyer, when the tubing used to join the
hepatic artery to the vein was examined after the animals were sacn-
ficed, 1t was avanably found occluded by a thrombus Obviously,
the next step was to hgate the hepatic, gastroduodenal, and nght

;L;pll-ncof a gangrenous gallbladder In the ammals that sunned,
the N !

TP, R

they be continued longer than five or six days Thercafter, pemallin
was not nceded for sunnal Iartroft, who studied the micrascopie
sections of the liver in these amimals, was unable to 1dentify anv
sigiificant abnormalities Thus picture was i sharp contrast to that
cncountered m the livers of apimals untreated with pemeln Here,
branches of the portal vemn were seen filled with masses of bactena

From these experiments, Markowitz concluded that the function of

tosns Fusther, he evpressed the opiion that the major organism
concemned, 1f 1t was not the Welch baenllus atself, was at Ieast an
unportant vanumt From Ins studics, he concluded that functionally
pemcillin replaces the hepatic artery 1 so far as the Iner 5 con-
cermned Marked atrophy of the gallbladder, however, follows com-
plete hepatie deartenabization He found that in an extended sencs
of dogs with deartenalization of the Incr and adequate perucithn
therapy, the mortahty was about 35 per cent alf of the ammals
that died succumbed to perforation of the gallbladder and bile
pentonitts The cause of death m the remaming fatahitics rematns
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obscure Unprotected by pemcillm, the mortality was regularly al-
most 100 per cent In these, the ver presented asa shinlled, mushy,
stnking, crepitant mass. Markowite’s ongimal studics were promptly
repeated 1n other laboratories over the country and his findings con-
firmed In addition, other antimncrobials were tnied, and many of
these were also shown to be effectic in replacing the function of the
dog’s hepatic astery

As might have been evpected, these esperiments hase led to a
great deal of speculation concerning other aspects of licpatic artenal
physiology, not only mn the dog but also m nuan. For mstance, it
remams to be discoscred at precisely what level of ovigen tension
mtrahepatic canine blood must be kept to prevent proliferation of
anacrobie micro-orgamsims Of great importance is the question of
how successfulls the results of these experiments in the dog can be
applied to man  Mann, Bollman, and Grmdlay have asked a most
pertment question “Why do dogs survive after pemerllin has been
discontinued?” ‘They doubt that a sufficient number of attenal cal-
laterals have developed in this short penod of tme On the other
hand, Fraser and his associates behiese that it 1s entarcly a matter of
raprd development of collateral artenal blood supply.

In our laboratory, after proving that m the majonty of mstances
the Macaea mulatta monkey sunvves sudden portal occlusion, we
turned to a study of hiepatic deartenahization an this same ammal.
In 20 monkeys of this species, the hepatic artery was completely
teseeted from s ongin on the aws to its vanous points of catry nte
the Iner All of these ammals save one survived, chnically undis-
turbed by the procedure Fune recened a combimation of penicilin
and dihydrostreptomycm, while 15 did ot recene antimicrobial
therapy. Routme cultures of shees of ther hners were performed
both acrobically and anaerobically These were all negatne. It has
been concluded, of course, from these experiments that hepatic ar-
tenal resection m the monkey 15 3 fundamentally different problem
from that encountered n the dog The complete protocols of these

thres groups of patients: those 1n whom the hepatic astery has been
ligated accidentally, those in whom the hepatic artery has been oc-
cluded slowly by an ancurysm or tumor; thosc in whom the hepatic
artery has been deliberately occluded as a treatment for portal hy per-
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have been the site of a greater or lesser degree of nfection. In the
last group the huer, of coutse, has routnely been the site of authoss

"The subject of accidental ligation of the hepatic artery has been
masterfully roviewed by Ratter in 1922 and by Graham and Cannell
w 1933, Ater analyzing 27 cases previously reported and studying
the 13 recorded deaths, the latter authors concluded that acadental
Lgation of the hepatic artery 1 man s always a scnious, but not
necessartly a fatal, catastrophe. They pomt out that the prospect

Tig 65 Graham
degree of hep e fice
of the common hepa. - ..
20, 1932-33 )

of hyer necrosis mereases steadil as the point of hgature 18 moved
toward the penphen of the artenal arcuits compnsmg the ow-
genated blood supph to the Iner Tu sharp contrast to the dog,
hepatie artenal msufficenes. w man wmakes its appearance com-
panatnelv late after the acadant Tus, Graham and Cannell pomt
out, makes reevplorahion of the abdomen wrgenth mdicated should
such an acadent be suspected

Of particabar mterest m relabionstup to the cxperimeuts upon the
Macaca mulatta monkey 1 the case constituting the basis for Gra-
lam and Cannell s report Thus patient’s hepatic arten was removed
one iuch from its ongm on the cchac avs m the cousse of a gas-
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obscure Unprotected by pemciln, the mortality was regularly al-
most 100 per cent In these, the Incr presented as a shrivelled, mushy,
stinking, crepitant mass, Markowitz's ongnal studies were promptly
repeated i other labarataries over the country and his finduigs cou-
firmed In addition, other antimicrobials were tred, and many of
these were also shown to be cffectine m teplacing the function of the
dog’s licpatic artery

As mught have been evpected, these expenments have led to a
great deal of speculation concerning other aspects of hepatic arteral
pliysiology, not only m the dog but also m man. For mstance, 1t
remains to be discovered at preciscly what level of ovygen tension
witrahepatie camine blood must be hept to present proliferation of
anacrobic micro-orgamsms OF great importance 1s the question of
how successfully the results of these experiments m the dog can be
applied to man Mann, Bollman, and Grindlay have asked a most
pertment question. “Why do dogs survive after pemicillin has been
discontimued?” They doubt that a sufficient number of artenal col-
laterals have developed m this short penod of time On the other
hand, Fraser and lus associates beliese that 1t 1s entirely a matter of
apid dexvelopment of collateral arterial blood supply.

In our laboratory, after proving that m the majonty of instances
the Macaca mulatta monlkey survnes sudden portal occlusion, we
turned to a study of hepatic deartenalization n this same anunal
In 20 monkeys of this species, the licpatic artery was completely
resected from its ongm on the avs to its vanous pownts of entry mto
the Iner All of these ammals save one sursned, chinically l.lﬂdlS'
turbed by the procedure Fre recencd a combmation of pcmcnll‘m
and dihydrostreptomycmn, while 15 did not recene antimicrobial
therapy. Routine cultures of shices of therr Iners were pcrf(zm‘lcd
both acrobically a
been concluded, o
tenal resection n
from that encountiaca s wo v wvg - oom -
evnenments are recorded i Appendix 3

i1g4fﬂx aecidentally: those in whom the hepatic artery nas peens e
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tion for ancurysm as compared to the less disastrous results after
acadental higation However, resolution of this apparent conflict 3
not too difficult 1f the exact location of the aneurysm is tahen mto
account and 1f 1t 15 recalled that the more peripheral the lesion the
greater the hikehihood that hiepatic necrosss will follow any attempt
at 1ts removal or higature of sts feeding vessel It 18 more than prob-
able, however, that a lesion of the common _hep:’lhc artery could b‘c

The possibility that an anomalous artery also mght be prescnt must
be considercd, for if 1t caisted resection of an aneurysm mught well
be embarked upon with great promise of a successful outcome A
vigorous approdch to the treatment of these lesions 15 imiportant,
for they are quite as apt to rupture as are so called berry ancurysms
occurnng elsewhere 1 the body With improvement 1 vascular
surgery, 1t can be hoped that n the future a resected hepatic artery
may be teplaced by a graft Artenahization of the portal vom, suc-
cessfully practiced 1n the expermental ammal, might also prowide
safety to a pahient whose hepatic artery had to be resected for ancu-
rystm or mvasion by a malignant tumor Those who would hesitate
to fashion a fistula between the hepatic artery and portal vem for
fear of delcterious cardiac effects must remember that under these
crcumstances the general venous arculation s protected from the
untoward effects of such a fistula by two capillary beds

At the momcnt, the final word has obviously not been wntten
upon the physiwology of the hepatic actery As in estigations praceed,
however, 1t can be hoped that accidents to and discases of this 1m-
portant vessel may be brought successfully under surgical control

In embarlang upon a discussion of hepatic artenal ligation as a
form of trcatment for csophagogastric humorrhage secondary to
portal hypcrtension, a highly controversial field 1s entered As a
therapeutic measure this was first proposed by Rienhoff and shostly
taken up enthusiastically by Berman and others Apparently, sts
rationale 15 based upon the ongmal obsenvations of Hemnck who
believed he was able to demonstrate that m arrhosis of the Tiver
abniormal communications devetoped betwcen the hepatic artenioles
and the smaller radicles of the portal venous svstem In this fashion,
a portion of the hepatic artenal head of pressure was transferred

contnbutions have not been confinned, al!ho{lgh here and there
cvidence has appeared indicating that there might be some «irtne m
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trectomy for a pylonic carcmoma The patient died upon his seventh
postoperative day, presumably from a diffuse bronchopneumonia.
At postmortem exammation, msigmficant areas of hepatic necrosts
were found mn the left lobe of the ver (Fig 68). Nesther was there
clincal nor postmortem evidence that the ligation of the hepatic
artery had in any way caused this patient’s death, exther directly or
mdirectly So closely does the picture mamifested by this patient
resemble that encountered i our expeniments upon the monkey
that there can be little doubt that man’s hepatic arterial physiology
resembles that of this prnate far more closely than it does the dog’s

Superficially 1t mught be argued that the admimstration of large
amounts of pcmcillin to man 1s unnecessary, save for the fact that
under the crreumistances in which acaidental ligation of the hepatic
artery 1s apt to overtake the unwary surgeon, hepatic infection of
one sort or another 1s almost sure to be present Few patients with
ather acute or chrome bihary tract discasc are entirely free of both

deartcrialization duc to one cause or anot‘hcr, that the livers of 5
contained gas This was proved to have been due to the Welch
baallus It can only be coneluded, therefore, that though the human

tions the hiver nught be flooded with highly pathogenic organisms,
prophylactic antimicrobal therapy must be considercd essential
whenever 1t 1s Iikely that hepatic artental blood flow nught have been
compromsed

In man, attention was probably first called to the hepatic artery
by recogmtion of the fact that this vessel can be the site of anenrysm
formation One of these mtereshing lesions was first descnibed
1856 by Ledien m which the blood m the aneurysm had clotted and
completely occluded hepatic arterral flow This latter case for the
first ime demonstrated that if occlusion of the hepatic artery occurs
slowly enough, collatcrals can completely take over the function of
this vessel Ina tecent review of this subject Grant, Fitts and Ravdin
discovered 87 ancurysms of the hepatic artery reported 1n the world’s
medical Titerature Of these, only 3 have been cured and they by
Iigation of the artery These authors found that ligation had been
tried m a number of additional nstances, but the mortality from
liver necrosis had been so high that Iigature as a form of therapy
had been studiously avorded by most surgeons Superficially, it
pught appear difficult to explain the poor results obtamed i liga-
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As far as can be determmned, man reacts to hepatic deartenahza-
tion m 2 mauner diffening sharply from that 1n both the dog and the
monkey Complete mterruption of the hepatic artenal supply to
tlus organ 1n man results m massne wfarchion and death, generally,
howeser, without any cuidence of intrahepatic bacteral prolifera-
tion Only by presenving some measure of hepatic arterial flow can
man sunne Thus, hgation of the hepatic artery on the Iner side
of the gastroduodenal vessels 1s fatal Ligation of the common he-
patic artery, however, 15 compatble with hfe There 15 some ¢vi-
dence that m patients with arhosis these physiological facts may
be violated without endangenng hife

Noather the dog nor the monkev sunives occlusion of both the
hepatic artery and the portal vem Although such a catastrophe has
never been reported m man. it seems justifiable to conclude that
were 1t to happen, man, too, would promptly succumb to massive
hepatic mfarction * For practical purposes, combmed hepatic ar-
tenal and portal venous occlusion may be considered fatal With
the demonstration by Markowitz and others that the dog tolerates
hepatic deartenahization provided the ammal 15 protected by pem-
allm, Rappaport visualized a new ascnue of approach to expen-
mental hepatic ischerma He was stunulated to see whether the
chinical syndrome of hepatic coma could be induced 1 dogs by

- , . \ N

L . .
Regraseeyy orbos g oo
therefore devised a threesstage and later a two-stage procedure as

but therc remamed sufficient siable hepatic tissue to maintam hfe
Clineally, these ammals presented practically all of the features of
non lethal hepatie d P 1on In some, widespread edema ap-
peared which could, astomshingly enough, be controlled by the
liberal admmistration of 50 per cent glucose solution Fue dogs
* Smee the ongmal prepatation of this manuscript, 1t has been the author's
mufortunc to have rexccted the portal vem and maduertently to have placed
a higature tighth about an aberrant branch of the nght hepatic artery duning.
an en bloc resection of the licad of the pncreas for an advanced caranoma
At autopyy }t‘hc Teft ]Eepa:l%{clrllnry was normal, but the nght was the site of a
massne ischermse mfar
Togh fever and m amusa NECH EF 11 Aaogg > " cperabon waih a
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reducing hepatic artenal mflow Dock, as a result of Ius studlics,
concluded that, “In treated alcohohic cirrhonis, with ascites or danger
of fatal hemorrhage, procedures to reduce hepatic wilow may be
worth consideration * Opposing these two views, of course, are those
of McIndoe who believed that Iner falure ultimately oceurred when
hepatic blood flow, first portal and then hepatic artenal, all but
ceased. If this be true, hepatic arteral higation could hardly be recom-
mended

As the reported cases of hepatic arteral ligation are revicwed, great
disappomtiment as to the mmediate fects on hfc 15 apparent
That some patients survnnc undisturbed 1 obvious, that others dic
witlin a few days of diffuse hepatic necrosts 15 cqually apparent. In
the fall of 1952 at the Surgical Forum mectings of the American
College of Surgeons, current opsuon was well stnmed up m the
discusston of sex eral papers on this subject. It was the consensus that
hepatic arterial hgation night ultimately be proved feasible and
beneficial m certam patients with arrhosts Up to the present himie,
techmques for the proper selection of cases have not been daveloped
In spite of the many controverswl aspects of tlus problem, it scems
reasonable to conclude at the moment that the paticut with cir-
thosis probably tolcrates hepatic artenal occlusion better than docs
normal man The therapeutic application of higation of the hepatic
artery will be discussed further under the treatment of portal hyper-
tension

SUMMARY OF EFFECTS OF HEPATIC ARTERJAL AND/OR
PORTAL VENOUS EXCLUSION

In the preceding sections, the effects of complete exclusion from
the hncr of ather portal or hepatic arteral mAow were reviewed As
far as can be determuned by the methods asailable today, the hver
tolerates total exclusion of portal flow very well. Only one of 1ts
normal faculties 15 lost—the power to regenerate By portacasal
transposition, Liowever, .
turned almost, if not ent
hepatic regencration ma, ... . .
of blood flowng through the hiver than to any specific factor con-
tained only i portal blood

Hepatic dearteriahzation by rescction of the hepatic artery 15 fatal
to dogs unless itrahepatic proliferation of the Welch baaillus (an
orgamsm ndigenous to this ammal’s haer) 15 prevented by onc or
another of the antunicrobials to which tlus orgamsm 15 sensitise.
In sharp contrast to the dog 1s the Macaca mulatta monkey, for its
liver does not normally harbor pathogenic organisms. Here, resce-
tion of the hepabie arterial tree together with all its twigs 1s not fatal.
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amount of blood delincred by the hepatic artery, produced an e
permental preparation w wich torrents of artcnal blood were
passed through the hacr without at the same time mereasg portal
pressure ‘1 hus was accomphished by means of a vem graft conneching
the side of the aorta with the hepatic eud of the portal vem The

Fig 69 Implantation of hepatic arteny wnto the portal van (dog) 1n A s
demonstratcd b twa atrows the pomt sclected for mplantation In B s out-
lined the techmgue of inplintation (From Schulhing. McKee, and Wilt
Surg, Genee & Obst, val 90, 1950 )

splanchnie cnd of the portal vein was implanted mto the vena cava
as an end to side Eck fistula An aortogram obtaed by Cohn and
Herrod s weel s after establishing such a double shunt 1s seproduced
w {igare TG

Scrveral unportant comments may be made upon this type of
arteniovenous fistula It 18 entirely possible that shonld it become
nceessary to resect the hepatic artery for an ancurysm or should the
sessel be iseparably damaged duning an upper abdonunal operation,
hepatic necrosis could be presented by artenalization of the porta!
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subjected to tus techmque died after thity-one to nincty-six hours
m coma. Five additional ammals were m coma from three to seven
days and then recovered The success of the expenments depended
upon the care with which the stages were spaced. As a result of these
myestigatnne cfforts, Rappaport espressed the conviction that the
cluneal prcture appeanng 1 these ammals had many features m
common with that of human patients suffermg from comparable
degrees of hepatic ischema Worthy of comment 1s the fact that
many years ago Mclndoe predicated hepatic fmlure on final fardure
of 1ts blood suppls. By adding carefully controlled biochemical
studics on the blood and plasina i these ammals, Rappaport v
pressed the hope that the brochemical patholozy of hepatic failure
and coma may be clanfied

ARTERIOVENOUS FISTULIZATION OF THE PORTAL VEIN

As long ago as 1916, Narath, well awarce of the fatal conscquences
of hepatic deartenahization i toth man and dog, designed a num-
ber of expcriments to discorer whether the Iner of the dog could be
artenahized bv way of the portal ven He attempted to implant
aither the hepatic artery or renal artery mto the portal vem n a large
series of evpenments Only two animals sunnced any apprecible
Tength of timc, thrombosis des eloping m the fistulas of the majonty
of lus ammals The cxperiments, however, convineed ths early m-
vestigator that the hver could indeed sunnve were sufficient arterial
blood carnied to 1t by wav of the portal vem

Lattle further mtcrest was expressed m this type of expeniment
until over fifteen years later when Nacgeh attempted to artenahize
the portal system by means of a fistula between the hepatic artery
and supenior mesentene vem The majonty of lus cxpenments were
unsuccessful as were those of Gluron and Badalla who used the
spleme vein and hepatic artery. Markowstz’s recent anterest in ar-
tenalizing the portal vem led dircctly to the discovery that the
hepatic artery could be higated successfully m the dog provided this
ammal was gren large doses of pemaillm Sclullmg and his asso-
ciates believed that 1f a proper technique could be deviscd, the portal
vemn could be artenalized Tlus they accomphshed m 1950 by m-
planting the hepatic artery mto the side of the portal vein. Their
ongmal 1llustrations demonstrating therr method arc reproduced m
Figare 69A and B Many of Sclulling’s anmmals survived up to eight-
cen months At the <nd of Hs penod, there was no cyidence of
mesentenc congestion, mereased portal pressure, or cardiovascular
abnormalitics. Liver funchion was normal,

The most recently descloped methed for arterulizing the liver
15 that of Cohn and Herrod. These men, dissatisfied with the small



CHAPTER 13
Portal Hypertenston

HISTORICAL

ANY essay proposing to consider the early hustory of portal hypes-
tension must of necessity deal with a number of exasperating va-
ganes Probably the most difficult of these to mterpret correctly 15
whether or not the physicians of years ago appreciated that splanch-
nic congestion, hemorrhoids, esophageal vanices, and even ascites
were a more or less direct consequence of elevated portal pressure
Certamly 1t 15 true that thesc terms were then m eversday usage But
equally certam 15 3t that nerther portal hypertension nor elevated
portal pressure was ever clearly defined at a very early date If 1t be
accepted that one or a combmation of these descuiptive terms may
be mterpreted to mean that patients mamfesting these varions chn-
1cal signs were hnown to have a lugh portal pressure, then the ongin
of portal hypertension can be traced back to the carly eighteenth
century On the other hand, if the only acceptable critenia of knowl-
cdge of elevations m postal pressure be the use of the term portal
fy then the first 55 of the exstence of this phe-
nomenon appeared dunng the first quarter of this centurs, alimost
three hundred years Jater

For mstance, as carly as 1748, Stahl apparenthy obscrved that
somehiow the portal vem, the spleen, and hemorrhoids were related
in a vague disease syndrome In studymg Stahl's half medical, half
metaphysical descriptions of disease, 1t 15 dufficult indecd to deaide
Just what this great German thought about the varions chinical con-
ditions known today to be mamfestations of elevations m porta)
pressure  Furthermore, m reviewing the medical dissertations of
othcr great German physicians such as Kocniff and Ratkem, 1t seems

L '

cairculation, and splanchnic venous dilatation It seems to have beAen
205
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van Were such a fistula to be created, the question might well be
asked whether the undesirable carduac sequelac of a systemic arterio-
venous fistula should be antictpated  Probably not, for a capillary
bed would be mtcrposed between the fistula and the low pressure

"y

Fig 70 A of the Inet
by micans of an cnd-to side autogenous venous graft situated to the lver end
of the portal vein and the side of the aorta By this techmique Cohn and Her-
rod di d marked of the Iner, under which curcum-
stances, however, the lner was able ta cany on its functions noumally. (From

Colin and Herrod Surgery, 1ol 32, 1952 )

systermic venous system. Whether tins would protect man from
cardiac failure 15 not known. Cohn and Herrod’s intimation that
cuthosss of the Liver mmght be bencfited by mcreasing the attenal
blood supply by means of such a fistula 1s an mtriguing suggestion
which as far as 1s known has not yet been tried.
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to portal venous obstruction Endetien wrote that, “If hepatie o
thows antedates the th bosis and as a ¢ ] of the com-
promised mtrahicpatic Grculation the csophageal veins are dilated,
then over-fillng of these s s must lead to rapture and wnmediate
csophageal hamorthage 3 arshoss 35 not prosent, hemorthages
oceur much later and arc less dramatic” At ths same time, 1t was
recognized that shen medistinal and ceny 1eal collaterals were un-
able to transfer the blaod of the overburdened portal system to the
medmastmum, the “congestion passes mto the nasal vemn and nose-
bleedings ensue” { Enderlen)

Preble, m 1900, presented 2 well documented zeport of 60 patients
with cirrhosss of the liserwho bed to massne at
hemorthage In BU per cent of these patients, vances were demon-
strated at the e of sutopsy, and in many the actual site of cronen
from winch the hemerrhage occurred could be demonstrated Even
Preble, howerer, was unsure as to preaisely what was the cause of
bleedmg Fe. therefore, expressed the opsmon that i patients with
vances which hed developed m sesponse to portal obstruction, the
hemorrhages possibly cd an ovp of an acquired
hemorthagic dithens As Preble’s watings ase reviened as a whole
howener, st 1 cuident that be behieved that the vances appeared m
rosponse to mcreasmg wcrements of pressure withm the portal
system In an cfort to explam what he assumed 1o be an abuous
mterference with portal blood flow, he hypothetwally mmphicated
the loss of elastity of the Iner, wlich was well recognized as a
feature of arrhons

About 1912 interest in portal pressuze abated, and httle important
reference to the subject can be found until many years Tater tn 1928
Nelndoe, whose punstaling expenuments on curhosss have been
referred to elsewhere, reached the conclusion that the poxtal pressure
must be clevated and he also used the temm portal hvpertension
Furthermore, he encouraged the surgieal world to pay grester atten-
fon to thi discase and 1o try to reduce the pressure by formung a
fistula between the portal ven and the vena tanva A fow years lfater
MoMichacl became dm t 1 Iy and, rca
soning from pulmonary by pertension, deaided that the changes seen
m the vens of the splanchnic bed and spleen could most logically
e evplaed upom 2 bass of elevated portal pressure The term postal
18 gsxtgn:;on also {oung favor 1r:1 McMhichael's eyes

1th these many mdirect evidences as a backgroun
m 1936, and Thompson, Caughy, Wihipple and ig(oussgl’osl?sls;;%*
reported that they had actually succeeded m measuring the prcssun;
m the splerie vewm of patients wath enlarged spleens who also pre-
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unthought of that currhosis caused obstruction to portal blood flow
unless portal thrombosis appeared to complicate the pumary discase
As far as extrahepatic block was concerncd, this scems to have been
overlooked entirely duning these carly days
In 5o far as vanices of the esophagus are concerned, 1t 15 obvious
that thewr chimcal importance was barely recognized until some-
where about the nuddle of the mneteentl: century In this country,
Power was onc of the first to describe accuratcly masstve hemorrhage
from csophagogastric varices In 1840 he reported the autopsy find-
mgs upon a colored man who dicd after a long senes of csophageal
hemorrhages Power desenibed a large plesus of tortuous and dilated
vems at the lower end of this man's csophagus. In onc of these,
he noted a large ulceration from which he could cypress copious
amounts of blood He wrote, “Varncose vemns of the csophagus
have never met with before, nor have 1 found any similar case 1¢-
corded, they may sometimes exist to a Jesser degree, but T doubt
whether their presence to such an cxtent, and death caused by their
rupture, be not something as yet unheard of m pathological anat-
omv " Although Power concluded his report with a detaled descrip-
tion of the stomach, heart, and other organs, he failed to mcntiqn
the liver o1 the spleen, nor did he intimate that emorrhage was in
anv way assocrated with mercased portal venous pressure. Upon this
report, Power based his claim that i publislung 1t he had recorded
for the first time a patient who lad died of hemorrhage from vances
of the csophagus
On the continent, Fauvel mn 1858 desenbed a case similar to
Power’s So rare was this constdered that when Frerichs a few years
later published Ius extensive monograph upon the Iiver, he referred
to Fausel's case as the only onc upon record of bleeding from
esophageal vanices that he, Frenichs, had ever heard of. Despite hus
masterful discussion of discases of the ver, 1t is impossible to be
entirely sure that Frenchs associated varices and hemorrhage with
hner discase or wath the portal vein
Around the turn of the century, it became obvious from the writ-
mgs of a few men that the concept of clcvaho)l 1 portal pressure
was beconung more concrete In about 1900¢ Gilbert and Werl,
Villaret, and Pichancourt (1913) interested themselves an the pres-
sure of the asaitic fluid m patients with ascites They found that this
often measured as lugh as 300 to 400 mm of saline From this, they
rcasoned that the pressure m the portal venous system must be ele-
ated In makig tlus assertion, these men were actually.the first to
leC,ﬂlEMtC m_portal hypertension Heller, Josseln de Jong, and
Lnderlen all mdicated that vanices of the csophagus form in response
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yapomicum often leads to curhosis of the hner, and in 4 large major-
ity of these patents exvangumating hemorrhages from ¢sophageat
vanees ate seen Lazzan and Rack, Minat, ond Puntap and Ius
assoewstes have reported severc degrees of portal s pestension o
curnng m pahicuts with hepar Johatuny, Bocek’s sarcaid, mnd home? <
cheomatosts As time goes on, other causes of portal hypertension ™
will undoubtedly be dusclosed It must be mentioned that thewe are
those {Resch) who believe that portal hypertension ongmates 35 a
iffuse, widespread selerosis of the entae splanchme venous bed,
both wtrahepatic and crtrahepatic

In tumnimg to Whipple's second classification, that of extrahepatic
portal block, an inteseshing array of pathological eantibics 1 cacoun-
tered which may lead either to septic or bland thrombosis of the
portal, supenor mesentene, or spleme vans Trauma was carhy
recogmized as a defimtc factor Heller i 1904 reported that a young
warpenter thirty-sn years of age, after jumping three-quarters of a
mcter mto 2 boat, suddenhy felt famt and Yapsed mto unconscious-
ness Shosth thercafter, he vomited a small amount of bnght red
bleod Twe rears hater, he succumbed to 3 massne gastne hemos-
rhage, and at autopsy an extensne thrombotic process m the portaf
sam was disconered Although vancose vews were tot specifically
desenbed, the patient's gastromtestmal tract was Glled with blood,
and the spleen was tremendoush entarged One of Whipple's carhost
cases was that of 3 young pohceman who was strock mn the ept
gastum by the shaft of 2 ranaway wagon T patient eatly de-
1cloped the typacal pectuse of a tranmatsc evst of the pancreas Later
e presented the dassic sgns of congestue splenomegah

AMesentene thrombosss un ols g the portal van 15 know i to occur
follow g operative procedures watlun the pelis 1t 1s well recog-
nuzed that tromboss of the splenic van 15 one of the miportant
compleations following splencciomy  Mesentene py lephichitss 1
onc of the major causes of portal venous thromboss and was finst
comprehiensneh meviewed by W Langdon Brown s 1901 Acute

ppend hahts, bahary wf , pucrperal sepus, and
host of ather abdommal mfections have been reported as the source
of wiected thrombs leading dicectle to portal thrombophlchitis
Ssstanie mfections have also been monmumated Mallon reported
a patint whase thrombosis was ascnbed to mastoidits Warthin
ascnibed the thrombs m one paticnt to prmary anerma, while Sauth
and Farber atinbuted its desclopment in one pakient to scadet fever
Baut: felt called upon to explain the desclopment of phlcboscicross
56 otten scon i congestne splenomegaly Thas he did by postulating
that a toun was elaborated within the spleen which, when liberated
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sented the syndsome of Bantr's disease ‘They domonstrated that
hiere the pressuze m the spleme vem was smdced elevated many tunes
above normal With thny onginal demonstratian as a stunulus, the
measurement of portal pressare hecame a routme observabion in
pattents whose spleeny were enlarged, whose Mers were curhobe,
and who preseated cither ascites or vances or both Even though this
was o diagnostte test wiuch required cehotomy, these shortly began
to appear 2 sufficient number of postal and splenic pressure measuze-
ments to stablish portal Iy pertension as a venfisble chimscal entity,

ETIOLOGY

With the demonstration of portal hypertensson as a chnical syn-
drowme capable of producing a vancty of effccts such as splenomiegaly
and esophagogastric sarces, Whipple m 1945 propased that all pa-
ticnts with portal by pertension be disaded into I climeal groups:
those m whom the block 15 duc to_mtrahepatic disease sad those
m whon the bleck hies autside of the hver In €ar the greatest number
of pattents fallmg mto the fisst category, the block 15 due to -
thosis Although many theorics have been proposed m explanation
of the nature of the block n carshosis, «t seems unhhcly that the fast
word has set been watten Ongmally, st sas thought that hepatic
fibrosis so compressed the porzal senules that bleod flow s the pre-
sinusordal vessels was comprommsed Melndoe, Madden, and others
have shown that mstead of the presinusordal or portal venules neces-
sautlv being imvohved, just as often it 1s the hepatic venules which ase
so dustorted and shranken that they are unable to canry off from the
Isser normal amounts of portal venous and bepatie artenal blood.
Certamly s the Chiar-Budd svndrowe, which too 1s hnown to be
associated with a high degree of portal hypertension, it 1 the post-
sinusoidal rather thar the presmusordal bed which 1s compromised.
Yet another pomt of view has been expressed by Kelty, Baggenstoss
and Butt who have demanstrated by means of wax reconstruchions
af the I er m errthosss that the lumina of many of the mtrabepatic
vems are partially obstructed by regenerating nodules of lner fissuc
Whatever the final yudgment may be, 1t should alse be zecafled that
chically significant levals of portal hypertension are not necessanly’
an accompanunent of crrhons That t develops m some 15 abuious
and has been demonstrated too many times to require further com-
ment here 1t 15 Patek’s opison that chacally inportant elevations
1n portal pressure deselop i only about one-thid of pahents with
Laennec's cisshosts T Abrens's study of patients with hary o
al hypertension was cacauntered w onehalf of the

thosis, potk
pﬂnenvisp Infestation of the Iner wath Schistosoma mansons aud
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cither within or without the Incs The elevation m portal pressure
s hnown to be the mamfestation of a vanety of discase proccsses
rather than a dusease m and of itself The primary climesl mam(cs»‘
tations of portal ypertension are hemorrhage from csoplmgogasmc’
vances and splenomegaly Both devclop m duect response to the
smereased portal pressuse Asaites, so commeonly scen 1 patients with
cushosts, does not bear as direct 2 relatonship to elevated portal
pressure as was formerly supposed Based upon good evidence, it 15
behieved today that asates develops as 2 mamifestabion of hepatic,
decompensation
Hemorrhage from esophagogastne vances due to eurhosts mav
appear as a single eprsode and constitute the first imtumation to the
petient and to lus physician that sersous hepatic disease exssts Con-
rersely, patients who have been under treatment for curhons for
manths or years may suddenly and quite without waznmmg vonut 2
large amount of blaod On occasion, the blcedmg may be less dra-
matsc and suspected only upon the appearance of a severe anoma
assactated with steols pasttne for blood In view of the fact that
todav most chmeans are aware that vances and hemorthage may
develop at any hme duning the course of crrhaosis, roentgen visual
wation of the lower esophagus and upper stomach 1s frequently
performed regularly 1 an effort to deternune whether or not portal
hypestension 15 also descloping Some concept of the adence of
bleeding in crthosis may be derssed from Douglass and Spell's study
of 444 patients with Lacnncc's cirhosis reported 3n 1950 Esophago-
gaste b 1 either as b or melena, ocentred m
32 per cent at some time 1 the course of their illness In 10 per cent,
massive esophagogastrie hemorrhage was the imtisl ssmptom
In paticnts whose portal bed block 15 outside of the huer, 2 smular

tramn of circumstances Jeads to the discoserv of the portal by pezten
sion A sudden esophagogastric kemorrhage mav agam be the first
sign that the pressure 1w the portal vainr 15 agmaficantly elevated Oa
the other hand, some suspicion of partal bed block mav be aroused
by the patient whose only chcal feature 1s am enlarged spleen In
addihon to blcedmg and spl v, att 1 not mfrequently
called to the extrahepatic portal sistem by one or ancther of the
mansfestabions of npersplenasin Such o patwent iy <wek medical
attentson for anemia, for casy fatigabiity, for ready hrwsing, or for
any one of 2 host of related complants Just as 2 group of rvague
complaints may dead to a duguoss of crrhoss and the prescnce of
postal I pertension may be proved or disproned by ~ray crvamina
tron of the csophagus, so may an cquallv mtangible set of chnseal
cuenmstances Iead to the discovery of partal hypatension due to
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caused progressne mury to the vews of the podal systeon. By many
this sclcrasis seen 1n the postal system was behesed to be pramary,
hut the discorery af postal hypertension has led others to the behef
that these vascular changes are largely sccondaty mamfestations,
Patients with poliey thenna notenomsly develop thrombesh of the
portal vem as part of the mercase w blood visconty and generally
slow mite of blood flow whuch 15 often encountered n this discase.
Flus tendency to thrombosss 15 perhaps the swgle Factor which
makes the patient with polycythenna 2 poor nsk fer a susgiead pro-
cednre, and the nsk s doabled m mstances where o therapeutic
senovenous shunt may be required
Socalled cavernomatons transformabion of the portal vein has
tong been onc of the most discussed causes for postal by pertension,
Although Pick was consanced that this Jesion was a truc hemange
oma, Ius sdeas han e recen ed hittle gencral support. Most pathologists
today beheve that the mass of tortuous sessels seen after portal vamn
thrombosis 1s the mamfestation of recanahzation and reorganization
by which nature has endeavored to by-pass the site of portal obstruc-
tion Bemgn tumors, cysts, aud congemtal stoctures have all been
desenbed 35 Chologic factors m portal obstruction. Occasionally
these hase led to the developmient of esophageal vances and severe
hemorrhage Maliguant tumors either pnmary m the bibagy tract,
panceeds, or duodenum, or metastases from tumors origmating m
the stomach, pelvis, breast or elsewhere, have all been impheated m
portal senous obstruction Significant degrees of portal hypertension
wm relation to maligrant tumors arc rare, howeer, for gencrally such
patients do not Ine Jong enough for vances and hemorthage to
become mmportant cinically Pethaps one of the most mtereshing
aud g5 yet unsolved problems i selahonship to extrahepatic block
1s that it has not been possible to reproduce this syadrome i oypere
mental animals by occlusion of the portal vem by hgature. The most
approprate hy pothetical explauation at the moment appears to be
that m portal hypertension n man the portal occlusion develops 1
} responsc to portal thiombosis whnchi 15 capable of occluding not only
the main venous channcls, but m addition the osifices of many po-
Viental collaterals In the mounkey, acute ocelusion, and in the dog.
chiame ocelusion, ss generally effccted by higatuse. This produces
a bensgn type of occlusion gencrally unassociated with any mflam-
matory or extending thrombotic process

DIAGNOSIS

behered to desclop n xesponsc to

al hypertension 15 today r
BT The powmt of obstruction may by

obstructions to portal blood flow
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partsculadly 1f bload can be aspirated from the gastuic tube, a source
of hemartliage other than vances must be suspected 1f such a tube
15 cuther unavaglable or mformanion dened from its use 15 unsats-
factory, tmeageney S4y5 of the eophagus may be obtamed withauk
unduc nsh provided adegeate blood replacanent therapy as con-
tinued In Figue 71 1 reproduced an csophagogram, obtamed as an

Isg 71 EL, NEGII #7543] Fmergeney csophagogram obtaied tn a
patient who was bleeding coprously from the csophagus

cmergent study m a patient with extensie esophagogastne varices
from wluch she was blecding massnely

cannot be positincly wentified, for Snell has found that m 10 per
cent of patients with curhosis ather gastrie at dyodenal weeraton
also enists Some additional help may be obtamed from a Brom-
sulphalem test performed as an emergency Zamichek, for mistance,
found that only occasionally was the retention abnormal m patients
with blceding peptic uleer, while a normal retention was found in
none of lns paticnts i whom the hemorthage was duc to vances
fornung epen a basis of cushoss of the Wiver A reasonable cyhmate
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the extraliepatic blockage of porta blood flow, o cstablish the -
adence of esophiageal vances and hemorrhage w patients with extra-
bepatic block 1s a more difficult problem than st is m csrehosss., More
than likely, many indiiduals Ine out therr nonmal hyes with cecle
sion of the portal vein Only those with madequate connmumcations
between therr portal and systemic cuculahon ever deyelop spleno-
megaly or varices Smee bempn splenomegaly often goes undetected,
most patients with extrahepatic portal bed block first come wnder
medzeal care because of an unberalded csophagogastric hemorthage.
To determme the number of patients with extrahepatic block who
will develop hemonhage 15 quite ampossible, for there 15 no way of
knowing how many hase sustzmed, at aue tine or another, acclusion
of their portal vein In cirthosts, it has been shown that about 30 per
cent of the patients develop portal hypertension 1t may be supposed
that this compheation does not appear m the remaming patients
beeause natural portacaval commuunicabions are adequate Then it is
logical to supposc that uly about 30 per cent of pahicnts with an
extrahepatic block will develop csophageal varces and hemorshage.
These generalizations have by no means been proved Why cetam
patients with curhoss develop portal hypertension while others ap-
parently do not 1 stidt o matter for conjecture and will probably
contmue to be so unhl the etiology of carrhosis tsclf ws clanficd,
1t has been made abundantly clear that § hage 15 the mest
important single chnucal feature of portal hypertension, yet there
arc, of course, many ather causes of wassn ¢ gastrointestinal bemor-
thage When thns occurs in a unddie-aged patient long under treat-
ment for axrhoss, fow problems in diagnosis appear. The chaical
Instory, physical exanunation, and laboratory studics certainly powt
to esophageal v arices as the most probable source of blceding. Fut-
thermore, any child or young adult who, without any puat clmical
symptoms, suddenly expericnces 2 massne hematemesis must be
suspected of having bled from varices duc to an extrahepatic block
A paticnt, howeser, wha in the fourth, fth, or sixth deeade of
lifc presents himself with an unberalded and secere esophagogastric
hemorthage may offer numerous complestties m differentsal diagno-
sis 1f the bleeding stops and an opportunsty is offcred for leisurcly
study and laboratory mveshgation, there 15 generally Jittle xeason
why the source of hemarrhage cannot be deteeted. If, on the ather
hand, the blecting continues and wportant chnical leads as to ity
source are unavaslable, bwo courscs of achion ase opent A Sengstaken-
Blakemore tube may be mserted and imflated to the proper pressate
1 Hus controls the blecding and blood cannot be aspirated from the
stomach, a prosumptive diagnosis of hemorrhage from esophageal
satices 1§ certamly justified. I the bleedmg continues and more
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blood vessels. A number of obscrvations support these beliefs Ponts
of erosion haye been demonstrated many times to be the actual site
of hemorrhage In addition, although enormous vauces of the cor-
onary and other collaterals have been d d upon

able occasions, reports of hemorrhage from one of these vessels arc
extraordimanly tare In fact onc of the few authenticated cases of
fupture of intra-abdominal vems 15 that of Feldman and Gross, who
n 1935 reported a patient with portal obstruction who died of a
fatal hemopentoneum due to rupture of a retropentoneal vanx

For many years, 1t has been recogmized that obstruction to portal
blood flow gives rise to numerous more or Jess extensie collateral
venous channels In paticnts i whom these can be detected chin-
1cally, a valuable aid m estabhshing the prescnce of portal hyper-
tension 1s provided In both mtrahepatic and extrahepatic block,
collaterals charactenstically develop 1n the following locations

1 At the two ends of the gastromnteshnal tract where glandular
epithelinm umtes with squamous ¢pithelum, namely, at the gastric
carda and the anus Esophagogastric vances form m the submucosa
at the site of anastomosis between the coronary system and the
azygos, hemazygos, and diaphragmatic system of veins Conven-
tionaily, the vances have been thought to be hmited to the esoph-
agus, but recent ¢xpenence gamed 1n demonstrating these dilated
vesscls hically has ) d that they may occur as
frequently m the cardia of the stomach The anastomosis between
the supenior hemorrhoidal vemn of the portal circulation and the
mddle and winferior hemorrhowdal vein of the caval airculation form
hemorrheids whnch only occasionally become sigmficant n the man-
agement of the patient with portal hypertension

2 At the umbilicus Here the partially obhterated embryological
arculation n the faleiform hgament connects the portal bed with
the vems of the antertor abdonunal wall As this collateral circula-
tion develops, huge cnous channels conduct blood to the systenic
cairculation through the branches of the lateral thoracic and epigas-
tric veins,

3 At the sites within the abdomen where, durimg development,
the gasts 1 tract and 1ts append. become retropentoncal
(vams of Retzius)

4 Occasionally an extensne collateral aurculation may develop
where abdonunal viscera haye become adlicrent to the panetal pen-
toncum as a result of an mflammatory process

When the obstruction to portal flow hies outside the Incr, numer-
ous anastomotic channels deveJop m the immediate vicunty of the
occluded portal or splensc vens These partally arcumvent the
block, and portal blood gains access to the liver almost directly. The
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aof the number of patients who bleed from csopliageal vances as
opposed to al} other causes way be obtamed from Witc's report
af 408 patients with imassne gastrowtestinal tract bleedmg admntted
to the Baston City lospital Winte desmonstrated vances m 64
In erery such senes 2 numbier of patients sill atsays be found in
whom the source of hemorrhage 15 never discoscrod, Thas was true
of I pez cent of Snells patients and 1 5 pur cont of \Vhite's lasge
seres

So umportant has tgen ex: tson of the esophagus become
that it may be stated almast categoncally that unless esopliageat
sances can be demonstrated by vray, chusscally sigmificant degrees
of portal by pertension do not cvst Whether tis 1s entisely true 15
open to question The degree of suceess wath which vances are dem-
onstrated frequently depends upon the shill of the roentgenologst.
Furthermore, it has hicen repeatedly shown that a dagnasis of vanees
can safely and easily be made by esopliagascopy, The teehutque by
which the vances are demonstrated xs probably of no particular
sigmificance, rocatgenographue techtuques ate sunpler for the patient
though thev may be hat less te than dircet visual B,
‘The wmportant fact s that thoar presence means, in the majosity of
mstauces, that the patient 15 suffering from portat hypertension, a
state which 15 a threat to hus hie

For many ycars, the opimon has been commonly held that hemor- \

rhage from esopl Vaniees Wias preetp i by a number of st
dehned factors Suddes elevahion m portal pressure due to strawing
was commanly advanced m explanation of the sudden homatemess
characterizing this syndrome Sharp particles of food, alcohol, and
a host of spparently untosard havebeeni inated
Upon entical examunation, all of these explanations are found want-
wg, and 1t bas been well substentiated that the most important
preaipitating cause of bhemorrhage s atd peptic erosion Presum-
ably the sarnices wterfere sufficicntly wath the funchion of the esoph-
agogastne sphuncter to facshtate regurgitation of gastric yuce mto
the Jower esopt The pephic hagstis 56 1 d leads to
small arcas of actual ulceratsann Thus syndranie, of course, Gocuss
not mfrequently 1w association with other abnormabiics w or about
the diaphragm and leads 1o modest degrees of csophageal hemor-
thage

"ic nature of the senous hemorrhages sesulting from esophageal
vances 1 the pahent with portal hypertension undoubtedly depends
simply upon the large volume of blood existing just bencath the
mucosa and upon the abnoumally ugh pressure m these lirge thin-
walled 1 essels The opportunsty for severe hiemorrhage must be many
times greater than &ven remotely possible from nommal esophageal
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portal hypertension 15 the demonstration rowntgenograplically or
by csoph py of esopl tnic varices Although vauces have
been reported m this area i the absenee of portal hypertension (m
cluldren by Sunth and Farber, and Jorup, and m ndultg by Rack,
Mmcks and Simeone), the mstances scem to be rare indeed In

Lig 72 A Onc of Leger's ongwal fitms Here the splenic and portad van
line been outlined by percutaneous injection of contrast media dircctly mto
the substance of the spleen (From Leger, Albot, and Anay Presse Méd,
vol 59,1951 )

B and C Tuo portosplenic venograms contnbuted to this volunc thiough
thie hindness of Lowis M Roussclot, M D, New York City Both of these films
were obtamed by percutancous smection of the spleen wath the contrast
medwm In B s demonstrated the splenoportal coronary system of vemns 10 a
patient with cavcrnomatoys transformation of the portal ven In C, a patient

with typical inteabepatic block due 1o curhoss, the portal and splente vessls
ate dlearly demarcated

e mem e e e Ganaut e puild
circulation can be visualized
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componcnts of this type of collateral circulation are the deep cho-
qu'sbc vens, the epiploic yewss of the gastrc omentum, the hepato-
colic and hepatorenal vems, and the aceessory veins of Sappey.

Recently Edwards has reviewed the entue subject of communica-
tions between the portal and systenue arculations. In addition to
canfimnng the obsenvations of eighteenth century anatomists, this
nestigator discusses m detasl the potentral adequacy of these col-
Laterals i portal venous obstruction He emphasizes particalarly the
functional smportance of the anastomoses about the umbthicus, the,
spleen, the left hudney, asd the rectum,

As wterest m thus syndrome bas mereased, a number of ingemous
efforts liave been made to develop refinements m diagnostic tech
nique which would prove or disprose the presence of portal hyper-
tension A fow of these hase been uscful, but none has provsded the
diaguostie accuracy which s so badly needed For mstance, Newman
has deseloped an mdueet method whereby arculation hme from
the rcctum to the lungs 1s micasured $lere, ether is mstilled into the
rectum and tined for its appearance on the breath of the patent
Bean has suggested a teclnuque to measuse pneumatically the pres
sure at which the sigmordal mucosa blanches, A number of imestiga-
tots have attempted to establish a diagnosis of portal hypertension
by measunng the pressure i the distended abdonynal vems So
often scen m arrhosis Varous suthoss (Sherlock and Walshe,
Billings and DePree, Bean and his assocates; and Blondhenn and
Kunhel} have been able to show that certam sugars and proteins,
after oral mgestion, appear carher and m greater concentration 55
the dilated antenor abdominal vems than w the anteeybital vemn.
Although most of these mdssect methods have provided a pleasint
climeal drversion, none of them has proved really uscful,

At the present tme, ong techmique m particular appears ta hold
pronuse ‘Tlns mnvolves tanspentoneal myectson of a lasge amount
of radia-opaque medum such as Diodrast discctly mta the splecn
Shortly thercafter roentgenograms aic obtained, and it s quite 5o
markable how clearly the splensc and portal vein can be xdcngxﬁcd,
This techwque, ongually desenibed by Abeatics and Campi, bas
been widely adopted In Figure 724, B, C, D arc 1eproduced four
typical splenoportograms Fn connection with this techmque, a note
of warmmng 13 w osdesr, pereutancous mjechon of Hhe spleen in pa-
tients with clevated portal pressare may be followed by senous
hemorthage fraw the ute of splenic puncture, It should not, there-
fore, be pesformed unless access to an operating roem 1 jmmedi
ately avnlable

As emphasized previously, the most mmportant clinical feature of
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Wberated from degencrahing Iner hissue ‘Jhe espenments do not
exclude the possibility that the spleens enlarged s duect response
ta the carban tetrachiende itself

fn portal bypertennion, the assotiated ancma, leshopenw, and
thrombacy topensa have ahways proved a perplenng problem Smce
the I Jogical pucture lly disap Towmg adequat
poital d P of sp ¥, 1t 18 gs iy pted that
the spleen 15 responsible for the abnonmal blood pictore The exact
mechamsm whereby splenomegaly produccs these abnormalitics w
the periphcrat blond 15 unlnown, but they are brhieved to be due
10 n perfunction of ths organ For thas reason, the cusrently popular
usc of the term “hy persplenssm™ 13 probably jushified

Before leaving the subject of portal hypertension m man, an addi-
fional comsment on 4 wost mteresting phase of s syndrome as it
1s scen cluncally scems rogusred This concerns 3 group of paticats
i whom the picture s confused by non-conformaty  Attention has
been called to the fact that \ances can apparently exsst w the esopha-
gus without exther cierhosts o extrabepabic block Funthermore, every
series of pahients suspected of, o5 proved to hate, portal bs pertension
contams a few whose cances apparenth recede and reappear wter
mattently Because the clmical pretare, 3f wndeed 1t exssts at ol
w 10 ifl-defined, attenhon can perhaps be best focused upon at by
a reastation of the followng tw o case lustosies

8 Y

Casc t JIC A tsenty eightycar old regrstered nurse who was
marned snd the mother of tho chiddren first came urder medr-
ca} sunedlance at the age of exghteen sears At tins time, ad-
wassion {0 a training school for nurses was refused, beesute on
outmephys  © “wohon she was found to have an cnlarged
spleen Late oo apother rane
wg school,

nat s0 Stimgent v, o

severe esophagogastue hemordhage 110w w.. -

unesentfulls Xerays demonstrated 2 small stomach wloer dey
ctad sears later, winle on duty at another bospital, she had ane
other severe hemonhage Followsmg thus, 4 splencctomy was
performed, and at the tume the surgeon made the comment that
her er “appearcd to be crhotic ™ A biopsv was net taken
She was well for five sears, and then agan 3 massn e hemorthage
agpeared Thus tune she w30 surpected of kasng o duodemad
uleer on the baus uf tao gastromtesting! senes, byt no vances
condd be o & On roontgen of Yier csoph-
agus after tansfer to this hospital, however, vances were be-
heved 1o be prosent She was operated upow and, althaugh her
Wer grossty appeared to be the site of a miannal airshoss, the

'




218 The Hepati Circulation and Portal Hypestens on

t
[ N

shaped” racholucent atcis CRraCUensoC v vaven-. &, R :
mg and the use of the Vahaha mancner have been found uschil
m s chime w demonstrating vancositics of the csophagus. 'The
pattemn of the nonmal gastne mucesa s se vaned that vances w the
card of the stomach are extremely difficult to detect. At the pres-
cent tune, the radiographic demonstzation of esophagogastnic sarices
1 the sgle most smportant disgnoshe procedure w establishung
the presence of portal hypertension.

Splenomegaly, although common mdeud wm patients wath portal
Iy pertension, is by no micans pathognomome Of the 1189 cases of
splenomegaly studicd by Wiupple, additional cuidence of portal
L+ mavtensian was present o only 174 patients or 14 per cont of the
1 . - & sere nihents with diemu,

) )
yve; '
paticits came to operation, 4 wine w.
hepatic portal bed block was present, pressuzes ranged from 25 w v
o of salme In paticnts without portal bed block, the pressure
ranged from 7 10 29 em of sabne Although there 15 some overlap
between these two groups, it 1s not sigmficant. ‘Fhere was no ¢vidence

t =t cnleme enlargement mfluences portal pressure, Several
\ . + send o the pathogencsis of
Sy

il
ke avmlable evidence, e oo

‘ TN chementz also BERCIES s

L0 e y

wg the mitensity oF e SprItC swsienn-

the pressure At present, at s gencrally accepted Hat g spe-

enlarges and becomes fibrotic when subjected to abnonmally high

Tesels of pressure m the portal system, but there 15 some evidence

1+ ~her factors may be imohed For mstance, Camerou has ob-

« wwnate that there aray be some

T e

RO

arcived at this conclusion vy anspn .

subcutancous space, thereby effcctinely seyenng any covis..-

this organ with the portal system Sublethal hepatic nccrosis wds

then induced by exposure to carbon tetrachionde The splenic trans-
Jants consist ’ Y ead whethier they wscre associated wath the

pian : T o these exs

portal or syst .

periments th

£10ASES I POivar y-
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twenty-one, ths man devcloped bouts of ancma lastung screral
months On one occasion, e was so severely anciuie as to be
thowght n Leart falere 1t was wath thus medical backgronud
that G AL presented lumsclf for treatment

Physical Qamation disclosed & pale but hasky youth of
twenty thiee years The only findngs of nmportance were 2
large, non-tendes Inex palpable 6 cm below the nght castal
margn The spleen was enlarged 4 em below the feft costal
WATgIm

Laboratory Data Temoglobin~—8 7 grams, red blood count~
288, whate blood count—4500, platelets—327,000; poly morpho
nucleass—35} per cent, lymiphoes fes—41 per cent, monacstes—2,
costnopinls—) pey cent, reticulytes~0 2 per cont Stools were
tepeatedly negatne for accult blood

Raentgen studies wete cntuely negatne altbough the en-
Targement of the fncr and spleen were reflected w a plam ab
dosmna) flm Esophagram failed to reveat endence of vances

The hematolognt's opimon was that this man’s anenia could
be cxplamed upon the basis of blood destruction, and that thas
nught be munumized by splenectomy

Operation Portal Venography, Measurement of Portal Pressure,
and Splenwctormy

The patient’s abdomen was entered through a generous left
paracostal mesion. A comauent sew 1 the upper jejunal
mesenten was cathetenzed and the portal pressure tound to be
26 to 28 cm of sahine A portal scaogram demonstrated a nor-
mal portal vun and a hugelv ealarged ser {(Fig 86; The
spicen was enlarged screral fold but was not unusual m sppear-
ance The spleen was remaoved uneventfully

Pathologicdl Diagnosis—Dr MacMahon

Spleen~"The pattem here has features i common with (a)
thronsbacytopenia puspura and {b) congemtal hemolvtic ane-
m "

Liner—~“Pigment curhosus’

Lymph Node—"Bemgn reactine hmphiadenitys "

Shin--“The picture s consntent with cutancous liemosid-
crosis ™

Postoperative Course Thuis was untientful Thee was a
marked usc in the platclets to a peak level of 1,500,000 Ths
fell to 950,000 by the time of discharge The white cells also
105¢ to a peak of 17,700 and fe}} 1o 10,500 by the tune of dis-
charge

Ducussiont. The evidence accumstated preoperatinely and
dunng operation proved that this man was suffeting from portat
Tvpertension due to a posthepatitic curhosss In response to tlus,
the spleen had enlarged and prodwced signs and ssmptoms of
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pathologist reported that, upon cxanunation of a microscopic
section, its structure was all but normal Pressure m the portal
vem was 22 em. of saline, and a portal venogram failed to reveal
cvidence of extrahepatic portal obstruction. There was no sign
of vancositics m her coronary system. A shunt was not per-
formed, and her postoperatine secosery was quite unesentful,
Eatensne lner funchion tests failed to seveal evidence of im-
pawed function. Postoperatne esophagograms were normal

Here, then, 15 a young woman i whom few observations scem
to fit together That she bled sexercly on several occastons is a matter
of tecord Though her liver appeared abnormal to two susgeons
over a ten-ycar penod, the pathologist could not detect important
abnormalities 1n a nucroscopae sechion. Ier portal pressure, though
not normal, was not sufficiently clevated to warrant the nisks of
portal decompression That she will bleed again seems likely. Certain
of the complessties of this imteresting case may be clanfied 1f 1t be
permissible to regard certmn types of portal hiypertension as mtcr-
nuttent Some support to this contention 15 found in a senes of 4
patients currently reported by Dye and his assocates. All of these
ndividuals were followed aither by roentgen visualization of ther
varices, by esophagoscopy, or by operation. The most interesting
feature was that aver a penied of months, vances were observed to
disappear In several patients wath varices, operation faled to dis-
closc any sigmificant clevations m portal pressure. Apparently, then,
there 15 a small number of patients m whom the course of portal
hypertension may be internuttent Whether any significant sumber
of such paticnts will be discovered, only time and detarled study
will reveal When all the evidence availablen a ghven case s reviewed
with the purposc of making a diagnosis of portal hypertension, 1t
probably must be stated that the last word 1s not said until the portal

naturc

Case 2 G AL A single male of tuenty-three yeats was adnitted
to the hospital with a chicf complamt of anenua. In chronolog:
1cal order, the mmportant events of his illness arc as follows*

At the age of five years he, as well as two siblings, were jaun-
diced for a penod of five to st weeks. Recovery was cousidered
complete

At the age of seventcen years, he sustamed a large hematoma
of s thigh as a result of a football mpury A few months later,
Ie was found to be severely anemie but responded to supporine
treatment well Annually at the ages of mneteen, twenty, and
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prave uscful in the therapy of ascites, but it 1s not at all clear whether
he or those who had the tementy many years ago to attempt the
operation i man had any idea of actually lowenng abnormally Tagh
Tevels of portal pressure Yet even these same men must have had
some 1dca of lowermg portal pressure For mstance, the comiction
had been cxpressed many times that asaites was due to congestion
of the splanchmc vems How else could these men have cancened
of the Eck fistula as a uscful form of trcatment cxcept to relieve
an clevated portal pressurc? 1£ 1t were possible to establish that con-
gestion was synonymous with portal hypertension m the munds of
these eatly scientists, many of these difficulties would be resolved
No matter what conclusion to these perplexing problems 15 finally
reached, the fact remans that a number of therapeutic cfforts were
durected toward chmical phenomena commonly associated today with
portal bed block

h

e

dominal p 1s was undoubtedly the first employed
Who concened the 1dea of plunging a hollow needle mto the ab-
domunal cavity to relieve the mtolerable pressure caused by massne
ascites 15 not known, but 1t 15 Iikely that thus pumstive form of treat-
ment was a past of even the earhest systems of medicine Certamly 1t
was commonly practiced dunng the eighteenth and nmcteenth
centunics Even at this time, 1t was recogmzed that except for tem-
porary rchicf abd 1 p phshed httle So poor
were the results of this practice that it 1s not surprising that, as sur-
gery began to come of age, some more permanent measure for the
treatment of ascites should have been sought

From tune to tune, a number of physicians noted that as splanch.
nic 1enous congestion develeped an patients with arrhosis, nature
herself attempted to afford relief through the formation of collaterals
As a direct zesult of these observations several men, more or Jess
simultancously, concened the sdea of aiding nature m her cfforts
by crc;t)\ coll Is between the splanchme and systeme arcu-
lationsVAround 1900, Monson, ‘Talma, and Drummond and Mon-
son all proposed that were the omentum, an organ drained by the
portal system, sutured to the abdomnal wall, vascular adhesions
would be created, these it was hoped would lead off an additional
portion of the blood pooled m the splanchnic bed Interestingly
enough, ane of these carly operations was designed not only to con-
nect the portal with the systenic circulation, but also to mpiove
the blood supply to the cithobic Iner The small size of tlus organ
m advanced cuthosis was attnbuted by many of the carly mvests-
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excessnve blood destruction. The clevated portal pressure was not
adequate, however, to have produced esophageal varices and
attendant hemorshage A normal portal vem, adequate for de-
compressine purposes, was demoustrated.

In view of these facts, splencetomy was considered the op-
cratne p Jute of choxe A spl al ot portacaval shunt
was not considered proper at tins tune, for nerther had ths man
bled massiely from lus gastromtestinal tract nor was hus pres-
sure lugh enough to make this a reasonable possibibiv, Armed

most important m this man to have combmed the splenectomy
with a splenorenal shunt, for this would have been this man’s
only opportunity to have had, if the tenn be permissible, a satis-
factory prophylactic portal decompresston It is well known that
the only tune a splenorenal shunt can be performed is at th
tune of splenectomy If advantage 1s not taken of this oppor-|
tuinty, 1t 1s lost forever, for the splemic vem shunks to propor-
tions quite unstutable for shunting purposes

Herc, then, 15 a young man who, from the surgical pont of
view, developed portal hypertension sccondary to cirthosis of
the Iner It appears logical to ascnbe the crrrhos:s to Ins bout
of mfectious hepatitis His portal hy pertension had not endan-
gered his hic directly, yet his hypersplentsm had certamly pro-
wided a senous handicap to nommal activity,

These two cases are of iterest, not only for the details of their
proper management, but also for their relationship to the problem
of portal hypertension as a whole Although certam aspects of their
climscal features must remam speculatne, they do present certan
umportant pomts for consideration. In the first, the portal hyper-
tension undoubtedly fluctuated, wlile m the sccond, the hyper-
function of the spleen may be directly related to the portal hyper-
tension As tume goes on and more such cascs are completely studied,
portal hypertension will undoubtedly be found to have a broader
chimeal spectrum than 1s commonly appreciated today

/ Historical

If 1t proves difficult to determume just when the concept of portal
me cstablished, it 15 cven harder to decide just
ly be regarded as the earliest form of treatment
hat Eck suggested that his fistula maght

« TREATMENT

hypertension beca
what should proper]
of this syndrome 1t s true t
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dommal wall m such a fashion that fimd presumably conld dram
frecly mto the subcutancous abdomnal space In spite of a small
number of reported successes with this techmque, it was neter vers
widely practiced

When at was demonstrated that patients with hemorrhage from
sansces could be protected from further hemorrhage bv a partacaval
shunt, it was logicel that this operation should agun be tried pri-
{manly for the relef of asaites The results were so disappomnting that
the operation for this condition was promptly dropped At the mo-
ment, ascites remamms unconquered by surgery  Whether or not
higation of the hepatee arters will prove nseful in the treatment of
asaates Temanns to be determured

Splencctomy enjoyed a relatnely long pensod of populanty in the
treatment of states now recognized to be due to porta} In pertension
As enly @5 1866, Spencer Wells remored the splecn for socalled
splensc anamia In 1875 Péan reported that he had performed 2
splencctomy prmanly to velieve the pan and discomfort caused by
evcessine enlargement of this organ As this eperation as well as
other major surgical procedures became safer, it was performed
widely for a number of splanie disorders, and not an muigmficant
number were for Bantr's disease its use was also extended to sple
nomegaly assocsated sith exshoss As eapenence accumulated in re-
gard to these two chnical states which mn many respects resemble
cach other, it became apparent that accaswonally m Bants's disease
all signs of anemsa disappeared, and the patients were no Jonger
troubled by homatemiess It also was noted that when cuthows
complicated the picture, the tesalts were umformlv poor In the
ight of what 1s known tedav of the pathological pracesses msolved
m these two states, 1t seems Jogieal to assume that thase paticats
wsth Banti's disease who 1esponded so fasorably were probably the
rare ndiaduals whose thiombosis was testucted to the splemc vom
A 2 tesalt of a rather wide evperience sath splenectomy i patieats
with what s recogmized todav a5 portal Inpertensian {Mayo, Pem-
berton, and Andrus and Tolman), this operation came to be resenved
for the young mdndual without assocrated stigmata of crhosis
Because the undesh g factors were not understood, the selection
of cases was poer, and cvery reported Series contaned many more
fastures than successes

The generally poor secord of both omentopeyy and splencctomy
served as g constant stunulus for the descopment of a better form
of therapy for patients with spleme enlargement and bleeding anices

n 1926 Flerow reported some suceess m presenting hemateniests

by higating the left gasteic attery, the nght and Jeft gastrosplemic
arteries, and the mécnor mesentene vein A few years later, Walters
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gators to an madequate blood supply. This aspect of the purpose
of an omentopeay was soon lost, and as the operation came ulimately
to be performed, its object was to encourage the dexclopment of
collaterals between the portal and systemic circulations,

One or anothier vanation upon the ongmal 1'alma-Morison-Drumi-
mond_operation swas widely practiced dunng the cardy part of the
century, but without v ery conspicuous success. Such famous surgcons
such as Cred¢, Iranke, Monprofit, and others reported their serices
of patients who had been subjected to this operation ‘These men
stated that complete relief of aseites could not be anticipated m
more than 20 to 30 per cent, In retrospect, it scems unlikely that
the small increase i collateral circulation cstablished by the omental
graft could have contributed importantly to this generally reported
rate of care Inhight of what s known about cirrhosis today, it appears
more probable that those reported cured by omentopexy had merely
passcd into a relatn ely quiescent phase of their discase during which
the formation of ascitye flud was scant. At any rate, the results
appeared so poor t6”Rosenstemn that in 1912 this surgcon was
prompted to try portal decompression by means of an Eck fistala,

As the madequacies of omentopeay became niore and more ap-
parent, numcrous efforts were made to rehieve theasertes by dinertng
the abdommal fluid erther mta the systenic yvenous system or into
onc or another of the subce C spaces diately adjacent
to the abdominal cavity. Perotte attempted to dircct a flow of asatic
fluid into the central end of the divided saphenous vein To accom-
plish this, the opened ven was sutured dircctly to a small spht i the
abdomnal peritoneum Evler and also Handley modified the tech-
nique by constructing a funnel of pentoncum Lambotte, Fawel,
Franke, and Rolleston among others devised vanous types of sk
sutures, glass tubes, rubber tubes, and cven steel rods, the common
objective of all bemg to channcl flmd from the pentoncal cavity
mto vanous adjacent subcutancous spaccs From these spaces it
was hoped that the fluid would be absorbed mto the general circu-
lattion All mn all, a great many of these techmques were developed,
tned, and discarded because none of them prosed cffective.

In addition, several other surgical mancuvers were desed, advo-
cated, and 10 turn abandoned The spleen was spht and' mmplanted
1n the abdomunal wall Both kdncys were decapsulated in the hope
that they nught provide an absorptive surface. ]}ut agan convineing
successes were never reported The urge to relieve asctes by solmc
mechantcal device has proved strong, and almost cach decade l]:ls
provided some new techmque ‘The most recent of these 1s the
Crosby-Cooney button winch enjoyed some measure of success 3

! few yedrs ago. The glass or plastic button was sutured mto the ab-
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some hime mn the past, the chances of performing a splenorenal shunt
arc virtually non-easstent and under these arcumstances, the porta-
caval shunt must be employed provided the portal san has not been
occluded by a thrombus In general, howeser, the portacaval shunt
has been accepted as the most uscful procedure m patients with
curhoss. When the block-hes-outside the hver the splcnorenal
shunt 1s_preferred, for the portal vem 15 frequently compronnsed
by a thrombus and therefore useless for purposes of portal

#4 A Vances of the
1 moderately adsanced
splenorcnal shunt for

decompression Blahemore favors the portacasal varicty of shunt
because he feels that the portal vein 15 consistently of larger caliber
than the splenic Rousselot, on the other hand, has long advocated
the splenorenal shunt His chicf reason for this preference lies m hus
hehef that splencctomy should be a routne part of portal decom-
pression In removing the splecn, the hypersplenism of 1t be present
1s promptly rehieved, and n addition a considerable amount of blood
15 prevented from cntenng the portal system Howenver, two factors
mght favor Icaving the spleen n place, this organ shnnks m size |
following adcquate portacaval shunt, and the large collaterals be- /
tween the spleen and lateral body wall are presersed In both typest
of shunt, the portal pressure 1s Jow cred to safe levels, and i so far
as can be determmed hically, the vances d

PP
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and lus associates advocated ligation of the Jeft gastric artery, and
Blain was attracted to the 1dea of higating the splenic artery, In 1933
Holman expressed the belief that hgation of the splenic attery to-

| gether with splenopexy might be helpful In a recent article on portal
Dy pertension by Gerbode and Holman, two patients were reported
who had been well for over twelve years after this operation had been
performed. The common objective in these operative procedures
was, of course, to reduce the amount of blood actually gaming access
to the portal venous bed.

In 1939 another form of therapy made its appearance. Crafoord
and Jrenchner devised a transesophageal endoscopic- techmque
whereby sances m the csophagus could be injected with a sclerosing
solution under direet vision: They reported a number of successes
and thus procedure was widely practiced and for a time cnthusi-
astically advocated by Mocrsch Although a number of good results
were reported, the technique appeared too hazardous and the sue-
cesses too meager to cncourage Amenican endoscopists to adopt the
procedure very widely

“Direct Portal Decompression

The modern cra m the treatment of portal hypertension began
n 1945 1 this country In this year, Winpple and Blakemore :u'ul
v PR RS L -

mortality Duning the net eight years, a numbcer of men showed
repeatedly that after the successful estabhshment of a portacaval
or splenorenal shunt, patients arc protected against recurrent life-
endangering hematemcesis In addition, 1t has been proved that portal
decompression by means of a portacaval shunt 15 also followed by
shrinkage-of the spleen and subsidence of the signs of hypcrsp]cmsm
provided these were present prior to operation. Expericnce to date
with portal decompression 1s sufficiently cxtensne to warmant its
discussion 1 some detail

That excessively lugh pressure i the portal venous systent can
be cffectively lowered by esther a portacaval or splenorenal shunt now
is a matter of record The question of which one of these shunts 15
to be employed and just iow 1t 1s to be f:ns]no}led is, however, a
problem which 15 widely discussed and to which no complcte}y
satisfactory answer has as yet been obtamed Tach, under certain
crcumstances, has its own specific indications and contramdications
For mstance, it 1s well known that if the spleen has been removed
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ment of portal by pertension must be prepared to pesform wiicherer
type of shunt 15 indscated by the situations atiang dunng the course
of the operation Ta addition, he should be prepared to msert au
autogenous vemn graft between the portal and vy stemic cireulations
Qeeasonally, 2 patient witl be encountered w whaw 3 gratt alone
can be teled upon to decompress the portal system satsfactonly
In considening the pottacasal shunt specifically, one problem re-
mauws wasolied should this be pecformed 1 the end to-nde posttion
or would a latesal or “false” Eck fistula be preferable? In the former,
the lnner 15 totally depmved of portal blood (Fig 74) In the latter,
a mechamsm 1s prosided by which some portros of portal blood gams
aceess to the huer Those who favor the side-to side shunt mamtain
that postal decompression 1s adequate and that 3t 1s good for some
portal blood to enter the Iuer This coptention is based on those
cxpertments performed 1 the dog which prove that hepatic regener-
ation docs sot take place m the face of an Eck fistvla In addition to
facil T two add it acts demned from amimal
cxpenments proside theoretical cuidence that the side-to-side shunt
15 preferable 1t has been shown that Bromsulphalem retenbwon m
dogs with an end ro-side shunt 1s Iugher than i those with 2 shunt
in the side-tosnde positton {Preshaw and associttes) Furthermore,
Hlarper and Gardner and their associates have demenstrated abnor-
mahtics of amino and fevels m penpheral blood m the presence of
an ond toside shunt Whether these anmal expenments are spph-
cable to patients with Grthosss has yet to be proved Certam ot 5
¢hat w The New York Hospital sencs of 30 portacaval shunts pes-
farmed 1 the cnd-ta-ude potitson it has been wnposaible to dentify
untoward effects whuch could be ascnbed to lack of portal blood
reschmng the hver
Those who fasor the end ta-side shunt behove that the resulting
portal decompression 15 more ¢fficctne when the shunt 1s performed
w this posiion Tn addition, they bebere that the obycctions to this
tvpe of shunt hare been tasgely theoretical, and they powt out that st
1 ughle anlilels that anv partal blood at alf actnally gamns access to
the iner througha “false” Bel fistala So high do they believe hepatic
resastance to be 1 eirthogs that hepatie blood flow mas partally
reverse stself In Yhe prosence of a side-to-side shunt, 1t 1 behesed
o some that a certam mcsement of portal blood may flow mn retro-
grade fashion from the huer, tiough the sdeto side shyut, and
/H)rnte mto the yena cana s vt this Inpotlesss hay nat been
Vironed Of some prachical wnportance m considenng theve two
ststs 15 the fact that eccanionalfs the candate Jobe mav be so Yarge
s to preciude the approvmation of the postal vem and vena cava
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rather carly mn the postoperative course In Figure 73 are reproduced
preoperatne and postoperatne esophageal roentgenograms, the
latter obtamed several weeks after 4 successful splenorenal shunt

At present, it 1 unpossible to set any hard and fast rule by winch
to determme wlich type of shunt should be performed. "'hic logical
approach at present scems to be that a surgeon undertaling the treat-
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Fig 74 JALN Y1 #578,933 Duagrammatic representation of the opera-
tive Aindings and accomplishments i a patient with adsanced schistosomiasis
of the Incr, portal hypertension, csophageal varces, and massive hfin”r'
temesis Of particular interest was the large schistosomaal cyst surrounding
the vena cava This had to be split and partally resceted to pernt access to
the vena cava before an end-to-side portacaval shunt could he fashoned.
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2 particalasty senous ssuc Todav, removat of one kiduey and 4q,
cdto-end anastomoss between the splenic snd rensl  ens 15 rarely’
perfouned

‘Another techmeal matter of somie wapottance concerns the man-
sier m which the end-toside splenorenal shunt is eamed ont Portal
bed decompression can be satisfactoniy attaned aither by occluding
the renal artery ot by pattially accluding the renal e wath an ap-
proprate clamp whide the shunt 1s bewg constsucted bt 15 probable

Yag 76 fo b estunsie apeanee wath splonorenal shusits Roossclot b
Somanstrated how greatly tusvaluable proceduse mav be facshitated by the use
af an gutogunons venons graft ohtamed from the supesfictal fomonal vam
(1 sesm Rowsclot Surgesy, vol 31,1952 )

that a shghtly mere cfficent anastomosss can be parfonned wath the
resial bload How completely stopped, vet it 55 still 1 osatter of some
concern that the kudney should be depoed of blood for a period
of thuty to sty minutes This particular pomt, boweres, con prob-
ably be relegated 1 a postion of ninor importance

N most mportant aspeet of splenorenal anastomoss has been
stadied mtensuely by Roussclat who, like ofher s oshgators, has
betn d by the 4 ftics mct mn d fice a scgment
of ~plomsc vom satisfactory for anastomotie purposes 1l proposed
that the spleatc veu be dissected back on the pancreas 3s far as
necessany to obtam a kirge, healthy segment of vessel The gap left,
Rousselot proved, could be successfully bndged by an sutogenous

-
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n the side-to-side position Here, of course, the end-to-side shunt
1s technically much easicr

When ongnally proposed, the splenorenal shunt presented a
technical problem comparable with that which still exists in the
portacaval Should the splenorenal shunt be performed end-to-end
with renal vem, or would 1t not be possible and more advantageous
to emplov an end-to-side variety? In proposing the splenorenal shunt,
Blakemore and Lord removed both the spleen and the left kidney

Splene V

Inf vena cava A

o

Fig 75. In Blahcmore's onginal splenorenal shunt the hidnev was removed
and portal decompression obtained by an cnd to-cnd anastomosis between tl;c
splenic and renal vens {From Blakemore and Lord- Ann Surgery, vol 122,
1945 )

and made an anastomosts between the distal end of the splenic
e and the provimal end of the renal vem (Fig. 75). However, at'
this time, they pomted out that sacrifice of the hidney was probably
unnecessary and that the splenic ven could a all probability be
casilv sutured to the side of the renal ven. Lmton, Roussclot and
others have consustently deplored the ramoval of one kidney and
T+ aadvarsted that the solenorenal shunt alw.ys be performed m
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this collerted senes meludes many Simgle case seports, the wortality

figare obtamed approsmates that reported m some of the larger

consecutne senes of patients In Blakemore's senes, there were 12

Aeaths 1 2 senes of 8% patients, & postoperative mortahty of 14 per

crnt, Linton had 10 deaths in 56 cases, a mortahts rate of 17 per cent

In The New York Hosptal series of 37 cases, there weve 4 deaths,

a mortalty of 10 per cent Although tius mortahty rate ts hugh, stall
/«t compares favorably with a number of other surgieal procedures of

comparabl de As techmugue improses and cases are selected

more cntreally, 2t can be expected that this current figure may be
1edueed to even more accepisble lnvek

1are resurts To date about 362 case reports of paticnts with
ventovenous shunts of one vanety or apother are avaifable m the
medical erature for study {Tables $and 5) Smce only about 40 of
these were reported prior to 1950, 1t 15 abvious that the followup
studies are too short to pernmt any final ¢saluation of the effective-
ness of portal decompression As, howeser, such materal as 1s asail
able © stuched, &t hecames apparent that, whenaver an effectue
shunt has been perforted and the portal pressure s dropped mn-
portantly, the patients arc protected from securrent massise hem-
atemests
Although the penod of follow -up mn our scuies of patients 15 short,

a detarled studv of these wdividuals has produced a number of mter-
csting and mstructne obsenations For this 1eason 15 considered
profitable to review ths relatsvely small senies 1 some detail At The
New York Hospatal, 37 shunts have been performed upon 36 pa

ticats, 30 of these were end to-nide pottacasal anastomaoses, 4 were
end-to-ssde splenorenal, and m 1 patient o sidetoside portacaral
shant was unploved In 2 . the supenror mesentenc vom
was used for parposes of decompression Al but one of fliese patients
had hled one or more tunes priot to aperation In all, vonces were
deanonstrated by one weans of another The mitat portad pressure
w 2}l bat one patient m s seres was 30 om of ahe or more, and
wiany readmgs were cansiderably above this enttical leved Follow g
operation. the pressure i all but o of the pationts with ports.
caval shumts fell below the 30 em lesel (Fig 7 A) No ovplanation
was appasent for the two faduses, #15 and #24 The first tho sple-
nozcual shunts failed to praduce a satssfactore fatl i porta) pressare

as did the tao anastemoses m which 1t was necessany to wse the
maststene ven These four shunts, due to techmeal dificaltics,

were canudered madequate at completion of the operation Gren

a patent portal vem st a5 wswally possible to obtam a gratifying fall
m ports! pressure ’
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graft taken from the patient’s superficial femoral vein T tech
mque may save many hours of tedious dissection and undowbtedls
provides the patient with a shunt of good size. Rousselot’s onginal
Hlustrations are reproduced m Figure 76 One precaution must be
exereised in the use of a femoral vem graft; the valves must open m
the direction of the blood flow! Autogenous femoral vein grafts are
not restucted to splenorenal decompressive operations. Blakemore

out an available spleme vem may present a lacuna of blood m the
neighborhiood of the yunction of the portal, splemic, and supertor
mesentenc vems This vascular pool, m a farr number of patients,
can be conncected to the vena cava by means of a ven graft

/I‘hc Results of Venovenous Shunts m the Treatment of Portal
Hypertension

IMMEDIATL RESULTS There can be hittle doubt but that effectne
portal decompression 15 obtamed by means of either a portacasal or
a splenorenal shunt After studying the reported cases of portal
hypertenston which have been subjected to a venovcnous shunt, 1t
15 obstous that an impressi e fall m portal pressure is obtained when-
cver 1t 1s possible to construct a satisfactory anastomaosis between
the portal and systemic circulations A decrcase m portal pressure
of 18 to 25 em of salme 15 commonly obtained immeduatelv after
opcming the shunt, on oceasion this fall mav amount to as much as 30
cm of salne Expressed in somewhat different terms, at 1s not at
all unusual for a patient whose portal pressure at the begmning of
the operation 15 m the neighborhood of 45 to 50 cm to obtam a
decrease to 20 to 25 em of salme upon completion of the shunt
Interestingly cnough, the amount of fall 1s not as sigmificant clunt-
cally as 15 the level of pressure obtained after opening the shunt
Blakemore, callmg upon his wide expenience m this field, l{as stated
that all patients who have bled seriously from esophagogastric varices
liave had portal pressure m excess of 30 cm of salne 1, therefore, ?
given patient’s portal pressure at the completion of a [.x)rt:lCaw:i
or splenorenal shunt 15 30 cm of sahne or less, he can be assure
with reasonable certamty that he will not expenence another cata-
strophic hematemesis Althouglh the evidence 1s mdeed meager, lf
15 nevertheless .Jdequ]atc ﬁto mdxcnt]c thz;t thcrkc are‘;-x;i:txl:nsoml mere:

11 dunng the first sex eral postoperatne v
Jw,;]l:se,(r)‘xfear-all pos%opcmme mortality m the 362 C::]SCSS w ]}\l]ct]lllgls\]f
been reported to date 1s 14 per cent (Tables 4 and 5) g
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norcnal shunt, #2-W D, whose final pressure remained at 34 em,
bled once postoperatn ely at one year, the blceding has not recurred
3#3-PR bled nime months after her anastomosss Tlis was unex-
pected, smce her portal pressurc had been lowered to 23 cm - of saline

2963

YEARS (SCALE CONDENSED) YEARS FPRE-OP ~——— OPERATION —»YEARS POST-0P
2 i o 1 2 3
*1" poRTACAAL SHUNTS .
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HEMORRFHAGE, ASCITES, HEPATIC FAILURE IN 37
PATIENTS SUBJECTED TO PORTAL DECOMPRESSION.

Fig 77 B Thus figure attempts to portray how the natural history of portal
In pertension is altered by portal decompression To the left of the vertical lime
(operation) are recorded the long-term features of
cach paticnt, to the nght the postoperati ¢ results

as aresult of her shunt On reevploration, the anastomosts was found
to have closed The pressure had nsen from 23 em to 34 cm of
salne Because a portacaval anastomosis in this paticnt was not tech-
mcallv feasible, a graft was employed between the superior mes-
entencvemand thevena cava This superior mesentenc anastomosis,
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The final pressure reading appears to correlate well wath the sub-
sequent clmical course of tic patient m respect to recurrent hem-
atemesis (Fig. 77 B) Only onc patient i the portacaval sencs has
bled postoperatinely Tlus patient (#4-1D K ) lad 2 final pressure
of 28 cm which s close to the entical level Iler bleeding wasa mimor
cpisode two ycars after her operation and was precipitated by a
relapse to her former halats of alcoliolism and food restuction,
‘Three patients died m hepatic failure after leaving the hospatal but
did not bleed agam PG, the first patient hsted m the portacaval
senes, died after three years; #5, G G, died eighteen months post-

PORTAL PRESSURE CHANGES FOLLOWING PORTAL DEGOMPRESSION

-
suine

e
aomen
i

Fig 77 A In tlis figure the deercases m portal pressure following portal
d 10m arc eapressed hucall; ese represent measurcments taken
within ten to fifteen minutes after opening the shunt gnd probably do not
reptesent the final Ievel rcached later m the postoperative cousse (sce text}-

operatively, and #17, ] M C, thurty-eight days after leaving the
hospital All but two portal pressure readings were well below the
cnbical level of 30 cm of sahne at completion of the operabion None
of these patients bled after portal decompression The two patients
left with high portal pressure following operation, #15—1’.'1". am‘{

USRS .
pressures stabihized.

In the splenorenal senics, the rdlationship of portal pressure to
recnrrent hematemests 1s stuking In neither of the first two patients

rr\;)i“illé;.;ééu;;ent hematémeses. The patient with the second spie
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hsted as #2-P R, was techmcally unsatisfactory and resulted i an
actual icrease w portal presswre to 36 am of saline ‘The patrent
states that smce Hien, shic Tas had seme minor blecding epsodes
These, owever, hayve not been confirmed by the staff and are, there-
fore, open to question The other supcnor mesentene shunt, #1-
ET, also had a small mercase m pressure following the completion
of fus anastomoss and was left with a4 final reading of 38 em of
sahine 1t 1s not surprising that tus patient has subscquently bled
agam On two occasions, 1t was necessary ta control Ins blecding
by use of the csophageal balloon
yt 1s apparent, then, from these data that patients i whom Jn

citective deercase 1 portal pressure was obtamed have not bied
agam Most patients wath borderhne pressurcs, that i, in the nugh-
borhood of 30 cm or s, or m whom portal pressute was not sub-
stantially reduced below this lesel, hase suffered recurrence of hem
orrhage{ Furthermore, 1t 15 obvious, on consideration of the three
deaths from parenchvmal Iner fatlure, that the portacasal anasto-
mosis, while cffcctn cly lowernng the pressure i the gortal bed, docs
not matenally affect the progressive course of crrrhasis |

The clinical results of portal decompression and the final pressure
readng obtaned at operation corrclate well with the mformatiot
obtamed from esophagograms performed at mtcrvals during the post:
operative pestod of follow-up (Table 6). Resolution of the pattern of
esophageal sances occurred by the end of s months in every patient
n the portacaval senies None of these patients has bled agam. In
patient #4-D K, vances have reappeared and have been ylsualxzed
on fitms obtained one and two years after operation. This is the onc
patient of the senes with a portacaval anastomosis who has blcg
postoperatively This patient, as well as #2-I2 M, who also show e
varices at two years, started to dunk agam, and both have failed
chmeally as evidenced by recurrent jaundice and edema, Vances
Tave not reappeared m any other patients w the portacaval senes

The corrclation betwecn the x-ray cxamination of the esophagys
and the other cniterna used to evaluate the adequacy of poxt;n] decom-
pression is cven more striking m the splenorenal and superior mesen:
teric serics of shunts In the splenatenal group, numbers 1, 2, and 3
have all bled postoperatively, and ail hae shown persistence f,f
vances on senal esophagograms, It will be recalled that m #1 and #2
the pressure was not lowered by operation, and m #3 the shpnf
thrombosed. This patient had a recurrence of portal hypertension
and hematemesis The only patient with a successful spl'enm'?"’]
shunt, #+4-H K, had a final pressurc of 18 cm, of sahne This paticnt
has shown resolution of varices on repeated esophagograms and has
enjoyed a benign clinical course (Fig. 73). In the case of the tvo
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histed as 2-P R, was technically unsatisfactory and resulted 1n an
actual mercase m portal pressure to 36 . of sahne, The patunt
states that simee then, shie s had some minor bleedmg episades
Uhese, howeser, have uot been confirmed Dby the staff and are, there-
fore, open to question The other supcrior mesenteric shunt, #1-
E°T, also had a small merease pressure followmg the complchon
of Tus anastomosis and was left with a final reading of 38 em. of
salme It 15 not surpnsing that this patient has subscquently bled
agun On two oceasions, it was necessary to control Jus bleeding
by usc of the csophageal balloon

}[lt 15 apparent, then, from these data that paticnts i whom an
cifectne decrease m portal pressure was obtamed have not bled
agam Most patients with borderline pressures, that is,  the neigh-
borhood of 30 em. or so, or i whom portal pressure was not sub-
stanhally reduced below tus level, have suffered recurrence of hem-
orrhagc{}l?urlhcmmrc, 1t 1s obvious, on consideration of the three
deaths ftom parenchymal bner fadlure, that the portacaval anasto-
moss, while effectively owcring the pressure m the portal bed, does
not matenally affect the progressive course of eirthosis )

The chincal results of portal decompression and the final pressure
teading obtained at operation corrclate well with the mformation
obtamned from ¢sophagograms performed at mtervals durmg the post-
operatuve pertod ot follow-up (Table 6). Resoluton of the pattern of
csophageal vanices occurred by the end of six months i cvery patient
i the portacaval scries Norie of these patients has bled agam In
patient #4-D.K, vances have rcappeared and have been visuahzed
on films obtaincd one and two years after operation, This is the one
patient of the senes with a portacaval anastomosts who has bled
postoperatively This patient, as well as #2-D.M , who also showed
vances at two years, started to dunk agam, and both have failed
chmcally as cvidenced by recurrent jaundice and edema. Vances
have not reappeared m any other patients m the portacaval senes

The correlation between the s-ray examination of the esophagus
and the other cntena used to evaluate the adequacy of portal decom-
pression 1s even more stuling in the splenorenal and supertor mesen-
tenic senies of shunts In the splenorenal group, numbers 1, 2, and 3
have all bled postoperatuely, and all have shown persistence of
varices on sertal csophagograms 1t will be recalled that i #1and #2
the pressure was not lowered by operation, and mn #3 the shunt
thrombosed. This patient had a recurrence of portal Iy pertension
and hematemesis The only patient with a successful splenorenal
shunt, #+-H K, bad a final pressure of 18 cm of saline Ths patient
has shown resoution of varices on repeated esophagograms and has
enjoyed a bemgn climcal course (Fig 73). In the case of the two
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patients with supenor mesentenic shunts m whom the postal pres-
sure was not reduced nor was further bleeding prevented, the csoph-
agograms have contmucd to show lirge and extensn e varices.

Au additional pomt of wigmificance anses from a consideration of
the seral esophagograms (Table 6) In the portacaval serics, all
paticats studicd at siv months have shown a normal esophageal pat-
tern TTis cludes #15 who failed to show an immediate decrease
n por : ) : '
three
ofvan.__ ... . L os .
ment i portal pressure may be a gradual onc over a threetosi
mionth pertod rather than an abrupt change as reflected 1 the pres-

plore #16~A K, two months after the completion of her porta-
caval shunt. The portal pressure had been lowered by the portal
decompression from 32 em. to 20 em of saline. .\t the tinc of her
reesploration, the portal pressure had fallen further, 9 cm. of salme,
below her post-shunt lesel and had stabihzed at 11 em of salne A
sumilar slow adjustment may account for the change m the esoph-
agogram of #15-P F, who was left with a portal pressure of 34 e,
at the completion of Ius portacaval anastomosis but who has had
negatwe esophagograms at three, siv, and nne months. This patient
has not bled since his operation

Because the end-to-ude portacaval shunt has been enticized on
the basis that it may senously mmpatr Iner function, detailed charts
of sclected preoperative and postoperatne Iner function test for
The New York Hospital shunt series are reproduced jn Tables 7-12
It will be noted that in thss seres, preoperatu ¢ albumin levels are
fauly Ingh for the average case of curthosis (Table 7) Ths 1s duc
to carcful selection and to concentrated supportie therapy before
operation Within the month followng operation, the average level
of albumin m this senes falls about I mg per 100 cc. despite con-
tinued dictary attempts to mamtam 1t at the preoperatne level By
three to st months postoperatiely, most of the patients have re-
gamed and are able to mantan their ongmal albumn levels The
onlv nahient 1n this group whose albumin has fallen zlppn.:clab]‘y is
2 . '
Th
levels was found when scrum bilirubin levels were aeteriincy su
ally (Table 10). During the first month after operation the bilirubmn
rosc shghtly, and then over the course of the succeeding three to s
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months stabihized at its preopenine fevel In addstion, alf patients
who were chineally yaundiced before operation conhnued to be so
dunag ther postoperatne penod  #H4-G N, and #9-M S, are
cxcellent exaraples of this phenomenon The one patient an this senes
with bihay cushosss was jundiced before operation and fad long
suffered from pruntus and pig tion These were
4 by portal decomp The werease m bilirsbn to
19 mg per 100 mt at thrce months 19 #5-G G appeated to be due
toa faidy sharply defined episode of honologous scrum jaundice
The globuhms are of mterest i that they consistently nse durmg
the peniod of follow-up This mav be anterpreted as a reflechion of
the stow progression of the curhotic pracess which was not stajed
by the portal decomptession The cephalin flocculstion and the
thyno} turbudity do not it mto anv parbicnlar pattera The alkaline
phosphatase zosc 1n 3 cases {Table 9) Thys may posubly be due
tosegencration of Iner tssne The Iugh levels of alkalne phosphatase
secorded for 314 and &7 are thought mevehs to yeflect the prpary
conditton. advanced bihary cnchoss m sts obstructn ¢ phase {The
function of the arthobie Iner m the human, it would appear from
this surs ¢y, 1s not altered apprecabh by shunting portal bloed away
from the Iner The functon of the lner 15 centatmh not improved
by portal decompression, but, on the other hand, thas operation
not followed by any wspostant deviation from the predicted natural
history of the disease 1
Certamm aspects of the chancal course of patients wath portal de
compression are worthy of note Patients with yaundece preceding @
shunt appear to be particulardy prone to become more deeply jaan
diced wm the postoperatue penod The same o true of sodrmm and
water retention as mamfested by ascites and cdema Mot of these
water-logged patscnts accnrnulated thes fnd m the unmeduate post-
aperatne penad but were able to handle salt and water adequatels
thice bo six months after disehasge from the hospital Pahents who
descloped Buid after an episode of hematemess ako scemed to
reconer the abihh to regulate thew sodssm balance gute casihy and
rospended to consersatine therapy within a short penod of time
Those patients, however, with a long hustors of ascites and cdema
unassacrated with any one sudden demand on Incr function were
probably pust gettng by on extemely fow ferels of hepatie reserve In
aft probability, this was never gt adequate fo mcet the requue.
wicits of marmal Img Such paticnts wore unable to fundie sodum
or water any better after thar operation than befare
“There were 7 deaths m The New York Hosprtal sencs, 3 of her
fadure at thyee yeass, snteen months, ond urty-eight days 168pees
tuely Autopsy on the fisst two of these patients ievealed fully patent
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shunts. There were 4 postoperatne deaths, one on the day of
operation duc to eatensne bleeding from the entie aperate field
mcluding the site of the anastomosis, and one at cleven days due
to hner failure and low salt syndrome with a thromboscd shunt. A
third patient died on the twenty-first postoperative day of Incr
failure associated with agonal bleeding. The shunt in this case was
also patent #26-R S dicd of hver fmlure five days postoperatively
T'his patient was one of the poorest operatus ¢ risks and was subjected
to the operation with the balloon m place as a last cffort to control
bleeding

In three other paticats m this series, 1t was necessary to contnue
the balloon tamponade throughout the operation. All three (#5,
#7, and #25) did well and Ieft the hosprtal improved by their oper-
atne procedure | Even today, most surgeons mtcrested in portal
hypertension hesitate to rec 1 portal d P as an
cmergent procedure Yet, m these three patients the shunt, per-
formed on all but an emergency basss, proved to be fesavmg As
ponted out clsewhere, Blakemore, and Limnton and Warren and
others have sought to avoid performing portacaval shunts as emer-
gency operations by direct surgical control of the hemorrhage. This
has been accomplished transthoracically by suture ligature of the
bleeding vanx or vances

Although too carly to generalize on the ultimate place of portal
decompression m the treatment of portal hypertension, 1t scems
reasonable to say that bleedmg can be effectnely controlled when
1t 1s possible to construct an adequate anastomosis. In unsclected
cases, sodum and water retention appears to be aggravated rather
than wmproved as a result of portal decompression [t also appears

’ !
Non-Shunting Procedures for the Relief of Hemorrhage from Esoph-
agogastric Varices*

Not mfrequently patients are encountered in whom 1t proves
1mpossﬂ:lc for one reason or another to construct a_satisfactory
venovenous shunt When such patients continue to bleed, esery
mcentive appears to attempt some other form of operation to pre:
vent further hemorrhage The most important of these subshtute
procedures 1s esophagogastrectomy This operation was devised by

*A bl plete list of surgical ) d other than portacaval
or splenorenal shunts, which have been performed, for one reason or another,
upon the extrahepatic circulabion 35 given in Table 13
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Pheauster and Jumphress s 1947 Encouraged by thar success
m {reatmg esophagogatrie cancer by this means, they proposed
the aperation a3 @ hfcsaumg measere for patients with Mmdm}g
from esopbageal \amcs(\\’ o & Phenster's
ongmal report, added amother (oncept, namcly, that aadpephic
crosion of the esophagus was the actual cause of bleedimg from the

Eig 78 In thas young woman with an extzahepatic block. and a thrombosed
splenorensl shant, esoph E hage vas finally e
cssfully by ctomy, 3 Faney prlosoplasts, and 2 Roux s Y
ssophagojeunostomy  {See postal \enogram, Fig 83 ) {From Child aad
Parnc Portal Hypertension  Monographs 1n Medinne OWathoms & Wallans
Co )

sances, and advocated m sddition to twsechion of ghe portion of the
esaphagus beaning the vances, a total resechon of the stomach This
approach 10 the treatment of bleediig vances was widely elaborated
by Baronofsly, and together he and Wangensteen proposed total
gastrectoniy as an opcration dieeted nather toward low ening portal
pressure not zemoving the sie of hemorrhage Thew obsious objec.
thve was to present aed-pept wto the
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Several other promment Amencan susgeons have been attracted to
csophagogntrectomy, and reeenth Womack and Gray and Whate-
sell hiave adhoeated @ Jocal eeection combmed witly splencctomy.
‘The latter anthors Iuve ako added vagotomy m order ta clinsisate
the cephalic phase of aud gastre seretion. Yot muather tipe of
operation which has been suceessfully applied to the solution of
ths problem 15 a Timited csophagogastnic resection followed by re-
construction of the wntenie canal by means of a Rous m Y ssopha-

Fig 72 DR ONYH #576,5%3, A Esophageal varices prior to parhal
csophagogastecctomy wath a Koun m Y csophugorcjunostonts B hsuphago:
gramw two months aftcr a partial wophagegastrectomy with a Rouy in Y
esophagojunostenty This patient has not bled 1 over cighteen months
smce ths operabion was pedformed

gojepunostoms, Thus procedure is shown in Figure 78 Intm:fhn'gly

N et e orx - -
and B)

In addition to rescction of varous types, other proceduses line
been suggested and tried to a humted degree Som and Garlock se-
ported two patients m 1947 m whom they had packed the upper
thoracic mediastinumt with gauze m the hope that the grapulations
Forming m response o this Foreign matenal would lead to the devel-
opment of periesophageal venous plevus capable of reducing the
pressure 1 the submucosal esophagea) vances. Recently these tw g
Juthors 1eviewed thar results with tns method of txcaxmcnt{n
paticnts. They shill evpress the belicf that flus technwaue mav have
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some ment Few others, howeter, hase accepted thew suggeshon
i one case so treated m The New York Hospatal, attacks of cso-
phageal hemorrhage continued unaltered
Mant years ago, Blamn advocated ligation of the spleme artery
e patieats with bleeding vances on the bans that thus vessel con-
tubutes umpertantly to the total amount of blood entermg the portal
witem Holman m 1933, and recently Blam and Blam bave agan
advacated splemc astersal hgation No very real measure of suctess
has been achuered be #ins procedure alone Of course, it differs
impostantly from splencetomy alone, for st the spleess and the
associated commumicabons which hate been buslt up between the
portal and svstemee enrculations are presened
Currently, the most conttanersial aspect of the ticatment of
1anices concesns hepatic artensal hgation The expenmental basis
for thus procedure as well as some of the anunal work has been re-
viened m an carhier seetion As far as mran s concerned, hgation of
the hepatic artens as 5 treatment for bleeding csophageal vances
duc to curhoss was first suggested by Rienhoff m 1951 Aside fromy
theoretical considerations, the strongest stunulus to try this proce-
dure m man has been the fact that portal decompression 15 3 long
and hasardous operation which will, st appears alwaxs be linuted m
apphication Hepatic artenal higabion, «f st proves effective, 15, m com-
parison to a venayenaus shunt, a elatn ely simple surgreal procedure
which would not evertay the skill of the generat surgeon who has
ot had special traming w \ascular surgen Shorthe after ats wtro-
duction by Rienhoff, the opraton was taken up enthusiastically
s Berman and others
At the moment Rienhoff reports that of the 21 cases he has oper
ated upon, 14 are alne and markedly mproved Of the 7 who died,
4 were blceders Ther were almost monbund on admsuon and
expired within fourteen davs atter operation: The remaming 3 died
of recurrent hemorrhage from thiee to s months after operation
fn dicuesing Tus operation, namehy, hgation of the commuon hepatic,
splensc and gastric sessels, Ruenhoft emphasizes Ty convichion that
cven sn the nonmal Iner, the commen hepatie artery can be hgated
without gross hepatic mfarcion In commenting upan the patieats
who wose improved, Ruenhoft secards that 9 had severe asates from
wlhich the have recened complete rehef T these patients, the
hepatic arten was tied distal ta the duodenal, and the splune was
abo Iigated Four patients with both asates and hemorthage huse
feen rehieved of ther asetes, but two have contwued to bleed In
conctusion, Raenhoff states that at the mement hie feely hepatic,
splenic, and gastae artenal ligation 15 the procedure of chowce for
the patient with ascrtes, the portacaval shunt may be the better
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operation for bleeding esophageal vances, although this has not
been proved
In Dr Rienlioff's Ietter to me he requested that 1 quote him as
saying that, “More cases must be Anne wnd fomier studies made on
: any dogmatic state-
1 ©ee-w healso stated that,
“Uness one hgates the hepatic artery distal and provimal to the
gastroduodenal, one wilf get a coltateral cireulation . . . which will
nulhfy any benefits of hgation
In addstion to Rucnhoff’s cspesiences Bermon renopts that to
o es} the left
1

PR P | e

aasastints as postoperatie deaths Sesen died within a year OF these
13 deaths, 6 were from hamornhage from csophageal vasices and 3
from recurrent ascites and hepstic msufficiency. The average sur-
wwal tune hias been cleven months The langest sunnal time was
recorded m one patient who is reported to be well and back at work
twenty-six months after operation .\t the present time, Berman
bsts actne hemorthage, perssstent pundice, hy pertension, cardiac
decompensahion, and an extremely luge kner wihieh s rapidly shrink-
mg m size as contraindieations to hepatic arterial ligation, Hepatie
necross has not been a complication, forn every instance the hepatic
attery has been higated on the gortie side of the gastroduodenal
artery Of the 20 patients, 13 or 50 per cont are ahie without ascites
or blceding. Berman's final word 1 a Ietter of recent date emphasizes
two pomts, first that hic is tnymg to restct the operation to paticnts
with atrophic cuthoss, and second, that lic consders the operation
m the carly cvperimental stage An claborate preseatation of Ber-
man’s man powts together wath a complete discussion of these can
be found m a paper sead before the Western Surgical Association
and pubhshed m Archives of Surgery in July, 1952, X

In a recent conversation, Madden, who has hgated the hepatic
artesy of 8 patients, cvpressed great doubt as to the cfficacy of the
procedure, for in none of I patients could he detect siguificant
improtement

At the present tume, it is diffienlt to cvaluate this newest surgical
procedute dirceted tonard the relicf of portal hypertension and
ascites, Some reports are enthusiastic, others disconraging, The
method is generally beng apphed today to paticats who are con-
sidered too poor xisks to tolerate 2 mare cvtensive operation In Yight
pf the evidence available to date, it seems justifiable to conclude that
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the method of the selection of patients 1s at fanlt Perhaps as time
goes on those who can be expected to benefit may be selected with
greater accuracy ‘Ihe cxponents of liepatic attenal higation make
one pomt wluch hypothetically 15 m their favor ‘They beheve that
hepatic artcrnal higation at least imphes an effort toward improving
Iner function Those who advocate portacaval shunts would be hard
put to 1t to make a simular claim

/{hc Selection for Operation of Patients wath Portal I1) pertension

site of hemorrhage In general, these are young individuals with good
hepatic rescrve who could be eapected to tolerate any operatne
procedure well Tn the majonty of mstances, they can be expected to
sunve splenectomy and a splenorenal shunt Occasionally, a vemn
graft will fachtate the procedure The unbappiest consequence of
this operation 15 associated with closure of the splenorcnal shunt
and recurrent hemorrhage Should this occur, a second attempt
should be made at decompression If thus, too, 15 unsuccessful or
possible, some form of csopk nic rescction would appear to
be indicated To date, hepahic artenial hgation has not been recom-
mended
Paticnts with intrahepatic block due to airthosis, however, present
quite a different problem They all require carcful study and evalu-
ation before portal decompression s recommended In certain 1n-
stances, the deasion will not be difficult In those patients whose
hepatic reserve 15 excellent and who have recovered promptlv after
their hemorrhage, opuration can be recommended enthusmstically
as an important hfcsavmg procedure The operation should be
denued to patients to whom Blakemore 1s wont to refer as “dead end
Varthoties” Therr recavery after hemorrhage s slow, thev are per-
sstently jaundiced, and the discase m them 1s usnath associated
with ascites Such patients may be suspeeted of being upon the
herge of hepatic farlure, and unless they respond dramatically to
medical therapy, they should probably be refused an attempt at
portal decomprcssion Between these two extremes lies a group of
tients 1 whom the nsk of death duc to hepatic faijure must be
. . o . 1
'

Lanton has made a most construct ¢ effort to define those patients
with arthosis who are suitable candidates for operation With a
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few modifications, Linton's classification 1s ontlmed in the following
paragraphs

CIRRHOSIS HELMORRUAGL WIHIOUT ASCIILS OR J AUNDICL. n general,
any paticnt with circhiosis who has had 4@ massive csophagogastie
hemorrhage must be considered a candidate for susgical mtersention
At the present tune, the most uscful operation is portal decom-
pression by means of ether a portacasal or splenorenal shunt,
Whether other less formudable surgical procedures will be developed
m the future s difficult to forccast At the moment, portal decom-
pression appears to be the operation of clioice. Since this 1s a surgical
operation of some magmtude, the patients i whomt it is to be uscd
must be cvaluated with care m terms of the surgical nskh myvohed

decompression, The absence of ascites or jaundice means that hepatic
resenve 1s good and that m all probability the patient wall wathstand
the procedure well Lichtman has pomted out i tlis conncction
that 1 temesis often dately precedes jaundice and ascites
Blakemore, on the other hand, has expressed in his many wntigs
the opuuon that hiemorrhage 1s a catastrophe tolerated but poosly
by the patient whose liser1s near the brink of decompensation.
CIRRHOSIS HEMORRIIAGE WITII ASCITIS AND/OR Jaunpice Once a
patient with curhosis has decompensated as judged cather by the
appearance of asates or jaundice or both and then has a4 severe
csophagogastnic hemorrhage, the deaision whether to subject hum
to portal decompression 1s difficult indeed Once cither of these
two signs .Ippcar‘s, the 1‘1r0gn(‘)S|s as to hf'c 1's\poo‘\:. m;t:spcctrlr\e Of

a year of their first hemorrhage It 1s m this group of patients that
the surgical mortality 1s huigh After operation, such patients may
pass inte hepatic coma and anuna, they may become deeply jaun
diced and may scerete cveessive amounts of ascitic flud Probably
the best hope for such patients lics in a carcfully regulated and often-
tumes prolonged penod of preoperative preparation. If hy the judi-
cious use of diurctics, low salt diets, and the adnnmustration of plasma,
blood, and serum albumin, the patient can be brought nto reason-
able balance, he may withstand the operation surpnsingly well. Tl{c
deasion as to whether portal decompression 1s advisable i this
group must rest wath the individual patient’s response to a sound

medical progrant.
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Under this same icading will also be found a group of patients
whose hemorthage has preoipitated an attack of ascites and deepen-
wg yaundice Instead of stoppmg, the hemorshage continues and
<an perhaps only be held i check by balloon tamponage. What to
suggest for these patints x difficult indeed, for the batloon cannat
be left in place safely for mote than a fow days, and generally they
arc m such poor condition that an emergeney portacaral shunt 15
out of the question [¢1s m these patients that Boerema, Cule, Blake-
wore, and Linton have pted 1 1cand . ph 1
ligation of the bleedng vances as a temporary measure designed
to ide the patient over lus inmediate cusis 1, with the hemorrhage
controlicd, a proper medical program leads to remission of signs
and symptoms, opcration nrty be undertaken If, howeser, hepatic
decompensation contiucs, 1t seems unldely that the paticat wilt
sunive the surgical procedure Operation should be withheld under
these aircumstances, for there s hittle poust m needlessly adding to
the mortahity

CIRRMOSIS WITHOUT HLAORRHAGL OR VARICES Paticuts m whom
a dragnosis of vances cannot be made with relatne case and whe
have never bled shonld, m the hght of present knowledge, not be
aperated upon Portal decompression does not, as far as s known,
mprove hepatic function nor docs 1t incrcase the resene of thas
organ. There scems, therefore, hittle reason to decompress the portal
bed 1 patients with uncomphieated ershosis

CIRRHOSIS WITHOUT IILMORRIAGE BUT WITH VARICLS \Wathwcrcas
g awarencss of portal partension, mans patients today are sub-
jected to phagographv or to csopt pv m search
of sances In many dlins, this ¢ffort has been renarded by the
demonstration of dilated esophageal vems wlich may be interpreted
as powtne evidence of portal hypertension Today, there 1 btle
unanimts of opinion as to whether operation 1 advisable w such
mdnduaby Juhan and Fildes bave evpressed the behef that operation
should be resorted to when vances are demonstrated provided there
1 reasonable hepatic reserve Lanton opposes this view Blahemore,
at a reccat muectmg, suggested that as more evidence accwmulates
it may provc important to operate upon these mdniduals, for even
a sunple humorrhage may throw a paticnt with arrhosts tato hepatic
decompensation from which lic daes not commonly recorer 1 at

all possible, even onc hemorthage is to be asosded At'The New York
Hospital, a dazen ar more mdividuals £alling mito thn category arc
now under close sunallance If over a penod of tune the madence
of hemarthage can be shown tobe Tugh w these pabients, the present
poliy of not operating upon them will doubtless be changed A
most mteresting commentaty upon this s found in a recent paper
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by Dyc and Ins associates who followed 11 patients with known
portal hypertension ‘They were able to demonstrate that the -
creased portal pressure fluctuated from time to time. Under medical
management, 1t might entirely regress Rather justly, these authors
pomt out that disappearance of esophageal varices 1s not necessanly
cvdence of a successful portacaval shunt. This may occur quite
mdependently of whether the shunt functions o 1ot and probably
is related to changes withm the hver itself, The findings of this
carcful study should be corroborated by additional cases before
they are widely accepted If these observations be true, one of the
most uscful yardsticks for mecasurmg the effectiveness of portal
decompression loses much of its valuc,

CIRRIIOSIS WITII UNCONTROLLLD ASCITES In lte with Eck’s ongal
suggestion, many have been persuaded that a successful portacaval
shunt would prove uscful in controlling ascites. As soon as the tech-
mque for performing such a shunt successfully was developed, many
patients with ascites were operated upon with this as the pnman
mndication The results have been umiformly disappomnting Not
only was the ascites unaffected, but the postoperative maortality
proved prolubitiely high

Laver Function Tests as an Aid m Selecting Patients for
Portal Decompression

Wlule significant advances have been made in cstumating Incr
function by means of biochemical tests, attempts to select patients
for portal decompression on the basis of a fived pattern of such tests
have been disappomting However, in the cvaluation of any mdr
vidual patient’s problem, certain mformation derived from these
procedures 1s mvaluable In general, the Ievels of scrum albumn
and serum bilirwbin scem most closcly cotrelated with the observed
climcal course. Patints vath albumin lexels of 3 grams per 100 ml
or below tolerate operation poorly and usually devclop persistent
postoperative fluid retention. Likewise, operation 1s not advised if
the scrum bilirubin nses much above 4 mg, per 100 ml. Patients
with Iugh scrum bilirubm levels have been frequently obscrved to
develop cholenua following the long operatne procedure :‘md tg
present major probl in t. Significantly prolo
prothrombin times which are not correctable by vitamm K also
render operation hazardous duc to uncontrollable bleeding. Other
clinics have found a correlation between hugh Bromsulphalemn re-
tention and postoperative morbadity This test 1s 20 mdication of
parenchymal cellular function and ‘as such 1s a valuable screeming

procedure.
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aperation is of necessity dictated by the course of the patient.
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CHAPTER 14

Portal Veng graphy

WITII the developent many years ago of several radio-opaque
substances wlich could be mjected safely mto various of the body's
vascular systcns, angiography became an accepted diagnostic tech-
mque Cerebral anglograply, angiocardiograply, peripheral angio-
graphy, phlebography, and aortography arc today important aids
m the dugnosis of obscure vascular anomalics and discases. The
application of these techmques to the portal senous system has been
slow, primanly because of the difficulties encountered m attempting
roentgenography in operating rooms where evplosise gases are com-
monly employed Direct portal venography requires that the patient
be 1 an operatimg room and under a general anesthesia, for only by
cannulating enc of the branches of the portal vem can 4 contrast
medm be mjected with sufficient rapidity to produce uscful diagr
nostic ilms  Until an v-ray apparatus with rapid cassette changers
1s manufactured which can be used safely m the presence of axplosise
gas mixtures, portal senography will lag behimd i ats dC\C]Omen(‘
i o . s . . PG

1 . . . .. -
with an extraordmanly useful rescarch tool, In Figure 80 arc repro-
duced a senies of Damel’s rocntgenograms of the hepatic portal
venous crrculation When senal films such as these become available
for the study of the portal system i man, this section on y cnography
will have to be entirely rewntten

Interest m portal venography was aroused in the surgical rescarch
laboratones of The New York Hospital through our studics upon
portal hemodynamics m the Macaca mulatta monkey. IHavung
proved that tius ammal survived sudden portal occlusion, my assock-
ates and I became mterested m following portal blood flow dunng
the mmediate and late postoperatie course After studsng a nun-

;rlldc:)u\;ld;z;t I;e traced or mass injections, because of poor prc§surc
268
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control, gave entircly false results VWe then began to study the
obstructed portal systen m the lving dog by means of rocatgen vsu-
alization of the splanchmc bed after st was imjected wath 35 per cent
ar 70 per cent Diodrast The sesults with this technigue were most
gratifying, and siee ws adaption a few years ago oser one hundred
portal \enograms have been performed m monkeys and s dogs Our
latest apphication of this method has been 1 connection with our
studses upon portacaval transposihion and hepatic regeneration A
namber of these rescaseh senograms are 1eproduced m the appropn

11 oty
o

1%

Fig 80 One of Damel and Prichard’s senal hepatograms Application of
tns technique to man 15 2o rdeal as jet unreatized {2} Portal venous flling

{b) Smusaidal llwg {c} Hepatic senous filling (From | Path & Bact, wot
64,1952 )

ate appendices Here, howeser, attention will be focused upon visaal-
szstion of the portalyem m 1anows diseases of man Beeawe no grear
nuwber of these films are avalable for studv, 2 complete diagnostic
survey s nmpossible 1n the neat few pages s reproduced  random
sertes of portal venograws Wustratn ¢ more of the potential value
of the method than of its actual accomplishments As time £O8S on
and snproved techmgues become asailable, 1t seems safe ta predict
that this icld of angiography wall be grcatly expanded  Among others
mterested w tlus field at the present time are Moore and Brden-
havgh Rouwsclot, Legey aud Sants and Manon

‘techique

Fark m our Gypenence with postal senography a 15 bore needle
was mserted mfo the supenor mesentenc sesn or one of its large
tobutaries as this lasge vessel disappeared from view beneath the
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Lortal Venggraphy

WITH the development many years ago of several radioopague
substances wlhich could be mjected safely mto vanous of the body's
ascular systems,

mque Cerebral a

graphy, phICbOgIe, . 5, wiu wvicvpupury wiv wwuay asspust w
n the diagnosis of obscurc vascular anomahes and discases The
application of these techmques to the portal venous system has been
slow, pnmarily because of tise difficultics encountered in attempting
roentgenography m operatmg rooms where explosive gases are com-
monly employed. Pirect portal venography requires that the patient
be m an operating room: and under & general anesthesia, for only by
cannulating onc of the branches of the portal vem can a contrast
medium be myected with sufficient rapidity to produce uscful diag:
nostic films Until an v-ray apparatus wath raprd cassette changers
1s manufactured which can be used safely m the presence of evplosise
gas mutures, portal venography will lag behind n its development.

The uscfulness of portal venography and hepatography 1s not
hmited to general surgical operating rooms, Its development m the
past few years by Damel and Ins associates has provided physiology
with an extraordmanly useful research tool In Figure 80 are repro-
duced a senes of Damel’s roentgenograms of the hepatic portal
venous crrculation. When senial filins such as these become available
for the study of the portal system i man, this scctron on venography
will have to be entirely rew nitten.

Interest m portal venography was aroused in the surgical research
laboratones of The New York Hospital through our studics upon
portal hemodynamics m the Macaca mulatta monkey. Haung
proved that this anmmal survised sudden portal occlusion, my associ:
ates and 1 became mterested 1n following portal blood flow during
the immediate and late postoperatine course After studyng a num-
ber of these amumals at the autopsy table, 1t became obyvious that
Iittle was to be leamned at autopsy, cither by smple observation or
by mass injection techmques. All too often the veins were collapsed
and could not be traced or mass injections, because of poor pressure
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was planned, a short scgment of the upper jejunum was drawn up
mto the wound, and a comenwnt meseutene veui which approw-
mated the diameter of the polycthylence catheter was sclected After
freemg this vessel of adjacent fat and pentoncum, 1t was meied
between occlusie tennion sutures and the catheter mserted mto 1t
for a distance of about 3 to 4 e Here 1t was tied 1 place and the
outer end attached to a #15 needle The 6 em of catheter outude
the vein then provided adequate slack with wlich to absorb the
madscrtent movements of the patient and operator At first 35 per
cent Diodrast was used, but as we became bolder 70 per cent solu-
tions were used n 40 to S0 ml amounts Some sty venograms have
' ’ T tus

sof

1yg 82 Tlus portal scnogram was obtamcd m patunt EC, N Y H #584,-
105, durmg the cousse of eaploration for chronic, recument pancreatibis Tt 15
considered normal The ercscentic shadow at the tip of the needle m the lower
nght hind comer of the film 15 due to the sticam of spleme venous blood ca-
tenng at ths pomnt The blob of tadio-opaque substance 1n the lowcr center 15

1 A ch ad been

e the galll . d just prior to the

\enogram
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mferior border of the head of the pancreas, At best, this was a har-
rowing performance because motion on the part of the operator
or of the patient often dislodged the needle from the lumen of the
vem Al too often, a large portion of the Diodrast was delnered
frecly mto the pentoneal cavity or, should the needle hase penetrated

Fig 81. Techmque of portal vcnography and manometry. Onginally the
contrast medium was injecte -
found to be too harrowing for ¢
vein or penetrated thevessels fo. .~ .
polethylenc catheter tied 1n place improved the quality of the venograms
mmeasurably

the far side of the vessel, into the retiopentoneal tissues To add to

i;;ii;er in 1950 we changed our technique and used a short lengtn
of a polycthylenc catheter instead of the ncedle Immcdiately upon
opening the pentoncal cavity of a patient in whom portal venography
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g 83 DR NYI #3576353 Ihis venogam depicts accurately the
status of the portal esiculation of 3 paticnt with scvere cvixahepatic black
The dyc entars the portal sistum through the fine catheter vsible 1 the
left Jowcr quartcr of the it erc 1t 15 dissapated m @

mass of vains, on the far e of which 1t 1 prcked up and retumned to the
geavzal venous svstem thaough the infcnor mesentene vom (tower sight) and
thtaugh the coronary s stem (upper mid stetiom ) The vavicees i the stomach
and lower cwophagas are 1svaltz

Fig % PR NYH #598,106 Another cxample of extraiepatic bloch,
showing ¢ vaniecs, inforior collatert, and cnormous
vansy fornaation 1 the hepatoduodenal ligament

Fig 85 Portal venogram obtamed m patient EL, NE CH #75.431
whosé evtrahepatic potal blach was peesamably de to dsmage of the poeta]
vewn i the cawrse of a chalecystestomy performed one year praot to deathy (see
page 378 for complete case tustors ) T this 6im the portal soan canmot be s
uzhzed nov tan the spleme At the aperating table it was postulated, there-
fore thit nather 3 portacanat nor splenorcn st shunt was mdicated, At post
mortem ¢ an extensne thrombosss sath mmor canalzation of the
portal ind splemic auims was demonstrated
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Fig 84 Sce facing page for legend
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o

¥ig B8 Sco below

fog 86 G M NLCIH #7449 This paticat’s film 1 of anterost, Bat, av
an ovample of a pusfectlv nosmal portal venogram and secondh dor i
enemmons size of the huer as wllected m the hepatogram This prticnt had
had infechions hepatiss many yems before and presented fumsedf for fuper
splemism nceding splcnectans ks portal pressure was 26 om of st P
6lm proszd parbralady valuable, for it demenstrates 3 portal sain wseful for
shunhag purposes should s partal hypestension &yer become assonated
with ariees aad massne homorchage

fig 87 RK NYTH #3%;;’“ A portal senogram 1o o paitent wath o
N hagogastse 1 )

thosis portal ke a Tortal pressurc
was 3 em of sahine Thas &

ily a Jarge g portal
vern eomnanths sintable for & portocasat shunt {Portacaal Case #8, 2 359 )

Tig 89 WK NYH #431,201 This patient’s wenogram sescals an ad
sauced ntrabepatic Dlock due 1o cathosis $his portal pressose was 35 om
v satie Thas coutrasts sharph sth snost of {he Slins ohtaned m patients
wath ahosss i that the collateal pattan resembles that of ar extrzhiepatic
black Lattle of any of the tadio-opague matersa} passes through the lwer
(Portacasal case #21, p 367 }
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Fig 86 Sce facing page for legend.

Fig 87. Sce facing page for legend.
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Fig. 89 DK NYH #582973 Bihary cuthoss of the Iner “The most

Fig 90 MP NECH #67-488 Portal senogram This patient kad severe
portal hypestension (49 cm of salne) due to cirthosis The feature 1 this
flm 15 the two small arcas of radiolucency visualized 1 the portal vemn In the
course of performing the portacaral shunt, these shadows wese proved to re-
Aect two arcas of organized thrombus cinging to a sclerotic plaque n the wall
of the vesscl These were simply scraped off and a satisfactory shunt com-
pleted (Portacaval case #29, p. 371 )

Fig 51 O.A KH #4599, Although this senogram 15 poor, it s fepro-
duced for two reasons. Fust, it 15 the only one obtaned 1n 2 patient with a
severe ntrahepatic block due to Schistosoma mansom Sccond it shows
the radio-opaque substance backing up mto the splenic van, fillng the
dilated and vancose coronasy som and abo &lling 3 huge ducdenal Aein
(Portacaral case #22, p 367 )
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s

Fig. 90. See facing page for legend
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kY
Fig 94 See below

Tig 92 AK N YL #498,596 This iperfect senogram nscals a widely
patent portacaval shunt approumately three months after ats construction
OF particular interest i thns patient were her portal pressures Preshunt—46
cm_of salie, immediate postshunt—23 cm of saling, three months postshunt
—1l em of saline (Portacaral case #16, p 363

Tag 93 SL NY I #559,381 Tlus portal vcuagram was obtamed wm a
naticnt wath portal liypertension The portal voun 15 enlarged, and the Ier
Es et Although there was sufficient mtrahpatic block ko canse sances
which bled there 15 & generous amount of dyc cntering the hver This 15
sharp coutrast to the ilm reproduced m Figure 88 in which the degree of
intrahepatic bloch 15 sufficicnt to disert practically all of the Diodrast nto
the coronars and mfenor mesentene sems  (Portacaral case #6, p 358 )
(From Child ct a1 Radwology, ol 57, 1951,)

Fig 9L MF NYII #622,597 1his Blnas an example of a large, extrnsic
pressure defect duc to 2 carcraamna m the head of the pancreas Portal pressure
was 20 cm of sahne Because of hepatic metastascs, this tumor was inoperable
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Fig 93. See facing page for legend
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Fig 97 Sce below

Fig 95 R McN N Y 1L #632,433 This patient was admutted to the bos
puat deuply gundiced Doep w the haum of the ler could be palpated a
stom, hard mass, bropsy of which revealed carcmoma  The commen duct
was collapsed and without bale Tlus venogram shows a sharply constneted
w1 Hie portal vean 1w sty ntrahepatic portion It hies jast at the pomt of
dnason of the postal vem into the nglt and left branches

Yig 96 }M N YT #578,518 Tlus postal venogram shiows complete o
prictically complete ohstruction of the superior meseaterze vem by a car-
ctnoma prmary 1 the uncmate process of the pancreas Large and small col
hiteraly devidopmg antustinalwards fo the ebstruction are micely scen The
portal pressurc was 27 cm of salme (Trom Child ct al Radiglogy, val 57,
105ty

big 97 Portal venogram obtamed w a patient wath advanced cuthoss of
the hver and a Tugh postal pressure, The unnsual crescentie defect was due
to a greathy hypertraphicd caudate lobe (Courtesy of Dt John Beal }
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Fig 95 Sce facing page for legend

Fig. 96. See facing page for legend
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thg 100 Sce below

Tig 98 D MG N Y IE #0604.562 Scierc angulation of the portal ven due
to 2 caromon punan m the bodv af te pancreas

Tig 99 5% NI 564393 Garemoma of the gallbladder Vepatie
wctatass §Ts Al rseals 1 latge temar smass ()t the right upper quad
st and an cmous hepitie etastass (3 Y

Tag 500 1S NYNH 3192002 Ths venugrim sficcts sccurstdy come
plete obsteaction of the portd vew by a carcimoma {inoperable) of the head
of the pancreas o most other occlusions of the portal van the infenor mesen-
tenie beaws the bruat of the coltateral flow Hore 1t 1 the tght colic vessels
{TFram Child ¢t &t Radwolags, vel 57, 1958 )
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Fig 99. Sce facing page for legend.



CHAPTER 15

Pancreaticoduodenectony
with Resection of the Porial Vein

IN 1938 Whipple and his associates announced that they had suc-
cessfully resected the head of the pancreas and the duodenum for
a malignant pancreaticoduodenal tumor Within a few years, a
number of surgeons over the country reported that they, too, had
successfully performed Whipple's operation Great hope then was
eapressed that tumors primary m or about the head of the pancreas
had at last been brought within rcach of surgical therapy During
the past few years, about 150 of these resections have been reported
with sufficiently long follow-up studies to permut a prelummary
cvaluation of the results In Table 14 are summarnized the most recent
reports avadable Of the hundred odd recorded cases of primary
pancreatic cancer, the average survinal time has been fifteen months,
and only about thrce patients have been rcported alne over five
vears These mamifestly poor results have prompted a number of
vigorous reactions, some surgeons have eapressed the opimon that
the salvage from the Whipple operation was no better than that
obtamned by palliatne decompression of malignant obstrnction of
the bilary tract Others have felt that the operation should be
abandened, either entirely or at least untl such time as patients
wath pancreatic cancer can be brought to operation eathier Still
othess believe that such a p 1 approach 15 nt with
PrOgIEss 1n Surgery

As thus operabion 1s usually performed today, 1t 1s technically -
perfect Although generally designated as a radical procedure, this 15
far from the actuahty Despite the fact that 2 generous segmicat of
stomach, the wntire duodenum, and upper jejunum, the lower
common duct and as much as the entire pancreas 1s often removed,

C e e
nant process, the operation has been abandoned For this reason, the
285
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Fig 101 GK NY.H. #636,202 Inoperable cancer of the head of the
pancrcas This film demonstrates marhed distortion and narrowing of the
portal seus without complete obstruction Here collaterals appeat ta be com-
posed primanly of rctropancreatic anastomaoses
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Pancreaticoduodenectony
with Resection of the Portal Vein

IN 1938 Wlupple and his associates announced that they had suc-
cessfully resected the head of the pancreas and the duodenum for
a mahgnant pancreaticoduodenal tumor Withm a few vears, a
number of surgeons over the country reported that they, too, had
successfully performed Whipple's operabon Great hope then was
cupressed that tumors prmary i or about the head of the pancreas
had at last been brought withm reach of surgical therapy Durmg
the past few years, about 150 of these rescctions have been reported
with sufficiently long follow-up studwcs to pernut a prehminary
cvaluation of the results In Table 14 are summanized the most recent
reports available Of the hundred odd recorded cases of prumary
pancreatic cancer, the average surinal time has been fifteen months,
and only about three patients have been reported alne over five
vears These mamfestly poor results have prompted a number of
\1gorous reactions, some surgeons hase expressed the opimon that
the sahage from the Whupple operation was no better than that
obtamned by palliatne decompression of malignant obstruction of
the bikarv tract Others have fclt that the operation should be
abandoned, ather entirely or at least until such tine as patients
with pancreatic cancer can be brought to operation earher Stll
others behieve that such a 1c approach 1s with
PrOZICSS tN SUIgETy

As tlus operation 1s usually performed today, 1t s techmically m-
perfect Although generally designated as a radical procedure, tus 1s
far from the actuality Despite the fact that a gencrous segment of
stomach, the entire duodenum, and upper jejunum, the lower
common duct, and as much as the entire pancreas 15 often removed,
the portal vem 1 routinely left i place This structure, often lymg
within miihineters of the ncoplasm, aither has been left with tumor
imading its wall or because of its obvious im olvement m the malig-
nant process, the operation has been abandoned For this reason, the
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cipenments which have been recorded elsewhere in this volume
{Appendx 2) were started m an cffort to deternune whether or not
thns vessel could be resected were it invaded by cancer. To date, 4 pa-
tients have been subjected to a tw o-stage operation at which resection
of the portal and supenior mesentenie vews was combimed with pan-
creaticoduodencetomy In onc patient, a sigle-stage procedure was
attempted without fashioning a shunt between the portal and sys-
temue venous syste This pahent died m shock shortly after opera-
tion, blecding dunng the procedure became uncontrollable as soon
as the portal and supenor mesenternic vemns were resected In these
two respects, tins ll-fated, one-stage operation reproduced preaisely
the resnits obtamned wn the monkev where pancreatectomy with
rescction of the portal vem was attempted at a single sitting Because
of their mterest, these 4 casc 1eports have been outlined in detail
as follows

™ O STAGF RADICAL PANCREATICODUODENCCTOMY WITH
RESECTION OF THE PORTAL VEIN T'OR MLETASTATIC
MELANOMA

Case #1—-MB-~-NYH #42559-3ge 47 Years Ad-
nutted  Apnl 17, 1951 Discharged  June 2, 1951

mistorY This fortv-sevens car-old housewife of Russian ex-
traction was first admtted to The New York Hospital in October
of 1945 for pain in the Ieft am and hand The Icft antenor
scalenus muscle was resected, and she was discharged smproved
Two years later, she was again admitted for recurrence of pan
n her left arm, and at exploration a metastatic, malignant mel-
anoma was cxeised from her braclual plesus on this side

She was admmtted m 1931 because of jaundice of two wecks”
duration The patient stated that she had been quite well until
the onsct of what she considercd her present illness At that
tinic, she devcloped epigastuc distress after catmg fatty or greasy
foods Tlus indigestion contiued for the nest two wecks Her
appetite farled entircly, and she ost ten pounds i waight Two
wecks before adnussion, her shan and sclerae became ictene, her
anne dark, and ler stools grav n color

Aside from the mahgnant inelanoma remosed from her axilla
four vears prior to her present adimission and the cvents const
tuting hier present illaess, hicr histon was negatne

rinsicar kxanmanos This woman was well nostished and,
save for her obvious yaundice, appesred to he w guod health
General atropln of all muscles of her 1cft atm and hand was
present Her abdomen was soft and flat A muass, belicied to be
Iner, was palpable about 3 em below the nght costal margm
This was smooth and nou tender “The spleen could not be flt,
and pchyee and reetal eximmations were negatne
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Pancreaticoduodencctomy with Resection of Portal Vem

dissected free at the potta hepahs and occluded for thuty nun-
A - P R [
tn mmates 1t then slowly returned to Ler normal level of
110780 mn of mercury When her systemic blood pressure had
stabilized at ats normal Ievel, the portal ve.n was doubly hgated,
and the ends of the sututes left long for ready wdentificaion
at the time of the nest operation One hour after occlusion of
- o U VU O VY
Iessen while she was awastmng her neat opcation The wound
was closed i layers with silk
FIRST SIAGE POSTOPLRATIVE cOURst Tlus patient’s course fol-
Yowing hgation of her portal vem was uncomphcated Her tem-
perature rose to 38 6 and 38 + degrecs cenbigrade dunng the eve-
mng of her sccond and tlurd postoperative days Bv the fifth,
she was taking a soft dict On the scyenth, she was returned to
the operating room for the second stage

Second Stage (May 19, 1951)—Radieal Pancreaticoduodenee-
tomy with Rescction of the Portal Ve for Metastatic Mahg
nant Melenoma, Panc; Choledocho;
tony, and Gastrojejunostomy

Wath the patient under mtratracheal cyclopropanc, the ab-
domen was agam opencd, this time through a generous upper
abdomunal cunvilinear transierse wasion  Portal venography
was tepeated, and the film » 1eproduced m Tagure 102 [his was
nterpreted as tevealing comiplete acclusion of the portal vem
and extensnc pelvie collaterals between the capillary beds of the
pelue and nfenor mesentenic ve ns The portal pressure had
fallen dunng the week to 23 em of sahne Because of the assur-
ance of evidence demved from expenmental work on the mon
%eys that 1t would be safe to operate through a ficld the venous
pressure w winch was only 23 em of saline, it was deaided to
proceed with the resection of the tumor and the portal vem
Prior to embarking upon the rescchion stself, the spleen was re
moved, for we helieved that this would low cr the portal pressure
auother 5 to 10 cm of saline

The vesechion proper was prformed in the followmg steps
The gallbladder was dissected free, its blood supplh sceured, and
the common hepatic duct divided about 15 em below the
fusion of the nght and left hepatic ducts The portal ven was
divided between the previoushy placed hgatures 1he stomach
was trausceted at the yunction of its lower and muddle thirds,
and the pancreas at approvimatelv the nud portiaa of 1ts body
Intercstingh enongh the spleme van was divded just to the

291
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LABORAIORY DATA. A chiest plate and bone senies were negatne
for any evidence of metastascs. A flat film of the abdomen was
negatne as was a banum enema Gallbladder senes were not per
formed because of Tier jaundice, Enammation of the stomach
and duodenum with banum led the socntgenologist to make a
diagnosis of a ncoplasm of the hicad of the pancrcas whech had
maded the distal stomach and the fisst, sccond, and third por-
tions of the duodenum Intrascnous pyclography resealed nor-
mally funchonng hdneys bilaterall: An ophthalma'ogical con-
sultant stated that her funds were nonmal

Her hemoglobm was 13.7 grams, red blood count—3.3 mij-
lion, whate blood count—13,100, 25 per cent Jeuhocytes, 7 per
cent monocytes, 68 per cent polymorphonuclear leukocytes
Routine unmnalysis was negatne ‘The unne was positive for
urobilimogen and for melamn The stools were greenish brown
and consistently positne for blood

For complete preoperatne and postopcrati ¢ blood chenustry
salues m ths case, refer to 1able 15

courst After campleting the studies recorded, the patient
was subjected to the following surgical procedures.

Fust Stage (May 3, 1951)—Exploratory Celiotomy, Portal Ven-
ography, Ligation of the Portal Vem, Cholecystostonty

With the pahient under mtratracheal cyclopropanc, the ab-
domen was opened through a generous nght upper rectus muscle
sphtting maision There ummeduately presented a large tumor
masssome 10 by 9by 7em hymg within the hicad of the pancreas,
imading the lower stomach and duodenum and adherent to the
gallbladder Ilic entire mass was frecly movable, there were no
regional lymph nodes, the Iner was without evidence of meta-
static tumor A gross diagnosis of cancer of the hcad of the pan-
creas was made

A portal venogram was performed by catheterizing a small
vem w the upper jcunal mesentery with a polythene tube.
"I hrough this, 40 mi of 35 per cent Diodrast was mjected, The
film obtamed was mterpretcd as normal The pressure i the
supenior mesentenie vom was 12 em of saline.

canunation of the portal venogram, it scemed obv.ous that the
porlal vemn was palpably molved

1lerc, then, was a paticnt known to have ncurable cancer
(melanoma) and almost surelv having eather another mu.mnklxc
deposit of melanoma or at least an almost cqually lllLll‘;ﬂbc
(pancreatic) cancer Under these circumstances, it sceme juse
tifiablc to attempt to reseet Tier portal vemn, Ths structure was
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g 103 MB NYH #425559 Radical pancreaticodnodencctamy with
reseetion of the portal vein A Tust stage Ligature of portal vein and chale-
cystostomy B Sccond stage  Detals of rescetien and reconstraction of the
entersc caual The mwncduate postacclusion pressure of 39 cm had fallen to
28 e¢m of salne fonrteen davs Tater. € Second stage Ditails of resection and
recomtruction of 1he entene canal {From Chald et sl Sutg, Cruec, & Obst .
sab 94 1952



292 The Hepatic Circulation and Potal Iy pertensior

patint’s nght of the entrance of the inferior mesentene yem
mto the splente “The entue speenmen was then casly dislocated
downward and removed after division of the supenar mesentene
vem, the mfenor pancreaticoduadenal artery, the lateral duo
denal pentoncam, and the jepmmm at a4 powt 5 an, distal to
the hgament of Tratz AMter ranoval of the tumor and ats
adnena, the ficld of operation was dry ‘lhe entenie canal was
reconstructed by a retrocolic end-toend pancreaticojejunos-

g 102 MB NYII #425559 Tlis rcnogram was taken tno weehs
after sudden and complete occlusion of the portal voin and just prior to resec
tion of tins vessel togetlier with o large mctastabic melanoma of the_hmd of
the pancreas (From Cluld et al  Surg, Gsnee & Obst, vol 94, 1952)

holedock

tomy, an end-to-side mucosa- 053
and an antecolic gastrojejunostomy T hiere was no unduc bleed-
ing 1n the course of performing any of these anastomoses. Two
cigarette drans were placed down to the pancreatic bed and
brought out through the lateral aspect of the transyersc meision
The abdommal wound was closed with through-and-through
silver wire stay sutures and the vanious layers of the abdommnal
wall with chromic #00 The shin was closed with mterrupted
sutures of fine silk Supported by 600 ml of 5 per cent glucose
1n sotonte sabng, and 2500 m! of whole citrated blood, this
patient withstood the procedure well. Operating time was five
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of the panereas The spleen » submitted separately Lying within
the head of the pancross aund obvously wn oluug sxceal of the
veonal nodes o a tusior mewstnng 10 by by 7om dhis s
seHownh white w colot with soveral aress of dask blash black
‘4 hic tumor mpn ades Hie thstal stowach, the duedenum, the lower
common duct, and the wall of the galibladder “the pontal ven
1 susveunded by fusor, but actualimanion cannat be wdeniificd,
Upon uncroscopic sechon of puntceaus blocks of tissue remoned
from the tamor and surtounding structures, there aze scen large
sheets of basopluhe cclls whose nacler vary wdely m size and
shape Mitotic figures are scant In many ascis the tumor 15
nearotic, wlale w others 1t s vable and appears to be ag ch
growing The esdonued fmph nodes contan much tamar The
spleen 15 congested Dsagnoss was mahgnaut melanoma, meta-
static

ruLtow-up This patient has boen follow ed at frequent mter-
als e her discharge fom the hogptal On none of her sctorn
viats has shie tendored 3uv sgmficant complawts Her weght
has remaimed constant at 120 pounds Her appehite las been
good, her bowels regular, and she has remained free of abdom-
mal pam She was scen w September of 1952, sisteen months
after op soph performed s months and
tuehe menths after operation faled to rveal any evdence of
esophageal vanees 1f thus patient mdeed has portal hyperten
stom, ¢t 15 not refected s her esophagograms {Fag 104) *

TWOSTAGE PANCREAHCODUUDENECTOMY WITH RESKC

TION OF THE PORTAL VEFIN FOR PRIMARY CARCINOMA
OF THE DUODENUM

Case #2-]WNYI #475959—Age 67 Years Ade
mtted  September 12, 1951 Discharged Novembher 2, 1951

msyors Thas sy st enaearold Negre postal clerk nas ad-
mtted with a chucf complant of shortness of breath of four
months” duratwon Jie was, hosweser, wathout gastromtoteal
symptoms

TRYSICAL EASMENABOY Negatne

TABORATORY DALA Dn admisson, the hawograns revealed o
serere b pachsonne ancona, and s stools were consistenth
poutne for blood Upps roentgen wnualization with banum,
& farge wleer was demonstrated i the duodenum ‘s was be-
heved by the rocntgenologist to be ather a pumary duedenal
eancer or an witaimg lenen swondan Yo carcmonit of the
pancreas Hhe serum bnbenban was B3 mg per 100 ml Adter
mmncraus transiusions, the patieat was sabjected to the follow-
g operatne procedurss

S procnt (Ot 12, 1953 25 wonths after operation ) this pabicst 1
alwe but as fr as can be deteruncd chinetly 15 sufferng termunally fon

axtenste selaf e mct momt
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hours. Figure 103 .\, B, and C tMustaates the sanous steps
this two-stage operation

STCOND STAGL ros10ri RAINE courst Tlus postoperatne
peniod was agam unremarhable, ‘[ he drams were removed on
the sivth and minth davs after operation. The temperature never
rose above 37.6 degrees centigrade, and the serum biltubm
promptly fell to normal ‘The paticnt was taking a general dict

by the snth day after operation and was discharged on the
tlurticth and twenty-third postoperatne days respectncly \mlI\

corded 1 Table 16
LXANMINATION OF 11IE SPrCIMEN The specimen was exammed
by Dr John Pearce, and Ius report 15 summarized as follows
The specimen consists of the lower third of the stomach, the
cntite duodenum and upper 5 cm, of the jejunum, the portal
and supenor mesentenc vems, the gallbladder and cystic and
common ducts, and the uncinate proccss and most of the body
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sem was dssaded 1 cm apon the splenie side of the wnchon of
thus vessel with the portal vem The enhee speamen was dis-
lacated downward ad to the patient’s nght After dnding the
mfenot pancscaticaduodenal artery and the pentonenm constx
hing Tratz hgament, the tenmnal duodenum and provanal
fejunum were mobnhized

Fig 105 JW NY U #475950 Thas venogram was obtasned th 6 teels
sfter acute vechssion of the portal van Tins shiows practically complete
thrombose of the portal and supeaor sesentene vews The adi-opague
wiateral has bicked up wto the branches of the supenor mesentenc vem and
vuthnes an arcady of upper o

At s pomt as clamps wese placed aceass the supenor mes
catenc o, it beeare obvapus that the portal vas, the splenic
stamp, asd 1 good portion of the supenor mesentent VOIS were
Gitted woth sobd thiombus This obviougly accounted for the
fatiure of the preswuee to fal) and for the unusual \enogam
Beczuse tha thrombotic process ivalied all veins of about
the uppar thard to one Tl of the g, 70 o of Hus stoe-
tuse were rsected The proxanal jejunum was passed thiough
the dededt 1o the meacelon sud an cudio o pastizatics
waseostonn performed A clioledochoiemawston was con-
styucted W thie ond toade posiion An antoolic ga’stmnqunoy
tonn completed recomtruction of the eatene canal A tobe was
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Furst Stuge (October 6, 1951)—Enploratory Celiotomy, Reved
ing a Carcinoma of the Descendmg Duodenum; Portal Venog
rapin, Ligation of the Portal Ve

The pentoneal cavaty was entered thiough a generows oblique
meision extending from the left mid<ostal marg across both
rectus muscles toward the night ilac crest Upon opening the
pentoncun a napkin-nng like tumor of the descendmg duo-
denum was immcdiateh identificd. 'The common duct was di-
lated to a duameter of 2 em There were no regional or distant
wetastases The tumor ivaded the head and uncmate process
of the pancreas and upon palpation was adherent to the portal
van A portal venogram was performed revealing dislocation
and angulation of this structure toward the left. 1he mner bor-
der of the angulation appeared somew hat irregular, It was coi-
cluded that the portal vem was probably myolsed m the tumor
mass ‘I'he pressure n the portal vem was 16 cm. ') he portal
rein was doubly hgated at the porta hepatis. Follow.ng ligature
of this vessel, the pressure mn the left braclnal artery fell from
130/60 to 80/60 Ilecre 1t remaimed for ten to fiftecn nunates
and then rose to stabihze at 110760 Followimg portal occlusion,
the pressure m the portal vem rosc to 28 em. of salnc. ‘L he ab-
domen was closed, and the patient returncd to lis room

FIRST STACE POSIOPERAINNL COURS His postoperatie course
was uneventful The patient was taking a soft dict on the fifth
postoperatine day and was rctumned to the operating room on
the tenth postoperatne day for the sccond-stage operation.

Antecalte Cas-tzolcxlunost_om)-' i

105) There was no filhng of the portal, supenor meseatenc,
ot splenic vems Pehuc anastomotic channels, winch were 2 fea-
ture of the first paticnt, were not visualized, In spite of the fact
that the portal pressure did not fall and that pelvic collaterals
could not be demonstrated, the decision was made to proceed
with the operation The spleen was removed 1n the hope that
this would reduce the high splanchnuc pressure There was no
change. The duodenum and head of the pancreas were freed
laterally, and the common duct and portal vem drnaded The
stomach was transceted at the junction of the low cr'and uuddle
thurds. The pancreas was diaded in sts md-body. The splenic
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legs and began to lose weight Two wecks Tater, Tus stools be-
came somewhat hght i color I'wo and onc half months hefore
, hie Tad a sup (hic prostatectomy follow mg nearly
thrce sears of urinary symptoms 1le recened a transfusion after
the operation Wlale he was m the hospital, dark unne and per-
sistent clay-coloied stools were first noted with certamty as a
persistent symptom These symptoms conhnned after dismissal,
and his personal physician believed there was obstruction of the
bile flow from the Iver and advised operation which the patient
refused The physician later reported to The New York Tospital
that he thought the patient probably had carcinoma of the pan-
creas During the penod wmmediately before admission to this
hospital, itching increased, and signs of jaundice became more
marked
About ten years earlicr, the patient had been told that he
had an enlarged heart, but regular examnation had not shown
further changes, and his only symptom was some shortness of
breath Ie drank a half glass of wine with his lunch and dinner,
but no other alcoholic beverages
pmsicaL TxAMINATION The patient was markedly ictene

Biodden, s vounded mass § fo 6 cnt un dametér was felt ‘The
splecn cxtcndcd one fingerbreadth below the left costal margm
and, hike the hver, was firm but not tender

8500 X-rays of the esophagus, stomach, and Jarge bowel were
negatne A chest film showed an ¢nlarged heart

Fust Stage (Apnil 29, 1952)—Eaploratory Lapnmlmny L!gahon
of the Porml Vem, Cholecystojejunostorm—Rour Y Thpe

An upper sbdomina) obligue incision ronghly 20 em 1a length
was made This began at the tip of the left nth costal camhgc
and estended across the abdomen parallel to the nght costal
margin The mesion was carnied down to the subentancous tis-
sue, all bleeders bung clamped and tied with fine stk bigatutes.
The wound was drapcd with laparotomy pads The antenor
rectus sheath was disided as were the underh mg rectus muscles,
all bleeders being clamped and tied with fine sk The pen-
toncum was then wersed for the length of the wound The
falaiform higament was dinided between Kelly clamps and trans-
fived wath fine ulk transfivion watures

Palpation of the mtra abdonnmal contents revealed the hner
to be marhedly enlasged, estending approvmately theee finger-

299
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wscrted m the gallbladder and brought out through a stab
wound i the nght flank, The abdommal wound was closed
with through-and through siher wire stay suturcs, Fnn¢ cigarctte
drans were placed down to the area denuded of pentoncum
and brought out through the nght angle of the wound between
the sutures Because of the high portal pressure, this man lost
large amounts of blood dunng the proccdure and required 4500
ml. for replacement. At the closure of the abdomen, however,
the operatne site was dry, and the patient’s blood pressure was
140/80 and 86 respectinely Operating time was seven hours

PATHOLOGICAL Dracnosts. Carcmoma of the duodenum with-
out regional metastases

SLCOND-STAGE FOSIOPERATIVE COURSE. I1is postoperatine course
was unremarkable By the bwenty-first day after operation, hie
was up and about and taling a general dict. The only detectable
abnormalitics were a persistently clesated alkaline phosphatase
rangmg around 15 and a transiently clevated cephalin floccula-
tion He was discharged twenty-sesen and seventeen days post
operatnely

an

we o, .

portal hypertension. On December 17, 1951, an esophagogram
failed to reveal vances. In January, 1952, he began to improie.
Ihis appetite returned, he felt stronger, but he continucd to hae
hight yellow and sometuncs fatty stools. The latter were mal-
odorous, loose, and at tumes looked ke butter. When last scen

snely dumnished i number so that he has one movement 3

day. There 15 still some fat 1 the stool, but this has dn'nmxlshed
e 38

. The

st

WITI RESEC

. E PANCRE MY
TWO-STAGE PANCREATICODUODENECTOMY "HE HEAD

TION OF THE PORTAL VEIN FOR CARCINOMA OF
OF THE PANCREAS

ey s e -
Esght months before aduussion, he began to have occasxgnal
cprsodes of rather vague nausea, but he did not vomit Four
months before admission, he noted tchmg of the hands and

#On Oct 12, 1953, two vcars after operation, this man 15 alne and well

without evidence of recurtent tumor.
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m layers using four double medsunt silk stay sutures through the
antcnor rectas shcath rectus muscle, pastenor wctus sheath,
wasy d with a
conhnuous 0 chromm cn:guc sutuse The antenor rectus sheaths
were reumted with nterrupted medurm sitk sutures, and the
skin was closed wath interrupted end-on mattress sutures of fine
sk
FIRST STAGE POSTOPLRATIVE COURSE The pastoperatise course
was cssenhally bemgn A Levm tube was placed w the stomach,
angd the pabient secened pemathn, dibydrostreptomyan and
ntravenous fuds, and was as rapidly as possible advanced to a
general dict On the seventh day after operatzon, the wound was
well healed and the sutures were temosed

Second Stage (AMay 8, 1952)~Radical Pancreaticaduodenee-
tonsy with Resection of tlxc Portal Ve, End+o End Choledo-

The previous abdommal ncison $as opened, and the pon-
toncal cavsty briclly suneved for evidence of metastasss which
rght hase taken place smee !hc previous operabon A portal

was d by ding a small catheter mto a
branch of the superor mesenterc vem and mjecting 50 e of
70 per cent Dhodrast (Fig 106) Ths beauhfully outhned the

portal system, g that most of the col
lateral ewrenlation had talen place lhrough the pelsic vems
The pressure 1n the mten enang ten days had fallen to 24 em of
saline Believing that it was safe te operate through a venous
ficld of thus pressure, we proceeded with the operatzon

The fisst mancuser was to dnide the common duct as near
the porta hepatss as possible and then ta diade the portal ven
At thns point, the hepatie artery which was very close to the pn-
maty tumar was dissected free from the surronnding structures
and skelctonzed outhinng the junction of the hepatic wath the
gastroduodensal artery This artery was dnaded flush wath the
hepatre arters, and the small mb distat to the te seat for frozen
section Sinec there was no tumor apparent m the artenal wall,
we proceeded with the dissection, carnung st tawaed the left
\)dL of the 'p.lhcnl’ Tmov g as murh of the node beaning hep-

denat and hcpatogast as possible The
stomach was thea dnaded at ts nud powt and the pancreas
divided between clamps far out on ats tal, just at the unchon,
perhaps, of the bods and tait About 3 to 4 < of the tail of
the panereas was left i ute T was dinvided betwern clamps

Dusection was then contmued wutil the splene van and
splenic arieny were adentificd The spleme artens was carefulhy
Freed and Teft mtaet The splonc som, howaser, was disded
Tlus then permitted wmabdl of the entire caa
dad As fas as conld be determmned, these was no direet invasion
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breadths below the nght costal margin and below the xiphoid
. . distended and

ickencd appre-

‘ - . ‘I he stomacly
and duodenum appeared nonmal. Palpation of the retroper-
toneal structures and common duct through the foramen of
Winslow revealed a hard tumor mass, roughly 4 by 3by 2 cm, at
the supenior border of the head of the pancreas and evtending

e e o v v s e gt
m the gallbladder or 1n the common duct.

A pursesstnng suture of fine silk was placed in the fundus of
the gallbladder and the contents of the gallbladder aspirated
with a trocar Exploration of the hepatic attery, portal ven, and
common duct revcaled the tumor mass to be situated just -
fenior ta the course of the hepatic arters. It appeared to eivelop
the nght gastroduodenal artery and ta angulate the hepatic
artery downward As was stated previously, it was noted to ob-
struct almost completely the common duct at this leve] and to
cause considerable angulation and puckenng of the wall of the
duct At this pomt, a small branch of the supenor mesentenc
sem was cathetenzed The imtial portal pressure was 22 cm. of
saline.

A portal venogram was then done, and this showed angula-
tion of the portal vein but no definite evidence of msasion It
was felt that because of the patient’s severe jaundice and the fact
that the portal vein was distorted considerably from its normal
anatomical course and position, a two-stage procedure for resec-
tion of tlus tumor mass was indicated. Therefore, it was felt that
i the first stage hgation of the portal vein and a Roux Y type
of cholecystojejunostomy should be performed. These proce-
dures were camned out as follows:

The portal veun was dissected free from surrounding struc-
tures at a pomnt 3 cm superior to the tumor mass. It was oc-
cluded for a fiftcen nunute pentod, during which time the pa-
tient’s blood pressure fell shghtly Ligation of the portal ven
was believed safe, and therefore a double medwm silk hgature
was placed about the portal vern and tied. A cholecystojejunos-

clamped with Kocher clamps and divided. The distal end of the
severed jcjunum was then brought up and anastomosed to the
fundus of the gallbladder. An adequate lumen was obtamed.
The proximal end of the severed jejunum was then sutured 1n
an end-to-side fashion to the jejunum some 30 em dustal to the
holl The wound was then closed
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in Iayers using four double medium silk stay sutures through the
antetior vectus sheath, rectus muscle, posterior rectus sheath,
and p The Was reapp) ted with a
continuous O chronne catgut suture. The antenor rectus sheaths
were rennited with interrupted medum sik sutures, and the
shin was closed with mterrupted end-on mattress sutures of fine

sitk,

FIRST ST4CE POSTOPLRATIVE COURSE The postoperatue course
was essentially bemgn A Levin tube was placed i the stomach,
and the patsent recencd penedhin, diliydrostreptomycrn and
wtravenous fnds, and was as rapidly as possible advanced to a
general dict On the seventh day after operation, the wound was

well healed and the sutuzes were removed

Sccond Stage (May 8, 1952)~Rddical Pancreaticaduodence

tomy with Resection of the Portal Ve, End-to End Choledo-
%

, Antecalie G 7
The previous abdominal masion was opened, and the pen

toneat eauts brefly suneved for enidence of metastasts wich

extiahicpatic portal system, demonsteating that most of the col-

Tateral carculation had talen place through the pehic vems

The pressure m the mten cnmg ten days had fallen to 24 em of
salme Beliesg that it was safe to operate thiough 2 venous

field of this pressure, we proceeded wath the operation.

The fisst manewer was to drade the comman duct as near

the porta hepatss as possible and then to divide the portal vein
At this pomt, the bepatic artery wlnch was very close to the pn

mary tamor was dissceted free from the surroundmng structuses
and skeletomzed outlmmg the junction of the hepatic with the
gastroduodenal artery This artery was dinided fush with the

hepatie astery, and the small mb distal to the tie <ent for fozen
scetton Stace thare was no tumor apparent in the arteral wall,
we pincceded wath the dissection, carmvng it toward the left
sule of the paticet, semoving as much of the node bearing hep-
stoduodenal and hepatogastie higaments as possible  The
stomach was then dwided at sts mid point and the pancreas
divnled between elamps far out on s fod, st a9 the yanchon,

peshaps, of the body and tal Abont 3 to 4 cm of the ol of

the pancreas was eft m situ s was doided between clamps
Dhssechion was then continued yatd the spleme vem and

splenic asteny were wdenbificd The splae artery was carefully

freed and leit mtact The splenie vem, howeer, was divaded
This then pesmitted mobiizabion of the entire specumien cau-
dad As far as could be detemmmed, there was no direct masion
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of the supenior mesentene artery. This portion of the field was
left and attention was directed to the base of the mesocolon
Here Traitz's Liguent was entirely destroyed and the upper
jeunum mobilized by dividing the provmal 4 to 5 cm of its
mesentery between clamps. The provmal jojunal stump was
closed beneath an imerting pune stung suture,

Turmng to the upper abdomen, where dissecting was con-
tinued, we freed the uncmate process from around the neigh-

splenic and nfenior mesentenc vessels are mcely seen.

borhood of the supenior mesentenc artery We beheved that
we were entirely free of tumor, howeier, as we descended pos-
tenorly, we were discouraged to fecl ene or two nodes that
seemed to lie between the aorta and the mfenor vena cava
These could not be dissceted free with the specimen, and, as
fime was pressing, had to be left in place At this time, we were
able to identify the infenor pancreaticoduodenal artery at its
ongn. Followng division of this vessel, the entire specimen \\n:
readily mobihzed and after disxding the duodenocolic hgnmsn

and omentum, the cntire mass was removed The upper ab l0-
men was therefore bare of the distal third of the stomach, the



Pancreaticoduodcncctomy with Resection of Portal Vein

entire head and body of the pancreas together with the attached
portal sain, the tanunal two thurds of the extraliepatic common
duct, and a segment of an itramurat portion of the ¢ystic duct
A bleeding was contralled, and there was 1o cudence of oy
wessne capatlary oose from any of the utes of resection

In rcconstruchion of the catere canal we clected sunply to
close the panereattc stump, relimg ou extra pancreatic tosue
to supply the ncessary enzvimes for pancreatic digestion. 1his
was closed first wath mtcrrepted mattress sutures and then with
a second layer of deep U sutures m the hope that we could pre
vent the formation of a fistult The contmunty of the cutenc
canal was then reestablished by ioplanting the combaned cystic
and comnion ducts wte the apen cnd of the jepunem as an
end to end choledochojepmostomy  This was m a mucosa to-
mucosa suture, performed with 0000 chromue catgut and serosa-
to-serosa with intertupted sutares of fine artenal sk The jejunal
loop used for thus anastomosis was brought up through @ rent m
the antccolic position At the close of the procedute, the gastro
ieunostomy, the end to cud choledochoseiunostomy, the stump
of the pancieas, and the ontire bed of rescehion appeared drv
and 1n good condition The abdommat wound was then closed

patient withstood tlus longz and atduous operatre procedure
welt

PATHOLOCICAL pLALNDSTs Carcmoma of the pancreas meta
static to wegional hmph nodes and ymading the adientita of
the portal yem

SECOND STAGE T'OSTOTERAINVE COURSE For erght days after
operaton, the cousse was bemgn Dressings were changed dadly,
and onlv a modenate antount of scrosangumeaus dramage oc

temperatare rose to 38 3 Jegrees centigrade, and pretidial edema
appeared Digitalin was green to pievent crreulatory failute, and
medcal treatment mstituted, Twelve days after the episode had
begun, he was much 1mproved in all respeets and all medication
except diuretics was discontinued  Rales n the bases of the lungs
rmproved, and jaundice decrcased steadily He was discharged
m relatnely goad condition seven wecks after admussion and
five weeks after the fisst operation

rariow ve On the patient’s first visik to the chinic, June 17,
1932, Jus dwmthea was decrcasing and only shight seterus of the
sclesa semamed He was subsequently scen at the clinie at about
twoweek mtervals, and tmproiement contined quite steadsly
though somewhar slowly On August 26, 1952, four months

0

we

ot
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of the supenior mesentene artery, This portion of the ficld was
left and attention was directed to the base of the mesocolon,
Here Treitz's ligament was entirely destroyed and the upper
jeunum mobilized by diiding the proumal 4 to 5 cm. of its
mesentery between clamps. The provmal jejunal stump was
closed beneath an mverting purse stong suture,

Turmung to the upper abdomen, where dissceting was con-
tinued, we freed the uncmate process from around the neigh-

splenic and infenior mesentenc vessels are micely scen.

borhood of the supenor mesentenc artery. We beheved that
we were enbiely free of tumor; however, as we descended pos-
tenotly, we were discouraged to fecl one or two nodes that
seemed to lie between the aorta and the inferior vena carva.
These could not be dissected free with the specimen, and, as
time was pressing, had to be left i place, At this time, we we1¢
able to identify the anfenor pancreaticoduodenal artery at its
ongmn Followng division of this vessel, the entire specimen \\a:
readily mobilized and after dniding the duodenocolic hg:imbfi"_
and omentum, the entire mass was remoied. The upper]ﬂ lloc
men was therefore bare of the distal third of the stomach, th
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right uppee quadrant and flank sorcness at this tmie aud a sensa
tien of sometiung hard m this reglon Her appetite faled and
foud caused nansca, but she vonnted only ance \ progressnch
deepemng jaundhce developed, with Night stools and dark unne,
and she became amcreasmgly weak, Her local physiesan pre

ol
protein and low fat dict. However, her abdomen bgau to swell
amd her sk to atch. Inguines were made localls, and 1t was
deaided to brng her to tns hospital for further mstigation
She was referred from the Bayamon Distrct Hospital, Rava
mon, Pucrto Rico, with 3 dugnosis of jaundice

FIRSICAL LXAMuNATioN On admission to tns liaspatal, the
Patient was a well daveloped woman, deephy jaundiced, but not
m acute distress er blood pressure was 120/75 ‘There was
tenderncss 10 the subuphioid and nght subeostal area, but no
mass could be felt Some telangicctases were seattered over her
body. Prehmmary examinations and consultabion pushified a
dhagnosss of obstructine jaundice, probably causd by wabg

LABORSTORY DATA Uningwas positne for bile Gastromtestnat
1 1235 rexealed no wtnnsic lesion of the esophagus, stonach, or
duodenum There was non visualization of the gitibladder

©OURsE LAfter completion of these studis, the pitient was
stbjected to the following operations

Fust Stage (August 20, 1952)—Eaploratory Celiotomy, Portul
Venogram, Roux Y Cholecystojejunostonty

portal pressure was nicasured and found to be 22 am of saline,
distmetly clovated “The portal venogram revealed a large defect
m the portal vem. behieved fo represent mfiltration with tumor
(Ig 107A) Furthermore, there were tather extensne coflat:
erals as evealed by the portal venogram

The problem then arese as to what ous procedute shonld be
Because of her deep jaundice, the patient was conmdercd a poor
openatne sk, and therefore decompression of the Bulary tract
with 2 Roux Y cholceyvstoggnostosmy was sclected, Because of
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after lus first operation, hie reported that he had retumed to work
for twa or three hours 4 day On September 8, 1952, four months
.l'ml a half after operation, he was asymptonatic aeept for a

small, slightly tender, oval masses were p‘rcsént along the ng];t
augle of the meision These were believed to represent metas-
tases. ‘T he Iner was definstely nodular, Edema of the ankles was
also observed. On Qctober 6, 1952, he was, howeser, still feeling
quite well but was passing several loose stools a day No change
1 his gencral status was evident until November 17, 1952, when
he reported consilerable backache. The abdomen was pro-
tuberant at tlus tune, and there was some ascites, The Iner ex-
tended +4 to 5 fingerbreadths and the spleen 2 fingerbreadths
below the costal margm, By December 1, 1952, Ius appetite was
only fair, and by December 15, 1952, the chmcal exannnation

¢
b visits hie ¢ d to fail,

On )
and on February 15, 1953, he was at home m bed, m teumnal
condition The suggestion was made that a visiting nurse se¢
lum once a week to gne testosterone and Mercuhydnn This
patient died in May 1953, one year after operation.

RADICAL PANCREATICODUODENECTOMY WITH RESECTION
OF THE PORTAL VEIN FOR CARCINOMA OF THE PANCREAS

Case #4—AR—N.YIH. #635,339—Age: 48 Yoars Ad-
mutted: August 13, 1952 Discharged- October 3, 1952

misTory. Tlus forty-eight-year-old Pucrto Rican woman was
adutted to the medical senice of tis hospital because of
nausea and abdominal swclling. She had always been subject to
headaches, gas pains, hay fever, poor appetite, low blood pres-
sure, and digestne difficulties. Twenty-seven years before ad-
mussion, she had a buef interval of ankle edema "I'wenty ycars
before she was admutted she had malana, and nine years before
she was seen here “ludney infection,” bilateral flank pamn, and
a “nenous breakdown” foll g P Twice, twenty:

thc‘ pn:;cnt Ainess. Seven wecks before admission, she noticed
fullness and d fort. She had some

a feehng of epigas
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dure well, and after closure of the abdommal wound with m-
terminted donble medium stk stay sutures and contnuous

to mnclude the portal vein

TIRST STAGE POSTOPFRATIVE COURSE '1he postopcratine course
was uneyentful except for some abdominal pun She recencd
transfusions of a total of 1522 cc. of blood Filmis of the abdomen
failed to demonstrate evidence of any abnormality of the mtes-

tnal tract

Second Stage (September 2, 1952)—Radical Pancreaticoduoden

ectomny, Resection of the Portal Ve

The previous opcmh\c masion was opened and after care-
alhoaane 2 ven m the nnner

tient cid not conform to our postulate that the portal pressure
would fall to within the range of 20 cm of salme We had, of
courst no choiee but to proceed, even though the pressure was

atth
uppt
TEVIONSIY BLICG dbUGL L pusias s

Dnssochon was then carned up ¢ the gallbladdcr bed, rclcasmg

the gallbladder and its

lateral pentoneal duodenal xcﬁccnon was meised and the cnme
lead of the pancreas, the common duct, and the portal vemn
mobilized toward the left side of the pahent We then dinided
the stomach at the junction of its lower and middle thuds, the
mancreas at the junction of its outer and muddle thuds, and

tenc canal that was possible Tlus consisted of an end to cnd
cho]cdocho)clunosmmy. Then the Jeyunum was s ung :mlcnor
d. We

tothe colonanda

3
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she did not vomit Shic was discharged on October 29, 1952,
mprored, to the care of her local plysician m Puerto Rico
rortow vr. From bime to time, AR’s physician in Puerte

the ‘plcsump’tmn 15 that she 1 suffermg from recurrent tumor,
Lsophagograms (Iyg 107B) were obtaned six months after
operation and failed to reveal any evidence of vanices.®

In addition to thesc cascs, three other paticnts have been recorc
from other chimcs in whom the portal vein has been ether whe
or partially resected At the 1950 meeting of the Amcencan Surgy
Association, Dr W Harclay Parsons reported a patient s whor
portion of the portal vem was resected because of obiious imvas:
by tumor In the same year, Dr E Cooper Person and Dr. Jc
Duwviae, Jr, reposted as a personal communication to Child 't
they, too, had resected the portal v 1 a patient with a pnm
pancreatic cancer, Both of these surgeons eapressed the belief t
m these patients the portal vem had been obstructed for a st
ciently Jong periad of tune for collaterals to have become at I
partially established The tlurd reported case 1s that of Dr Willi
V McDermott who successfully resected the portal vein after est
hishing a shunt between the supenor mesentene vem and the v
cana.

It is obvious from these reports that the portal vem can be
sected Pancreaticoduodencctomy can now be regarded as a m
radical operation than 1t has heretofore been How useful this ade
maneuver will prove to be has as yet to be deternuned That its
plication wall be cxtremely Tinited seems certam Only the 1
patient whose pancreatic cances 15 lumted to the head or unemr
process but mvades the portal and supenior mesenteric vens car
the f ble future be dered a candidate for this operaty

At the present time, what gencrahzations can be drawn with reg
to the techmique of ramoving the portal van m a block with
head of the pancreas? In the first place, resection after implantat
of the superior esentenc vein 1nto the vena cava must be con
cred the procedure of choice for, if 1t can be accomphshed,
operation 15 performed 1n one stage and the patient 15 protec
from the develop! of postop portal hyp ion. I
second place, plete portal ob must be d

* Fourtcen mouths after operation this patient 1s reported to be well,
ing recently undergone an exploratory cchiotomy with lysis of adhesions

acute small bowel obstruction At the tune of this aperation her surgeon
unable to detect any evidence of recurrent tumor

n
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the pancreaticojejunostomy m this patient because the tumor
had so obstructed the pancreatic duct that this organ was large,
edematous, and frable, and would not have been suitable for
any form of end-to cnd anastomosis Thrce large cigarctte drains
were placed down to the stump of the pancreas and icorporated
m them was a catheter for continuous suction. At the close of
the procedure, the anastomosis appeared in good condition. The
bowel by this time had almost reganed ats normal color, and
although the pressure was not measurcd, there was no excessne
1cnous ooze.

The abdomnal meiston was closed about the drams, employ-
g several wire stay sutures throughout and mterrupted catgut

SECOND STAGE POSTOPCRATIVE COURSE. In general, the postop-
cratne course was bemgn There was persistent Jarge to mod
crate serosangwincous dramage for about two wecks, and dran-
age from a sinus followimg removal of the drams for another
three weeks. The patient complamed of constderable pain. Be-
cause blood protemns were low, she recen ed transfusions totalling
2500 cc. and 1300 cc of plasma. Films of the abdomen cight
days after operation did not indicate the presence of intestinal
obstruction A sceond study of the abdomen mne days later was
also negatne Gastromtestmal and small nteshinal stadies
twenty-four days after operation showed a well functioming gas-
trojejunostomy  Scven wecks after admussion and one month
after operation, the patient was discharged to a comalescent
home,

FoLLow-up. On October 11, 1952, eight days after discharge,
1t was reported that the patient had a temperature of 101 to 102
degrees, pus in her unne, and had, on the previous day, vomnted
greemsh fliud and blood and passed bloody stools. She also ex-
penienced shaking chlls.

SECOND ApMissioN. On the day this report was recened, the
patient was readmutted to this hospital On adnussion, she was
cxpencneing severe pain m her back and abdomen and severe
headache, and there was evidence of blood an her stools She was
thin, and her blood pressurc 94/56. She continued to vomit and
passed bloody stool for one dav after admussion. She was gnen
two transfusions of blood of 500 cc cach and placed on pem-
allm and dibyd P i therapy. Gastrointestinal and
small bowel x-ray studies on October 20, 1952, were negative
A smus tract extended 2% nches deep from the arca of the
sncision. By October 23, 1952, twenty two days after admission,
stool examinations mndicated that blecding had stopped Ab-
dominal pain was gradually controlled Nausea persisted, but




CHAPTER 16

Pregperative and DPostoperanve Waier,
Electrolyte, and Protein Balmce i
Patients with Cirrbosss

EARLIER m this menogrph (Chapter 10), an cffort was made
to summanze conasely some of the current concepts of the rela-
tionstup of the normal and diseased Iser to control of body water,
clectrohte, and protem It 15 the purpose of ths section fo try to
mierpret some of these concopts m tarms of the preoperatise and
postoperatnie care of the patient with cushoss The basis for these
mterpretations 1s The New York Hospital's evpenence with 30
paticats operated upon for portal vperteasion secondary to o
thasss of the hner In all of these, 2 portacasal or splenorenal shunt
was performed which successfully reduced postal pressure to safe
Iesels By far the majonty of these pahents wee operated upon m
4 state of seasonable hepatic compensation Six, however, were estsa
ordimandy poorusk patsents m whom opcration was performed as
a desperate attempt to protect them from further massue hemor-
rhages

1t would indeed be rewarding were it possible as a result of these
carefully controlled studics to establish a number of infalhible rules,
obsersation of which would msure success m carrving one of these
patients theongh s opesstie expenence Unfostunatels, s ss
uot the case The problems wiich anse are Jargely unpredictable
and wrust be sohed as the occasion demands

‘The major handicap, of course, to carrying a patient with advanced
Iner discase through a major surgical evpensence resides m the fact
that basic kaowledge of the causcs of cdema, asaites, and abnormal
sodram and proten mefabohsm, and of the effects of hepatic disease
on renal funchion, 18 wupesfeet Facu tedav, it w far from clear yust
ulh the paticat with cxrhosts handles water and electrohtes differ-
ently from the womwal pstient Why postopesabisely one patient
wath 2 given degree of curhosts will dovelop massae asetes, while
another with apparently comparable degrees of hner damage docs
nat, 1s oftentimes quite menpheable The treatment of postoperatne

3
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hazardous operation, for 1t 15 probable that in a fow patients, severe
degrees of portal by pertension may develop and subject them to all
the 1isks which this state entals "I advantage, iowever, of the
two-stage operation s well represented in the four cases operated
upon at The New York Tospatal. In cach mstance, the tumor ev
tended so far down upon the supenor mesenteric vem that presena-
tion of a section of this vessel frec of cancer scemed quite impossible.
It 1s probable that McDermott's operation will have to be resenved
for the rare paticnt whose tumor hies along the upper border of the
pancreas and docs not estend downward toward the base of the
mesocolon.

As evidenced by Parsons’ and by Person’s patients, the pottal ven
can be reseeted m one stage provided the portal blood flow has been
compronused for a suficicntly long time to allow the cstablishment
of a senous collateral conneeting the portal to the systemic yenous
sistems  THow to determme that the collaterals have formed must
at thus tune be a matter of conjecture Several mancuscrs, howerer,
might prove helpful For mstance, a portal venogram, if 1t showed
complete or cven extensise obstruction of the portal van, might be
considered cvidence that adequate collaterals were present. If at
the same time portal pressure was clesated and did not sise further
upon complcte obstruction of the portal vem at the hilus of the
Inver, 1t could be safely assumed that adequate collaterals were in-
deed present Tlowener, if the portal pressure rose substantially over
30 cm of saline after complete portal occlusion, st would have to be
considered questionable whether 1t would be safe to proceed with-
out a prelimmary penod of complete occlusion of the portal m]n)

It 15 improbable that the final answers to these physiological pro
lems can be had at this tune Only by persistent cffort 3\1]1 1t be
possible to standardize a teclmque whercby the portal vein c:mtbc
resceted safely, and only by carcful follow-up studies will 1t be deFCI-
mmed whether radical pancreatectomy 15 worth-while at all For
mstance, 1f the salvage rate proves to be no Tugher than 1t 15 at

present and if the patients Ine only to succunib to hemorrhage from'
have been accomphshed by
this procedure docs prose to
,  zsurgical world may then tumn
its attcnt‘mn to the resection of the supenior mesenteric artery.
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Pre- and Postoperatve Care m Crrrhosis 33

ather prepanng a patient with crrhosss for operatian o5 carrying
b successfully through hus surgieal espenence It well recognred,
for mstanc, that a patcot whose sevum atbunmn loved 13 grams pee
100 mi or Joner will tolerate any operation poarly Smce it 1 frer
quently impossible to msest the tune to see whethes tins abnor-
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g 168 f MeE NY i #620,310 Advanced cushosss {Portacaval case
#17) B X 2y agetation, and post
uperaine management In thes paticat, astites was @ featwe of the preopera
e and postoperathe coutse This was gradually comrected by whole blood
transfusions and salt and water restnctwon (sce Fygs 112 and 13) At the
time o operation, fiss blood and plasma solemes were oscfexpanded 1 spste
of reasonsbly woonal hemoglabio, ted blood caunt and serpm albuuun Ievels
Appatently replacerent therapy was cffectine durmg end untedutely after
opusation Pestapcratsely Jus seram albusiy level fell steadily, howeer, and
thas man dsed 2t home twenty days after discharge 13 famlv reported that
he acquired asties massivcly, was totally snurc and 1n coma at the tune of ks
deatlyat home This patient uadoubtedly falls mto that grasp of patents sith
cuthoss who cap be mamtained i 2 hospitat As soon, howerer, as iy de
part and are “upon their own” they zapully pass mio hepatic falure and dw
Portal decompression s hardly worth while m such patients

mahty can be corected by dictary means, advantage tiust be taken
of any method which will clesate the concentration of this essenbal
sn the blood to 3 5 to 4 O grams per 100wl Thas can beaccomphished
temporanly at feast by the use of human albumn, plasma, or mult.
ple transfusions In Frgures 108, 109, 110, and 131 ar¢ demonstrated
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ascites and edema and renal falure becomes, thercfore, a problem
\\']l‘lC}E must, to a large degree, be indisidualized.
i [

tha

ant . - —a a4 L U aLdas
and often proved to be fatal postoperatine comphcations. With the
studics that have been dirccted in recent years toward a better under-
standing of watcr, clectrolyte, and protein needs of patients with
normal and abnormal Iivers, a number of the mystenes of the post-
operative course of the patient with cirthosis have been clanfied
Although many problems still remam to be solhed, the surgeon
today 15 m a better position than ¢ver before to deal effectnycly with
at least the majonty of the metabohe disorders appeaning in esponse
to the stress of operation What metabolie defects, then, charactenze
the patient with airrhosis, and how may reasonable efforts be made
to correct them?

The most important of these disorders are low scrum atbunun,
decreased osmobic pressure withm the vascular system, increased
sodium tetention, and ecesses of a presumed, though as yet
il defined, antidiuretic substance As nformation about these several
abnormahtics has been accumulated, there has appeared reason to
doubt that edema, ascites, and oliguna are solcly the mamfestations
of a deranged balance between capillary hydrostabic pressure and
mtravascular colloid osmotic pressure. As vahid as Staling’s hypothe-
s1s has proved to be for the normal indnidual, it appears defectne 1
cxplaming why ascites collects n the pentoncal cavity of paticnts
with cirrhosis

Serum Albumm Level

Tor years the portal hypertension gencrally accompanying it
rthosis was thought to be the important factor n deplehing scrum
albumin resenes Today this 1s known not to be the only factor Not
only 1s the diseased Iivcr unable to fabnicate this substance n normal
amounts, but m addition, mtrahepatic lymphatic block 1 also be-
Tiered to contribute importantly to the formation of astites Defects
m serum albumin lescls have been shown to play an important role
1n abnormal water rctention, and the results of their correction ar¢
valuable. In some patients with arrhosis, mtensne replacement
therapy has been associated with marked dsurcsss; in others fay (’)mbl.e
responses lave failed to appear Furthermore, spontancous diuresis
can occur in patients with low sernm albumm levels On t}\e olI}Cr
hand, even massne ascites appears m patients with cirrhosis during
periods of normal or ncar normal albumin levcls
Despite these conﬂlch})g cvidences, blood plasma and salt-poor
albummn have proved clinically to be impartant therapeutic agejx\ti m
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Salt Retention

‘Fhat salt 15 retamned m the patient wath eurhosis and ascites and
edema is well known In our own Liboratory, sodim space and total
body water determmations have recently been completed upon 7
paticnts with moderately advanced curhosis but without cdemia ot
asaites In all of these, total body water as percentage of body weight
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Fig 110 CN NYH #484,088. (Portacaval case #14) Preoperatne
prepatation, replacement dunng opcration, and postoperatise management
1n 3 patient surviving a shunt unesentfully Tn this patient, the red cell mass
was restored preoperatnely by mcans of whale blood transfusions This re-
sulted m g somcwhat overeapanded blogad and plasma solume which persisted
postoperatively and was present a year Jater This late obscrvation casts some
doubt upon the popularly held concept that the ovcrexpansion of blood and
plasma volumes sccn m patients with cirrhosss 1s duc to the dilated portal
venous system In this patient the portal svstem was adequatcly decompressed
and sct her blood volume did not adjust stsclf to normal levels These same
findings were mamfested by the previous patient, Figure 109

was normal Inall, the sodium space was shghtly expanded compared
with the normal The ratio of the sodium space to total body water
was shghtly clevated, that 15, we found an avcrage of 54 per cent
compared with our normal of 46 per cent "The obyvious implication
15 that in cirrhosis, intracellular wateris low Whether this is actually
truc or not remams to be determined (Gilder ctal 1953 )

From these studics, the impression has also been gained that in
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the course of four patients whose protem deficits were adequately
corrected by parenteral means In passing, st must be emphasized
that ammo aaid selubions admmistesed parenterally appear to have
little place m the treatment of patients with cisthosis, Ther hepatic
defects appear to preclude usmg these protem bullding blocks

L acronea e
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g 109 SM NY I #533,020 Moderate enchosis. Prcoperatie piep

aration, seplacement duning operation, and postoptiatne managaneat m 3

to 3 grams per 100 mi A ycar later, Iicr blood and plasma volumes were
. dcd 1 spite of low hemoglol

cffectively Furthermorce, there s sone evidence that these substances
may be harmful or cven towc to the patient wath cirrhosis

The subject of the parenteral use of homologous colloids can-
not be left without a note of warnmg! Smce onc of the pntha;
logical features of the patient with cirrhosis 1s an overexpansion o
Jus extracellular compartment and lus plasma volume, any substance
capable of preapitously elevating intravascular osmotic pressure
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tonad fubutar meck have been predicated In spate of mawy

studies such as these, honever, it nust be adsmtted that even todat
the actual mechamsn teading 1o salt refention s unknons

Restruction of Sait Infake

‘The huow ledge that salt s setamed has, of course, led to the vide-
spread use of vanous salt restricting programs Deprnation has been
obtamed by dictary restnichions, dietary deletion, and by the use of
1on cxcliange resns 1t has been well demonstrated that by restoct-
g sodwm mtake to 25 or so mulhequivalents per day, edema and
ascites formation can be matenally reduced m most patients cen
with adianced cirhosis In sacw of thus fact, st becomes inportant
to control most carefully the postoperatie adummistaation of sodiuss-

3 fi practice dunng the first several
days after operation 18 that of wathholding all salt except that spe-
afically needed to replace routine tosses Even here 1t s better to
meassse casefully the amaunt of sodum ton lost m these secretions
and replace 1t mul} alent for milhequnalent rather than to
sely upon gross replacement sith isotawie saline

0 ermploving progsams winch senously sestriet salt intake, a sur-
gean must cver be on guard agawst the development of 2 low serum
sodsum syndrome Barly, this s mamfested by weakuess, lasitude,
nansea, and fallng svstohie blood pressure, late, by blood pressuse
at shock tevels, parbal 1onad fadure, and death The devclopment
af this state seems ¢o beavoded by carcfulls sndiidualizing the treat-
ment of each patient The cirrhotic vanes sa greatly 1n his abihty
to bandle salt, nat ook from patient to patent but m the same
paticnt almaost from day {0 day of week to week, that o routne for
21 patrents may prose extremels hazardous Of particular unportance
1 recogmtion of the fact that any patient whose serum sodium 1
hemg mamtamed at criocal lovels mav suddenly be thrown mto
serum sodwm depletion by any number of events which s the
normal patient might be reasouably well tolerated Hemorrhage,
even of small amounts, vomiting, diarthea, profuse sweating, and
patacentesss have all been wdenbified a5 agents preapitabing the
patient with low scrum sodnm Jevels mto a status of sengus salt
depletson Nor are these obvions mechanisms the enly method for
producing this undessrsble state, an estensive operation, just as a
scaons bus, way produce such a major expansion of a locahzed
area of iterststial edema as to deplete the serum sodium to senoush
lowfesels This state, should it develop, can readily and immeduately
be corrected by the admimsstration of 3 per cent sodwin chlonide
solution m the tequied amonat Tlhus can be caleutated from the
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curhosis the only way the ratio of total exchangeable sodium to the
sodwm space can be Lept normal 1 by severely restncting sodwim
wmtake When patients were perntted an unsestricted sodum diet,
the ratio of total sodum to sodium space became clesated. This,
of course, confirms the well known fact that the patient with ar-
rhosis 1s unable to maintain a normal extracellular sodium concentra-
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Fig 111, AK NYH #498,.896 Moderate curhosis Preoperatve prepr
H PR LN 1

her plasma volume was shghtly expanded, but three blood volumes wer
normal.

tion unless the mtake of the 10n 15 restricted More simply stated-
the patient with cirthosis cannot handle sodum normally Whereu
his defect lies 1s not known Such mdividuals may excrete as hittle as
1 to 2 milhequivalents of sodium a day m their urme, and 1t has beent
shown that the sodum content of their sweat and salina 15 also
decreased When test loads of salt have becn adnnmistered, it has
been demonstrated that renal excretion of sodum 1s mmpaired
spite of normal glomerular filtration and renal blood flow lépt;:
these two bits of evidence, abnormalties in adrenal function an
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be withhcld It has becn accepted that thesc substances can be
amployed effectnely m prepanng for operahon patients whose
sofmum lervels are gh Agam, care must be everawsed sa that the
mark 15 not overshot Mereunat duwetics, enhanced or not by
amsmonmm chionde, has ¢ long been popular in the control of edema
and asaites Upfortunately, m the pationt with adanted curhoss,

o6 S 4 3 B ATEE sz 4 W S kT ey g w0 sz #Y

Lig 112 In ths chart hawe been outhined the preoperatne and postopera-
tne water changes n fise patients wath curbosts Foue were selatnely welt
compensated as far as their hepatic resenie was cancerned, while age pabest
aas an admttedly poor sk patient and died several neeks atter operation
1 diffioaly, mdced, te detoct any sinkang dfforentes 1 the abihiy of these
five paticats to handle water

thewr effeetiveness may be fad s ol diseases For winch sprafic
theraps 15 unknown, ACTH and cortisone have bheen tned@ The
results, howeser, w the use of these agents not only bavc so far been
disapposnbing, but there are hints that thee may e on be dangerous

In bhgures 112 and 113 are graphycally represented the conses
of several pabients with adsanced orhoss The legends outhne
appropriately the problems mvohed In gencral terms, these cuseal
stadies have been disappomtmg w so far 4s they have not revealed
ans stnhang defect Nog, st st be admtted, hase they provided any
unpostant speetfic Jeads as to how patients should be managed m
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paticnt’s scrum sodium level and Ins estmated estracellular com-
partment (20 per cent of lus nonmal bocly weight). Admmistration
should be castious and its cffectneness can e Judged from the
cluncal response obtained Isotonic solutions of sodium chonde
are, of course, mcffective under these arrcumstances, for they suuply
add to the water overload without providing the additional sodum
10n required.

TABLE 16
L De A —Age 58—N Y H 234,792 Lsophagogasiic Hemorrhage
Cirrhosis of Liver Vomting
Nephirius (> Mercunal) Ascites
AscIEs WATER
pay | WEIGHT | O SERUM 5% URINE Na
1N EDEMA Na SALINE | 24 urs Gamn Loss
1) 543 |+ 93mCq/L{ 40 ml | 146 mEq| 3200 m! | 2400 mf
9% mEq/L|q 1h
2| 570 + 109 mEq/L | to a total [ 163 mEq | 3900 m! | 2800 m!
120 mEq/L| o
31576 | ++ [139mEq/L[1650 ml | 63 mEq | 3750 mL. | 2600 ml
4| 580 | +++ {132mEq/L 3600 ml | 2750 m!
5] 583 | +-+ |132mEq/L 52:mEq| 2350 ml | 3535 md
6| 590 ' +++ [122mEq/L 190 wEq | 3200 ml [ 2500 ml

1 576 +++ [133 mEq/L 3500 m! | 2250 ml

151 560 | ++ [133mEq/L
— HO[ME ——}——

A patient recently treated at the New York Hospital demonstrates
this pomt. L De A., with advanced cirthosss, had had lus cdema and
asaites effectnely controlled by a low salt regimen Shortly before
adnussion, he suffered a massie 1 t the festation:
of which were well controlled by whole blood transfusions, Withm
a few hours, however, he became disonented, vomited, and lapsed
mto coma Ilis systolic blood pressure fell from a4 normal of ISQ/‘?O
to 88/40 mullimeters of mercury, s scrum sodium was determined
to be 94 nulliequivalents per hter Tlus entire picture was returned
to normal by the admmustration of 1650 mlliiters of 5 per cent
sodium chlonde solution (Table 16).

Other Methods of Control

Recently 10n exchange resms have become popular in the mzma%e-
ment of patients with cirthosis The resm used §llou1d, of course, I?
pamssium-satumted, and dunng its usc ammonium chlonde should
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Fig. 113 Tu thus chart arc outlned the sodwam and potassium exchanges 1
the same finc patients whose water eachanges were outhned mn Figure 112
Agam, differences are not stuling The paticnt who died postoperatnely
(designated by a cross) appeared to handle these two electrolytes much as
did the survnors, at least as far as could be detected chimeally and biochem-

1cally

the future. If any generalization 1s warranted, 1t 1s that these patients
have reacted to their stressful situations much as would other patients
of comparable age and nutntional depletion. In some measure,
then, the patient with arthosis who 1s climically in adequate shape
for operation can be relied upon to stand the operation relatively well



APPENDIX 1

Sudden and Complete Occlusion
of the Portal Vein in the Macaca
Mulatta Monkey

Amimals®

Macaca muratta monkeys were obtained from various animal
dealers 1n the vicimty of New York City Ammals recently imported
from abroad wcre not used because they were usually much too small
for surgical expenmentation and all too often developed tuberculosts
within a fow months after adnussion to the colony  Ammals which
had been, or were destined fo become, residents 1n onc or another
of the country’s zoos were purchased whenever available Generally
these weighed from 15 to 25 pounds In ammals of this size, the
structures about the pancreas and duodcnum were large cnough to
worh upon withrelatne ease In general these monkeys armed n the
colony 1n goed condition, when undernounshed they were usually
retamed long enough before operation to make sure that they were
gainng weight and 1n good health All amimals, mmedsately upon
adnussion, were tested with tuberculin, and rocntgenograms of their
chests were obtamed  Any ammals mamfesting a positrve tubescubn
test or showing evidence of pulmonary tubcereulosss were never ad-
mutted to the colony but were killed immediately For the most part,
monkeys were kept i ndidual cages, although on occasion two
ammals who had been mn the colony three months or more were
housed together 1f an ammal became 1M dunng the cousse of the
cypenmients, 1t was nnmediatcly withdrawn from the colony and
placed 1 1solation, and 1f 1t did not recover promptly, it was killed
In spte of these precantions, two epidenncs of tuberculosis swept
the colony, requining on onc occasion the sacrifice of twenty amimals
and on another fiftcen The healthy animals thoned upon an ad

* These generahizations concerning monkeys and their care apply wherever
m the following studies these amimals has e been used as expenrmental subjects

323
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siscera It has been postulated, therefore, that in these anumals (&
per cent of the entire senes) the number and size of pre-formed
por ts w ere not adequate to permt a sufficient aoiount
of blood to mamntam hfe to be transferred prompily from the portal
to the systemie orealation These 6 amnals, then, brhaved ble the
dog They are behesed to have bled to death mto thor splanchux
beds Eight sickly and malnownshed anunals died within a day or
two of occlusion of thewr portal vew, and 1n retrospect probably

Macaca Mulstta Monhey + Tianges in Prersore in the Fomoral Artery
Totowing Occlusion of the Portal Vein

Mm Hg
100
80
+
% %
a0
20
4 4 . L L .
Belore 1 2 3 A 5
wocclusion Heurs after ocelustan

{15 114 Uniihe the dog, an ammal m s hich lcthal shock, s preoipitated by
sidden Jad completc occhision of she porat e, the monkey manests only
 tanscnt (1 svtemie wtenal pressuse and sanaes quite aneventfully

shoudd not hase been operated upon Onc anumal died shortly after
the mtraportal imechon of 50 ml of 70 pes cont Drodsast, another
follow g bigature of both the partal sem aud hepatic attery, and
2 tlued of an acute gastric dilatation

The gross martalit 1 this senes, then, 18 223 per cont 1f some
degree of correchion be peritted, only 8 per cent of the deaths
appear due diecth 1o portal occlosion

En an effort to disconer why this asusal, unlike rabbsts, wts, and

dogs, sunues sudden and complete portal acclusion, the following
abservations hve been made

I $ysIEMnC arrLiasl rasssurt fa 42 anmials the systemie
rteral pressure was secorded before and up to ssx hours after
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hbitwm diet of mlk, bread, bananas, oranges, lettuce, carrots, and
other vegetables

Methods

All food and water was withheld upon the day of operation. Just
prior to operation, the amimal was released from Ins cage and caught
by a tramed monkey handler From 08 to 1.8 ml of vetenmary
Nembutal was admunstered mtrapenitoncally. Witlin a few mmutes
the ammals were quict cnough to perut shaving and positioning
upon the operating table. These small doses of barbiturate were
seldom adequate for surgical anesthesta, and reinforcement with
open drop cther some time durmg the course of the operation was
generally required Postoperatnely the animals were wrapped in a
cotton blanket, and they rccovered from anesthesia withm thirty
minutes to scveral hours

Sudden and Complete Occlusion of the Portal Ve

‘The pentoneal cavity was generally entered through a nght upper
rectus musclesphtting masion. After incsing the pentoneun of
the hepatoduodenal Ligament, the portal vein was readily dissected
frce. In a few of the carly experiments this was merely doubly ligated,
howeser, 1 the majonty 1t was divided between two hgatures as
ncar the Inlum of the Iiver as possible. Followmg division, the tvo
ends of the portal vem retracted, leaving a gap of from 0.5 to 1.5 cm
depending upon the size of the ammal In a fow monkeys a segment
of vemn about 1 cm. 1 length was excised. Immedsatcly after occlu-
sion the spleen became tense, and all of the veins on the greater and
lesser cunature of the stomach, m the mesentery of the small bowel,
and of the nght colon became ntenscly congested On occasion,
this was obscrsed over a peniod of an hour or so beforc closure of the
abdomen. Dunng this period the picture did not change. The ab-
domnal masions were closed m layers with nterrupted or con-
tinuous sutures of fine silk

Results
A total of 76 monkeys were subjected to sudden and complete

occlusion of the Eo'rtal vem by this method Stty-seven of these were

¢ L

.

Lissasanmany oo

fmals due i eral day tion
animals died within a few hours to several days after opera

;:mé an obvious cause of death could not be found At autopsy all

that could be detected was marked congestion of the abdominal
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tenal pressure changes m 6 monheys 15 eproduced in Figure
114, Thus 15 an sharp contrast to the dog, m which the systemic
artenal pressuze falls sapidly to low Jevels and death occuss
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Fig 117 Macaca mulatta monkey Portal venogran obtaned immediately
after porta) oeclusion This monket suraved quite uncventfully (1rom Cluld
ctal Ann Surg, ol 132,1950 )

within thuty wunutes to two ar thice hours The tracing of a
typical canine expenment 1s reproduced 1 Figure 115,
PORTAL VENOUS PRESSURE. Changes 1n portal venous pres-
sure mduced by portal acclusion have been studied in animals
Ths nises promptly from 8 to 10 cm of saline to 30 to 60 cm
of saline where it remanns for several hours It then begms to fall
so that by the end of sis to ten days 1t has rcturned to almost
the pre-ocelusion level These studies have been diagramumed
n Figure 116 In 27 monkeys the portal pressure was measured
at inten als of three, six, and nine montbs after portal occlusion
Tn none of these anumals was the portal pressuic found elevated
above norma! Based upon these expenments, the conclusion
has becn reached that persistent portal hypertension cannot be
produced m monkeys by occluston of the portal van at the
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0OG AA UIGATION OF PORTAL VEIN ‘oearn !
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Fig 115 In the dog, sudden and complete occlusion of the postal vein
tesults 1 a steady decline m systemic artenal blood pressure. Within thity to
120 mnutcs or so, the dog dees having bled to death 1nto his splanchmc senous
Do
Macaca Mulstta Monkey - Changes in Portal Pressure Produced by Occlusion of the Partel Vela

A B c
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Fig 116. Although marked clevations in portal pressure far above nonmal
can be produced m the ylonkcy by sudden occlusion of its portal vem, these
are not sustaned. Within i to ten days after ocelusion of the portal vemn,
the portal pressure returns to nearly 1ts preoccluded level.
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from 20 to 50 ml. of 35 per cent Diodrast njected into a small
ven m the upper jejunal mesentery. A roentgenogram was
taken as the last few nulliliters of contrast medum was being
1tjeeted. This has generally provided a 1ery satisfactory methad
of following the vanous changes talung place m splanchnic
hemodynamics as the ammals adjust themsehes to domg with-
out a portal vein

Fig 119 Macaca mulatta monkey Portal venogram four months after
occlusion of the portal vem Here the portal pressure 1s normal, and the pomt
of occlusion has been completely by-passed Practically the catitc amount of
the myccted radio-opaque substance cnters the hver dircetly Most of the
collaterals visualized at the end of s weeks have disappearcd (I'tom Child
ctal Ann Surg, ol 132, 1950 )

As a resvlt of these studies, three general phases m the re-
adaptation of splanchnic to portal occlusion can be descnbed

- ~ R
"L N T
sion 1 rom approvmmatcly onc week to two months after portal
occlusion, many collaterals appear 1n the neighbothood of the
portal obstruction (Fig 118) Later, in from two to six months,
the many collaterals scen cather seem to coalesce and by the end

of four to src months one or two large vessels completely by pass
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ilum of the Iner In 3 ammals progressine occlusion of the
portal vem has been produced by means of o cellophanc band
Portal hypertension was not produced by thus method cither

3 PORTAL VLNOGRAPIIY IOLIOWING PORLAL 0OCCL USION. Larly
m these studies, an cffort was made to assess the portal systennc

« et 01T

descending nto the pelvs via the mfenior mesentenc vein., Tlus 1s (hcfn Te-
gathered m sufficient amounts to peomit visuatizaton of the 1liacs, fenor
vena cava, and spermatic vemn In addition, a number of collaterals are f]orm
mg which by-pass the pomnt of obstruction and partwlly visualice th? {\c]r
Portal pressute at this tune was 13 cm of salue, (From Cluld ct al : Ao

Surg, vol 132,1950 )

communications grossly at autopsy and by means of vanous col-
ored injection masses Botl of these metliods proved unsatisfac-
tory for a number of reasons After death, the vems co]ln?scd
and 1t was impossible to follow their course accurately When
injection masses were used, the question arosc as to how many
of the communications were normally 1 operation and how
many had been artificially produced by the technique These
efforts, thercfore, were shortly abandoned and portal \eno{:'J-
raphy substituted. Approumately 30 anumals were rcopcmlcd
upon at various intenvals after occlusion of the portal vemn an
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6 CROSS AND MICROSCOPIC EPATIC MORPHOLOCY In over 25
monheys the Iner was wspected and Wopsied at meenals of
from ouc weck to four necks after operabion It seseral -
stantes Diopsy matenal was studued a5 long as two years afier
portal aceduson Newthier gross not wnctoscopie abwormalihies
were obsened
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the site of obstruction. The entire mass of contrast medium now
enters the hver dircetly. It has scemed logical to conclude, there-
fore, that the reason portal hypertension does not persist 1
found in the enormous capacity of this animal to open up exist-
mg collateral circulatory beds and to cstablish new ones of con-
siderable magmitude (Figs. 119, 120).

Fig 1208 . .ot
of the port.r . [ (RN LN
anmal to by caie o o cai Ll oLl
(From Child et al Rodiology, vol 57, 1951 )
4 ASCITES AND SPLENOMEGALY In nonc of these ammals could
P ascites or enlargs of the spleen be produced.
Rarcly 1t was thought that ascites mght be prescnt for perhaps
a few days after operation, but certainly, if indeed 1t was present
at all, 1t disappeared within a week or less
5 LIVER FUNCTION Pre-occlusive and post-occlusise Iner func-
tion was studied m 12 ammals by means of the following tests
vooaem N 1 ; R

" "
T, A0t Suppased oy o Posiopionin s 0w
erally performed upon the first, the third, the seventh, the thir-
tcenth, and the twentieth days after operation These tests faled
to reveal evidence of depression of liver function
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had been attenipted i one stage Four annmals sununed ten, seven-
teew, tnenty-seren, and forty-might days after operation before sue-
cumbing to one o7 another postoperative complication These deaths,
however, were clearly not duc 1o resection The majonty of the
ammals died because of postaperatue comphcations which could
have been aveaded had st been possible to admimster any semblance
of modem postoperatne cage Almost htcrally the animals were on
thesr own from the fisst dav after operation on Castric suction was

Tig 121 Specimen rentoted fram mouhey # 66 whe successfully anderacot
two-stage rescction of the Jower thed of Ahe stomach, the head and body ot
the pancreas together wth the portal sven and segments of the spleme,
superof, mescutersc, and inferor mesentersc vems (From Child ctal Ann
Surg. vol 132, 1950}

out of the question The tubes placed m the anumsal's stomach at
the tie of operation were slwms remoted withm the fist teenty
fows postoperatnne bowrs An infasion ot tiansfusion sequited 2 gen-
eral anesthena, and twa agilc men were required to gne a monkey
one wmyection of pemadhn A summare of the protocals of these 23
ansmals 15 recorded s Table 17

Macaea mulatta monkey No 66 sarvied tortv-eight days and then
succumbed m amtung two dns after portal venography had been
performed with 40 mit of 70 per cent Diodrast Dunng s penod
of sunvial, howerer, e ate well, gmned moweight, and tasled to mane-
fest am cudenee of imparred Tver function 3 pottal renogram
abtaned m this anumal forty six days aftes operation 15 reprodneed
m Frguse $22 Thos 18 of partucular mitesest for the entensive col
laterals developimg n the pancreaticodnodenal bed w hich were capd-
ble withen forty-sux dags of conducting practically alf of the imected



APPENDIX 2

Pa/ztrealifaz/uo[/e;m/omy with Resection
of the Portal Vein in the Macaca
Mulanta Monkey

AFTER demonstrating that the monkey sunned sudden and com-
plete portal occlusion, 1t was postulated that perhaps this animal
would tolerate a block resection of the head of the pancreas, the
duodenum, and the portal and supcrior mesentene sems. This was
att din 6 Is with complete failure of all siv experiments
The monkeys died 1 shock dunng the course of the procedure or
hartle dhormfber due ta bload Toss from the ficld of operation As

operation was out of the question.

In view of the obscnuation that the severe portal hypertension
produced by sudden portal occlusion subsided to near normal lesels
within seven to fourteen days, a two-stage operation was designed
which proposed to make use of etert
stage the portal vemn was sunply I,
was recopened and the lower ena or we swinsui, wie seee -
pancreas, the entire duodenum, and the upper few centimeters of
the jejunum were resected together with the portal and supenot
wesentenc vems In Figure 121 1s repraduced a photograph of 2
specimen so remosed, This demanstrates the eatent of the resection;
the portal ven 1s clearly shown.

Such a two-stage operation as tlus has been performed in 23 moi
~ The nastanerative mostality was high, and the survival pf:r‘mds

----- >
n normal portal latory d S C vy .
the portal, splenic, and superior mesenteric vems. The bleeding

the operating table was not so excessive asat had been when resectioni
332

at
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APPENDIX 3

Regction of the Hepatic Artery in the
Macaca Mulanta Monkey

HAVING discovered that the Macaea mulstta monkey sunnes
abrapt hgatute of the portal vem, 1t scemed approprate to mesti-
gate the effects of hepatic artenal hgation 1w Hus ammal Interest
m these expenments comaded with Markowitz's demonstration
that the dog sunvines hepatie deartentalization provided Hus ansmal
15 protected with adequate doses of penicilhn

Nmecteen adult monkeys were sclected for this study, and ther
ente extrahepahie artenal systems were excised from the ongm of
the hepatc artery on the echac avs through the vanous posssts of
cutrance of this vessel’s branches mto the hner Figure 123 outhnes
the extent of this resechion Of the 19 ammals operated upon, onc
dicd two hourss after sesection 1t was not bcheved that death was die
to zemaenal of the hepatic artery, All the wmaming ansmals survned
apparcotly undistorbed by the procedure Fne anmals recened

fhin and/or dibnd P i1 for from one to fve days

postoperatnch, the other 13 anumals did not recene any form of
chemotheraps

Laver function was studied both preoperatinely ang postaperatively
by meaps of the follesing ner funchion tests cephaln fleceulation,
prathrombn tinie, tatal serum protein and albwmm globuhn ratio,
Tippunc acid clearance. and Bromsulphalen retention’ These deter
muations were made at mtervals of frem ten months to 125 days
after operation The enlv test which showed any cvudence of ab.
nosmalits was the cephabn flocculation Here 3 one to two phas
reaction was encountered m 10 of the 18 ammals This musor yars.
aton from the nornmal could not be correlated esther wath the clinzeal
coune of the anmuals or with postmortem exanunation of thew
hvers

Laver biapsses or autopsies w ete performed upon all these amumals
m from two hours to tnenty-eight davs after complete resectson of
the hepatic astery The results can best be studied by dniding the
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contrast medium directly to the Iner. At the time of portal senog-
raphy the portal pressure was 21 am, of saline. Although this 1
about 10 em above normal, 1t cannot be classificd as portal hypcr-
tension comparable with that scen m man in extrahepatic portal

Fig 122, Monkey #66 This venogram was taken forty-si¢ days after resec-
tion of the portal \cin, duodenum, and head of the pancreas The three ar-
tows point toward the eatensive collaterals which huve formed within this
shott period of time betwcen the portal circulatson and the Iner. This ammal
ever mamfests a remarkable ability to return blood to lus Iner. {From Child
et al : Surg, Gynce, & Obst, vol 94, 1952.)

block due to thrombosis of the portal vein. It is more than probable

‘ -
section of the portalvein pcrfourm‘ed 1 man and described in Chapter
15 was based



APPENDIX 3

Resection of the Hepatic Artery i the
Macaca Mulatta Monkey

HAVING discovered that the Macaca mulstta monkey sunines
abrupt hgature of the portal vem, it scemed approprate to wsests
gate the cffeets of hepatic artenal hgabion w thus ammal Fnterest
w these expenments comeasded with Markowitz's demonstration
that the dog sunn es hepatie deartenalizahon provided this ammal
15 protected with adequate doses of pensosihin

Nmeteen adult monkews were sclected for this study, and thor
eshize extrahepatic arteral systems were exaised from the ongm of
the hepahc atterv on the cchac avs thuough the vanons ponts of
entrance of tius vessel's branches mto the iner Figure 123 outimes
the extent of this rescetion Of the 19 annwals operated vpon, one
dicd two hours after roscehon Tt was not behey ed that death was due
to remosal of the hepatic artery All the remaming anmals sunned
apparently undistarbed by the procedute Fie anmoals recened
pentathn and/ar dthsdrostreptomnem for fram one to five dags
pastoperatncly, the other 13 annnals did not recene any fonn of
dwmotherapy

Larer function was studied both preoperatiehy and pastoperatncly
by means af the followmg hver function tests cephalin flocculation,
prothfombm te, total serum protem and albumm-globulin ratio,
tuppuric seid clearasice, and Bromsulphalem retention These deter
minations were made at mtenals of from on manths to 125 days
affer operanon “The onlv test winch showed any cvidence of ab-
nermahiy was the cophalin Soceulotion Hese 2 one to two plus
teaction was enceuntered 10 of the 18 ammals, Tias rowor vane
ation from the normal could nat be conrelated etther with the climeat
course of the ammals or with postmortem evatunation of thew
Iners

L cr bopsies ar autopsses were perforied upon all these anmals
m from two bours to twenty-cight days after complete resection of
the hepatic asteny The results can best be studied by diniding the
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ammals into two groups: those recciving antibiotics and those in
whom chemotherapy was not emploged. The livers of all 5 anmmals
who recened pemallin and/or diliydrostreptomyein were cntirely
normal Infarcts could not be found nor was there evidence of acute
chalecystitis.

Of the 13 untreated ammals, the Iners of 8 were completely
normal, but the gallbladders in 5 were shrunken and fibrotic, In

;“_’I/;Fahc A.

Tag 123 Iepatic artenal branches m the Macaca mulatta monkey. All
the branches here represented were resected 1 deartenalization of the hver
of this anmal

3, the gallbladders were normal In the livers of 5, howeser, were
demonstrated multzple arcas of nfarction which ranged i size from
2 mm to 10 em 1n diameter In one animal, autopsied three w cckf

‘l‘;lzx—z'idc.r which had been completcly walled off with omentum.
Scattercd
ous small

ters 0 w veroees -oo- .. .
ltlll:iouglmut the three weeks he was pemnutted to survive lus oper-
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atson Al of fus lner function tests were normal The mfarcts found
a the hvers of the remasmng $ ammals presercted 3 highly segular
pattem In 2 there were peshaps a dozen of mare, while i 2 there
were upwaeds of a bundred tinv arens of necrosis 1n 3 of these an-
mals the gallbladders were gangrenous Microscopse sections of the
mfatcted areas were made and revealed vanyueg degrees of healbing,
the site of cath wfarcts presented as necrotic fory, while those of
fonger duration appeared under the microscope as fibiatic scars

T view of the regulanty with which these autsmals survised hepatie
deartenalzation, it was desed mnp e that every effort be
miade to determme whether o nat artera eollaterals custed Several
dfferent tests were omployed Immediately following dravion of
the hepatic artery at the cchiae avss, 35 per cont Ehiodrast sas smected
Inerwards The Iner was completely sisualized on vray fils i all
of the expenments This was ateepted as evdence that the ner
secenned at least wts magor astenal blood supply from the hepatic
artery In sescral anumals either the esght or left anam hepatic astenies
were accluded Under these eucomatances, the Jobes normally yup-
phed by the occluded vessel could not be viswalized These eapen-
ments indieated that mtedobar actenal anastomoses do not exist
the pnmate

The abdommal aorta just cephaled to the orrg of the cchac i
was occluded i several anmmals Thisty-five per cent Diodrast was
thew myected m lasge amounts mto the thoraeie anita In none of
thesc ansmals could collaterals to'the I er be demnonstrated Anather
evpenment consisted of the wyection of India ik wto the therae
aosta In normal ansmals the Inver beeame black wamediately, but
e thase 1 whom the hepatse artensal tree had been resected, the
discoloration of the Iiver was much delayed, appearmg only after
the mk had had tune to tracerse the mesenteric capillary bed and
enter the ler by was of the portal vein In 2 anamals the postal vem
was occluded and tre hepabic artenal kree resected In these the ink
reached the Iser after ten to fifteen minutes, hut the routes were
neier wdentificd

The Iness have been cultused 1w over 30 nosmat monless, and
this organ proved stenle both acrobscally and anacrobieally Thus
mas, of course, explain why the monkey surnes, whereas the dog,
fraw the bnae of which Bacllns wakihin tan Tegahark e reeo cred,
chies after hepatie dearterabeation The conclusion whach can be
drawn from these evperuments ss that 13 Macaca mulatta monkess

hare sunaved hepatse deartenahizatson without protechion by anty-
broties




APPENDIX 4

Sudden and Complete Occlusion of the
Hepatic Veins in the Macaca
Mulatta Morkey

AFTER proving that the Macaca mulatta monkey sunnves sudden
and complete occlusion of ats portal vem, 1t became a matter of
mterest to determne whether this ammal could tolerate smmlar
occluston of 1ts hepatic sems: Prelnary exanunation of the hepabie
sens of the monkey promptly demonstrated that these vesscls were
many and cntered the vena cava over a broad saddle-shaped arca
well imbedded withim the mfenor border of the ncr. Onc or two
evperments upon Iining anmmals demonstrated conclustely that it
was wirtually impossible to occlude all of the sessels simultancously
‘The Iner tore and bled sufficiently to precipitate these animals mto

by such profusc hemorthage from the cut surfaces of the liver that
the ammals dicd before occlusion of all the hepatic vems could be
completed In considermg other techniques, the only one of prom-
1se consisted m occlusion of the vena cava above the entrance of the
hepaticvemns Tlis, however, did not prove an attracti ¢ experiment,
for ats results could not be considered uncquiocally related to
hepatic venous occlusion alone

Attention was then tumed to the devclopment of a method
whereby the iepatic vens could be suddenly occluded and at the
same hime normal caval flow preserved. A rcasonably satisfactory
techmque was worked out by mscrtmg a polsethylene tube of large
dameter mto the vena cava m such a position that 1t straddled the
cntrance of the licpatic vems With this prosthesis m place, two
ligatures were tied bightly about the cava just aboc and lllﬁf
below the hepatic veins With the animals well heparinized, a fow

340
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nal esporanaents convanced us that heee was a practical method for
suddenly and completely occladmg the hepatic voins

Jooustecss Mataca mulatta monkers were subgeeted fo occlusion
of the hepatic venous dramage 0 this fashion, and the following
observatians recorded

1 survivar Tue After complete oeclusion of the hepatic
soms, the aversge survinal time was thaly five nunutes A fow
of the anunals died preaiprtously w ten mmutes, while the Jong:
st postoperative periad of bfe was snh nnnates In T anupals,
isotonic salne was admsnistered throughout the cowsse of the
epenment at a mean sate of 100 m an howr Thos protonged
the avesage survinal tune approamately mghteen mnutes Tho
ansmals eeened 90 wh of ctrated monkey blood dunng the
course of the expenment, one sunvned twentv-fu e nunutes, the
other thiee and onc-half houss

2 porfAL PrESSURE In 10 anymals portal pressuse was meas
ured before, dunng, and after hopatic venous occlunion This
sase trom 2 pre occlusne lened of from 7 to 8 em of sabme to an
average of 33 Shortls after reaching vis Yghest fevel, pottal pres.
sure fell progressadly, reachng ity preacchmne lovel at the
tune of death of the anumal

3 $x30WC ARTERLL PRESSURT Tmmediately after occlusion
of the hepane e, the systeme arteral pressure as measured
m the femaral astery fell preapitoush from the normal leved
of 110 to 120 mm of mercusy 0 20 to 30 mm of moreuny
Hiere 3t semanmed vt the ammal evpred

4 YMATOCRIT AND SERUN PROTEIN Fmmedhatedy afier occlu-
sion pf scnous dzmnage of the Iy, a sweady £all in the henatp
crit m the perpheral venous blood was obsersed “Hins acraged
128 pee cent 1 approumately ity minotes In one anmmat
the hematocnt fell from 387 to 24 wathun turfour mioutes
In 3 anunals scrum protan Tevels were determuned senally, the
atbums and globwhu dropped an average of 23 grams per 100
ml and 17 grams per 100 m respectuely

3 €ROSS AND AHCROSCOPIC EAANSHATION OF 10E 1VER The
Invers of alf of these ammals were examuned snmedsatch after
death Thesr weight was found wercased an average of 20 per
cent osvcr the nonmal They were tense and a darh bise in color
1a cach istance the pancreas and small bowel mesenteny were
cdematous There aas uo detectable change i the swe of the
splecn Exanunation of microscopic sechons of the fiser re
scaled that the contrat voms and adjacent smusoxds were Bugely
dilated by packed red eefls

These expoments were conducted prmandy to mmeshigate
whether the cincal syndrosie of hupatsc venous acclusion m man
could be reproduced m the expenmental amimal Obuowsly ths



342 The Hepatic Circulation and Portal Hypertension

objectine was not accomphshed The prolonged sunvival periods
deseribed m patients mamfesting this discase must depend upon
slow progressive occlusion of these vessels, Although blood volume
studies were not perfonmed upon these animals durmg the course
of the expernments, arcumstantial evidence iudicates that death
was duc to depletion of the cffective arculating blood volume mto
the portal and hepatic venous beds. The profound drop m red cclls
wlich occurred scemed to mdicate that the liver was able to trap
huge numbers of red cells and at the same tine to release scrum into
the portal venous system by returnmng 1t to the systemic systun by
way of the hepatic lymphatics.



APPENDIX 3

The Effect of Epiniepbrine upon the
Portal Venous Pressure of Novmal Dogs
Normal Mokeys, Normal Men, and of

Patrents with Moderate and Advanced
Chrrbosis

FROM runc to e s the past, mnomerable anestigations hate
teen made of the effect of epmephinne upon portal venous pressuse

Most of these studics, howesex, have been pesformed upon 3 number
of different expersnental anumals (sce Chapter 7)) Because the por-
ad system i man 15 generath vnav alable for vapenmentation, very
hittle 15 kaown of how it would react to thes harmone The fallowing
sers of cypenments bave been pofenmed n the Taborstones of
surgical vesearch and w the operating rows of the New York
flospital In goaerl, they were planned to confinn some of the
older obsersations obtamed i the dog and 1o extend these obsena

tions to paticats with normal as wcll as abnormal In ers

Methods

A standard method for makong these obsenations was employed
Thus consited of msetiing a polyethylene catheter into the supenor
mcsentenc vom I annmals, vomations wy portal pressure wete de-
tected by means of an clectromancmeter and recorded approprately
Clotting m the caonalas was prevented by siall amounts of hepann
o mman, a spmal manomcter Blled with sadbme was attached to the
cannuds and prossure changes recorded by disect obseation A
contmuous record of stonme artenal pressure was kept as a2 con-
ol ebsenation on the effectnencss of the hormone myccted. A
snjections of epmephime wore made duectly mto a small venous
oadicle s the upptr jejomnm
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Normal Dogs

In over 20 expenments, the portal pressure 1ose precipitously
mmmediately after mijection of 01 to 0.5 ml of 1:1000 epmephnne
This observation, made many times in the past by innumerable
msestigators, docs not warcant detaded comment here. Attention
should, howeser, be called to the fact that the rise in portal pressure
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Tag 124. Effcct of epiephrne upon the portal pressure of a dog with a
normal Iner The marked nise produced contrasts sharply with the moderate
nse charactenstic of the monkey and man (Sce Figure 52, page 102.

1s far abon ¢ that obtained m erther normal man or monkey. A fypical
cunve for the dog 1s reproduced 1n Figure 124

Normal Monkeys

The effcct of 01 to 05 ml of 1:1000 epmephnne was observed
In a consecutnc series of 9 Macaca mulatta monkess. In each m?
stance, the portal pressure rose promptly and then returned to norma
within ten to twenty mmutes The levels rcached, however, “f'e
far lower than those obseried in the dog A typical cune for this
ammal 15 reproduced n Figure 125
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Normal Man

“The cffect of the myccbion of U5 ml of 1 1000 epmephune was
observed i 3 pabients whose Incrs were nonmal These obsen ations
were made just prior to choleeystectomy for ehronic cholegystits
and cholehtlnass and to gastrectomy for chrome duodenal ulcer
1p cach imstance, the portal pressuze rosc a few centsmeters of sabne
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tug 125 Reactwon of portal pressure to cpimephnme m the sermal monkey
tlere o small dose of cpuepbnne produces 3 modest nse n postal pressure
Tins 35 nowhere near as great a5 1w the dog, the cunve obtamed corresponds
closcly to that cecountesed s nonmad man Neither wm thas ammal nor s the
dog s the nfenor caval pressure matenally affected

These degrees of elevation were comsparable with those obtamed w
the monkeys rather than with those scen i the dogs A representa-
tne cune 15 wproduced 1 Figure 126

Abnormal Man

The effect of wyechon of the saome smonat of epmephnne was
studied 1n 3 patents whose Iners were abproumal but not the site
of tpseal Lacnnce’s arthoss 1n one patient the common bile duet
was obstructed due to a malignant tumor of the head of the pancieas
The portal pressure was normat and the response to epmephnne
was normal, namely a moderate nse w portal pressure
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g 126 Lffect of epinephnine upen portal pressure of normal man Here
the charactenstie cune obtamed 15 a moderate mital cloation followed by
a shight drop and a sccondary nse
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In the sccond patient the haer was the site of an caly bibary
cirrhoss due to obstiuction of the common hepatie duct by 3 malig:
nant tumor Thus had also partally obstructed the portal vem qust
within the porta hepatis and produced a portal hypertension of 29
om of sahue (sce Fig 95, page 280} Here 05 ml of } 1000 eps
nephrmie resulted w an expected madest rse m portal pressure Thus
cunve 15 reproduced m Figwe 128
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Fig 128 hffect of cpmephane upon the porhil pressure of 2 patwnt with
culy Whan ewrhosts wd smumal postal hyprtcoson due to partial wmtea
hepatre obsteuction of the partit e The expeeked ns. appears mtcusified

In the third patint the Incr was diffuschy mfiitrated wath fat and
the portal prewsire was moderaich clovated (21 an of salme)
kpmephrme produced the evpeeted nse This cunve ss reproduced
m Prgure 127

Theeffects of § St of cpmcphnne were studied e 2 patients with
gl to woderate portal cuthens and m 5 patients withadvanced
cuthoses faall 7, climeath muportant deerces of portal s pestension
were present, and these sbjcets all had Bad severe honatemeses
from esophagogastsie vanices The ebserations wese made st poor
1o decomprission of the portal venous systan by mcans of g porta.
aanabshuut In the 2 patwnts with mederate airrhioss, the portal pees-
suze rose to the same lovcls encountered m panents and monheys
with normal Iners In the 5 pavents with advanced cuthosis, the
portal pressure fell sharph This apparent reversal of the epinephnng
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WK NYH % 622 436 NORMAL LIVER
EPINEPHRINE EFFECT -
NORMAL

PORTAL PRESSURE

R0 1 23 4 5 67 8 9 0 ¥ 2
MINUTES POST INJECTION

wiee
EPINEPHRINE 131000
MESEMTERIC VEIN

Fig 126 Effect of cpmephrne upon portal pressure of normal man Here
the characterstic cune obtamed 1s a moderate bl claation followed by
a shght drop and a sccondary rise.

AK NYH ® 448306 ADVANCED FATTY INFILTRATION
oF Lty
MINIMAL PORTAL HYPERTENSION
2o EPINEPHRINE EFFECT ~ NORNAL

LLYz

CM/SALINE

IR EEAXAEARAERE
MINUTES POST INJECTION

o5sc
EPINEPHRINE 11000
MESEATERIC VEIN
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eficet 10 adhanced cinrhioss las been commented upon chenhere
page 91 Tn Vigures 129 and 130 are seproduced the punes of tho
patients with pama] ta wodetate crrehiosis m whom the response
to sdromabin was normal In Figuse 131, 4. B, C, and D we repro-
duced the cunes of 4 patients with advanced cirrhosss whose epi-
nephrme cures were weversed
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Yig 131 Ravcrsst of normal epincplnne effect an patients wath advauged
cusetiosis and portal hypertensian. On antalyzing these curcs, the conspicuoy:
f&;a\;\ar: 8 ):: rmclrs:l of the mtial nise 1u cack astance the secondaty rise ¢
stightls above the preamiection pressase is eudent {See Caws #23, p 362
#17 b 364, and 215, p 365 ) f v




PG NYH % 600 949  MININUM PORTAL CIARHOSIS
MODERATE PORTAL HYPERTENSION
EPINIPHRINE  EFFECT - NORNAL

SYATCMIC ARTLAIAL PagssuRt

PONTAL entssuRg
cu7saLing

.
WINUTES

08
EPINEPHRINE 1 1000

Yig 129 PG.NYH #600949 Although moderate portal hypertension
and cirthosis were both present, the expected risc was obtamed. The typical

dicrotie cunc, although present, 15 not as clear cut as 1w Figure 130,

HN WYH ® 403 )57 MODERATE PORTAL CIARHOSIS

SEVERE PORTAL WIPLRIEWSION

EPINEPHRINE EFFEGT = NORMAL

mmsng

MIsaLINE

o8 m
EPINEPHRINE | 1000
MESENTERIS VEIN

Fig. 130 Effcct of cpinephrine upon the portal pressar of a patient with

nston duc to moderately advanced curthosis Although the por-
hugh, the pumary nse, the transient fall, and l]u_: sccondary
f normal man arc evident. (Sce Case #19, p 366.)
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Hepanc Regeneration 1 Dogs 35,

Tig 132 These Rgures, which are tugedy self-explaniton, demonsteate the
sanunr stiges w transpositong the portal and casal circulabions Dunng the
brick punod of complete obsteuction to hoth circilations, it 1s snportant that
& teansfusion be kept ranning bk Bose tamfuvian Decame part of the
procedare, saveral dogs died 1 profound shoek



APPENDIX 6

Hepare Regeneration in Dags with
Trangposition of the Portal
and Caval Circulations

HEPATIC regeneration following a 70 per cent hepatectomy has
been studied m 15 dogs. 8 wath portacaval transposition (Fig. 132),
6 with normal hepatic arculation, and 1 with an Eck fistula (cnd-
to-side portacaval shunt)

TABLE 18
AREA OF SHADOW CAST BY RIGHT LOBE OF LIVER ON
CONSECUTIVE VENOGRAMS BEFORE AND AFTER
PARTIAL HEPATECTOMY IN DOGS WITH
PORTACAVAL TRANSPOSITION

ARLAS IN PLANDMETER UMTS

AFTER PARTIAL JIEPATECTOMY

ALDMO:ER BEFORE
PARTIAL
HEPATLCTOMS 1 Week 4 Weehs 6 Weeks
738 265 369 516 570
737 213 310 372 397
741 202 456 474 508
746 217 214 333
756 381 795 692
760 335 598 664

Hepatic venograms, obtamed by njecting contrast matenal di-
rectly mto the mfenior vena cava, were made before and after partual
hepatectomy 1n order to follow hepatic regeneration m vno i the
dogs with portacaval 4 ton When the hep made
prior to partial hepatectomy were compared with those taken at
intervals afterward, 1t was clear that there was a great increase in the
area and density of Iner filled with contrast material (see Fig 57, A
through E, p 144) "These areas were measured with a planimcter

350
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Hepatic Regencration e Dogs
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APPENDIX 7

“Portal Hypertension—Case Abstyacts
(Sec also Figures 77 A and B)

PORTACAVAL SIUNTS
Case #0 PG NYH #407.085 Male Aged 49 years

Cirrhosis of the Liver, Portal [fvpertension, Diabctes, Esoph
ageal Vanices, and Hematemesis

PG, 2 heavy duaker for many years, had been known to have
ceechass of the liver for about snteen months prior ko admission
The might before hus first adnussion to this hospital hie passed a
large tarrs stoal, and sevcral hours later he vonnted a copious

amouat of hlood After adnussion, hie contmued to vommt blood
This . T

es wer
dJischargoa 10 Kaulic av a sases swne sn een L
Tater he hled agan and was adinitted for portal decompression

W

[

wecks, PG was dischiarged Just belore Qischarge, patcnes ot

the siunt was demoustrated by transcardiac cathetenzation
PG was ceudiutted ta the hospreal several tiuncs over the

nest three scars i ampending hepatic coma, On suppostise

treatment he miproved cach fime and was discharged

Thrce years after portal decompression he died m another
hospitat

Case #1 LM NY #578933 Male Aged 26 years

Cirrhwosis of the Lover (Schust ), Portal 11
Esophageal Varices, and He

J M, a twenty six year old Puerto Rican man, was well as far
2+ he hnew nnhl theee years pror to admussion, at wiieh tune

HIALS G o s~y e o
pear follow mg hus neat hematemess

355
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I . .

1 + They arc viewed as stuking

.t wee < v taw wapes s, TCgENCTation was caleulated
as follows. The weight of the Iiver resccted was multiplied by 3/7to
obtam an cstimate of the weight of the hepatic remnant. The factor
3 7 was dened from the results of disscction of normal Tivers m
which the weight of the Iner resected was found to amount to 71 per
cent of the total weight of the Iner (4 or — Standard Deviation 4)
The weight of the hepatic remnant was subtracted from the weight
of the hner remosed at autopsy in order to arme at a figure for the
gaun m weight, m grams, of the hepatic remuant during the expen-
mental period The gam was duided by the weight of Iiver resected
and multiplicd by 100 to express regencration in per cent Thus, if
gam cqualed waight resected, then regencration would be 100 per
cent

Bv tlus method of calculation, it was found that the dogs with
portacaral transposition replaced 50 per cent of the weight of liver
resected, those with normal hepatic circulation 75 per cent; and the
dog with an Eck fistula none at all (sce Table 19 and Fig. 57 F,
p 14)

The evidence, then, supporting the contention that hepatic re-
generation occurred m the dogs with portacaval transposition 15
demed from two mdependent sources* the venograms Jnd caleula-
tions of percent regencration based upon hver weight. Comparison
with the dog with an Eck fistula clearly establishes that regeneration
can occur m the absence of portal bload prouded that systemic
venous blood 1s substituted

The relatne efficacy of ssstemic venous blood versus portal blood

was not possible to prove they could not have been drawn from one
and the same population Yet the magmtude of the difference be-
tween the two means and the proxumty of the results of the fests
of sigmificance (¢ g, t cquals 1.98) to the entical value (wheret must
cqual 2 18 or mare) arc such as ta suggest that a real as w cll as ap-
parent difference cwsts between the two groups The inference, then,
1s that systermic venous blood 15 almost, but not quite, ns’cﬁecmc
1n supportng Incr regencration as portal blood The essential factor
m Incr regencration appears, therefore, to be the volume of blood
delnered ta the hner rather than sts source.
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other hospital where an ulcer on the Iesser cun ature was found,
~ndshanabent esnlored At operahion the vessels of the coronary
JETE STV

procrastinated antil another I\emon]mgc preaipitated is ad-

nussion to 1he New York Hospatal | Rs past tustory mcluded
the ingestion of large amounts of whishey over the years and one
cpisode of jaundice winch subsided after he stopped hus aleololic
ntake

euvacsr Fxavinanioy On adiussion JR was n apparent

tty Esopl 1varices d on x tays ot the esopn-
agus

oreratioN Two weeks after admission an end to side porta-
caval shunt was performed When the shunt was opened, the
pressure fell fram 36 ko 24 em of sahme

POSTOPERA
devcloped po
teses Slowly
that the shu . __,

Case #4 DK NYH #582973 Female Aged 38 years

Cirrhosis of the Luaver, Esopl I \arices, and Esoph
Bleedimg

D K, a hard working alcoholic business woman, had been well
until about nine montlis to a vear prior to admission At tlus
time she descloped amenosthea and seemed to become unduly
fatigued Far scveral months puor to admussion she vomuted
sl amounts of blood daily and lost weight steadily On ad-
\ ) .2

cnthemataus
1

eally been well She las not, howeser, sonuted blood during
this penod (Sce note, p 379

357
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On admission, .M. appeared chronically (l and malnour
shed. Botl s lner and splecn were readily palpable, abdonumal
flud was present, and ova of Schistosoma mansoni were found
s luss stoals, Large vances of lus esophagus were demonstrated
by vy

An end-to-side portacaral shunt was sahsfactonly fashioned
‘I'is reduced s portal pressure from 32 to 22 em, of salime
s postoperatine course was marred by the formation of large
amounts of asciic thud ‘T'his subsided, however, and he was
ducharged five weeks after operation J.M. was followed regu-
larly for three months after operation. Duning this period, he
was well and id not bleed. He then seturned to Pucrto Rico
and has not been heard from simce.

Casc #2 DM N.YII #466,182 Male Aged 46 ycars

Curhosis of the Liver, Portal Hy pertension, Esophageal Varices,
and Hematemesis

DM was fisst told that he had an enlarged Inver sonie mne
ycars before he was admitted to the hospital because of hema-
temesis Of possible sigmificance was the fact that he had re-
ceived catbon tetrachlonde m treatment for a Tacnia sagmata
infestation, ‘Three years before admission he began to fatigue

Lo mmrevrrrrngy ey v v fow e e < o =
puor to adumssion

Plhysically, DM was m good condition. An csophagogram
revealed etensne vances and an end toside portacaval shunt
reduced lus portal pressure from 35 to 115 e of sahnc. Al
though postoperatncly D M. gamed m strength slowly, he
finally Teft the hospital 1n reasonably good health three weeks
after operation. e has been followed closely for two and onc-
half years Dunng this time, lus vances have disappeared and,
though he has not bled, he has never really cnjoed robust
health (See note, p 379 )

Case #3 JR. NYJH #582,110 Male Aged 46 ycars

Currhosis of the Luver, Portal Iy pertension, Esophageal Varices,
and Massive Hematemesis

wstory This forty-sixycar-old white man was admitted to
thus hospital 1n s fourth episode of hemorrhage. The first lmg
occurred a year before admussion at which time a diagnosis o
currhosis and esophageal sances had been made at another los-
pital Sn months before adnmussion he was admitted to yct an-

—
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many large vances were demonstrated Thutteen days after ad-
mussion, an end-to-side portacaval shunt succeeded m lowenng
Ticr portal pressure from 42 t0 27 cm of salne, (Portal venogram
mlag 93,p 278 ) Twowecks after operation she was discharged
well She has been followed for two ycars, and on cach visit has
manifested excellent health Her spleen can no longer be pal-
pated, and her vances have disappeared

Case#7 ED NYIH #531,465 Female Aged+0years

Bilary Curhosis, Portal H) pertension, Esophageal Varices, and
Hematemesis

mal and did not recur until two weeks prior to admyssion when
. — o p

This lowered her portal pressure from 46 to 26 e of saline
Her postoperatis e course was unesentful and she was discharged
on her snteenth day after operation

She remained well for one vear when an acute attack of small
testinal obstruction required a cehotomy for release of ad-
hestons At this time her portal pressute was 17 em - of salne
“T'wo years after her shunt sheis well save for an actn e duodenal
uleer

Casc #8 RK. NYH #5063+ Male Aged 45 years

Cirrhosis of the Liver, Portal Iy pertension, Esophageal Varices,
and Hematemess

For fifteen years prior to admussion R K had regularly con-
sumed numerous shots of whiskey darly Tlus was apparently
wcll tolerated Two days prior to adnussion he vomited a mod-
crate amount of old blood and passed several tarry stools On
adnussion to the hospital, RK appeated chronically all. His
Iner was endarged, and bis shin puld)y setene Although rances
were not demonstrated by xtay, RK's history favorcd esoph-
ageal vances with hanorthage so strongly that a portacaval
shant, cud to side, was performed This lowered lus portal pres-

tions of hepatie failurc eleared rapidly, and he was discharged
cleven days after operation Since discharge, he has remamed
well (two years) and has worked regularly

9



358 The Hepatic Circulation and Portal Hy pertension
Case #5 GG. NYH. #557,048 Male Aged 53 years

Cirrhosis of the Liver, Portal 1) pertension, Esophageal Vances
and Massive Hematemesis, Postoperative Serum Hepatitts

sstory GG, a fifty-thiceycar-old Iranman physician, pre-
seuted hunself at this hospatal wath a Jong history of hemateme-
s1s and tarny stools The first of these episodes occurred twele
years before admission and they were repeated almost annually.
Onc year puor to admission csophageal vances were demon-
strated and hie developed sufficent ascites to requise paracentesss.
Lc was known, therefore, for a ycar prior to admission te have
L R L 1 M N N

G G became Iethargic and confused One cffort to remove the
balloon was followcd by a bnsk hematemesis of 700 ml, and the
patient became comatose.

OPCRATION As an cmergency measure, the patient was taken
to the opcrating room where an end-tosside portacaval shunt
was performed This Jowcred lus portal pressure from 45 to 21
cm. of sahne

POSTOPLRATIVE COURSE For scveral days bleeding continued,
and GG was in desperate straits 1ie recened 8500 ml. of o
trated blood and slowls recovered Nmcteen days after opera-
tion lic was discharged only to be admitted three and onchalf
months later with deepening jaundice, ascites, and cdema of
lus legs After two months 1 the hospital, he recorered suff-
ciently and was discharged One year and three months after
operation G G dicd at another hospital, At postmortem exam-
mation the shunt was found to be widely patent, Although this
man did not bleed after operation, he was certamls never really
free of hepatic decompensation at any tune after hus discharge
from the hosprtal,

Case #6 SL NYI #589,381 Female AgedH7jcars

Cirthosis of the Liver, Portal Iy pertenston, Esophageal Varices,
and Hematcmests

For approuimately ten years prior to admuission, S.L. had daly
consumed gencrous amounts of sherry Two years prior to ad-
mussion she had her first hemosthage, and a diagnos:s of cirtho-
siswas made Several days prior to admussion she yomted blood
again and passed scveral tarry stools She was found to be se-
verely ancmic and was adontted to the hospital.

Pliysical exammnation revealed several spider angiomas over
her upper chest and an enlarged Inerand spleen. Ier spleen \\;s
just palpable below her Ieft costal margm On csophagography
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operated upon exght weeks after admussion, A vapudly and casily
performed end to sidc portacasal shunt reduced her portal pres-
sure from 40 to 15 cm of sahne

For thrce days after operation, M A did well She then sud-
denly passed mto repeated bouts of aiculatory collapse Flud
collected massinely and rapidly an her pentoneal cawity. Her
condition deteriorated rapidly, she passed mto coma and dicd
upon the eleventh postoperats ¢ day

Postmortem exarnnation revealed advanced crhosss of the
Iner, evtensine rances, and splenomegaly Suteen thousand
mullihiters of fiuid were present in her abdomen, and the hips
of the shunt had sealed themselves together, completely occlud-
1ng 1ts stoma

Case #11 RS NY.I, #603,456 MNale Aged 31 ycars

Currhosts of the Lner, Portal Iy pertension, Esophageal Vances,
and Hematemesis

wsiory RS, a thurty-one year old manne who was wounded
severely in the lower abdomen 1n 1944, was adumtted to The
New Yosk Hosprtal in 1952 because of lus sccond episode of
hematemesis over a peniod of four months Otharwse, he was

but otherwise n apparent good health [hs Iner was large and
firm, and his spleen was readily palpable In the Icft lower abdo-
men was a well hicaled rregular eeliotomy scar wlueh had obv-
ouslv healed by secondary ntention Rocntgenograms of s
csophagus demonstrated cxtensise vances

oreraTioN Four days after admission RS was operated upon
and his portal bed decompressed by means of an end-toside
portacaval shunt Tlus reduced the portal pressure from 43 to
2t cm of salme

TOSTOP1 RATIVE GOURSE This was uncyentful, and R S was dis
charged twelve days after operation e has not bled in the year
and one-half smce discharge, and vances canuot be detected m
lus csophagograms

Case#12 RN NYH #609430 Male \ged 48 yoars

Curthosis of the Liver, Portal I pertenon, Esophagedl Varces,
and Heaatemests

tstory. RM was admutted bec e of s fist eprode of
benatemenss and tarny stoals Tle clamed to hine been well untsl
ouc manth before admussion at which tnne he suddenly vonuted
a pwt or so of brght wd blood Hi, lver was enlarged, and
rances were demonstrated on rocntgenograms of s esophagus
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Case #9 MS. NYH. #545957 Female Aged 16 years

Currltosis of the Lner, Portal Hy pertension, Esophageal Vares,
and Hematemess

tnstory Sesen years pnor to admssion, M8, began having
frequent bouts of cpistanss, and a year later hepatosplenomegaly
sas discosered 1wo years prior to adnussion she was jaundiced
for several months, and a diagnosis of chronic hepatitis of un-
known ctiology was made About a month before admussion, she
o d her first | Vances were demonstrated
upon rocntgen examination of the csophagus.

OPERALION. S weehs after her hemorrhage, an end toside
portacaval shunt reduced her portal pressure from 34 to 16 e,
of saline.

POSIOPI RVINL COURSE. For several weeks after her operation
she was agan aundiced, but lcft the hospital wcll fiftcen days
after operation

rorrow ur Although this young woman has not bled agun
1 over two years, she has had two readmussions to another hos-
pital in hepatic coma In one of these her serm bilirubin was
26 mg per 100 m! “These bouts have subsided spontancously,
and the paticnt 1s now working

Casc #10 M A N.YIL #601,270 Female Aged 3 years

Crrrhosis of the L er, Portal Iy pertenston, Esophageal Varices,
and Persistent Gastrontestinal Bleeding

M A, who had consumed gencrous amounts of whishey daily
for a number of years, was well until about five years pnor to

appcar}ncc, and she obviously became frail and more chron-
scally 11l On adnussion to another hospital a diagnosis of cir-
thosis was made, and she was found to be ses crely anctme. For
2 penod of one week she was semicomatose Upon regauning
consciousness spontancously, she was admitted to this hospital
for further trcatment

On admission M A was an 1ll woman, she was jaundiced, her
tivcr was enlarged, and her spleen could be felt Extensnevances
were demonstrated on x-1ay examination and though she never
bled massnely, her stools were consistently positne for blood,
and m spite of repeated transfusions her anemua persisted. It
then became apparent to the patient, her husband, and her

physicians that non-surgical therapy was of no aval, and she was
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spleen were greatly enlarged Esophageal vances were demon-
strated on an csophagogram

ortaniion On October 19, 1951, aightcen dass after adimus
s1on, an end to side portacaral shunt was performed winch re-
duced the pressore w b postal senous system from 40 to 24
em of salme.

rosermrmine cnuwst This was uneventfol and GM was
isch
lyte,

Case #15 PA NYH. #120,190 Male Aged 58 years

Curthosis of the L er (Laennec's), Postal Hy pertension, Esoph-

agheal Varites, and Gastromntestinal Hemorrhage
P A was first suspected of having airthosis twelve vears pnior
to Jus admission to the hospatal becanse of repeated tarry stools
¥or vears hie had used whishey Gitensisely e yems prior to
d .

an several occasions s stools wele PEISIENDY posunie 1w
Blood, he became deeply paundiced, and Ins abdomen had to be
tapped on several accasions Tlns long lustory culuunated in 2
massine hematemens and P\ was admitted to the hosprtal

Ou adimsstont P A was an acutchy dl man His abdomen was
distended and Ius shm actene Ths blood pressmie was 168774
mm of mercurs Itsophageal vances were agam demonstrated
On mulbiple transfusions, Tugh protom and Yow saly ducy, P A
wunprorcd and four weeks after adonission he underwent an end
ta-<rde pottacasal shant quite unctentfully 1his dropped ns
portal pressure from 48 to 34 cm of salme

P A s uovtonerahise course was quite uneventful Elis jaundice

nat be demonstrated. and he did not biced At present, one year
after operation, T 15 i reasonably good health,
Case #16 AK NYIL #498596 Fomale Aged 51 years
Cirthosis of the L, Portal Hypertension, Esophagogastne
Varices, Hoematemests, and Gastrie Uleer

hrce months prior to admussion H K, having been well ail
fier bife, had a massive hematemens wlich subsided spontane-



362 The Hepatic Circulation and Portal Hypertension

OPLRATION. An uncventfully performed portacaval shunt was
fashwoned 1n the end-to side position, reducing lus portal pres-
sure from 37 to 23 cm. of salc.

POSIOPLRATIVE COURSL. Save for a transient period of atelec-
tasis, R M’s course after operation was unesentful, and he was
discharged three weeks later, He has been well dunng the four-
tcen months 1t has been possible to follow humn after operation

Case #13 SM. NYIL #533,020 Female Aged 33years

Cirrhosis of the Liver, Portal 1ypertension, Esophageal Vances,
and Massnve Hematemesis

tustory. For about thrce ycars prior to her admussion because
of a massi ¢ hematemesis, S.M had been followed in the Liver
Chmc of The New York Hospital for cirrhosis. She had con-
sumed large amounts of beer mtcrnutiently for about five years
puior to admisston About a year prior to her massi ¢ hemateme-
si5, an esophagogram had been negative, but on repeating this
study soon after her adnussion vances were demonstrated.

pmsicalL BMAMINATION On admission S.M. was chronically
but not acutely 11l She had numerous spider angiomas, Iner
palms, and a large firm Iner was palpated three fingerbreadths
below the nght costal margin, On supportn e measures her gen-
cral condition improved greatly over the course of the next
twenty-eight days i

operaTION Twenty eight days after admission, an end-to side
portacaval shunt was performed. This reduced her portal pres-
sure from 39 to 20 cm of saline.,

POSTOPERATIVE Courst Encept for a low-grade fever for the
first ten postoperatne days, hier course was uneventful and she
was discharged cightcen days after operation SM lhas been
followed regularly for cighteen months after discharge. She has
retaned her weight and strengtly, has not bled agam, and her
csophagograms fail to reveal cuidence of vances

Case #14 GM NYII #484088 Female Aged 51 jears

Currhosis of the Liver, Portal Hy pertension, Esophageal Varices,
and Massive Hematemesis

ustory G M was known to The New York Hospital to have
had curthosis for at least four years prior to admussion Dunng
this penod, she had been contipually under obsenation ’and

T pmsicar. ExaMivaTion G M was a thn, poorly nounshed
wlite female with numerous spiders over her upper amms and
chest. Her blood pressure was 130/75, and both her Iner and
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numerous Jarge vanices were demonstrated on an csophagogram
Blood pressure was 125/85
PREOPERATIVE COURSE Cmnmlv JARE was m Iner fature

CG“SIdeI:ﬁd to be m suﬂiueml) good condition to wathstand
portal decomptession

orrraTion. On March 18, 1952, eight weeks after adnussion,
an cnd to-side partacaval shunt was performed uncientfally
‘The postal pressure was 50 cm of salme Tlus fell to 20 e of
salne after the shunt was opened

POSTOPERATIVE COURSE, This was quite unex entful, :md JME

aseites was reappeanng Readnusnion was refused, and i her
neat report lus wife stated that her hasband died three weehs
after discharge from the Losmtal

cormInT T retrospect, at 15 obvious that this man was helped
Gut Gitle by fus operation If 1t had been possible to asiess

m a!tcmplmg “to waluate p.mcms with ad\mccd curhosis for
portal d JMeE s preop

water eleetrolyte, and protem chm 15 rcpmd“ccd m s \g\m. ms
page 313

Case #18 1C NYM #628256 Male Aged 55 veans

Cirrhosts of the Lo cr, Portal Hyvpertension, Esophageal Varices,
and Hematemesis
For thuts four vears 11G had been 3 persistent aleohiohic
Two vears prior to adnussion a diagnosss of airthiosss was made
upon 3 basis of weakness, fatigne, and a farge Inear The dav
before adumssion he vounted large amounts of blood and was
aduntted to tlis hospital m 2 precanons state He responded
mieelsy to transfusion therapy, and three weeks after :ulm:ssmn E

came comatose From tis powt on, fic faled datdy and died twa
weehs fater A postinortem evanumation rescaled an advanced
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ously A gastromtestmal senies was said to haye demonstrated a
gastne wleer and operation was advised A K. refused this and
came to ‘The New York Hospital for achice. A diaguosis of ar-
thouis of the Iiver and portal hypertension was made. Esophageal
vances were demonstrated, and she was aditted for operation.
At an esploratory celiotomy her portal pressure was 32 em. of
sabme. In addition an adenomatod mass (Jater proved to bea
healed gastnie * .
leston proved .
shunt was fash . . R
of saline

AK'’s postoperatne course was uneventful, and she was dis-
charged nuncteen days after operation, Four months later she
was readmutted and a subtotal gastrectony for a gastuc ulcer was
perfaried At thus tune hee pattal pressure was 1L em. af saline,
and a widely patent shunt was demonstrated by the mjection
of 70 per cent Diodrast mto the superior mesenteric vein.
(Portal venogram i Fig 92, p 278.) Ier postoperatne course
was complhicated by ancnua, a leulomoyd reaction, and a tran-
sicnt bout of jaundice From these she recos ered stowly and was
discharged well six weeks after admission She has had one epr-
sode of hepatic coma precipitated by oserwork and failure to
cat regularly. She recovered promptly on hospitaiszation. One
year following operation she s reasonably well and working
regularly

Casc #17 JMcE N.Y.IL #620,310 Male Aged 50 years

Crrrhosis of the Liver, Portal 1) pertenston, and {'JSUP""E""I
Varices with Massive Hemorrhage, Jaundice, Abdominal Ascites
misTorY J MeE was admntted to The New York Hospital m
January of 1952 becanse of jaundice, abdominal swelling, hema-
temesis, and tarry stools e dated the onsct of hus illncss to six
months prior to admission at winch tame s appetite becanie
poor and he began having unld nasal hemorrhages several “mcj
a week Two months prior to admission he became Jaundice
and a month later expenenced lus first massne hematemesis.
This ceased spontancously and though the patient 1mprov
somenhat after multiple” transfusions, he shostly des eloped
massie abdominal ascites and his jaundice decpened. Only ““‘3'
porary rchef was obtaned from repeated paracentescs. J-MeE.
Tuabitually drank four to five lughballs daily
PLYSICAL EXAMINATION On admission the patient appearcd
acutely and chromcally 1l There was obvious muscle wasting,
he was jaundiced, and there were numcrous spxdcrhcmﬂﬂgmg‘“g
over hus face, chest, and upper arms, Iis abdomen was :hs‘kien Cd
with fud s Iner and spleen were palpably enlarged, an
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currhosis of the haer. From time to trme he was pundiced and
had varying degrees of ascites On thiee occasions he had violent
hemateriesss whicli eeased upon tamponade After cach of the
first twa cpisodes, portal decompression was refused, this was
aceepted after 2 third exsangumating hematemesis and was suc-
cesstul in lowenng hus portal pressure from 34 to 19 cm of salme

Seventeen days after operation ' G was discharged well and
has remamed so for the ensumg six months.

Case #21 WK NYH #481,204 Male Aged 57 years

Cirrhosts of the Liver, Portal Hypertension, Esophageal Variees.
and Hematemess

For many years \WV K had caten poorly and reportedly drank

and i:ass blood stools Ou adnusston W K was pale and le-
thargie Ths Iner extended well Welow bis aght castal marger,
and inany large vances were demoustrated on csophagographs
After proper blood seplacenent, a portacaval was
performed n the end-to side posihon, reducmg fus portai pres-
surc from 35 to 20 cm of saline (Portal venogram m g 88,
p 275 ) {hs postoperatne course was quite uncsentful \fter

Case #22 OA  Kuchetbocker Hospital #44,899*  Male
Aged 24 vears

Cirrhosis of Liver (Schustosomals, Portal 11ypertension, Lso-
bhageal Varices, and Hematemests

O A, a twenty four yearold Puerto Racan, had cxperienced
tpeated bouts of bematemesss, tamy stools, and weakness over
a pened of six vears pnor to adnussion Otherwise his hustary
was ucgatne

On adimission O A was pale and chromcally il Both s Iner
and spleen ware palpable A stool specimen was positie for ova
of Schistosoma mansom, and csophageat vances were identificd
on csophagovcops aud sophagograms

On the etening of admussion O\ vomuted approaunatcly
2 htess of blood Father hemorthage was controlled by tam-
ponade, and the bleeding ceased after three days

One wonth after adnission an end to side portacaval shont
teduced Ins portal pressure from 30 to 24 cm of saline s

367

* Included w this «rics through the courtesy of Dr Russal H Patterson
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degree of cirhosis, a patent shunt, bronchopnesmonia, and
pycmua,

Case #19 HM. NYIL #403157 Male Aged 49 years

Currlious of the Liver, Portal 1y pertension, Esophageal Varices,
and Hematemesss

For about thuty years, HLM had consumed about a quart of
wine aday Tlus was without kuown 1fl effcct untl about cight
years poot to adnussion when he began to vomt daily before
breakfast. ‘Tus lasted sevcral months, and H AL was quite well
untif a year prior to admission when he began to lose lus appe-
tite and waight, developed a chronic cough, and a mmild en them-

vonuted a copious amount of datk blood and passed a large
tarry stool, Several more hamerthages occuned before he was
sent to the hospital by Ius local physician.

On adnusston TLM was a well developed, obesc, white male

g subsided spontancously, and Iis gencral appearance im-
proved after several transfusions Esophageal varices were dem-
onstrated foentgenographically.

A month after admission the patient was taken to the operat-
wg room for a portal decompression. ‘Uhronghont the pracedure
biceding from the wound edges was copious, In fact, this was so
profuse that at onc pemt the advisability of procceding was
chalicnged. Under grcat handicaps, however, and supported by
4000 ml, of citrated blood, an end to side portacaal shunt was
fasluoned wluch lowcred the portal pressure from 40 ta 20 cm
of salime Upon transferning ILM. to the recovery room, his
artenal blood pressure fell to §0/50, and m spite of vigorous
therapy, including addittonal transf he faled to recorer
consciousness and died four hours after operation Just before
death, ks sbdomen was reopened and a huge amount of blood
found free i the pentoneal cavity Part of this at least appearcd
to be coming from edges of the anastomosis betw een the portal
ven and the vena cava

Casc #20 FG. NYIL #600,949 Male Aged 48 years
Cinhosis of the Liver, Portal [ypertension, Esophageal Vances,

and Hematemesis
F G, an accomplished actor and sn alcoholie, was known for
one year to The New Yotk Hospital as a patient with advanced
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the fact that the portal pressure fcll onls from 42 to 1! ain of
sahine, 1t was the aperator’s opimon that faiture to secure a more
p: fall was due to wmperfeet manometry tather than to

gram was suspicious but not diagnostic of vances

Case #25 FM NYI #643089 Male Aged 53 years

Crrrhoss of the Ly es, Postal 1y pertension, Esophageal Vances.
and Mussive Hematentesis

msrory. F M. had progressiy e swellng of Ins abdomen requir
g paracenteses for two vears prior to s aduussion to The New
York Hospital An evploratory cehotomn revealed curthosts of
the hver with a granulomatous lesion thought o have been tu-
bereulosis Treatment with streptonnem and PAS was admin-
wtered He demed an excessive alcohohe mtake but was dnown
to have worked with chlotoform daily for five vears Yle had one
wajor hematemesis four months pror to hospitahization and an-
other on the day of admussion

FINSICAL EMAMINATION FM was an emaciated male acutely

Fach time this was deflated he bled agan and lapied mto coma
Onu the thirtcenth dav after adinission he was taken to the oper-
ating toom with the balloon imflated in the csopliagus

oprrartoy On Decanber 16, 1952 a portacaal shant was
performed which veduced the portal pressure i hus portal venous
ststem from 28 to 22 e of sahne

TOSTOPFRATIVE CouRst 'The postoperatine course was marked
by fever and jaundice The patient bled from Ins lower bowel,
bt no blood was recorered from the stomach ot upper bowel
Tie was sustaned wath transfusions and gradually veeor cred suffy
ciently to leave the hospital

Foutow vp It was necessany to reenplore this patient two
months fater beeause of an abdonunal wass and contwued
fever Aloculated infected collcetion of ascitic fnd was dramed
His course 1s further complicated at present by the development
of homologous serum jaundice four months alter opcration
(See note, p 379

Cave #26 RS NYTH, #465832 Female Aged 56 years
Crrrhosts of the Laver, Portal Hy pertension, and Massiy e Hena-
temests

wistoxy RS had heen passng tamy stouls and somiting
brght red blood daily for the two weeks proceding her hospital
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postoperatn e course was uncventful, and O.A, was discharged
o his telith postoperatne day e ha remained well dunng
the twedse months it has been possible ta follow T,

Cause #23 IS NYH #639,657 Male Aged 51 years

Currhoys of the Liver, Esophageal Varices, Portal EHypertension,
and {lematemesis

wsiory IS, a fifty-oncvearold white male, was adiutted
to the bospatal 2 month or so after hus third cpisode of hema-
temesss. Although he had been admitted to a hospital dunng
cach of these tpuodes and studicd extensnely, a cause for hns
bleedmg was not demonstrated until shortly before thss adous-
sion when esophageal vances weie demonstrated. Fot nany
years he had used aleoliol extensnely,

PINSICAL 1AAMINATION IS, was an obese, Tule and leaty

caval shunt was faslioned This dropped Ins portal pressure
from 46 to 26 cm of safme

rosTOPLRATIVL COURsE TTis was uncomplicated. and the pa-
tieat was discharged twenty-five days after operation. Ile has
been followed five months and has been well; hematemess has

not recusred.
Case #24 GB  NYII #642457 Male Aged 42 years

Crrrhosss of the Lver, Esophageal Varices, Portal Hypertension,
ond Masine Hematemesss
G B. had consistently consumed alcohol for many years. For

red blood and was brought to the cmergency senice

Durnng the first twche hours after admssion G.B. vonuted
about 3 liters of blood, and he was kept out of shock only by
the generous exlnbrtion of crtrated blood. Two days after ad-
mussion a subtotal gastrectomy was performed. This was unfor-

{anced curhosis
On the thurteenth, fourtecnth, and fifteenth postoperatnne

days G B vonnted small amounts of blood, One month after hus
subtotal gastrcctomy, an end-to side portacayal shunt was fash-
toned, This appeared to be funchioning satisfactonly m spite of
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Case #28 B.W. NYH #649,061 Female Aged 55 years

Currhosis of the Lnver, Portal 1 pertension, Esophageal Varices,
and Hematemesis

uisTory BWW has had a poor diet and a high daily alcoholie
mtake for many years Except for ankle edema, she was well
untd her first hematemesis five wecks pnor to admussion She
came to The New York Hospital when this blecding recurred

PHYSICAL FAAMINAIION B W was a pale, obese woman chron-
1cally 1l Both the Iner and the spleen were enlarged A mod-
eratc amount of ascites was present Esophageal vances were
demonstrated on A rav

opera11oN On March 16, 1953, tharty four davs aftcr admis-
siom, an end to-side portacaral shunt was performed which re-
duced her portal pressure from 51 to 27 em of saline

rostOPERAITVE COURSE 'Tlus was complicated by the dexelop-
ment of a low salt syndrome when ascitic flid was removed
and by the presence of ostcomyelitis of the finger At present
she 1s unproving slowly at home and vinits the chme regalarly
for control of the asaitic flnd and the edema

Casc #29 NMP NECII #67-488 Male \ged 57 vears

Partal 11y pertension due to Cirrhosis Portacaval Shunt
This fiftsseven-sear old Italian was known to have had o
thosis of the hver for mam sears Dunug the siv months prior
to adnussion, he suffered two massne hematemeses requinmg
] 1 and multiple t Although lic had used
aleoho] steadshy over mamy svears, he had novar been janndiced
nor had he had ascites On adnussion physical exammation dis-
closed a welt devcloped and wel} nounished man m apparent far
health There was mimmal muscle wasting, enthema of the

Ppalms, and Inp )| 1 1y of the distal p}
of all fingers The lier and spleen were both palpably enlarged,
and over the antenor abdommal wall there were many collateral
vems Laboratorn examunation disclosed a hiemoglobim of 129
grams, Bromsulphalewn retention of 13 per cent and a serum
bilirubm of 08 mg per 100 ml s total protem was 6 6 grams
per 100 ml with a scrum albumn of 3 8 and serum globulm of
f the Tower

an explora
tary cchiot A portal 2l if 1 a nonmal portal
vem Two small arcas of radiolucencey suggested small thromby
on_the wall of the portal vem (Portal venogram 1w Fig. 90,
P 276 ) The portal pressure was 49 cm of sahne After the portal
vew was freed fram the other structures in the hepatoduodenal
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admlss‘m'n Pror to this, over a fneyear penod, she had ope

tor many years e

PISICAL 1AAMINALION On adunssion RS was a modcrately
obese white female, both acutely and chromically \JI. There were
saveral spuder angromas on the chest, the scleras were icteric,
the Tiser and spleen were greath enlarged, and therewasa | plus
cdema of the ankles

courst RS contmued to bleed while i the hospatal, devel-
oped marked ascites, and went into coma. Her bleeding was only
partath controlled br the csophageal balloon. On the twenticth
hospital dav she was taken to the operatmg room for portal
decompression with the balloon wflated n the esophagus.

opera1ioN On Jaonuary 5, 1953, an ond toside portacarval
shunt was performed which reduced the pressure from 32 to 21
cm of salwe

rosiorrratng covrst On the second postoperatie day the
balloon was removed. There was no wmae bleedwg throughaut
her course, Howeser, her unnars output remaned below 200 ¢,
per day. She lapsed mto coma and dicd on the fifth postopera-
tne dav

Case #27 CS NYIL #647.350 Alle Aged 29 years

Ciurrhosis of the Lover, Portal 1h pertension, Esophageal Vances,
and Musstve Hematemests

sisrorr CS came to ‘The New York Hospital because of se-
peated massi e hematemeses os et a fiseycar period A dagnoss
of enrhosis of the liver and portal hy pertension had been estab-
hished five yeass pres.ously at an esploratory celiotomy. A sple-
nectomy had been done at that time, but bleeding contmued

PINSICAL EXAMINATION C§ wasa thin male not appeanng i,
1hs hner eatended one fingerbreadth below the costal margin.
Esop 1 vanecs were d trated on an esophagogram.

orrraTion On January 28, 1953, an end toside portacasal
shunt was performed which lowcred the pressure m the portal
bed from 24 to 12 em of saline.

POSTOPERATIVE cOURSE 'This was uneventful, and he was dis-
charged on the thirteenth postoperatne day

rorLow ur No further bleeding has occutred The patient
feels well and has been baek at work for the past four months,

rorLow-ur. No further bleeding has occurred  The pa-
tiont feels well and has been back at work for the past four

months
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SPLENORENAL SHUNTS

Case #1 DR NYIL #576,553 Female Aged 15 jears

Eatrahepatic Block, with Portal Hypertension, Splenomegaly,
Esophageal Vances, and Repeated Hematemeses

msiory DR, a fifteen-year-old school gil, was admitted to
the hospital in July of 1950 because of severe hematemesis and
tarry stools For several vears pror to admussion this voungster

became associated with weakness, headaches, and dizziness
Three weeks prior to adnussion she began to pass tarry stools

though
R - N below
i .
an emergency had to be perfi d After a stormy

coutse of a weck or 5o, the balloon was removed and she recov-
exed micely

FIrsT OPERATION Thrce weeks after adnussion ap inflamma
tory extrahepatic portal block was demonstrated at the foramen
of Wnslow Splenectonn was performed and a splenorenal
shunt fashioned n the end-to side position This did nok effec-
mcly lower the portal pressure which was 40 cm of saline

of the mfl mass and the

spleen sug,nstcd a daagnosis of tuberculosis

POSTOPERATIVE COURSF This was uncientful, and DR was
discharged four weeks after operation

rouow ur DR retumed to the hospatal wallun sre months
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Iigament, 1t was divided close to the base of the Iner. The previ
ously suspected thromb were wdentificd and sumply peeled off
the endothelial surface. A satisfactory portacaval shunt was ob-
tamed in the end-to-side position e portal pressice dropped
to 30 cm. of salme.

B10PSy OF THE Liver The specimen was reviewed by Dr, Mac-
Mahon who felt that the pathological changes i this man's
Inver could best be mterpreted as healed hepatitis.

POSTOPERATIVE COURSE. The postoperati ¢ course was uncvent-
ful, and the patient was discharged upon Ius thirtcenth post-
operatne day Ie has been entirely well for fise months.

Case #30 J.E. NE.CH. #75-H6

Alcoholic Cuthosis, Portal Hypertension, Esophageal Vances,
and Hematemess

JE. a sixty-thrceycar-old marned man wlo had consumed
large amounts of alcohol oy er many y cars, was adnutted because
of four massn ¢ hematemeses dunng the year pnor to admussion.
Associated with tlis pumary complamt, J K. noticed that he
fatigned easily and that he was losing weight.

Physical e, revealted a ¢l 1y all, flabby white
male. There was one large spider over hus left shoulder, muscle
wasting was obious, Ius In er and spleen were both paipably en-
larged, and the vems over hus anterior abdomunal wall were en-
larged Ascites could not be detected, but there was edema of
both ankles

LaporaToRy Hemoglobm was 108 grams, red blood cells
372, whate blood cells 6400, unmalysis ncgative. Serum bihirubin
was 1.6 mg per 100 ml, total proten 67 grams per 160 ml,
albumin 37 and globuln 3.0.

ROCNTGEN IXAMINALION Esoplh revealed csopl I
vances, and caleulus disease of the biliary tract was demonstrated
on cholecystography

oprraTION. Portacaval shunt, end-toside, portal venogra-

phy, and biopsy of the Iner were performed. The portal pres-
sure was 35 cm. of salne. A post-shunt pressure of 45 cm of
salinc was obtamed, but 1t was hoped that this was a technical
eror.
PATHOLOGICAL DiAGNosts (Dr H. E. MacMahon), Alcoholic
arrhosis, chronic and actve This was far advanced and asso-
ciated with an almost complete disappearance of the portal sys-
tem of vemns

POSTOPERATIVE coURsE His postaperative course was unevent-
ful, and he was discharged upon Ius seventeenth day after op::m-
tion A postoperatne h failed to d var-
ices and the paticnt has been well for four months.
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gency celiotomy at wlich time her portal pressure was measured
at 48 cm of saline, [his information together with the repeated
demonstration of lasge esophageal varices led to the conclusion
that the splenorenal shunt had closed A second sttempt at
portal decompression was considercd essentral

STCOND OPLRATION At tlus tine a portal venogram (Fig 84,
p 272) demonstrated a large and patent supenior mesentenc
1em An autogenous venous graft was successfully mserted be-
tween this and thie supenor vena cava Although tlis was patent
at 1ts completion, thic portal pressure changed only shghtly, ns-
g from 34 to 42 cm of salme

rOs10PLRATIVL COURSE Tlus was uncientfuland PR was dis
charged sixtecn Jdavs after msertion of the venows graft

roLIow-up Tu the vear since operation, this patient has not
done well Her vanices are still present, she has had onc minor
cpisode of blecding, and a scvere behavior problem has contub
uted to her other difficultics

Case #4 TIK NYH #603401 Male Aged 56 years
Currhosss of the Luer, Portal Hy pertension, Esophageal Vanees,
Splenomegaly, and Hematemesis

HK, 2 whitc male of Turkish extraction, had never used al-
cohiol and had considered humself m excellent health until fie
months prior to adnssion when he suddenh vomuted coprous
amounts of blood and was adoutted to another hospital The
blecding ceased and an explorators cehotom cstablished a diag-
uosis of portal hypertension Followmg operation, HK devel
oped aseates and ankle cdema One month later he bled agam,
and Ius ascites mercased For several months he was trested m
the L er Clinie of The New York Hospatal, and hus ascrtes sub-
sided Extensievances were demonstrated m his esophagogram
(sce Fig 730, p 227)

Six months after lus fisst hamotrhage, ie was admutted for an
clectine portal decompression Beeanse of a hugehy enlarged
splecn and a splenie e of gencrous size, an end to-side spleno
renal shunt was performed This reduced his splenic \enous
prossure from 30 to 18 em of saline This postoperatne course
was uncventful, and H K has been well dunng the vear and
one half he has been followcd since aperation: An esophagogram
performed fhree months after operation failed to reveal ev
dence of vances (see Tig 731

SUPFRIOR MESENTERIC-VENA CAVAL SHUNT
Case #1 ET NYII #147136 Male Aged 35 years
Cirrhosts of the Lucr, Dsophageal Varices and Hematemesis

story F 1 was fint scen at The New York Hospital when
he was tacnts one vears of age His reason for secking medical

375
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balateral vagotomy accompanied this operation, a Finney type
g%omphsly was added to the operative procedure (Ig 78, p.
259).

POSIOPLRALIVE COURSE ‘Lus was complicated by fever of un-
determmied ongus which slowly subsided, and she was discharged
on the tlurty-hfth day after operation

rorLow up. From time to time D.R. retumed to the chnie
reportung that she was slowly improving, She has not bled 1n the
year and onc-half smce her sccond operation  Interestingly
enough, a late postoperati ¢ esophagogram fails to reveal varices
{Fig 79 Aand B, p. 260).

Case #2 WD. NYI #594319 Male Aged 512 years

Extrahepatic Portal Block, Spl ly, Portal Hyp fon,
Vurices, and Hematemesis

At aix weeks of age, W.DD. was all wath a Iugh fever and an
wfccted umbihicus “1Tus subsided spontancously, and he was
well untit a year before adimssion when he had a severe hema-
temesis ‘Tlns was repeated a day or so later and became asso-
cuated with a fever of 104° F A diagnosis of bronchopncumontz
was made, Another hematemesis occurred several weeks prior to
admussion, and films of lus csophagus disclosed Jarge vances.

Scienteen days after adnussion, an enlarged spleen was re-
moved and lus portal bed decompressed by means of an end to-
end splcnorenal shunt. 'This reduced his portal pressure from 47
to 34 cm of salime W D s postoperatne course was uncyent-
ful, and he was discharged siv weeks after operation

1ic hus been followed for two years and has been well and
active.

Casc #3 Superior mesentene-vena eaval (graft) #2 P.R.
N.YH #598,106 Female Aged M4 years
Extrahepatic Portal Block, Splenomegaly, and Esophageal Var-

ices

srary. Thus fourtcen-yearold schaelgnl was adnutted to
this hospital because of splenomegaly and anenua. On csopha-
gography the ) i d extensne vances.
She had not bled from her varices,

FIRST OPTRATION. At op an extensive extrahep
tal obstruction was demonstrated and splenectomy was per-
formed. Tlus was followed by an end-to side splenorenal shunt
wluch reduced her portal pressure from 42 to 23 cm. of saline

POSTOPERATIVE COURSE This was uncventful and PR was dis-
charged to the chnic eighteen days after operation.

rorLow-UP. Six months after operation, she retumed to the
hosputal because of an acate ntestinal obstruction due to post-
dl These were fully dwided at an emer-

hepatic por-

operatne
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gency cehotomy at which hime her portal pressure was measured
at 48 em of sahne “This mformation togetber with the repeated
demonstration of large esophageal wances led to the conclusion
that the splenorenal shunt had closed A\ sccond attempt at
portal decompression was cousidered essennial

SECOND OPLRALION At Hhis time 2 portal senogram (Fig 8%,

g from 34 to 42 om of sahine
POSIOPLRAIN Cotrst This was uncventful and PR was dis
charged sivkeen dayvs after imsertion of the venous graft
roLrow-up In the year unce operation, this patient has not
done well Her vanices aze stull present, she has had one samor
episode of blecding, and a scvere behavior problem has contnb
uted to ber other difficutuies

Case #4 K NYIH #603,401 Male Aged 56 years

Cirrhosts of the Liver, Portal Hh pertensian, Frophagedl Vaces,
Splenomegaly, aud Hematemests

YK, a white nnale of Turkish extractan, had never used al-
coliol and had consdered umsclf m evcellent health untl five
manths prior te admsssion when he suddenls vomuted coprous
amounts of blood and was adnutted to another hospital The
bleeding ccased and an evplorators cchotonn cstablished a diag
nosts of portal Inpertension Followung operation, H K devel
oped aseites and ankle «dema One month later he bled agam,
and hus ascites mereased For sevcral months he was treated 30
the Liver Chnx of The New Yotk Hospital, and his aseites sab-
aded Extensne vances were demonstrated in his cophagogram
{scePig T3 A,p 227)

Six months after his finst hemorrhage, hie was admutted for an
electne portal decompression Because of a hugeh enlarged
spleen and a splemic vein of generous size, an cnd to side spleno-
fenal shunt was performed ‘This reduced o splenie venous
pressure from 30 to 18 cm of sahne His postoperative cousse
was uncventhl, and H K has been well dunng the veas and
one half hie has been folloned smee operation An esophagogram
performed three months after operation Faded to reveal evi-
dence of vanees (see Fig 73 By

SUPERIOR MESFNTERIC-VENA CAVAL SHUNT
Case #1 BT NYJI #147136 Make Aged 35 years
Carthasis of the Lner, Fsoph il Vances, and I

uistors E 1. was fiust seen at The New York Hospital when
he was twenty one vears of age His reasan for scehing medical
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attention at that time was repeated bouts of hematcmesis and
tarry stools. A diagnosis of Banty's discase was made, and an en-
larged spleen removed. Over the course of the next fourteen
years he bled severely cvery two to three years. These cpisodes
were never catastrople, and after a transfusion or two he e
turned cach tune to work In 1950, howeser, a severe episode
of hemorrhage precipitated hus admssion to the hospital for an-
othier try at portal decomp Xerays of hus esopl. at this
time revealed extensne vanees.

OPERAIION, Because this man’s portal v was short and
sclerotic and because of a large caudate lobe obstructing the
site at wluch a portacaval shunt would hase had to be performed,
an end to side shunt was fashioned between the supenor mes-
entenc vem and the vena cava, s elesated his portal pressire
from 36 to 38 cm. of sahne

POS1OPERATIVE COURSL Tlus man bld several times dunng
the immediate postoperatne peniod but was finally discharged
well three montlhs after operation,

rorLow-up E'T' has been followed over a penod of three
ycars since bis shunt and has bled mterumttently, 'l hese episodes
lave not been severe, the patient has continued to work, and he
has preferred not to have further cffosts made to control lus
blceding Repeated films of Ius esophagus have demonstrated
AVATICES.

SHUNT IMPOSSIBLE
Case #1 AB N.Y.II #353465 Male Aged 55 yeas

Crrrhosis of the Lner, Hemoch Portal 11t
Esophageal Varices, and Hematemests

AB had been fallowed m this hospital for s years pror to
Ius termmal illness, His first adnussion, for cpigastne pain of
five years’ duration, cutmimated m 4 diagnosis of hepatomegaly,

diagnosts included b 1 s15 of skan, livcr, and pancreas,
acroderma pig
cholecystitis ¢

bled agam 1is savasy s cv cave ooon .- .
lmspltgl and after a few wecks hie was aduntted to “The New

York Hospital primanly for weakness, ccessne fahgue, and
perssstent hepatic pmn
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On adoussion 4 B was deeply bronzed His blood pressure
was 140/86 His hiscr and spleen were cnormously enlarged Be-
cause of the persistent pam, 2 diagnosis of cancer of the Iner
was entertamed, and \.B was transferred for exploratory ceh-
otomy.

At opetation an enormious hidrops of the gn)]b)addcr pre-
¢luded portal dee A choleeystectommy was
1his portal pressure was 48 cnt of saline, bat 1 view of us pre
canious condstion a shunt was not attempted Save for hemo-
chromatosis and cnrhasss, his huey was negatne

Postoperatinely, AB, did poorhs, bled wnassncls on seseral
occasions, and died on the thied dav after operabion

Case #2 EC NYH #509430 Female .Aged 5% years

Cirthosis of the Liver, Chronie Choleeystitis, Choledocholith-
wasts, Portal Hy pertension, Thrombosis of the Portal Ve, and
Hematemests

Ten years before admnsion E C evpenienced an attack of

passed pumcsous tammy stools Siv tonths later fematemesis
agam occurred, and iwo veans later the third and admtting epi-
sode of esophageal Itemorrhage occutred

On admission E C was desperately 1ll, jaundiced, and obuy
oux); s precanons health She mnrmucd tn bleed and beeause

ze could only be tied by 3 fe, she was

subjected to an cxploratory cehiotoim m the hope that portal
decompression could be effccted At operation the Iner was
found to be the site of advanced Lwrhosis, and many stones were
present 1 the common duct Tius stracture was enlasged and
adherent to the porta] vein In a[tmrlptmg to mabnhze thus ves-
scl, 1t was found to be compl L
useless for purposes of portal decompression. The stones were
renoved from the common duct, and 2 T tube was left in place

Pastaperatinely £ C did well save for a transient period of
disorsentation suspected of being hner coma, and was discharged
thiee and a half wecks after operation Fue months later, she
was admatted becanse of further esophageat hemorrhage, s
could not be controlicd by tamponade, and E C died. A post-
wmoitem examnation confimicd the presence of cirhosis and
many large esophageal vances, one of wWlich was ulcerated




=~

6

The Hepatic Crrenlatton and Portal Hypertension

attention at that tume was repeated bouts of hematemesis and
tarty stools A diagnosis of Bantr's discase was madc, and an cn-
larged splcen removed. Over the course of the next foutteen
years he bled severcly every two to thrce years, These episodes
were never catastrophie, and after a transfusion or two he re-
R N e g s e ey
time revealed extensine varnces,

OPERAIION. Because tlus man's portal van was short and
sclerotic and becanse of a large caudate lobe obstructing the
stteat wlich a portacaval shunt would hav ¢ had to be performed,
an end to-side shunt was fashioned between the superior mes-
centene vemn and the sena cava Tlis clevated Ins portal pressure
from 36 to 38 cm. of salinc,

rostor1raiivL courst This man bled several times dunng
the immedate postopuratie penod but was finally discharged
well three months after operation.

roLLow-up, KT has been followed over a period of three
years since lus shunt and has bled mtermuttently. ‘Ihese episodes
hasve not been severe, the patient s continued to work, and he
has preferred not to have further cfforts made to control lus
blceding Repeated films of Ius csophagus have danonstrated
Vances.

SHUNT INMPOSSIBLE
Case #1 AB  NYIH. #353465 Male Aged 55 years

Cirrhosis of the Lner, 11 i i} Portal 11)f
Esopl: I Varices, and Hemat

A B had been followed m this hospital for six ycars pror to
Tus termnal allness His first adnussion, for ¢pigastne pain |o

five years’ duratton, cul Iwmad of liey
pl aly, and 1 A'year or so later he was
found to have a non functioning gallbladder and mld dubetes
Three years prior to admsston he had Inus first of several bouts
of b and 1 d. A

1 vances were dem

d pig acute pleunsy, and chronic
cholecystitss. After a few mouths of reasonable goad heaith, he
bled agam. Ihis shock, duc to blood loss, was treated m another
hosputal and after a few wecks he was admutted to The New
York Hospital prunanly for weakness, excessine fatigue, and

persistent hepatic pamn
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to bleed n spite of bly ad balloon
and massnve fransfusions. She dicd m shock twenty-four hours
postoperatn ely

InER BIOPSY  Essentially normal

Aulopsy. The important features were a huge number of sar-
wes extending the entire length of the esopliagus These were
punctured i at least a dozen places by small wleerations, from
atleast three of which the patient had obvioush bled  Ihe portal
and <nleme veins were thrombosed and only tmumally visual-

cssful

notE Recently (November 1, 1953) additional wformation has
been obtained upon the following paticats w tlus series

Case #2 DM NYH #466,182 This man dwd cxactly three
sears after operation of a pruman caremoma of the lner He did not
bleed duang this period and at postmortem examm hion the shunt
was patent

Causc #3 [R NYI #582,110 This man died m coma two
and one-half years after operation He did not bleed dunng this
period

Cac #4 DK NYH #582973 Tls woman dicd of a car
cmoma of the lung with cxtensne hepatic mictastases two years
and eight months after operation er shunt was patent and thoagh
a few vances were present, she did not bleed postoperaticly
Case #21 WK NYH #484,204 Ths man ded m coma
mine wonths after operation No rccurrent hemorrhage

Casc #25 FM NYH #643,089 Tlus man never recosered
from fis homologous scrum jaundice and died sts and onc half
months after operation




The Hepatic Circulation and Portal Hy pertensio
Case #3 EL. NECIL #75-431

Entrahepatic Block due to Thrombosis of Portal, Superior Mes-
entene, and Spleme Vems (? Postcholecystectomy)

Mis EL., aged sntyseven, was admntted because of pet-
sistent massive hematemests of approvmiately three weeks” dura-
tion She stated that five years prior to adnnssion she underwent
an uncrentful choleosstectomy. Laght months later she evpe-
nenced her first episode of masswe hematemesss, 'l us repeated
stself annualls, and though she was studicd extensnely on cach
of these oceasions, 4 sabisfactors explanation for the hiemorrhages
was never reached Dunng her present episode, she bled so con-
sistently that tlurty pts of bloud were requured for control.

On adnussion Mrs. E L. was pale and apprehonsne but not
m shock Her pulse was 89, respirations 20, and blood pressure
140/70. Genceral physical examination was negative except for a
well healed nght apper rectus sncision. Newther the Iner nor the
spleen was palpable Ascites could not be detected or was there

1= 1 N . -

it 26, scrum bihrubim 2 0 ‘The stoals were consistently positne
fur blood. Bromsulphalemn was 33 per cent retention and ceph-
alin flocculation 1 plus .

ROENTGLN EXAMINATION. An cmergency csophagogram (Fig.
71, p 213) revealed huge vances extending from the phargmy
down to the gastnic cardia,

counrst The day after adnussion, this pabent had another
massne 1 which was ¢ MNed by a Blakemore-
Sengstaken balloon. Because of the grcat extent of csophagus
mohed n vann formation, any idea of transesophageal higation
was abandoned

opcra1ioN With the balloon m place, the patient was tahen
to the opcrating room, hoping that portal decompression nught
be accomplished On opeming the abdonen, the lner was grossly
normal and the spleen enlarged about two times ‘There were
huge anastomoscs between the spleen and the lateral abdommal
wall, The portal pressurc was 43 em of salme A portal 1cno-
gram revealed a complete extrahepatic block, and the splenie
vein could not be visualized (IFig, 85, p. 273). It was concluded,
therefore, that naither the portal nor splenic ven was avalable
for shunting purposes Smce this patient’s condition was pre-
carious, any thought of decompression by means of an autog-
enous graft was hkewise abandoncd. Because of the crormous
pensplenc collateral circul pl y was ¢
unwise. The abdomen was closed m defeat 4

PoSTOPERATIVE CoursE. This patient did poorly. She continue
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