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PART L
ARTIFICIAL KIDNEY.
CHAPTER 1

BRIEF SURVEY OF ATTEMPS AT BLOOD- (AND TISSUE-)
PURIFICATION IN RENAL URAEMIA.

The clinical notron of uraemta embraces much, and 1s not at all
sharply defined By uraema an mtoxication 1s understood, caused
by an unphy 1 rise of the 10ns 1n the body fluds
of a number of products of metabolism, mostly of protein origin
by retention or (and) increased formation

According to the origin three forms of uraemia are distingmished

1 Uraemua through renal mnsufficiency,

2 Uraemia through extrarenal causes,

3 Uraemie d’origine mixte, where both extrarenal and renal
factors play a part

The uraemta of extrarenal erigin 1s not discussed n this treatise
It may improve with the correction of the extrarenal factors, and
should not be treated with the artificial kidney With uraemie
dlorigime mxte first of all the extrarenal factors must be treated
Any uraemia of purely renal ongin will eventually be aggravated
by the addition of extrarenal factors, which should agamn be dealt
with The way in which this takes place, 1s inaidentally men-
tioned in the description of the patients in our Duich book, but
1t does not form the object of the discussion mn this treatise

There vemain a considerable number of patients in whom kidney
function does not 1mprove with treatment It 15 with thus group,
where protemn b 3 must be by some channel
other than the kidney, that we are concerned

@ EBxeretwon through the gastro-intestinal canal

The old way of trymg to remove retention products through
the mtestimal wall has not yet been done away with, 1t can,
however, contribute but hitle to excretion, just like vomiting and
loss of saliva Diarrhoea may have its meamng, 1t 15, 1f possible,
Dot suppressed in uraemia Intestinal washings are no longer ap-
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phied by chimical men with much experience, though a physiological
basis 15 present for this therapy (PENDLETON)

The use of an 1solated intestinal loop, through which the flud
runs, as a vividialysator will be discussed 1n the last chapter of
this book

b Excretion through the skin

By the usual sweating-cures not more than 2% grs of urea N
can be excreted per 24 hours, chnicians with great experence
such as Fishberg have ceased applying them for years

arterie
SOUND DOG KIDNEYLESS DOG
Fig 2

The artery of ome dog 1s connected with a vein of the other dog
and conversely

The protracted immerston of the patient i a hot bath may
probably attain thing more, an e done by WITTER
MANS gave a cutaneous urea' loss of about § g per hour, with 2
blood urea of 40 mgrs per 100 cc It seems probable that in this
way something more might be obtamned. L MEYLER tried 1t m
a uraemic patient but had fo abandon this form of therapy because
the pattent got too exhausted I have had a simlar experience

¢ Excretion through serous membranes
Peritoneal lavage 1s discussed on p 91

d Kudneytransplantation and crossed bloodtransfusion
The methods of crossed circulation between experimental am
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mals with and without ludneys and the efforts st kidneytransplant-
ations, have had only expenmental value hitherte .
Transplanted organs atrophy 1n a short tme (ENDERLEN and
Botst)
Tn case of crossed bloodtransfusion (W NYIRI, W THALHIMER)
or so-called exchange transfusion one proceeds as has been shown
on fig 2 An artery of ane dog 15 connected with the vem of the
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Throvgh this httle pump as mnch blood goes irom left to right
per timeunit as conversely Lancet 1938

other dog and conversely Through a special pump as much blood
goes from the kidneyless dog to the healthy dog per time unit as
conversely (fig 3) (W THALHIMER, SOLANDT and BEST) The
result 15 that the total quantity of urea 1s soon equally divided
over both dogs One sees this depicted mn the curve m fig 4
T would not connect a healthy donor with a patient suffermng from
acnfe glomerulonephris One does not know beforeband, how
the kadneys of the healthy donor would react to this In some
other conditions, especially when the patient s a child, one maght
iry the crossed transfusion in man The simplest techmes are
then these of the ordinary direct transfusion, in which the pump
turng alternatelv to the nght and to the left
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e Bloodel by or pl haeresis

The withdrawal of half to three quarters of a lter of blood
which may be so beneficial 1 conditions like eclampsia and acute
left ventricular failure has no direct significance for the removal

of uraemic posons, the rest

20} 200 N 1s usually up after loss
0| 2500 1 of blood. Intenstve plasma
phaeresis 1 e the with
glso 2100 4 drawal of blood and the
s _[§ ] replacement of the red
S'“ 'g‘m cells 1n saline gives better
§uo g0 4 results
«120) ilsoa 1
:m g 00 ] f Viwdialysis
¢ois 1 In the end we come
t” N ] therefore to the method
T ol o00 4 called by ABEL et al vV
diffusion” It was ongm
40| 700 ally intended to demon
20| s00 ] strate the crculabion of
ey glucose and armno aads
7 4 6 8 Ioisereews 1N vivo, but 1s mn addibon
uren probably the most effect
Fig 4 1ve means of removing non
™. ‘=t colloidal partrcles from

the circulating plasma bv
diffusion, ABEL ROWN-
TREE and TURNER used m
SUALLY WIVIdEU LVEr DOLN AL this connection the expres
sion , artificial kidney”
An 1deal vividialysis must fulfil the following demands
1 the blood must be kept in a closed system outside the body,
2 1t must be possible to sterithise ths system,
3 the dialysing area must be as large as and the volume of
the system as small as possible,
4 the blood must be kept hqud i a harmless way
For keeping the blood hquid ABEL et al used hirudine for which
purpose they extracted thousands of leech heads In the case of
anmmals this hirudine did not seem to have any mjunous results
but expertence teaches us, that 1t cannot be used for human betngs
The weak pomt remamned the dialysmg capacity of their apparatus
They employed celloidine tubes with a bore of 6—8 mm and 2
Iength of 2050 ems connected partly i sertes and partly parallel
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The blood was pressed
through these tubes by the
artertal tension, and flowed
back into & vem

Infig 5 1s seen, how the
blood flows through the
celloidine tubes, while the
nnsing fluid flows round 1t
1n a glass mantle

As rinsing-fluid they used
a NaCl solution of 0,55 or
06%, as oedemas of theex
perimental amimal appeared

Fig §
4, to Al

when using 08 < NaCl

An apparatus with 32
tubes had an area of 3200
sq cms, and a volume of
500—800 cc An apparatus
only carried out on paper
as far as I know, with 192
tubes would have an area

BEL,
and TURNER Canule A 1s attached in an
artery of an ammal Hirudime flows in
= S e (Wi gty

of 8179 sq cm, but a volume of 24—3 Ls As ABEL et 2l could not
dialyse more than ¥s of the total amount of the amimals blood at
a time without causing a fall of the bloodpressure, which was

Fig 5a
The artenial canule used by ALEL
URNER

A romes it the artery Through
C the hirudine is added C tapers
to 3 pomt which ends elose be-
hind the point of A The blood 15
led through D to the dialysator
J Pharm and Exp ther 1913°14

already cntical this apparatus
was only serviceable foracalf or
another ammal of the same size

The cleaning of the apparatus
15 a problem 1n atself After
cleaming the apparatus was fil
led with saturated thymol solu-
tion, by which 1t was kept ste
rile for the next use

An example of application 15
the following

A dog of 22 Kgs got an injec-
tion of I gr of salicylas natricus
With an apparatus of 32 tubes
mn 7 hours 19,1 5 of the mnjected
salicylas natricus could be reco-
vered. With another dog 243 ¢
A control dog excreted 1n about
the same time 175 % with the

urine It was remarkable that duning the dialysis the urineproduc-
t1on of the kudneys almost stopped (reduced bloodpressure ?) After
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to 40 cms The tubes were tied up at one end, and at the other
end provided with a doubly-pierced plug, through which a long
and a short glass tube projected The long tube was connected
with the artery, the short one with a vemn The whole was 1m
mersed 1nto a tank with a phystologie saline solution In 3—5 hours
200—700 mgrs of urea mitrogen could be removed by dulyss.
THALHIMER hoped to make further experiments in cooperation
with Best, but hitherto nothing 1s known to me of these

Reviewing the Iiterature we see that the chimcal application of
the artificial kidney has run aground on the following difficulties

1 The want of a harmless and sufficiently relhiable agent for
the prevention of clotting,

2  the unrehahlity of the earlier dialysitng membranes for
which collodion, celloidime or peritoneum were used,

3 the insufficient capacity of the dalysers

As we have at present at our disposal a serviceable means of
preventing clotting, 1 e heparm, and excellent dialysing mem-~
branes 1 e cellophane, the only thing remamming 1s the building
of a dialyser with suffiient capacity



CHAPTER If

THE ARTIFICIAL KIDNEY AS IT IS USED NOW
IN THE CLINIC.

‘We pass by the various apparatuses built 1n the last few years
to describe only the artificial kidney that was used therapeutically

In cooperation with Mr H TH J BERh the apparatus depicted
m fig 12, 13, and 14 has been built 1n the Kampen Enamelworks

It was our first artificial kidney, suitable for chmical use

It had been made for the greater part of alumimum, Become
wiser by experience we built a second and a third kidney, after
that finally a series of 4 at a time (see frontispiece) partly of
wood, they are based on the same principle

AAAA
i AV \TA\V
A AV VT
A
VOORAANZIEHT ZSAANZICHT BOVENAANZICHT
Buret
Patrent
Fig 10

A cellophanetube 13 wound Itke a spiral round a big cylinder The blood m
the cellophanetube always sinks to the lowest point If the drum turns Tound,
the blood moves from left to nght

Principle.

A big eylinder turns with 1ts undermost segment through 2
tank with rmsing-hquid Round this cylinder a long cellophane-
tube has been spirally wound The tube contamns only a small
quantity of blood This blood sinks by gravity always to the Jowest
pomt of the spiral line When the eylinder rofates in the direction
of the arrow in fig 10, the blood runs through the spiral line from
left to rght, always sinking to the lowest powst It enters and
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leaves the cylinder through the hollow axles, 1n each of whic
15 fixed a rotating coupling

By connecting the take up and exhaust tubes with each othe
a closed circwt 1s formed m which the blood circulates rapidy;
air bubbles are dragged along

Methods of dialysis.

1 Fractionated dwlysts This has only historical sigmfreanc
we used this method to see how our first patient would react t
the dialysing of a small quantity of blood

gl

Fig 11
Scheme of fractionated dialysis

I Connection with dialyser shut ~ o
the patient into the burette — II
uremic blood flows out of the bu
patient shut off, burette low e¢le
burette, — IV Connection with

flows out of the burette into the patient.

A side tube 1s attached to the cirewit branching into two ont
branch to the patient and the other one to a burette By raismg o
lowering the burette, blood may be let into or out of the patient
and mto or oul of the dualyser (see fig 11) Using this methot
only one single vempuncture 1s necessary In the tube passing
to the patient there 15 a cellophane window, through which ma)
be seen directly, whether there exists a positive or a negahve
pressure, and by which one may check if blood 15 flowing {see
fig 20) "

’
7
2 Continuous dulysis A much greater effect 1s obtaned, of the
blood 15 drawn from one bloodvessel, and, after having traverse
the kudney only once, led back into another one We did this
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Fig 14

The first artificial hidney half lateral view The cellophane tube 1s seen to

pass mto the rubber tube afterwards gong to the centre of the cyhnder
and coming out through the hollow axle



Fig 15
Che tatest model of an artificial hidney The cylinder 13 made of varnished
athwork and rotates with its lower segment through a tank with rinsing
1quid The splashboards are seen on either side of the cylinder
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The (\rst ntt\ilcm\ Kidne! y hal 1f \atera\ we The ce\\ophane tube
pass 1 the rubber tube anerwards gown «he cvh
and coming © ihe hollow ax\:
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by taking up nto the circwit at each end of the kidney a sidetube
with a burette, which could be raised and lowered At present we
let the blood flow of 1ts own accord from the artena radialss, and
the blood 1s led back 1nto a vein by means of a rubber tube pump

@ BURET
1
' -
! DIALYSATOR LUCHTYANGER
ARTERIA RADIALIS t
1
EY ‘
~— H
'
T T
CELLOPHAIN VENSTER H
®, \
. hted AFGESLOTEN CIRCUIT
Fig 18
Sobomma 82t i &7 Te=t 2 4 —o  ™he blood from
2 side mto the
‘ ped back by 2

In the artery and 1n the vewn a glass canula 1s tied

In order to prevent airembolism, a bubblecatcher has been taken
up 1nto the crewmit 1o the patient, it which also clots are sifted

A burette serves for measuring the velocity of the current and
can be used to give intravenous infusions fo the patient

Details of construction,
{Plans with all measurements are found in the zppendix}

The cylinder The cylinder 1s made of varmished lathing The
laths have been screwed on two wooden wheels and project
§ ems over the wheel at the end of the cylmder The cylinder
turns with 1ts lower segment through a tank with rinsing-liqud
and has two short hollow axles, through which the blood 1s brought
1 and led out (fig 15)

The tron frame The hollow axles of the cylmder turn in two
plan open bearings (plan IIT), which are fitted on a rectangular
angle-iron frame This frame 1s provided with legs and can be
Iifted wath the cylinder from the underframe (fig 16)

Resting on ratchets, the frame can rotate round a long side, so
that the whole upper part of the kidney may be turned up with
the cylinder (see fig 19)
Kolfy
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Fig 16
The angleiron frame 1s provided with legs and can be Ifted wth the
cyhnder from the frame

Tig 17
The frame with the enamel bath and the outlet The heating element has
been brought in the switch has been put on the bath at the back



Fig 21
Frontview of the artificial kidney with tubepump and airbubblecatcher
The course of the tubes can be seen From the air catcher the goes
to the patients vem through the tube which goes almost straight down
on this photo
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The bottom of the cyhnder can be well
seen then, and the bath can be easly re-

Q freshed or cleaned
The under-frame 15 a tube-iron construe
tion on wheels, 1t bears the enamel rnsing
tank In the nnsmng-tank 1s a heatmg
element Formerly we used the bottom of
——— electrical kettles, for this purpose now 2

more elegant apparatus

Fig 19 Rather than a very vulnerable automatic
hun:lﬂy beufolxed w the  heatregulation with a contactthermometer
f:mee plf,:’i: W{:,,_}X‘s ver; we use baththermometers, and a simple
convenient when refresh  heating-element, provided with a switch

ng the ninsing hqud and
checling the cellophane- with two positions, resp 1000 and 2000 Watt
tube m case of leaks (see fig 17 and 22)

The Bloodflow through the kidney

The canula and the cellophane-unndow A glass canula 1s miro-
duced 1nto the arteria radialis, and the rubber tube, connected
with this, 1s provided with a cellophane window, by means of which
one tmmediately sees if the tube i1s under posttive or negative
pressure, and by means of which one can estimate the flow by
pinching the tube below the window, the arterial pressure then
pumps up the window immediately Canula and pressure-window
are found depicted 1n fig 20

THE PRESSURE WINDOW OF THE QUTFLOW TUBE
FROM THE PATIENT

e S SR e~ P\

) B ‘%‘_

cellophaandarm //gafu{/"/caﬂll/@;
eellophane gut hgature canule

Fig 20 he
One can immediately see by means of the pressure-window whether the to
13 under pomitive or negative pressute, and if the pressure, 15 negativ®
the rapidity of the may be v the
& moment the window 1s then directly filled with blood

It did not prove to be an advantage to put i a pump 10 this
part of the arcuit, when using an arfery it is not necessary, when
using a vemn one runs the sk that the wall of the vem 1s sucke
mnto the canula
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An accurate plan of the tubes s found later on in the mounting-
scheme A {p 78)

The blood reaches the hollow axle of the ecyhnder, and the
rubber tube passes here mnto the ratation-couphng (sce fig 24)

The yotation-coupling was ane of the most difficult parts of the |
aruficial Yudney It s depicted 1n fig 25, fig 27 (and plan II}
The inner tube stands stil the outer tube rotates with the hellow
axle of the cylnder Shuting off s brought about by 2 cotton
packing, soaked m vaseline pressed on to the mner tube by means
of a serew socket

Fop 21
Rotafioncouphngs. The shutting off 15 hrought shout by chnching a cotton
packing round the mner tube by mreans of 3 serew-cap Nowadays & coutiter
nut 18 moreover put agmuwst the screweap

The outer tube 15 {txed wnside the hollow axie by means of a
winged screw If this fixation does not take place exactly m the
centre, the free end of the nonrotating tube whips, so 1t must be
fixed Joosely In fig 24 thus supple fixation 1s brought about by
a spiral ivon wire, on fig 21 1n the latest kidneys by a resihent
metal plate with a groove m it

The blood flows on leaves the rotation-conphng, and enters the
cyhnder through a rubber tube This rubber tube 1s seen on fig 25
Tt gets out through the spokes of the wheel passes hetween 2 laths
reaches the outside of the cylinder 1 this way Here 1t passes into
the collophane tube This is wound 1 a spiral yound the cyhnder
The blood sinks to the lowest pomt 1w the slack mowst cellophane
tube and when the cyhinder turns 1t runs through the spiral, il at
the end of the cylinder it cannot go anywhere else but agam mnto
a rubber tube A narrow cellophanetube gives a regular flow, 1t
s advisable to have especsally the last piece of the cellophane
fube narrow If the cellophanetube springs a leak, it 1s cut and
3 necessary one winding s taken owt and the ends are jomned
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Tig 28
The air and clotcatcher
‘The blood enters through the mght
tube, airbubbles gather n the
burette on top Clots remam be-
hind before the glass meve The
left tuba leads the blood to the
pattent s vein

1) First one r + * o0
must cheek (29)

Er AR SR

o e \ .
R A

together, 1 e both ends are ted
with a double ligature round s
piece of rubber tube of about 5
cms length, into which a glass tube
has been pushed for ngdity 1)

The blood leaves the cylnder
through the other hollow axle, and
through the second rotation-coup-
Iing It flows some way through the
side tube This side tube runs over
the Iong side of the rron frame
from one hollaw axle to the other
and 1s switched off during dialysts
1t serves for the rnsing of the kd
ney and for removing the ar
bubbles (see Sketch E, p 83)
Moreover a direct mnfusion may be
made 1nto the patient from the bu
rette through the sidetube to the
patient

During the dialysts the blood 1m
mediately leaves the first part of
the sidetube, and 1t 15 pressed back
by the tubepump into the patent.
So the tubepump does not serve
for moving the blood 1n the cello-
phane tube, that happens through
the influence of gravity

The tubepump must work o
for hours without disturbances It
appeared to us that the modert
French (Jouvelet) and Swis
(Transfusor) transfusionpumps
were not fit for our purpose, be-
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cause the tubes had been mostly mangled
to preces within half an hour The original
apparatus of BECK has larger cylinders,
and a wader tubecase, and can be used
with some alterations Fig 26 (plan IV)
shows the tube pump It 1s mounted on a
footplate (plan II), on which it may be
shifted after the loosening of a few winged
nuts The pump 1s driven by means of a
bieyle-chamn On fig 27, one sees at the
back of the chainwheel the button with
which the freewheel 15 switched on and
off Fig 29

Before the blood goes back to the pa- l}};,,{“,‘:},’;fm‘;‘;’,g";i,,fj
flent’s vemn, it passes an arbubble- and :é tgloz :sze:;s;st‘;m‘ehr-w;s;
clotcatcher, depicted on fig 28 and 29 e >

The blood flows in through the right ,';Z,'l'efii 'ﬁfg iyf,ut,}e'aepr‘::
tube, and leaves the bubblecatcher through comes high
the glass sieve next to 1t Awrbubbles which
come along with the blood go up in the burette, and remain there
If too much air gets mnto the bubblecatcher, it may be let out at
the top of the burette

If the rubber tube 1s not tied round the burette, i1t serves
as a safety-valve It 1s always better that this tube flies off than
that the burette bursts

Fig 21 shows the front view of the kidney with pump awreatcher
and tubes

Instead of the primtive glass sieve 1n the aircatcher, as 1s to
be seen on fig 28 we also used much finer rustproof metal sieves,
e g the sieve of a Baxter-transfusionapparatus, depicted on fig 23

On the nmer side of this smieve, down current, a thick velvety
clotstratum 15 formed, probably because heparm 1s neutrabsed
locally So these metal sieves cannot be used for the kidney

‘The blood is finally led back into a superficial vem for which
again a glass canula 1s used

The motor 'The power necessary to rotate the cylinder when
the cellophane {fube and the bath are filled, 1s greater than one

1§ 23 v T o v
the « .
Ar
Nem .
LAY .
Cor
3
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wounld think A motor of ¥4 HP will do As the number of revo-
lutions of our motors amounts to from 1500 to 3000, this must be
converted to 35--50 revolutions per minute with a reduchor
transmussion (as 1s to be seen on fig 15 and 16)

One should not forget to provide the apparatus, especally it
bath with an efficzent ground-wire

Cleaning and stenlising.

L, ot mfste et facllrden o -nto contact with bloo
1¢€ and bubblecatcher a
e om - . Togenic substances, ar
stertlised with the same care as with which an apparatus for
bloodtransfusion 15 treated Whether rigors oceur or not 1s for i
greater part dependent on this

The tubes and the glass may be sterilised

4 an autoclave or boiled before dialys:s, for whi
r"/“" we had a big pan made, the dumensions &
found on p 81 New cellophane 15 pyrogenre

and need only be rinsed and boiled, for whi

3 purpose 1t 1s wound on a wooden reel (fig 30
W We take a new cellophanetube for each dialys
The other parts of the kidney which do n

Fig 30 come 1nto direct contact with blood, must |
Wooden reel, on clean, but need not be sterile Cellophane 15 1t
which the cello- bl
e tabe 19 permeable for bacteria and viruses So the sten
ph:
wound _ before cellophane tube can be seized with the han
being borled The water of the bath 1s not sterile either, ar

need not be so, 1f 1t 15 made up freshly*}
Expulsion of arr from cellophane tube and tubesystem 1s simpl
1f the kidney 1s filled wath 13 L of saline, made to turn, and t1
salme 35 streamed through regularly, all airbubbles are $ake
along by the current See further mountingscheme

Keeping of the mounted kidney,

1t possible the dialysis should directly follow mounting If tB
1s impossible, the mounted kidney may be kept ready for
(without bathwater !}, when 1t 1s filled wath a desinfecting solutio
At first we used a superolsolution (175400 oxychinol
sulphate) The greatest dis, vantage 1s th ' ' e gets dr

deprived as 1t 15 of the ° layer of g & manufa
gurer gave W, and itle It s mes tat
e

1) In the bepnmng som of the bl

she prtihieial Jadney, they

e i blaod of the patient nless b ¥

st
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round the cylinder, and cracks Afterwards we rinsed the kidney
with absolute alcohol, and smeared the cellophane tube with
glycerine Indeed the tube dried up less, but one should be very
sparing with glycerine, and this must be very carefully washed
away with big quantities of water later on, as otherwise haemo-
Iysis of the blood occurs VAN NOORDWIIK has been able to demon-
strate the strong haemolysing action of vestiges of glycerine mn
vitro and i expermments with the ladney

Rinsing fhud.
(Bathwater as 1t 15 used now)

In the beginning we used 70, afterwards 100 Ls of rinsing fﬁﬁd,
kept at a temperature of 37—39° C by a heating element. For
the mnsmg-fluid clean tapwater 1s used, clean though not sterile,
as cellophane 1s impermeable to bacteria and viruses The com-
position has changed in course of ttme Now we use the following
compostion

NaC1 06 %
KC1 004 %
NaHCO; 02 %
Glucose 16—2 %

To avo:d haemolysis the addition of glucose was necessary
If the patient has marked oedemata we add more glucose (up
10 3%) to draw the oedema fluid into the bathwater

A weighed-out quantity of salts 1s put on the bottom of the bath
and after that the bath 1s filled with teprd water as far as the
fuling-mark for 100 Ls One should take care that the blood-filled
cellophane tube does not get into contact with ordirary water,
as haemolysis appears very soon In that case It 1s useless to add
CaCl, to a bath of this as the Ca 1s pi by
NaHCO; (One should give Calcium gluconate mtravenously)

In the following chapter the composition of the bathwater 1s
discussed

Splashbeards.

In order to check the splashing of the bathwater we make use

of two splashboards on ether side of the kidney They are of ah-
mmium which has been covered
= with a layer of boatlacquer, and
can be easily removed (fig 31)

. A cellophanescreen along one @
long side of the kidney between
the two splashboards described Fig 32
Fig 31 above 1s useful.
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Artsficial badney | Human Fudne-

Dialysing, resp filtrating area 24000 sg em 20000 57 em
Number of glomerult one 2500000
Total contents of the cellophanetube

resp of the glomernl 1L 10ce
Length of the cellophane tube resp

total length of the glomerular loaps 3045 m 75 km

Mmu(:evo]um; 1 eh qu)z_a‘nhlt‘ydof blecd
flowmg through the kidney per
minute 100 200 cc 1200 2000
Clearance per minute, 1 ¢ quantity
of blood which 1s perfectly purfied
of urea 80 150 ¢e 54 75 cc
Dialysationmembrane resp glome-
rulusmembrane permeable for mo-
lecules of the I3 noh

mol weight 671
Quantity of ultra filtrate per 24 hours » 1L

Cireulationtime of the blood through
the cellophanetube resp through
the loops of one glomerulus 1,5-4 mnutes Part of
cireulationtim

which 15 1218




CHAPTEP 111

TECHNICAL EXPERIENCES WITH THE ARTIFICIAL
KIDNEY GAINED IN CLINICAL USE, AND HINTS
FOR THE USE OF THE KIDNEY IN FUTURE.

Fractionated dialysis.

In the case of our first patient we apphed a fractionated dis-
ys1z i the beginming By way of a single venupuncture 50 cc
f blood were drawn off dialysed and imfused agan In afl only

1 of blaod flowed through the kidney at the hrst dialysis?
Ve did not dare to do more At each of the following dialyses
if the same patient more blood was dtalysed To reduce the biood-
trea o a normal level by a fracthonated dialysis was a very lengthy
srocedure, therefore we changed to a continuous-dtalysis in which
he hioad 15 drawn from one blood vessel and returned mfo
inother

Continugus dialysis.

Venipunctures

In the beginning we made 1t our aim to draw the blood frem
3 vem, and did this by preference with an ordinary venipunc-
ture needle In the case of the second patient 151 of blood flowed
through the kudney m thus way in 7 hours tume, and in the case
of the third 28 1 n 8 hours

The fifth patsent a good ple of a 1 dia-
lysis with only two vempunetures, 36 1 of blood flowed through
the Jndney m 8 hours time The eight patient was also treated
with two sempunctures Nevertheless we abandoned this method.

Puncture of the arteria femoralis was abandoned as well, per
haps without due reasen

CGlass canulas

There are facts which suggest that heparin is rendered mactive
i places where it comes mto contaet with metal The metal
rotating couphings of the artificlal kidney got coated mside with
a layer of elots {therefore the bore must be a wide one) This
was the reason why we ceased using needles, and at present we use
exclusively glass canulas of the type shown in figure 20 They
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taper contcally the narrow point being as short as possible Pyrex
glass 15 said to give less rise to clotting than ordinary glass.

Before dissection of the vemn and the artery, we connected a
ten cm rubber tube closed with a glass stopper to the glass canulze
(fig 32a) This rubbertube was filled with heparine (20 mgr)
and saline We found such small tubes easy to manipulate and
when both the artery and the vein are prepared and the canulae
are tied 1n the vessels, the glass stopper 1s removed and the tubes
of the artificial kidney are connected

—— T D =N

Tig 32
This rubber tube 15 filled with heparn and sahine

The dassection of @ ven

Before the dialysis starts the vemn 1s dissected. We prefer not
to take & cubital vein as we hke to reserve these for venipunctures
on the following days We take either a large vemn on the back
of the foot or the vena saphena, which is to be found just above
the malleclus medialis or a vein on the forearm

Local anaesthesia 1s admimstered through one injection opening
and we make this exactly above the vein The hole serves us as
a landmark when we have to find the vemn in the edematous
swelling caused by the anaesthetic No adrenalin is to be added
{0 the novacain as this inereases the chance of haemorrhages after
some hours Bear i mind that each meision may start bleeding be-
cause of the strong heparimisation of the patient, and therefor¢
make the wound as small as possible

Qur first patient and patient no 11 had such profuse haemor
rhages from superficial incistans that transfusions were necessary
1f one does not know very exactly where the vein goes, the mneision
15 to be made at right angles to the vein’s course The maision
should not be longer than 2 ems If the vem 15 dissected by 8
surgeon, he must be asked to make small meisions

The dissection of the artera radialis

‘We have exp d very troubl haemorrhages from the
wound necessary for the dissection of the arteria radralis

A surgical assistant without any experience in this respect
disseets an artery practically just as he is used to do that wib
a vein He pushes a closed pincette under the artery and shdes
it to and fro with some force But an artery gives off a numbel
of small side branches (see figure 33), which a vemn does nob
These side brauches are pulled off by the treatment mentioned
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abave, and this gives rise to very pertinacious haemarrhages in
the case of an heparinised patient Before starting a haemodynamo
meter sleeve may be laid round the upper arm The incision must
not be longer than 14 to 2 ems As high as the ligamentum carpt
volare the arteria radialis gives off quite a large branch, the ramus
volaris superficialis Therefore the inctsion must not be made
through this Ligament, but rather somewhat higher up Again and
agan one feels with the fingertip 1n the wound to find out where
exactly the artery 1s pulsating In this way unnecessary burrowing
and therefore unnecessary chances of haemorrhages may be
avoided The fascia covering the artery 15 divided

os pistforme
Volarrs

superficiahs lig carpe

transversum

naar areus Volars superficralis

Fig o3
The arteria radiahs gives off 8 number of small side branches
{after T'ALDFR hopscr}
v

The arteria radialis lies 1n a sort of sheath of connective tissue
p d by veins and by a smaller artery as well
One need not 1solate the artery from this sheath, provided these
separate vessels are higated as well The artery must be hfted from
sts bed as hittle as possible, and 1t s never feasible to lay 1t free
over a longer distance than is necessary for pushing the ligatures
underneath At least four higatures are laid, one around the distal
end 15 tied at once, two are knoited round the canula and the
fourth remains open for the time being, to close the artery later
on when the canula 1s taken out
‘When progress 1s thus far the haemodynamometer-sleeve round
the upper arm 1s inflated to a pont far above the systolie blood
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pressure, or the proximal thread under the artery 1s pulled taut

Now the artery 1s smipped with a pair of scissors and the camila
brought into place Take care to get right into the lumen, and see
to 1t that the arterial wall does not sphit See to 1t that the canula
and the tube are fixed on to the arm immediately, as otherwise
they are hable to revolve round their axis and 1n domng so strangle
the artery

Only when the arterial canula hes perfectly 1s the patient hepz
rimsed

One mmute later the tubes of the artificial kidney can be con
nected, and the dralysis started

Both wounds, that of the vein and that of the artery, are closed
with clips and provided with a compressive bandage, from which
the tubes project

In the case of the patients no 7, 9, 10, and 12 to 25 a vein and
the artera radialis were dissected according to the rules mentioned
above without any haemorrhage worth mentioning

The removal of the canulas

After the end of the dralysis both tubes are cut off and closed
bhnd, whach 15 done most convemently with a glass stopper

The canula mn the vemr may be used if necessary for gving
bloodtransfusions, infusions of saline ete, 1f the patient’s condition
should make this necessary in the first twenty-four hours follow
g the dialyses

Ths happened eg m the case of patients no 12 and 13 From
the arterial canula samples of the patient’s blood may be taken
or blood may be withdrawn should pulmonary oedema becom®
imminent

The blood 1n these stretches of tube may be prevented from
clotiing by imjecting 50 mg of heparn into the tube from twe
to time, using a fine needle Only when the patient’s clottmghme
and bleedingtime have become normal again, so that there 15 10
longer any chance of troublesome haemorrhages, in any case pot
before the next day, the canulas may be removed from the blood
vessels

Fuirst the arterial canula 1s removed, 1f this 1s pulled outward
somewhat 1t 1s generally possible o tie the higature round the
artery proximally of the canula Not a single drop of blood need
to be spilt!

Objections to the tying of the arteria reduahs
If the artena radialis 1s tied the pulse may often still be felt
distal to the ligature Functional consequences of the tymg of
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the arteria radialis never seem to occur For each subsequent
dialysis the arteria radiabis may be taken a few cms higher up!

About hepanin and haemorrhages.

Haemorrhages from dissection wounds may m all probability be
prevented by good techmque

The bleeding from the nose and the gums during the dralysms
of the first pattent was not serious We repeatedly saw small
haemorrhages 1n the case of the other patients as well, eg from
fissures at the corner of the mouth or small spots of blood in the
patient’s vormt

The ntestinal bleeding in the case of the 15th patient caused
by her colitis mercunialis was very serious The patient developed
shock, the haemoglobin contents sank to 35 “%, so that 1200 cem
of blood were required to raise 1t agamn to 63 %

Patient no 9 passed very bloody urine (haemoglobmn 30 %),
but he had done this previously as well

Patient no 13 developed a haematothorax m addition to a pneu
mathorax after an unsuccesful paracentesis caused by the punc-
ture-opening of the needle which had penetrated into the lung
and did not clase In future we had better abstain from such
punctures one day after the dialysis!

One must therefore be warned 1n case of patients with a cohtis
mercurialis to keep an ample supply of blood ready, n addition
cuthing operations are to be avoided shortly afier the dialysis
but for the rest I believe that we need no longer fear serious
bleedings in future, now that we have learned to dissect the blood
vessels 1n the way described above and now that moreover we
require less heparin than formerly

Hepann

‘We must aim at giving as Little heparin as possible In the high
doses such as we employ (1—3 g each time) hepamn not only
Pprolongs the ¢l but also the bleed and 1t causes
a haemorrhage diathesis which 1t 1s hoped will remamn latent

At first the quantity of heparin increased with each patient up
to 3350 mgr! This was done chiefly because thrombosis oceurred
m the metal needles

‘When we changed over to the use of glass canulas we were not
afraid to use less heparn, and we could suffice with 1200 mgr
per dialysis

A single clot 1n the arbubble-catcher must not seduce us to
gve more and more heparine!

Hepanin sometimes causes undesirable reactions urticania, pain
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In the second dialysis the KCl was omatted, because with uremic
patients the potassium level 1s increased rather than lowered.

In the third dialysis CO, was bubbled through the bath water
to lower the pH, this was however not done intensely enough

In the fifth dialysis a bath water was used in which NaH.PO,
was present, mn the hope of obtaiming a more favourable pH, the
composition was as follows 0,57 %o NaCl, 0,34 % NaHCOg 00:%
KCl, 001 % NaH.PO,

In the sixth dialysis the phosphate was left out agam, because the
phosphate 15 generally raised in patients suffering from urzemia

It struck us then that the blood coming out of the kidney after
dialysis became haemolytic if kept until the next day We attn
buted this chiefly to mechanical injury of the erythrocytes, we
thought we observed this lly when the cellophane tube
was swept clean with the hand at the end of the dialysis, during
which the hand repeatedly struck the ridges on the cylnder
Whether Superol was run through the kidney or not appeared to
make no clear difference

The mechanical mnjury may be compared with the haemolyss
which 15 seen when blood 15 ejected from a syringe with too much
force agamnst the wall of a glass tube

We then bered that bloodbanks add glucose to blood for
conserving 1t 1n order to strengthen the erythrocytes And now,smee
we add plucose to the bath waler, we have not been troubled any
more by haemolysis (provided the cellophane tube did not contan
glycerine)

In the seventh dialysis the bathwater consisted of tapwater
with 07% NaCl and 1,5 % glucose for simplicity’s sake There
was not a trace of haemolysis This pleased us so well that we
maintained the same omposition of the bath water for the fol
lowing dialyses

In the case of patients suffering from ocedema (patrent no 7
10, 12, etc) we added more glucose namely 2 to 3% mstead of
1,5 % As i1t takes some time before all the glucose has dialysed
an event which does not take place anyway if the blood flows
through the kidney only once, an osmotic water movement towards
the bath water takes place Indeed we saw the patient’s oedema
shrink rapidly so that in some cases wrinkles appeared on the
skin

It remains an open question however, whether we must go o0
with this ligh concentration of glucose 1n the bath water Perhaps
we shall prefer acaca or Oncocapamn a substance therefore which
has an osmotic effect but cannot pass through the cellophane
itself The quantities required would, however, be very large and
perhaps the foaming will become a drawback
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The NalCO; we left out for the time being after the seventh
dialysis as we did not trust 1t altogether with regard to haemo-
lysis Only in the case of the 5th patient we became so scared of
mcreasing a probably existing acidosts that 0,2 % NatCO,; was
added fo the bath water

In the case of patients treated n Kampen we have kept to this
later on We did not consider 1t necessary to add KCI to the bath
water as the potassum content of patients suffering from a
serous uraernia 1s geperally raised

Only much Iater when 1n one dialysis 120 htres of blood ran
through the kidney 1t became clear to us that too extensive
changes 1n the mrmeral spectrum of the blood may occur which
in such a large dralysis app cannot be by the
orgamsm From then we added 004 % KCl to the bath water

Regarding the calcium content of the bath water With the 6th
patient we were surprised to see that the calerum content of the
blood from the kidney (8 mgr per 100 cem) had sunk so little
Only about 40¢ 4 mgr per 100 cem therefore of the caleium
present 1n the blood 1s present mn a rapidly dialysable state
The tapwater proved to contam 4 mgr of calaum per 100 cem
therefore an equilibnium existed on both sides of the membrane

1t CaCl 15 added to a bath contaimng NaHCO; as well the
calaum 15 precip tated 1 the form of CaCQ;y

Consequently 1n the case of the 15th patient (first dialysis) we
saw little result from such an attempt (the addition of 0027 %
CaCls to the bath water) The calcium contents of the bath water
fell to 1,3 {duplicate 19) mgr per 100 ccm and the calclum content
of the patient s blood serum fell from 10 to 63 mge per 100 cem

The solutron ymght be found m having the eylinder rotate 1n
a closed space eg under a cover inside which a mixture of aw
or gas with 5 % CO; 1s mantamed — which might bubble through
the bath water as well ~— a pH desirable 1n all respects might
then be obtained and in this case the CaCl would remain dis
solved

We have shrunk from the techmical execution and for the
time being we give 1 or 2 grams of gluconas caleicus mntravenously
le 1n the tube dunng the dialysis

1In practice 1t 15 easy to choose the composition of the bath water
m such a way that it may be used for various patients The
muneral spectrum of the patent follows the bath water and if
the composition of the bath water 1s adapted to 2 normal mmnerat
spectrum as much as possible the patients plasma will be nor
mahsed in this sense as well

The composition of the bath water which we recommend at
present s NaCl 067 NaHCO; 02¢% XCl 0047% glucose




36 TECHNICAL EXPERIENCES WITH THE ARTIFICIAL KIDNEY

1,5—2 %, do not forget 2 X 1 gram of gluconas caleicus mira
venously

If one compares the concentrations of the various ions in the
bath water with those 1 the blood plasma, the following caleu
lation 1s obtained for the bath water

Bath water everything expressed in mgr per 100 ccm

600 NaCl = 364 Cl 4 236 Na
40 KCl = = 2AK 4 1Cl
200 NaHCO; == 53 vol % CO + 5N

=53 vol % CO» + 20K 3 383 CI + 201 Na

The normal values for the bloodplasma ere
50—70 vol % CO 16—20 K 340—389 Cl and 310330 Na

These numbers are expressed per 100 cem of plasma, to obtam
a correct companson for the dialysis the startingpomnt must be
the plasma water

Assuming that the blood 8% alk which
however, 1s much too lugh an estimate for many of our patients
the above numbers must be multiphted by 100/5, = + 1,1 Thus
we obtamn

the normal values 1 the plasmawater expressed wn mgr p 100 com
55—77 vol % CO, 18—22 K 370—420 Cl 340360 Na

We are still on the low side with our bath water, and especially
the sodium content 1s too low for the following reasons

1 The bath water 1s alkaline, and we dare not let too much
NaHCO; dialyse mn at a time

2 The electrolyte level of most patients 1s generally lowered.

By mtroducing large quantities of NaCl one risks pulmonary
oedema We see that our last bath has nearly the same composition
as DARROW’s , interstitial salt solution”, which we used 1n our very
first dialysist On revient toujours

Foaming

If foaming of the bath water 1s excessive during the proceedings
blood (albumen!) has entered 1t, most often there 1s a leak then
The foaming may be very iroublesome, an argument n any case
for changing the bath somewhat earlier and looking for the leak’)

3} If there was no feak in the cellophane tube we could not detect any
albumen in the bath water with the usual methods
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Evaporation

The evaporation of the bath water during the dialysis 1s marked
sometimes 10 €5 The addition to the bath of some tapwater from
tme to time 1s advisable as otherwise the concentration becomes
too igh The losses by splashing must not be replaced n this way

Heemolysis

Haemolysts of the blood 1n the artificial kidney 1s accelerated by

1 Incorrect composition of the bath water Hypotomaity meom
pletely dissalved salts in the beginmng

2 Too hittle glucose

3  Mechanical anjury to the erythrocytes {see page 34)

‘We therefore reduced the speed of the cylinder to 25 revolutions
per minute

4 Along stay of the blood 1n the hidney erythrocytes running
through quickly soon recover agam when they are back m the
patient

5 Use of banked blood more than one day old for transfusion
during dialysis

6 Presence of glycerme

J VAN NOORDWUK could d ate with m vitro
and n an experiment with cow s blood m the kidney that smalt
quantities of glycerine mncrease the chance of haemolysis




CHAPTER IV

CLINICAL PICTURES, IN WHICH TREATMENT WITH
THE ARTIFICIAL KIDNEY IS TQ0 BE CONSIDERED
SURVEY OF THE FIRST 25 PATIENTS TREATED
WITH THE ARTITICIAL KIDNEY.

g Bl

Uraemic for treat: with the artificral kudney
but of which we lack expertence up till now — such as enune
follounng e crush syndrome, anura following eclampsw gravd
arum, anuna in cases of symmetrical necros:s of the renal corter,—
are not disctissed nether is the ble treatment of

by hypnotics )

1 Chronic and subchromie uraemias.

(Patient no 1, fig 40) A woman of 29 years with a mahgnast
hypertension and contracted kidneys was sent 1n for treatment under
the motto that nothing was to be lost and perhaps a temporary improve-
ment, to be gamed On arrival she had a haemoglobmn of 35 ¢, and severe
cardiac failure with orthopnoea Within a few days the following complt
cations developed a pericarditis, parotitis, pleuritis and an otitis meda

The hope that the renal function would recover to some extent has
not been fulfilled The patient could finally be kept alive for 26 days
with her blood urea remaiming at a constant level, although she excreted
only very httle urine

(Patient no 2) Man of 60 years with bilateral renal tuberculosis,
cachexia and uraemia

One dialysis was applied 1n which the dehydration and the shock were
combatted as well The next day the man was i a much better condition
the diuresis mncreased The pains m the bladder were of such a nature
that we believed we had no right to prolong this man's Life any further

(Patient no 18) A married woman of 54 years Four months before
admussion she had an acute glomerulo nephritis and was afterwards sees
2s out patient by Dr SCHALM Many red cells were always present in {he
urmne and the biood pressure rose fo 240/125 A sudden anurta developed
with no findings on py and py hy The blood
pressure fell to 140/70, presumably left ventricular failure had set 10

) Note at the correcton Dr E G_L Bywaters Brtlsh Postgraduste Medical Schosh
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Eight days after the onset of anuria she was dialysed The blood urea
fell from 304 to 46 mg % the chloride content of the blood (expressed
as NaCl) rose from 530 to 550 mg %, the alkalireserve rose from 26
to 42 vols % Every effort was made to increase her blood pressure, and
the day after dialysis 1t had risen to 160 90, and she passed 30 cc of urine.
The same evening venesection was performed on account of pulmonary
oedema, and the following evening she died from heart failure

Post mortem Subchronic glomerulo nephritis

(Patient no 23) An unmarried woman of twenty Historv of m
defimite 1llness for only a few weeks She became progressively uraemie
with muscle twrtchings and convulsions Her blood pressure was 1560/120
She was taken into the hospital at Kampen and immediately connected
to the artifieial kidney The blood urea fell from 382 to 170 mg % per
100 cc, the dialysis removing 69 gr of urea Plasma chlorides (as NaCl)
fell from 685 to 662 mg per 100 cc, and the alkalireserve rose from
19 to 53 vols %

During and after dialysis the pitient had convulsiens suggestive of
tetany The calctam plasma level was 55 mg before, and 5,3 mg per
100 cc after dialysis, although 0,5 gr calcium gluconate had been given
mtravenously Despite a further 2 gr of calcium gluconate the caleum
Jevel remained 5,2 mg per 100 cc The general condition of the patient
deteriorated rapdly, perhaps d by an unf le reaction
to morphine, and she died 28 hours after dialysis
« Post mortem Contracted kidneys were found, weighing 54 and 48
rrams

It 1s clear that the first two patients could not be saved by the
artificial kidney Patient no 18 was treated only because there was
no other hope for her The phenomenon of anuria after a sudden
fall of blood pressure 1n a hypertensive may be encountered both
n chrome and acute uraerma Patient no 23 was treated as 1t was
not certain that a chronic nephntis formed the background of her
uraema, the mtractable hypocalcaermia precipitated death

Generally speaking, the chronic uraemias are no mdcation
for treatment with the artificial kidney. There are chrome
uraemias which are aggravated temporanly by an mtercurrent
infection, a dysenterylike diarrhoea, an operation, and so on
If this infection or the operation 1s over and the patient does
not succeed 1n overcoming the aggravation of his uraemia by him-
self, ane might try to restore by a dralysis the patrent to the level
on which he formerly kept s equilibrium The uraemia caused
by hypertrophy of the prostate, temporarily aggravated by an
operation, can be a favourable example and 1s diseussed later

Apart from that, one has to consider in every case of uraem
with contracted kidneys whether the patient suffers chiefly from
his uraemua or from the consequences of the hypertension The
latter are not done away with by the dialysts’ The cerebral pheno
mena, the retitis, the angina hke complamts and failure of the
left ventricle are all mamly caused by the hypertension B
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urine when the artificial kudney had to be placed next to ther
beds through lack of space, but I do not want any one to belere
that the dwresss was started by placing the ertifical kudney nent
to the bed In my opinion one had better abandon all methods -
tended to start the dwresis i patients wuth glomerulo-nephnts

(Patient no 3) Man of 43 years, acute glomerulo nephritis For
14 days he passed less and less urnine, unt1l he produced only 50 cc of
urine a day His doctors being at their wits’ end, both kidneys wer
decapsulated and both kidney stalks denervated After that the patier
passed even less urine but climeally he still made|a good 1mpressio

- 4

and he wag 1 ' 60 mg
per 100 cc sfore th
dialysis the with th
artificial Kic 1e end o

the dialys18
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Fig 36
Graph of pattent no 6, a woman of 34 years with an acute glomerulo-
nephritis Before the dialysis she produced only very httle urine.

(Patient no 6) A woman of 33 years enormously faf, developet
an acute glomerulo nephritis at the beginning of scarlet fever Dunnf
the last five days before the dialysis she passed less and less urine bel
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tilocdpressure before the dialysis was 130/80 The blood uren was 630
mgr per 100 cc The patient slept aimost continually and when she
swoke for a few moments she was desorientated

During the dislysis she awoke and became fully conscious The urea
fell to 187 mgr per 1066 cc The bloodpressure rose to 170/80 The
diuresis started!

Two days later she died of broncho with pul
monary oedema

(Patient no 9) A mon of 51 years suffering from an acute glome
rulo-nephritis which had started with ileus ke symptoms, had anuna
for 6 days fle was treated mf{\ tE\e artifieial 'kxilney, ‘902 gr of urea
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Fig 88
Graph of patient no 11, a man of 19 years, with a glomerulo-
nephnitis of 20 days duration

(Patient no 11, fiz 38) A man of 19 years had a glomerulo-
tephritis for 20 days The guantity of vrne sank to 250 cem a day
The bloodpressure was 185/110 and the patient was ominously pale The
bload urea was 425 mgr per 100 ce hefore the dialyms 146 grama of
urex were removed by the dialysis and the blood urea fell from 425 to
140 mgr per 100 cc
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Diurests did not set 1n The bloodpressure remained high He died
of cardiac failure four days after the dialysis

Pgtient no 17

A woman of 67 years was admitted 8 9 45 to the surgieal ward by
my colleague Dr REHRER 1 a serious condition She had a high fever
a very painful and distended abdomen, an enlarged and palpable gall
bladder with much infiltratton 2 shghtly yellow skin and almost com
plete anuria The small amount of urine still produced was cloudy, 2
dark red brown and contained very much albumen erythrotytes leuco-
cytes and casts The blood pressure was 150/60 Thus she was suffering
from 1st chol tis with perich and 2nd an
acute glomerulo nephritis with almost complete anuria, (1 hepato renal
«yndrome 1f you hke)
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Fig 9
Graph of patient 17 woman 67 years old with glomerulo nephntis
Dramatic tmprovement by dialyses Pecovery

For 2¥ days the patient was given sulphathiazole (6 gm per day)
after that no more as the sulphathiazole reaction 1n the blood against the
anuria remained constant (on 11 9-4o the free sulphathiazole n the
plasma was still 8 mgr per 100 cc

The temperature of the patient dropped slowly, but the production
of urine did not recommence and after 8 days on 11 9 45, the urea con
tent of the blood rose to 396 mgm per 100 c¢ The potasstum content
of the blood had risen alarmingly to 55 mgr per 100 cc and the alkalt
reserve was 40 vols %

The climeal condition of the patient had hecome much worse She
slept and snored the whole day long after much shouting at her she
stammered with difficulty one word with a very dry mouth and 1@
mediately fell asleep again A few days before when she had been able
to speak more her mmnd wandered She had oedema of the back and
legs Her pulse wag stiil good and her blood pressure 160/110

On 109 Dr hrurer performed a cystoscoDy the right wreler %as
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healthy, 1n the left urefer the catheter could not rewch further than
2 em from the bladder

A pyelogram showed a normal pelvis on the right side, the produc-
tion of urine did not commence after the renal pelvis had been washed

On 119 the patient was treated with the artificial kidney

80 hiters of blood flowed through the kidney 1 1134 hours, 60 grams
of urea were removed by the duwlysis and showed in the bathwater
The bleod urea dropped from 396 to 121 wgr per 100 cc

During the dialysis her condition was very alarming for some hours
but at the end her general condition was good The blood pressure was
160/80, the potassium content (that could be determined in spite of the
heparine) had dropped to 19 mgr per 100 cc!

The clinical improvement was clearly to be seen after some hours of the
dialyss and a day after that her mind was completely clear again
She was not sleepy, talked much and easly and made sensible plans for
the future

She had a moist normal looking tongue her temperature was be
iween 365—373° C and her pulse was between 78110 Her haemo
globin was 65 ¢ The oedema remamed unchanged Although we liga
tured the left arteria radiahs 2 em above the higamentum carpa volare
the pulse could be felt

The production of urine during the first few days was still not
sufftcient The urea rose to 172 mgr a day while the concentration
of the urine slowly improved After the dialysis the pattent vomited
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Fig 40
Graph of patient no 24, a gl aged 13 with acute glomerulo-nephritss
anuna for & weck and pulmonary cedema with bronchopneumonia
She recovered
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considerably for some days, while her abdomen was still painful and
distended, his however, recovered soon

Twa mouths after the dxalysls 11-9-45, the patlent was very well
The unmne still and some erythro-
cytes The blood-pressure was 175/90 7 mnnths after dialysis I saw her
again m excellent condition.
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Fig 41
Graph of patient no 25 Man of 54 years old with acvte glomerulo-nephritt
pulmonary congestton, etc. Recovery

Time will prove whether a chronie nephntu will develop from th
acute glomerulonephritis which she survived in September. But even1f i
does, the threatened danger to ife, based on the acute uraema, has bee
dispelled with success.

(Patient no 24) Girl of thirteen Got soaked through in a walkn
contest Iand one week befere _coming mto hospltal developed acu(

1u avul auu a bann sUUls Ol WdiySIS 40 gIams uled wele 1ellivee
and the blood urea fell from 364 to 140 mg per 100 cc Not only wer
no transfustons given but blood was drawn off to combat the pulmonar
oedema Pemailin was administered for the lung infection.

Diurests started during dialysis gradually mnereasmg afterwards am
the patient made an uneventful recovery.

(Patient no 25) Man of 54 with acute glomerulo-nephritis, Nin
days before admission complained of general malaise; the next day b
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twice fell down due to grddiness and then remamned 1n bed with pamn
m the abdomen and back and facial oedema developed
On admission (9 8 46) he had passed very hittle urme during the
last five days and complained of lack of sleep headache nausea and
biccoughing  On examination be showed ntraemic exanthema mld
oedema was dyspnoeic and a chest x ray showed left sided cardiac
and 'y congestion Bk 170 90

T

sectively improved when 2 further 250 cc of blood was removed This
1000 ce of blood was not returned to the pattent at the end of dialysis

The condition of the patient was verv good after treatment and diuresis
slowly increased Four weeks after dialys s he was very well and was
discharged with shght alburmnuria and 1 few red celly in the urine

Reviewing the short case h of the above d seven
patients with an acute glomerulo-nephritis 1t 1s clear that patient
10 8 1n whom an extensive carcinoma existed may be left out
i further discussion

Patient no 3 was connected with the artiftcial kidney too late
Iere we see for the first ume that a patient climcally apparently
well suddenly gets worse

Pattent no 6 died dly of br with pul
nonary oedema Apparently she had not sustained the previous
ntoxieatton with impumty A great pity for the duwresis setting
n made us hope for the best

Patient no 11 died of failure due to hypertension It 1s probable
lowever that lus whole organism and his heart too had already
suffered greatly by the previously existing serious uraema

When patients such as the above arc treated with the artibeal
adney one must count upon only a {few being so fortunate as to
be saved,

Forms of glomerulo nephntis with gradually decreasing diuresis
show less tendency to recover than cases beginming with acute
anuria

Patient no 17 seemed clintcally so desperately 11l that the author
‘onsiders she would have died without the aid of the artificial
kidney Patient no 24 a thirteen year old gl proves that a
manmfest pulmonary cedema need not be a contra mndication to
lreating a patient with the artificial kidney 1f a severe anuria
makes 1t desirable The blood coming from the racial artery was
dark and oxygen was gunen for several days Pemaillin was ad
nunistered for the bronchopneumoma Apart from a shight album
mma the girl 15 1n perfect condition now three months after
treatment
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Fig 43
man of 38, for 3 weeks sufferng from
ough duced about 1 litre of urine

Graph of patient no 13, a
a ithough he a
a day at hore, the blood urea rose to 700 mgr per 100 cem

(Patient no 16) A man of 67 =2 history of four weeks malatse, and
one week symptoms of acute glomerulonephritis, vormting, oedema and
headache On admission he was drowsy and disorientated Urinary out
put was 200 ce per 24 hours Bloodpressure 230/110 Pulse 116 Gallop
rythm of the heart

Two days later he was connected fo the artificial kidney 123 grams
of urea were removed, and the blood urea fell from 472 to 172 mg per
100 cc The day after dialys)s the patient’s general condition was very
good, and lus mental state normal Despite all efforts diuresis did not
set 1, and smix days after dialysis s blood urea had agamn riser fo
423 mg per 100 cc Two days later he died, just before he was gog
to be connected to the kidnev for the second time

(Patient no 19) A married woman of 48 An attack of acute glome
rulonephritis, and one week Jater pulmonary congestion, which she suf
vived Her daily urinary output went up to 2 htres and her blood pres
sure rose to 1707100 In the course of a few days a complete anund
developed and her blood pressure fell to 110/80 It would seem that the
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seart could no longer maintain the pressure demanded by the kidneys
She was admitted to hesmital three weeks after the start of her iliness
when marked oedema was present Haemoglobin 86 %%, blood urea 380
ng per 100 cc, afhali reserve 38 vols % and xanthoproteins 93 %

In the hope of 1mproving the blood pressure and the haemoglobin
evel carefully controlled blood transfusions were given, but a_tempo-
ary auricular fabrillation set in Dialysis was started next day, 80
rrams of urea were removed, and the blood urea fell to 152 mg per
100 cc, and the xanthoprotem to 60 <5, the alkall reserve rose to 47
tols <z, and the haemoglobin to 57 %

After the dialys:s the patient’s condition was good The same day,
» company with the nurse who was attending her, she developed rhinitis
ind a sore throat and the general micture of influenza with a hugh
emperature In the afternoon she started fibnillating again, and died
hat mght 1n cardiac farlure

Ym, 35 4 5.6, 7 8 9 ®
Patient 16 1945

Y7

Fig 44
Graph of patient 16, a man of 67 years Glomerulo-nephnitie
for 5 (7) weeks Diuresis did not improve

Patient no 8 came under treatment so Jate because 1t was
wrongly thought that a chromc nephntis was present

The production of 1 to 2 litres of almost clear urine a day with
8 SG of = 1,011 does not yet prove the exstence of & chromc
nephnitis, nesther does 1t exclude an dcute one!
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Patient no 13 has reached a blood urea of a height rarely reached
by any one This man too we should have preferred to treat
earhier

The hfe of patient 16 was probably lengthened for a week by
dialysis Patient 19 died from heart fallure as was expected

It seems to us that the prognosis of this group of patients i
extremely bad although dialysts may prolong hfe for a few days

B ACUTE URAEMIA AFTER OPERATIONS

1 Forms of acute post-operational uraemia progressing with
oliguria or anura

(Patient no 4) In a man of 68 years both the ureters had beer
transplanted mto the sigmoid because of carcinoma vesicae No umnt
entered the rectum The man's airculation was bad and the patient wa
m shock before the dialyms started During the dialysis the diuresisselin
but the urine did nol
reach the mgmord &
was planned 1t enteret
the pentoneal canity
from which 1t ewmerget
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Fig 45
Graph of patient no 7, 2 man of 30 years whose
night kldneAy contaming a carbuncle was removed

fter the operation anuria

through the wound ant
the dressings

When we observed
this the dialysis wat
stopped

(Patient no 7, fig
15) In a man of ¥
years 1n whose case tht
diagnosis Ycarbuncle of
the Xidney” had be<
carefully  made i
right kidney was taket
away After the operd
tion a complete anuri
arose The patient wa
twice treated with fht
artifial  kadney an¢
died of the consequence!
of his staphylncocm\
sepsts  of whieh
carbuncle of the kudnes
had only beer ?

At necropsy an spis
tic left lidney ¥
found m which eve!i
mmicroscopcally no rend!
tigsue could be disco?
ered (fig 43)



£33

)
;
x;&g'
oy
- :'l:
FERARREER

3
g
S
N
e
Y34

'\t!a é‘” v E
At o iy
Tt T v L
e R
46

g
Bladder of patient no 7 Right ureter hgated
{in the top of this photograph) after nephrectomy
Left ureter gradually narrowing till completely
obliterated Right at itz top theatrophic left kidney
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(Patient no 14) A man of 48 years had acute dilatation of the
sfomach, and after an exploratory lporatomy n the lower abdomen a
resection of the stomach was performed After the operation a pneu-
mom @ dpwalen 3ot * * ' thsulphathiazole Eight days after

was combatted with intravenous

110 ulea LUnleul UL Lne plood rose to 548 mgr per 100 ecm The pot-
agsium content of the blood serum rose to 25 regr per 100 cc, srd the
alkalt reserve was 36 vol < The patient was dying on arnval in
Kampen, pevertheless he was treated with the artificial kidney, but
he survived the diafysis only by a few hours

No one will blame the dialysis for not having been able to help

these three patients. Concerming the cause of patient no 14 's oli-
gutia we are still i the dark
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Fig 47
Graph of patient no 5, suffering from A uraemsa origimating after
& aperation and mn Infeetion The diureuis was ample, but the
coneentration of the urme was poor
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2 Forms of post operational uraemia where the patient does
pass unine, but where the concentration of the urine 1s so
bad that nevertheless uraemin arises or persists

(Patient no & fig 47) A man of 58 years i excellent health came
nto hospital for an mgumal hernia Following the operation he devel
oped a high temperature an exanthema and a pulmonary infiltration,
which was treated with sulphathiazole After 5 days he was drowsy and
and urnemc After 14 days the dwuresis rose to 2 hitres per 24 hours,
but the mans general condition deteriorated rapidly

On arrival 1n Kampen he was 1n a bad condition Before the dialysis
he was precomatose but during the dialysis he awoke and spoke with
his farmily Sudden death through apnoea

In the case of ths pattent we are all at sea as to the cause of the
uraemia Jjust as mn the case of patient no 14 The former s uraemn
persisted 1 spite of a dwresis of at least 2 litres per 24 hours

Microscopically no pathologic signs of any importance were
to be found in either of these two patients’ kidneys 1 e nota
trace of a nephritis

‘We have not been fortunate with these two patients as they came
m for treatment too late yet I believe that the post operational
uraemia and anuria must belong to the most promising mdications
for treatment with the artiftcinl kidney, complete recovery must
be possible In addition one 1s less encumbered by a hypertenston
with all its unpleasant consequences, as 1s the case with a glome
rulo nephnitis

C ACUTE URAEMIA CAUSED BY OR ACCOMPANIED BY
INTOXICATIONS

1 Mercury bichloride intoxication
Mercury bichloride 1tself 1s scarcely removed by the dralyss astht
Hg 1on forms non dialysable compounds with the plasma albumen

(Patient no 12) A woman of 24 years irrigated herself by mistakl
wth a solution of 1 gram of mercury brehloride 1 250 cem of water
The consequences were necrosis of the vaginal walls violent pam ant
necrotic ulcers in the mouth diarrhoea and vomiting besides almos
nstantaneous anuria  Her general condition deteriorated rapld]y‘
although by a dialysis five days after the intoxication the urea contel
of the blood was reduced from 265 to 89 mgr per 100 cc Two day!
later she died of broncho pneumona (with pulmonary oedema) probably
due to aspiration of the gangrenous discharge from the terrible uleer
ating mouth and throat

(Patient no 16 fig 48) A wom4n of 47 years tock a table spoonfu
of a draught, by nustake made with chloretum hydrargyricum 10/300
mstead of hydras chlorali The main ensuing developments were seriou!
gastro enteritic troubles wath diarrhoea and very soon a complete anurd
After eight days the urea content had risen to 289 mgr per 100 ¢
and 1t fell to 159 mgr per 100 cc after the first dialysis The abdo
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mmal symptoms caused the grestest wareyr and tha mat amt 3 od afi o
the second dialysig, She was al

second dialysis started She h

which the heparinigation will

could be controlied by blood transfusions
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Fig 48
Graph of patient no 15, a woman of 47 years with anuna
from mercunal nephrosts

These two patients did not die of the consequences of their
anuna The first died of aspiration from the g:
stomatitts The second died of the intestinal complications, espe-
clally of her colitis Taught by expertence we hope m future to
prevent the former by sucking away the saliva, and the latter by
cutiing out the colon absolutely in such cases of serous colitis
with 2 double-mouthed ileostomy, to prevent the thin corrosive
faeces from runming down the ulcerating colon.

Nevertheless the uraemia due to mercurial nephrosis must be
2 good indication for treatment with the artificial kidney. *) Espe-
cially as the mercurtal nepk e toa extent
if the patient remans ahive, but this takes time In the case of our
second patient, the diuresis was already starting agam, and in the
—_—
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postmortem examination of the kidneys regeneration was elearly
visible The chances of recovery rise with every day gamed for
the patient 1 this period

2 Uraemw after use of chemotherapeutics

Several chemotherapeutics, e g sulphathiazole and sulphapyn
dine may give rise to blocking of the urmnary passages by crystals
Apart from this mechanical obstruction another form of anura 1s
supposed te occur not accompanied by the formation of crystals

(Patient no 10 fizg 49) A man of 50 years developed an extensive
pulmonary embohsm three years ago and after that he was under
medical treatment for
fibrillation with 2 dila
ted heart

Three weeks before
coming n for treatment
he developed a pneumo-
ma which wag treated
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with sulphamethylthia
20le, and a week before
coming 1n he got a re
currence of his pneumo
ma which this time was
treated with sulphapy

ndine Anura followed

After four days the
blood urea had risen to
222 mgr per 100 cc the
patient had apart from
his fibrllation and his
dilated heart a conlt
nuous  hrecough e
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3000 was connected with the
artifictal kidney with
2000 out delay 52 gramd
of urea were removed
blood urea sank to 104

1000 mg per 100 cc
/ After one day's resta
] % cystoscopy was perfor

‘med and the pelves were
washed out Immed:
tely after this the diw
resis started The pa
trent recovered

As a rule the first thing to be done 1s to have a cystoscopy per
formed when dealing with an anuna after the use of chemothera
peutics In the case of patient no 14, where the chemotherapy might
have been the cause of the anurta I consequently had that done furst

Not always, however 1s the cystoscopy followed by the desired
result, 1 e by duresis while after a cystoscopy one must wait ull

Fig 49
Graph of patient no 10 a man of 60 years with
an anuna after using sulfapyridine



Fg 50
Roentgenogram of the chest of patient no 10
Heart enlarged specially to the rmght Pneumoma on
the right side not yet cleared up
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51 grams of urea were removed, and the hlood urea fell from 278 to
162 mg per 100 cc Dialysis was discontinued owing to the extremely
bad condition of the patient, and she died soon afterwards

(Patient no 21) DMan of 74 Under the care of Dr GEELEN m
Dr ENNEKING's ward at Nymegen Prostatectomy ten years ago Dys
uria and incontinence during the last four years Four months ago
multiple vesical calculi removed by operation Three weeks ago symptoms
of pyelo cystitis began, fever, almost continual hiccough and pamn 1
the back Admitted 7 6-46 The prostate gland was found to have en
larged again and on x ray the shadow of a stone was seen at the night
pelvo ureteric Junction Blood pressure 115/75 Blood urea 320 mg %,
plasma NaCl 660 mg ¢, Patient seemed moderately dehydrated Dia
lysis was started next day, but owing to the arterial cannula having
too small an aperture the flow through the artificial kidney was slow
and only 33 grams urea were removed in 7 hours The blood urea fell
to 203 mg per 100 cc After dialysis the patient was very fired and
shghtly cterte but his general condition was not bad and diures:s set
in Six weeks later he went home relatively well (fig 51)

(Patient no 22) Man of 68 He had an indwelling catheter on ac
count of prostatic hypertrophy for 4 to 5 months Subsequent prostat
ectomy with a progressive post-operative rise in bloodurea and deterto-
ration of his general condition Admutted to Kampen sixteen days after
operation with pronounced CHEYNE STOKES breathing, blood urea of
309 mg % and alkalireserve 28 vols % Dialysis removed 66 grams of
urea the blood urea fell to 82, and the alkahreserve rose to 44 The
cardiac condihion however remained very bad, and two days later he
died of cardiac falure and pulmonary congestion

Post mortem, congemtally atrophie left kidney, marked hydro
nephrosis with infection and scarring of the right kidney

In patient 20 a blood urea of 278 mg per 100 cc suggested that
uraemia was not the cause of her uncoscrousness. Dialysis was
nevertheless performed at the request of the neurologist and for
the tramng of the "artifical kidney staff”, as it seemed that
nothing would be lost

Had patient 22 come 1n ten days earher, it might have been
possible to return hus blood chemistry to the same position as it
was at the end of five months of indwelling catheter

The recovery of pattent 21, a man of 74, shows that age mn 1tself
need not be a contraindication to using the artificial kidney This
man’s improvement after treatment by dialysis will Fave been only
partly due to the removal of retention products, and probably more
to correction of extrarenal factors present at the time It 1S quite
posstble that a sumlar mmprovement could have been obtamed by
ntravenous infusions alone In face of the result, however, no regret
need be entertained that he was treated with the artificial kidney

Qur impression 1s that the kidney function of patients wih pro-
static hypertrophy, calculi or other forms of renal obstructon, s
regained once the obstruction s removed The artificial kidne}
'may help to tide over a difficult period



CHAPTER V

THE CLINICAL SYMPTOMS OF URAEMIA DURING
AND AFTER THE DIALYSIS

As some “pressor” substances, which seem to play a part m
many forms of raised blood-pressure are dialysable one might
expoct 2 lowering of the blood-pressure by dialysts i case of
hypertension caused by renal ischaemia However it seems un-
likely to me that any influence can be exercised on the angiopasms
of acute glomerulo nephritis by dialysis {literature no 7, 15)

Our first patient, the only one of our series of patients, who may
have had this pressorsubstance in a considerable degree m her
blood, showed a fall i bloodpressure after each dialysis, clearly
to be seen 1n curve 34 on p 39 It 1s highly probable that these
falls must be concerved as a more or less prolongated shock, but
the climeal aspect was difficult to ascertain

The fall bloodpressure which appeared mn other patients
duning dialysis, must certainly be conceived as a symptom of shock
This will be discussed 1n the chapter about reaction of the patient
during dialysis

The ocular symptoms

The ocular symptoms m chronic nephritis depend more on hyper-
tension than on uraemia In the first patient with contracted kid
neys {patient no 1) we treated, a striking improvement of the
fund: and the vision appeared Both are either accidental or due
to the decline 1 hypertension during this period

It would be interesting to know 1f the white foc1 xn the fundus
oculs fmprove after dialysts This was temporanly the case with
Patient no 1

The mental condution

Several patients were comatose and dying when they were con-
nected wath the kidney They did not regain consciousness during
freatment Some of the patients who were praccomatose became
fally concious

Patient no 5 awoke during the dialysis, and spoke more clearly
With hus relations than he had done for days.

Patient no 6 regamned conscrousness i the mght while she was
on the kidney, and <he began to talk about her relations, so that
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I had morphine admimstered to her to make her sleep agam

Patient no 11 who was very sleepy, improved much after the
dialysis in that respect

Pattent no 1 never made that stuporose and mndolent impression
which we mostly see 1n uraemic patients

Patient no 14, no 15 and 18 remained fully conscious till shortly
before their death It cannot be assumed that this would have
been possible without dialysis

Patient no 17 m a stuporose condition had her mind completely
cleared after dialysis

Vomiting

Some patients vomuted, but n the first 15 patients we had
no case where vomiting was so desperate after a dialysis as we
formerly often saw in uraemia?)

TABLE 1
m which 1s d the mp; or 1on of the diuresis
after dialysts

hed dm} n‘,., Duwresis after treatment

£ | eanyto Remarks

& | forman! Set Im Remat emar.

2| omon | gomg | proved ned equalfDeclined

1 +

2 |t

3 + i

4 + Ureter got loose trom
sigmotd  Unine m the
peritoneun

s + 700 ce of urme 1 the
bladder

6 +

7 . .

8 + No kidney left

9 + Much blood m unse

i0 + After cystoscopy

it &

12 + Much /blood m ure

13 + Qu'm(mes hard to es
timate

14 +

15 +

1) The 18th pahent has vonuted much during and after dinlyms We have
of the played 2 part but no evidence was foun
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The dwrests

From the curve on p 39 one gets the 1mpres<ion that the urine
production of our first patient became less after the greater dia
Iyses We have ascribed this to the temporarly reduced blood
pressure (or to shock 1f one hikes), and to the steady aggravation
of the contraction of the kidney At any rate we thought it desir-
ble 4o investigate 1n the following 15 patients 1f the dialysts could
have an unfavourable influence on the duresis

The above table shows that m 6 patients the diuresis has been
improved or set going while 1t has only decreased in the case of 2
patients (our first patient included), presumsbly because the high
blood pressure was no longer mantamed

Urgemue exanthema

Patient no 13 and patient no 25 showed a very clearly papitls
form and blotched exanthema After dialysws 1t disappeared within
2 few days



CHAPTER VI

REACTIONS OF THE PATIENT DURING DIALYSIS
AND THEIR THERAPY.,

Rigors.

We are doing our utmost to prevent rigors, yet on 29 consecutive
dhalyses 8 occurred

We tned to prevent rigors by cleanming the tubes and all the
matertal comng mto contact with blood as carefully as the tubes
used for a blood-transfusion

Some nigors have been caused by heparin Others have ansen
from the use of liquds given intravenously during dialysts which
were not so pyrogen free as the manufacturer hoped

Shock.

‘When too much blood 1s allowed to run from the patient into
the kidney, the patient will develop 2 clinieal condition generally
deseribed as shock He wnll tecover when the blood 15 led back
at once, or when a bloodtransfuston 15 given

If shock 1s repeated several times the patient does not recover
completely, 1t may take hours, sometimes days before the blood
pressure reaches its former level again

There are, however, conditions very similar to the clinical pic-
ture of shock that are not due to or not entirely due to loss of
blood

Peripheral venous construction may occur It may herald the
unset of a rigor, it may be due to heartfailure, in which case
therapy must be different The patients often showed the climcal
prcture of shock before dialysis started, especially when they were
dehydrated If the venous pressure was not raised and the heart
was not thought to be the primary reason of the condition, the
shock could sometimes be mmproved by giving bloodtransfusions
during dialysis

A very good example of this we saw 1n pattent no 6
The blood pressure at the beginming of the dialysis was 130/85 at
the end 170/80 This seems too high at first glance, but 1n a woman
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of 100 lalos and with an acute glomerulo nephritis one may expect a
nmlar blood pressure and then the blood pressure 130 85 must be taken
a3 too low

Therapy

Shock should be treated at once and effectuallv Salmesolutions
gven into the bloodstream tend to leave 1t immediate'y agan The
longer a shock exists the more 1t 15 necessary to fight 1t wath
cllndal solutions blood bloodplasma capain In a patient who
has 2 disposition to shock the 1% to 3; L of blood necessary to
fill the kidney must be replaced at once In these mostly seriously
il paients one must always hover between shock and overloading
of the crreulation with as 1ts most serious consequence pulmonary
sedema O we gave d to fight shock but I
zever got the impression that they were ot any use 1n serious cases
No more have I seen any evidence of the value of remedies for
the heart cigitahs preparations ouabame et for the freatment
of the acute farlure in these patents

Pulmonary cedem1

Patients with uraemia run a greater risk of pulmonary edema
than others they often have oedema and ofien hypertension so
3 disposition towards left fallure pulmonary congestion pulmon
ary oedema, Strong anaemia and asprration pneumonias which
3y oceur as the patients are often semicomatose and may vomit
further inerease the chance of pulmonary oedema The same holds
Eood 1t 3 defient of salt 15 calenlated n 2 patient and the calculated
quantity 15 adnumistered too quickly This should be done carefully
N the course of a few days

When ene fights a shock one 1s compelled to supply big quan
hes of fhng ntravenously mn a short time If too much saline
solution op § % of glucose 1s used or 1f 1t 1s given too quickly then
9% runs great misk of failure the shock contmues and pulmonary
tdema appears One should use for this purpose blood bloodplasma
&N equivalent substitute m these patients

Thempy
When pulmonary oedema appears or one 1s afraid of pulmonary
oedema owing to much 1 and then

p y
wodiately a large venesection must be done 1 e 500—1000 cc
oblaog 1 4 happens during dialysts one may add extra glucose
o © bathwater by which fluid 1s drawn from the blood (and
a‘f“ of the tissues) imnto the bathwater Moreover 10 or 20 mgrs

morphine are given. Theophylhine mav be tried
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Restlessness of the patient and its treatment with narcotics.

Uraemc patients may be desortentated and restless Smce we
fix glass canulae into the bloodvessels of the patient, and after
that bandage the whole arm, we need no longer be so afrad of
any restlessness of the patient, as when we were working with
venepunctures

My 1mpression 1s that patients with uraemia sometimes reacted
badly to the high dose of morphine which we injected formerly We
shall have to be as economical as possible with narcotics in future

Factors which promoted or caused death

When we know with what symptoms “the patients to whom
an artificial kidney 15 applied” die, and what factors contnbuted
towards death, then we may perhaps postpone or prevent the end
by mummmsing these factors

For this purpose the gloomy Table 2 1s given on p 64 We see
pulmonary oedema 8 times and bronchopneumonta 4 times

In some of the subsequent patients 1t has been possible to reduce
pulmonary oedema with which they were admutted It should be
realised that uraemic patrents usually die from pulmonary oedema
and that the artificial kidney cannot be held responsible for these
deaths Not only can we reduce the pulmonary oedema by dxalysxs
but we can now also fight bronch with

TABLE 2

Patient No Factors which promoted or caused death

[

Uraema

Dehydration, actdosie

Coma after collapse caused by acute imsufficientra cordis

Shock, Urmne 1n the abdominal cavity, Ca with mets
stases

and y edema
Delirsum Sepsis (of which the kadneyearbuncle was only
a part)

No st

=
S @

Coma and pulmonary edema
? (no pulmonary edema) Ca with metastases
Cured
11 Pulmonary edema after distinct left msufficiency
12 Pulmonary edema and bronchopnesmona
13 Pulmonary edema, haematothorax and pneumothord™
11 Dehydration Pneumomia.
15 Haemorrhage Shock, Coma Pulmonary edema

* t



CHAPTER VII

INVESTIGATION ON SUBSTANCES WHICH WERE REMOVED
{OR SUPPLIED) BY THE DIALYSIS WITH THE
ARTIFICIAL KIDNEY.

\ow-protetn nitrogen

Whether a substance 15 dialysable or not depends inter alea on
the size of 1ts molecule and whether 1t 15 bound to the plasma
proteins

TABLE 2

The rest mitrogen of the blood, expressed 1n mgFs per 100 ec
before and after dialysis

Patient and | Rest N of blood Rest N of blood
Latyes of g::xg?:l;,;f:m | 14 after dalyss | g oo
—_— T o
1x%) 188 1 49
2 340 after 13 1 280 |
1 uz 91 51

1 is clear that the restmitrogen of the blood falls by dialysts.
Ve have further given up determnations of restmtrogen, and
ther det its 1, t:

.
Normal quantity i the blood 16~50 mgrs per 100 6e

.
‘he uring per 24 hours
—
.
) Patint no 1, dualysls mo X of thos patient
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TABLE 5

The urea of the blood, expressed in mgrs per 100 cc, before and after
having flowed once through the kidney

Urea of the blood after
1t has flowed once
through the kidney

Urea of the blood before

Patient and dialysis gomg mto the kidnes

51 238 30
71 142 47
T 89 n
131 * 600 134

The height of the urea in the blood 1ssuing from the kidney
especially depends on the concentration of the urea in the bath
water, and consequently on the question whether the bathwater
has just been refreshed or not. 'Thus the concentrations of the bath
water before 1t was refreshed, amounted to

TABLE 6

Urea amount of bathwater expressed in mgrs per 100 ce before 1t was
refreshed (this is mostly after 2 or 8 hours of dialys:s}

Patient and 1st bath 2nd bath 3rd bath
131 106 81 50
13n 35 50
141 25 138 85
151 o 22

The success of the artificial kidney would be higher, 1f we had
a reservorr with rinsingwater, flowmng 1n the opposite directiod
of the bloodeurrent at our disposal instead of one bath of 100 Ls

TABLE 7

The total quantities of urea which could be shown per dialysis
n the bathwater

Paient and dralysis 10 | 1) e | s fagn| o || En
Quantity of urea n
grams removed per 5
dialysis 52 | 146 | 65 | 263 | 95 |02 | T

The blood which has been purified to a large extent of urea and
other retention-products mn the kidney, comes back mto the ©F
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culation of the patient, and 1s agam directly provided with reten-
tion-products from all tissueflwids Indeed it takes some time before
one begins to perceive some sign of a fall of the retention-products
1 the blood of the patient.

In the table below the urea amount of the patient’s blood be-
fore and after dulysuis 1s compared for 10 patients

The samples have been taken from the tube, as close as possible
to the arteria radialis

TABLE §
Urea of the blood of the patient before and after dialysis

Patient and dialyms® ] 12 s 135 ‘ 1311

plags

;
Blood of patient f
before dialyss . | 3 | 704
Bload of patient |
after dualysis 82

192

The greatest fall of the urea of the blood was 512 mgrs per 100 cc
But not only urea, also other retention products are removed
rom the blood by the artifictal kidney

‘reatinin
Norma] concentration 1n the bloodplasma 0,7 to 2 mg per 100 cc
Narmal exeretion with the urine per 21 hours L1—15 g
TABLE 9

The excretion of ereatimn by the artifietsl kudney,
expressed in mgrs per 100 cc

Patient and Blood of patient [ Blood of patient
dialysly

Blood from the
kidney

before the dialysis| after the dialys:s

1x 5A } an ! 23

5 13 17 ] 1z

Tt e ! 25 ' 16

Tu 34 l 14 190

9 7 i 22 t 1.2
12 6,1 ) 29 29
131 7 29 231
u 42 31

It appears from table 9 that the creatmin of the bloodplasma
>f a patfent with uraemia may be exceedingly reduced by an ex-
tensive dialysts, if continued for a considerable time, 1t may be
brought back wathin normal bounds.
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Unc aad
Normal content of uric acid of the bloodplasma 2—4,5 mg, per 100 cc
Normal excretion with the unne per 24 hours 04—1 g
TABLE 10

The excretion of uric acid by the artificial kidney
Ure acid expressed in mgrs per 100 ce

Ibid after | Blood from
Pationt and dralysis | Bloog of patient dialysts the kidney ‘ Bathwater
[
Ix 97 47 1 23 1
3 149 i 86 67 12
5 71 52 36
6 102 b8 53
7 ) ] | 53 |
3 | 94 N i G
n 88 52
3 11 5 13
n 74 46
1 20 w7y | 88 }

|

Just as with the urea, 1t 1s clearly shown that the dialysis 15

most effective 1f the concentration of the urte acid 1n the blood 15
high

Indoxyl
Normally the blood contains only 0026 to 0,85 mgrs per 100 cc
plasma. In uraema one would find up to 7 mgrs of 1ndoxyl per 100 «
of bloodplasma
TABLE 11
Indoxyl of the bloodplasma expressed in mgrs per 100 cc

Blood of patient. nid Blood from
Patient befora dialy®s | after dalysis | the kidney Bathwate

3 + -+ trace

b 04 02 trace

HaAS showed that mdoxyl can be removed from dogs by dialys
We had no further reason to doubt this, and therefore did m
perform further determinations

Substances, causing the xanthoprotein-reaction
The normal xanthoproter reaction i 1530 % of the standard B

1) Agonal ncrease of unc acd
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In none of our patients the sodium percentage had been lowered
greatly. If sodum 1s retained flnd 1s held i the body outside
the cells as well, and this means edema Therefore we are afraid
of supplying sodium Certainly 1f the patient already has edema
and the more so as in all these patients an overloading of the left
side of the heart with pulmonary edema 1s imminent

Potassium
The normal potasstum level of the bloods‘erum 18 16—20 mgr per
ann s POasSILI, Tver o nooTE IS L e R

hepeidledly & SLIong Lise gl Lie PULassIUIL LUILENL L LI Wivousel ui
1 noticed 1n patients with uraemia shortly before death

It 15 mostly impossible to determine the potassium percentage
of the heparimsed bloodplasma We cannot therefore determine
the potassium content of the bloodserum during and after the
dialysis, as long as the patient 1s still under the mnfluence of the
hepanimsation Therefore we must be content with the potassium
level some days after the dialysis mn the table below, and try

to draw our conclusions fram these .
TABLE 13
Potassium content of the patient’s bloodserum, expressed n mgr per 100 cc
Potassinm bid Potassium demonstrated
of blood BOmMe days 1dem in the bathwater
Pattent | gerum befora| after the later {later on 1t has been
the dealysis | dialysis added to 1t)

1 19,4 18 88 34 mgr per 100 ccm
{8 hra post
‘mortern)

2 222

3 \ 87 | |

6 1 176 7,2 mgr per 100 ccm
7 | 83 | =3 273

9 ' 7 ! j

10 235 |
13 i 216 ! 148 256
15 14,8 ,1917,6, | 207
w | o B

Noting the potassium of patients nos 7 and 13 after dialysis 3
becomes very likely that potassium 1s removed by the dialysis, 10
patient no 13 to such a degree, that 1t appeared destrable to add
potassium to the bath water henceforth, to prevent a too strong

declime
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tive. In exceptional cases the magnesium eontent should even be able
4 = L a1 Wl whamn sha mavent & sffort Mav become avparent Even if

Chlonde
_ The chlonde pet:':enfagti 13 near]

Inays given as NaCl percentage
wan i HUN_28N o nor 100 com

n the

. ating,

sweating and diarrhoea, partly also by the fact that detective kidneys

when they are still producing unine, can only do so by excreting chlonde

as well, however acute the shortage in the body may be Moreover these
patients as a rule take up very little or no chloride with their food

If one corrects a chlonde shortage of the blood plasma, one
supplies chloride mamly in the shape of NaCl Not always, however,
does a pattent react favourably on a too rapid correction of his
NaCl' The possibihty of pulmenary edema should always be kept
m mnd

TABLE 16
Cl of the patient’s bloodplasma, expressed as NaCl in mgr per 100 com
Patient NaGt NaCt NaCl
and befara percentage Remarks
dialysig dialysts | dialysis | of the bath
] - =
2 584 | @42 T i becoms too high
8 &9 | es3 700 [
6 60 2 ©50 duly fallen?
700 Patiant was exsiceated
6 | b5 | ess } 700 | bocoma tao high
3 2L 1 b3b ] ol Hnn s0[OWhdL, DUt 0ot Y6t
| | i normat
n l 508 605 650 normalised
9 845 ) 826 620 ] »
1 6% | 59§ 850 .
1 Tora ROL 00 1 .
12
131
Irg - -
14 .
151

This table very clearly shows that the NaCl of the blood plasma
parallels the bathwater! So 1t 15 of great ymportance to choose
the Cl-ion concentration 1n the bathwater well; both a shortage and

1) See Frsusrrc (hit no 5)

\
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2 surplus are corrected. When comparing the amount of neg
wons (CV, HCOy) in plasma and bathwater the DO\ AN-equil~
brium should be considered because within the membranes mdif-
fusible neg tons (albumen) are found By this the €1 and HCOs-
amount of the bathwater 1s 1020 < hupher than that of the plasma
when m equiibnum Moreover the NaCl amounts of the blood-
plasma have been expressed per 100 cr of plasma while actually
the percentage of the plasma water 15 concerned which hes abaut
10% higher

Phosphate

“gnoue_e warganic form phosphory  nmcur  n the ploed ay H:PO: and
The phosphate is expreved as phosoh ra  Normal phowphate of the
bloodplasma 24 mgrs per 100 cc For hlrc1 4 & mar per 106 e
In patients with uraemia nearly always an mcrease of the phos
phate 15 found In table 14 the phosphate at the beginning of the
dalysis vanes between 7,8 and IS mgr per 180 cc Phosphate 3s

quickly removed by the dialysis

Alkal reserse

The normal alkal resetve amounts t o0 70 | L0z The CO:z
which 13 made {ree at the determination of the a hal reseme comes for
the greater part from the NaHCO {sdiumb carbonated of the blood
vlasma 1 vol % COu corresponds waith ™ mgr  NValCOe

TABLE 17

Alkali reserve in % volume of the hinod of the patient

etors A Biond for | Buh
Patleot | gaigsis | duigas | homdnee ((37 vaBCo,
) z
(& W 1 200 oge ¥,
3% vot 00,
n 3 @) ¢ty 40 o
a 30
9 s [ JTR
3 &9 52 b |
a1 e 'R =) i I TIRE (3L ¥Gl 1)
4 40 37
7 40 4 ]
H I 4
& 28 47 4]
~ ey [0
ks i 3 2 o
B 87 o +
& & @ ol
—

3 Ditermination of the alkal reserve of the bathwater af*er th  dialyas
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From the above table 1t 1s seen that the patients mostly have
a moderately reduced alkali reserve i the beginning which 1s
improved after dialysis

In dialysis 70 and mn dialysis 13 the patient’s alkali-reserve 1s
higher (better) after the dialysis than before No extra NaHCO,
was given Intravenously Presumably retamned acids have been
removed by the dialys:is The blood from the kidney had a lower
alkali-reserve (24 resp 27 vol %) than the patient's blood One
may take into account that the CO, dissolved 1 the blood, which
15 included in the determination of the alkali-reserve, will have
escaped through the cellophane during the dialysis, this however
only makes a difference of about 3 vol % Only twice a determin
ation has been performed of the alkali reserve of the bathwater
after dialysis With the 15th patient the alkal reserve of the hath
water after the first dialysis was only 31 vol % (in the beginning
53 val % 1s to be expected) This would indicate that large quan
tities of acid left the patients blood for the bathwater, and that
there they expelled the CO; from the NaHCO,

It 15 necessary that more determinations are performed and
if this single observation should be confirmed we need not be
surprised at the low values of the alkal reserve of the blood from
the kidney

Extra NaHCO; might be added to the bathwater during dialysis
but then a rather high sodium concentration s obtamned

We have been afraid that a high percentage of NaHCO; and a
strongly alkaline bathwater would influence the pH of the blood
with possibly unfavourable results If oxygen with 5% CO, were
bubbled up through the bathwater continually, the desired pH
would be obtained

To perform this one would have to make a cellophane hood over
the kidney to provide the ar mside this hood with 5 CO» The
5 % CO, would be mixed very intensely with the bathwater by the
rotating cylinder An additional advantage of a bathwater with a
correct pH would be that one could add calcxumchloride to the bath
water without the cal being precip ‘bonate

As long as we do not possess a cellophane hood over the artiftcial
kidney, and do not have CO, bubbling through the bathwater, we
repeatedly give small quantities of NaHCO;, 5%, diluted with
saline intravenously to patients who are connected wrth the artt
ficial kidney 1n a state of strong acidosts The alkali reserve must
be checked to see whether enough has been given?)

1) Calaumgluconate should be given at the same time otherwise tetama
may be provoked
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Glucose
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INSTRUCTIONS FOR FITTING UP AND CLEANING
THE ARTIFICIAL KIDNEY.

For each dialysis the following are required:

I A packet of tubing, previously sterilized in autoclave, and
packed 1n a sterile condition (tubes, glass vessels and couplings
may also be boiled before dialysis)

Contents of the parcel of tubing

The wide tubes have a diameter of 6 mms inner section and 11 mms
outer section The narrow ones have a diameter of 4 mms 1nner, and
7,5 mms outer gection The numbers e front of the tubes refer to the
frtting up diagram A

{uchtvamgor—s

rr— lasn nzethu sie | eepe
C
3 pot enl
siangenpo np.
P 7
smal " daren
v
° 9 Tstuh et
mouwbeen

[wo]
glas

wvan patuot

Fitting up Thagam A

nzetbmsje == wsertion tube las == joint
koppeling = coupling luchtvanger = air catcher
T-stuk met nauwbeen — zeefje = sieve

T piece with one narrow end slangenpomp 3= tube-pump
breede darm = zybuis = side tube

wide cellophane tube smalle darm ==

van patient = from patient narrow cellophane tube
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THI PRESSURE WINDOW OF THE OUTFLOW-TUBE
FROY THE PATIENT

ﬂ«l J 7 w//////llltizﬂ %
cellopkaanaarm * hgatuy~ canu/e]
cellophane gut tgature canula
Sketch B

a wide tube, about 125 cms long for the burette
a narrow tube, 170 cms long, with pressure-window (see
Sketch B)

wide tube, 50 cms long (T-prece to coupling)
2 wide tube, 60 cms long, with a glass insertion piece (coup-
ling to gut)
2 narrow tube, 150 ems long, ftnishing 1n a small glass tube
close to the end the return-tube to the patient (This latter
prece of tubing 1s used when tapping samples of blood, the
tube 15 pricked with a needle and the blood sucked up by
means of a syringe )
2 wide tube, 60 ems long, with a glass msertion plece (gut
to coupling)
2 wide tube, 50 cms long (coupling to T prece)
2 narrow tube, 45 ems long (runmng through the tube-pump
to the air-catcher)
and 10 five wide tubes of about 10 ems 1n length, connecting-
Preces between the glass T-preces and the pglass parts of the
side-tube
a couple of jomnts {glass tubing covered with rubber)
the rubber stop of the air-catcher, with intet tube and filter
two glass T-pieces, with one arm tapering and a normal
T-prece
the couplings
the wooden reel upon which are wound ewther 10 ms of narrow
and 30 m of wider, or 45 m of narrow cellophane gut

two packings (cotton threads of 12 ems)

one or two artery forceps {to be placed on top so as to be
immedsately accessible)

1 A parcel of larger glass vessels, either dry sterilized or boiled.

Contents of the parcel of larger glass tessels
I a burette with 2 prerced cork

an ar-catcher, with a small rubber tube of about 3 cms ¢n

ts spout
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3 ;be stde-tube, 1n 3 parts of 30 ems m length each, outer section
mms

UI Stenle canulae

A collection of glass canulge for the veins and arteres should
be present, each of them packed sterile in a test-tube closed wath
cottonwool, to two canulae a 10 cm piece of rubber tubing with
a glass stopper 18 connected fig 32¢

IV 15 hitres of sterile, apyrogenic saline, at least 1} htres of
blood compatible to the patient, or (blood)plasma, while between
2 and 3 litres of blood should be available at short notice

Preparation of apyrogenic salt solution

The saline solution 1s prepared in special enamel vessels with
a capacity of about 8 litres The vessels are brushed out with a
hot soda solution, and repeatedly rinsed with hot water They are
finally rinsed three times either with fresh tapwater or with fresh
apyrogenic water After this the vessels are Hilled with fresh
apyrogenic distilled water or fresh tapwater, to which 9 g of NaCl
per litre 15 then added

A piece of gauze 15 stretched across the opening of the vessel,
and over this a piece of taffeta Of this, a slip should be left free
at the spout to allow steam to escape during boiling, each vessel
being allowed to boil for at least a quarter of an hour The taffeta
is then tied so as to close the vessel the latter being cooled mn a
bath of cold water

V Medicaments, instruments and spare accessories

See that the following are available

1 Heparin (maximum of 1000 to 2000 mg for each time)

2 Ready-weighed quantitites of salt for renewing the bath
water, for a bath of 100 L 600 grs of NaCl, 200 grs of
NaHCOj3, 40 grs of KCl, and 1500 or 2000 grs of glucose

3 Cottonwool, ether and alcohol, plaster, saissors, sterile sy-
ringes, and & collection of long and short needles.

4 Spare glass T-pleces, hinks, jounts, glass stops to shut off
tubes, all kept sterile in alcohol

5 Thread to fasten ligatures, piece of elastic, taleum, grease
o1l, screw-driver and pliers

6 A rack provided with both sterile and non-sterile test-tubes
and one provided with tubes contamng sodium oxalate and
paraffin, for samples for determiming the alkali reserve
Labels should not be forgotten!
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7 A number of bottles of 100 and 300 cm® with glass funnels
for samples of the bath water

Lists to enter observations and samples

A spare driving belt for the motor

Earth wires bath of the heating element and the motor
should be checked

S

Fitting up and miking ready for use

The tubes glass work etc may be sterilized 1n the autoclave
and kept in 2 dry stenile condition In this cace the extremties of
the tubes must be moistened with
aleohol m order to ensure their being
eastly fined to the glass parts and
couplings The tubes and the glass
work may also be borled i a large
pan (see Sketch C) immediately be-
fore dialveis

The cetlophane gut 15 wound ¢n a
wooden reel (fig 30) and boiled for
a quarter of an hour m the pan with
plenty of water m order to remove
1 | as far as possible the glycerme in
which 1t was soaked

Futting the couplings

Take the mner tube ir the hand
holding 1t by the protruding cross
————— «~———— piece and push the screw-cap on it

Sketch € the cross piece
M agamnst the cross pi
’-'"zt;:,uss;r::lﬁvm;‘ d§2,5 em The countornut should be turned
Heght 125 em on to the wider tube farst

Helght B o oo Spak a sterile cotton thread 12 cms
long 1 a pot of sterile vaseline and
wind this thread with the ad of a
sterile forceps around the mner tube Then push the screw cap
35 far as possible over the packing and push the inner tube mnto
the wider one The screw cap may now be turned on without any
sk of the fibres of the cotton thread blocking op the screw thread
Push the tube with the glass nset piece on to the wider tube
(o, 4) and introduce this tube through the hollow axs of the
kdney The coupling 1s then fixed by means of a screw Fin the
tree extreruty of the couphng with a wire or a brace In the samc
way the second coupling 1s fixed 1n the hollow axis at the ether end
:l:m evlinder Do not forget the dniving belt!
* &
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The cellophane gut

The rubber tube (No 4) wath the httle glass tube inserted
the end of 1t 1s now led outside thraugh the spokes of the wheel
and passed between the laths to the outside of the cylinder The
end of the tube 1s wiped off with alcohol, the beginming of the
cellophane gut 1s pushed on to 1t and fixed with two hgatures over
the rubber tube wath the glass insertion-piece After this the
gut 15 wound tightly around the cylinder Be careful not to let the
windings overlap, they should lie closely side by side

When the first length of gut has been wound upon the cybnder,
‘a second length 15 attached to the first by means of a jomnt (No 11)
Both guts have to be fixed round the rubber piece with a double
hgature The second length of gut 1s then also wound on the
cylinder, and 1ts extremity connected with the tube (No 6), which
at that point, protrudes through the other hollow axis of the cylin
der This tube may have to be lengthened by nearly half the
circumference of the cylinder so that the cellophane gut may be
tightened when after some hours of dialysis it has stretched
(see Sketch D)

THE SHIFTING OF THE TUBE § DURING DIALYSIS

-
elastiehye
-

tube 6 at begmmmng of dualymis after a few hours

Sketch D
The figure on the left 1s not quite correct, inasmuch as the tube €
will always have to run a httle way over the outside of the roll
before 1t 1s fixed to the cellophane gut Elastiekie == elastic band

The way the remamning part of the errewt 1s mounted follows
from the Sketch A The tube which 1s led through the tube pump
must be rubbed with plenty of taleum beforehand 1n order to ob-
wiate any damage by the rolling of the pump

Rinsing

When the tubes are fixed, about 10 htres of sterile, apyrogenic
salt solution, 1n portions of 400 cm®, are let in via the burette and
allowed to pass through the tubes and the gut, the eireuit should
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be femporarly interrupted in the side tube (see Sketch E} Sce
10 1t that the air-catcher and both in and cutflow tubes are rinsed
then close these tubes wath a cramp and protect the open extre-
mtes erther In sterile tubes or with stenle gauze

THE CIRCUIT INTERRUPTF D DURIN  TINSIN

zibws  sd u
Sketch b

After making sure that there arc no le k. n the gut about half
titre of salt solution with 400 mgs of heparine 1s poured nto
e burette This 15 allowed to ¢ reulate Ster le glass canulae ore
en fixed on both outflaw and return tub o after which these
ssages are also rinsed with the salt solut n and heparine care
Ing teken that as Iittle as possible of th preco  heparine is
LIS

‘akages

When the kidney has been sufficiently rinsed the cellophane
115 caretully tested for leakage If necessars the frame with
¢ retating-cyhinder of the kidney 1s rarsed in order to evamine
ndittons underneath the cyhinder {see fig 19) A leak may some
es be Jocahized by binding off the gut at different points with
ape The hquid then accumulates in the windings m front of
¢ siricture When a leak 15 found the cellophane gut s cut
ough at the pomnt where the openmng is and a jownt ig made
veed be one may also remove a length of gut a Iittle shorter
an one winding and conneet the remanng ends with a joint
® 2 bit of rubber tubing with a small glass tube inside for
thnessy

Double tgatures should be placed everywt eve round the cello
*ane gut When the cellophane gets wet 1t very eastly ships from
"3 2 theead and thercfore the thread should be wound round
® vellaphane gut as many as 10 or 12 times



SUMMARY OF PART I ARTIFICIAL KIDNEY.

As early as 1913 ABEL ROWNTREE and TURNER were able to
remove produets of katabolism from the blood of expermmental
amimals by means of dialysis The blood 1s prevented from cloting
and flows outside the body through a system of dialysing tubes
The substances with small molecules to which nearly all the
products excreted with normal urine belong, can be removed by
dialysis, whereas large molecules such as proteins cannot pass
through the membrane

In spite of some later efforts, vivi-dialysis has not found a
lasting place in chimical use At present we have greater oppor
tunities than earlier workers, because we have excellent dialysing-
membranes (cellophane) and 2 rehable non toxic anticoagulant
{heparine) at our disposal

The first thing we had to do was to construet a dialysator effective
for chimeal use A good dialysator must spread a small quantity
of blood over a very large surface, the blood must circulate
a closed system and the blood as well as the washing liquid must
be kept 1n continuous movement We must be able to clean and
sterilise all those parts that come into contact with the blood so
that they do not cause any pyrogenic reactions

After many earher endeavours, briefly described elsewhere an
artificial kidney was constructed 1 cooperation with Mr H TH
J BERR, an artifictal kidney which is suitable for clmical use

A detailed deseription of this artificial kidney 1s given, and 2
full set of drawings 1s given for its construetion, so that any good
nstrument maker should be able to construct an artificial ¥adney
Moreover nstructions are given for its cleaming and sterihisit
This 1s 1mportant m avoiding undesirable reactions of the patie
such as rigors etc Detmiled reports of the first 15 patients wi
were theated with the artificial kidney have been published
the Dutch edition our expertence with the artifieial kidney h
been analysed, the mistakes have been exposed i the hope
making an uninterrupted vividialysis possible In this way lat
treatments took place practically without techmical interrupticr

Through the dialysing membrane molecules go both 1n and ot
therefore much attention has been paid to the compositon of t!
nnsing-liqud, as, 1 Do circumstances may the patlents be d
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continue to give a chance to every severely uraemic patient who
comes into our hands alive we shall never flatter our statistical
results

Some patients became uraemic owing to anuria or oligura
Others became uraemic though thewr diurests was about 1 or 2 L.
a day, blt the concentration of the urine was poor This may be
the case both 1n patients suffering from acute glomerulo-nephritis
and 1n patients after operation

In cases of acute uraema one should not postpone the treat
ment until the general condition of the patient suddenly declnes
We have come to the conclusion, that these patients nearly always
die unexpectedly, whereas a short time before they still made
climeally, a good 1mpression

‘We propose to treat the patient with the artificial kidney as
soon as the urea content of the blood mises over 350 mgr per 100
cc (3,5 grams per lifer) and before that, if, moreover, the potassium
content of the blood 1s higher than normal, or the alkal) reserve
15 too low

If this 1s done, the urea-content can easly be brought under
100 mgr per 100 cc 1 one cialysis but this 15 usually not even
necessary In the case of the 18th patient, the urea conient was
reduced to 46 mgr per 100 cc

It 1s now possible to deliver a seriously uraemic patient of his
uraemia mn one dialysts, which lasts from 5 to 14 hours, so that,
after the dialysis, he will have a several days’ respite before the
intoxication endangers his hife agamn In the meantime there 15 a
chance that the patient’s own kidneys start excretion agan
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PART It
PERITONE AL LAVAGH

This worh has been performed with the assistance of
PS M hopMD

Principal

The principal of peritoneal lavage 1s vers simple A large quan
tity of rinsing fluid 15 allowed to run through the penitoneal cavity
the peritoneum serving as semi permeable membrane According
to Wegner the surface area of the pertoneum 1s 17000 squ cm
If this figure 15 correct the area s almost equ valent to the ests
mated 20000 squ em for the total glomerutar surface in the human
kidneys The pentoneal surface area however ma nnt be the
«ame as that of the underlying capllaries

Development

The 1dea of peritoneal lavage 1s not new 1ithougt t has only
recently been resusaitated It 1s remarkable how widely pread
in the medcal hiterature of the world articles on the subject have
appeared and equally remarkable how little the varrous authors
have been aware of each others work with the result that they
have repeated the same expeniments and the same mistakes

In 1923 GANTER published an article entitled  Removal of poison
ous substances from the blood by dialysis  He mjected a minsing
flnd into the abdominal cavity of guinea pigs after previouslv
1ying the ureters On subsequent removal of the fluid 1t was found
to contain the <ame concentration of urea as the blood The same
year TRACY PUTNAM 1nvestigated 1 detas] the fate of various 1so-
and hypertonie duced 1nto the p 1 cavity
She was able to show that in certam circumstances the intro-
duced fluid tends to become 1sotoruc with the blood plwsma 1t
‘Ppc‘ar‘ed that some water was alwavs absorbed from the penitoneal
cauty 1y

——

1 Note a1 the correction See al 0 the work of LANISTSR 11 an] CPORext
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In 1926 ROSENAK and SIWON used a continuous perfusion of
the perttoneum in dogs They obtamed the best results with 5 %
glucose, although the removed muneral constituants had to be
replaced by mouth HEUSSER and WERDER 1n 1927 did expertments
on dogs VON JENY, and ROSENAK and BALASZ undertook some
experiments ,about 1930, on peritoneal lavage n corrosive sublimate
poisoning, the last mentioned authors treating two cases RHOADS
pubhished m 1938 two cases i which be had used peritoneal lavage,
both patients subsequently died with chronic nephritis The rather
poor removal rate of sohds in these cases can be accounted for
by the fact that fractionated lavage, 1 e a volume of fluid intro-
duced, left 1n the abdomen, and then removed, was used, although
on one occaston 20 g of urea was removed No effects were noticed
on the pulse, temperature, respiration or blood pressure

In one of & sertes of cases pubhished by WEAR, SISK and TRINKLE,
the lavage brought about improvement in the patient’s condition,
a stone was subsquently removed from his bladder and he sur-
vived

ABBOTT and SHEA m 1946 published some careful work on the
composttion of the blood using a fluid very sumilar to our own
Their conclusion that better removal of solids 1s obtaned with an
intermittent than with 2 continuous lavage does not seem hkely
to us FORMIINE 15, to our knowledge, the first to have used per-
fusion of the penitoneum in the Netherlands

FRANK, SELIGMAN and FINE (JAM A 19 March, 1946) published
a successful case, ;n which anura, following the use of sulpha-
thiazole, was treated with lavage for five days, with only one
period of mntermission owing to some peritomtts That the authors
should have had this therapeutic success was well deserved 1n
view of their extensive work on dogs carried out beforehand

Technigue.

A study of the literature has shown us no reason for changmg
the method we have developed, which, 1n principle, 1s no different
from any other Up to the present we have performed 15 peritoneal
Tavages, and have so far no untoward experiences, except mn the
fast case where a man with severe chronic uremia had a meteor-
1stic abd A d ded 1l loop was perforated by the
trochar, with the catheter n situ laparotomy was done, the hole
was easily found and closed The patient died from uremia 3 days
afterwards, at post mortem-examination no signs of peritonils
were found
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Composition and preparation of the rinsing flmd

TABLE 21
Composition of rmsimy flmds used by differer agt.

1 t ! |

- & w2
) o = > =) a Bl
ez 2 = 2 » Z z =
grams per liter g é H 2 2 i 2- 22
.- 3 z 5L 5§ s
z =z
o R >
1
Nl | 8o i 650 15 e 6 600
MatiCo, | 100} 2% v o 200
Ka 020 018 040 040 Oy Dow
€l 020 } 020 0 0™ 024
dextrose 100 10 0 1030
lactic acd l 240 74
NaH PO, 005 vu?
Mgty 010 05

We should Like to stress at this pownt that the clectrols te onten
of the nnsing flmd showld be compared not 1ath that the
plasma but of the plasma water (cf page 36)

We are not yet convinced that the additon o MgCl and
NaH,PO, 15 necessary For the cotrection of the comrimly pre-
sent aeidosis 200 mg ¢ NaHCO; 1s added which 15 cquuvalent to
2 CO, Sntent of 53 vols i To obtamn a constunt pH of 71 after
sterilising 5 CO may be bubbled through the flud although
we ourselves have no experzence of this In some cases of gedemy
W was necessary to add up to 3 ¢¢ glucose 1n one €150 € formed
the impression that this caused abdommnal pun durnr the Ivage

To each itre of fiud 16 mg hepann is added 1n order to prevent
clotting in the tubes of the protein contuning fluld flowing out
of the abdomen mtially 40 mg of hepamn s jectt 1 nto the
w flow tube at the beginning of the lwape Peniciliin may be
added 1o the nmsing flwd when coaled down after stenhsing but
1t should also be guen directly to the patient

In order to mummmse the nsk of infection we s t that the
nrsing fluid s sterlised in 8 closed system wiich I3 not opencd
arce sterfle The resemoirs must be <ufficiently large to avoud
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frequent changes from one to another durng lavage, again redu
emg the chance of infection b

The enamel reservoirs were made for us to the pattern shown
m fig 52 by the Berk enamel factory at Kampen. It would be
sumpler to use a single tank with a central partition but this 1s
difficult to make in enamel

‘The 1nner tank 1s filled with 5 hitres of flnd composed as follows
130 grams NaCl, 112 grams NaHCO,, 11 grams KCl

The large outer tank 1s partially filled with 23 ltres, as follows
280 grams dextrose, 8 grams CaCl. O aq, 192 cc HC! 10 %

The small tank 1s placed inside the large one, and the hd with
a rubber washer, 15 screwed on The whole 1s stenihised by boiling
for twenty minutes on a gasring Steam escapes through the small
pipes covered with stemle gauze After boiling the reservorr 1s
cooled by placing 1n a bath of cold water Heparm 1s then added
and a sterile bung placed 1n the outlet tube The reservoir 1s now
tilted 90°, the contents of the inner tank flow out into the outer
and thourough mixture 1s ensured by shaking

Arrangement and steriltcation of the tubes

The arrangement of the tubes 1s obvious from fig 54 It 15
essential that the in-flow and out flow can be interchanged at a
moment’s notice At any time a loop of gut or a piece of omentum
may block the out flow Not for nothung have several workers
resected the omentum in their experimental ammals before em
barking on peritoneal favage

The tubes should be cleaned as those 1n a transfusion set as1s
described on page 85

Rate of flow,

1 Later per hour proved to be satisfactory

The introduction of the catheters into the abdomen

Several investigators have used glass or metal drams particularlv
for the out flow We have only had experience of thin catheters
mtroduced through a trocar into the left side of the abdomen
The catheters are pierced by a large number of small openings
The lavage may flow umnterrupted for many hours or may require
frequent reversal of direction

After carefully cleanng the skin and covering the surrounding
area with stenile towels a small incision 1s made through the skn,



2

Tig v
"m.:h:rrmn tank 1s placed 1nsile the larpe cne ani the Iid with a rubber
, 13 screwed on The whole 15 <terihed by boilmg for twenty minutes

on a gasnng



Fig 53
After cool ng the reservoir 1s tilted 90 the contents of the inner tank flow
out nto the outer and thorough mixture 1s ensured by shaking



DIAGRAM OF PERITONEAL LAVAGE

IR Tan
Y
7T
/

4

catw

14

TRERMOATAT 3PPC

{ /P RFTERS O T wASD Ru R Tt &

u —LOTTON WOBL INS UL AT W

' - INFaw

1 ensertia) 1ha Fus 54 .
t th t flow ean be toterchangrd &t & momert s
S AL Ayt Toop o8 ot ot n pires of aToentam may Slock the out flow



% PERITONEAL LAVAGE

and the trocar introduced with rotatory movements After -
serting the catheter the cannula of the trocar 1s removed by slip
ping over 1t. The catheter 1s fixed to the abdominal wall by sticking
plaster, and the wound powdered with sulphamlammde The chance
of 1nfection 1s considered very slight with the skin fithing tightly
round the catheter, especially 1f the catheter 1s not left i longer
than 36 hours Other workers mtroduce catheters or glass tubes
by surgteal means

The mtestines appear to shp out of the way of the trochar In
the case of marked abdommnal retraction we have first mjected
2 litres of rinsing flmd mnto the abdominal cavity by a needle 1n
order to facilitate entry of the trochar by the arhficial ascites
The puncture 1s made between the umbilicus and the anterior
superior iliac spine on the left side, the needle being directed
obhquely downwards Care should be taken not to remam m the
prepentoneal space, where the fluid will run 1 wathout any resis
tance, although( of course, the signs of ascites will not develop

Both stomach and bladder must be empty before starting

Trocars should not be used when the bowels are distended by
meteorism

Patient A A man of 58 with a long histery of bijateral venal and
ureteric calcull The right pelvis became infected and this kidney
ceased functioning An attempt to remove the stones from the right
ureter 5 months previously faled owing to widespread Caleium depo
sits and scarring The left kidney continued to function well until the
onset of renal eolic on this stde when complete anuria developed

2,
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On cystoscopy a ureteric catheter could only be passed up to the
gtone on the left and diuresta did not start When the blood urea
had rigen fo more than 700 mg ¢ peritoneal lavage was performed
The results may be seen m figure 55 The lavage listed 16 hours
and cauerd very little discomfort an incipient rigor wis aborted
with dolantin and marked abdominal distension was reduced by tem
poranily stopping the 1n flow Another lasage was performed Jater
Diureais set in and the urine volume slowly increased We beheve
that a more scrious uraemis was prevented from davelaping in this
man by peritoneal ivage

Patient M B fig 5 A tiny htt] gt of 9 sud to hme been alf
for 3 weeks w13 admitted with very pronounced uraemia Blooi ures
550 mg per 100 ce alkal rescmve 2015 vols €7 haemoglobin 20
blood pressure 105/70 She was dehydrated irmtatle psychotie
slecpy and very eyanosed

lasages have been necessiry and the question now arises how lony
1t wall be paaatle to continue with them ')

Indications for penitonenl lavage

It 15 st1ll very difficult to give the indications for treatment with
peritoneal lavage It should be considered n every case of acute
uraemia that might otherwise end fatally In chromic nephntis at
most an extension of the patients hife can be atained The rilatice

values of | I lavage and the artificial kidney
vannot yet be assessed FRANVK SFLICMAN and FINE state that the
rale of urea clearwnce obtuned with peritoneal lavage s in the
region of 15 ce per minute with the artihieinl kidnev it 1s certainly
more than 100 ce per minute Peritoneal lavage s a more lengthy
operation which in itself entails many disadvantages on the other
hand the artificial kidnes requires a more complicated pparitus

%) Note ot the correction She d o after a corvulson extremely contractel
calerf od kidneys were found a the post morterm We have done 20 pentonenl
lavazes in 13 patierts naw ~ of which recasered.

Koyt ’
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FERITONEAL LAVAGE

: 59

Peritoneal lavage

Contraindications

Recent abdomsnal
operatians

trfection of abdomiaal
walt or skin

Serlous colitis

Severe abdominal symp-
toms eg meteorism
noluucommon i urae-

Old adheslve peritonitis
Haemorrhages

Dangers.
Infection

Gut perforation

Gut invagination
Haemorthage

Shock

Pulmonary ocdems

Rigors
Discomforts.

++

Pentomtis
Dag and patlent of
Frank et at

Possible and observed,
More likely with trochar
than with surgical intro~
duction of catheters

Described 1 dogs

Possible and observed
Can be treated

Possible and abserved
Ageravated by raised
daphragm
Somellmcsduelaahsom—
tion from pe itoneum
with reduced oulffow
difficult to combat, tty
Jncreased ‘flutese in
tinsing T

Possitie, not scrious

Occasionally severe
lbﬁommal pain with

May fect very distended

with yomiting
Frequently ra dlscomlort

*

Artificlat kidney

Danger of haemorrhages

Never seen

Possible due to hepatin
Blood transfusions effect
ve

Likel:

Can {»c treated

Possible and observed
Treatment very effective
Indeed patients may have
previously existing pul
mon1ry oedema removed
by freatmeat by arti
ficial kidney

May be very senious.

Apart from posaible
tigors, none
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PART IIL

1IRFATMENT OF SFRIOUS CHRONIC URAEMIY BY
PFRFUSION OF AN ISOLATED INTESTINAI LOOP

This work has heen performed with the 1swstance of
N K M de Leeuw

It has already been indicated 1n chapter I that the treatment
tf uraema by induced diarrhoea has nghtly or wrongly been
generally abandoned In 1941 Dr GROEN reintroduced this therapy
n Amsterdam PENDLETON has done experimental work with dogs
he tied the gut at different levels forming pouches into which
he injected various solutions Within a short time equilibrium was
reached between the urea concentration of the blood and of the
flusd 1n the gut loops Lat sce p 90

During the war 1 heard of work 1 Poland using isolated intes
tinal Toops 1n humans for dialysing 1 do not know the name of
the responsible worker nor of any lterature dealing with his
attempts LANDSRERGER used the colon of animals making a appen
dicostomy Lit see p 100

SELIGMAN FRANK and FINE have compared the resulls of dia
hysing different sections of gut mn dogs A constant length of 10
inches of jejunum and duodenum the ileum was shghily less
and the colon much less satisfactory The clearance with a ten
Inch fejunal Joop was about 10° of the normal kidney function
A single attempt in 2 human subject using the termnal part of
the fleum gave unsatisfactory results Lit see p 100

1f the figurcs oblaned with dogs are correct it would scem
that 1t must be possible by using a longer loop of gut, to mamtain
dogs in urea balance by dialysis alone although the body level
of urea will be ligher than normal The unfayourable results of
HESSEL, PFKELIS and MELTZER should therefore not cause us to
abandon the possibility of this form of therapy

Own Fypenments.

1 Colon larage through an appendix !umhntmnod fod

In two patients with severc hypertension, ca o neys
Uraemia a:d persistent yomuting an appendix mlu"’; - Lcdmrgxcal]y
induced Apart from the immediate object this allowed an easv



102 TREATMENT OF SERIOUS CHRONIC URAEMIA

replacement of the water and electrolytes lost by the vomiting
with a resultant mmprovement in the general condition In the
first patient the thin faeces caused by the perfusion leaked through
the anus and further lavage scemed mnadvisable The urea con
centration 1n the escaping perfusate was 38 mg per 100 cc as com
pared with a blood urea of 127 mg In the second patient the lavage
was techmically more satisf: Yy, as the spt am had suf
ficient tone to close the thick rubber tube placed 1 the rectum
so preventing the escape of the perfusate Although the blood
urea was 300 mg per 100 cc the concentrahon in the perfusate
was only 10 mg %

Colome lavage seems of hittle practical importance as a method
of dialysis

II Lavage through an wsolated loop of ileum

Technigue A length of small mtestme 15 cut transversely
at both ends leaving the blood supply mtact and the ends are
sutured mto the ab wall The of the
mtestine 1s restored by end to end anastomosis We used one meter
of the terminal ileum for the isolated loop but we shall in future
take a greater length

The rnsing flmd coming from the reservorr 1s led to the pro-
xmmal end of the intestinal loop passing through a dmp and a
thermostatically controlled bath to bring it up to body temperature
stmular to the arr t shown for peritoneal lavage The rubber
tube between the warming bath and the gut opening must be
nsulated to prevent heat loss Regurgitation from the gut loop due
to ant: peristalsis may occur and therefore the inlet opening should
also be included m the outflow cup

Case

H M 9831 (Fig 57) A man of 53 who had spent many years
the tropics had felt twred for two years sx months before adms
sion his symptoms became worse and albumen was found 1n his urine
Despite a Jow protein and salt diet he steadily grew worse his vision
beeame poor he suffered from msomnia and had vomted mereasingly
durmg the last four months Attacks of angmal pain sometimes very
severe developed a few weeks before admission as well as nocturnal

also present
dyspnoea Muscular tw:tchn‘xg am{ mgense prunt:xi were -mdl;n ent

e liver was
own to the
' hages were
X occastonal
13
d between 1005 and 1014
ce}llilx:g}elt}?a(l;m:: r::;d a basal metabolism of + 20 to 50 % suggested

hyperthyroidism Thiouracil had no effect On x ray the heart was
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M TREATMENT OF SERIOUS CHRONIC URAEMIA

en to be enormously enlarged ta bath directtons with bilateral pul

onary congestion

The changes 1n the blood urea can be seen in the accompanying
~aph Chlorides and alkalireserve were within normal hmits Hb 53 <

Diagnosis  Malignant hypertension with contracted kidneys Uraemia
d heart failure
The functional capacity of the kidneys under optimal conditions was
timated The body could be kept in uren balance with a darly urinary
itput of slightly less than 10 g of ureal) The inereased fluid ntake
quired for this however led to a deterioration of his general con
tion Apart from the difficulty of admmstering sufficient fluid to
vomiting patient the sudden onset of an acute psychosis decided us to
tervene

At our request an operation was performed on the patient by
I+ REHRER on 28/5/46 A double ended ileostomy with the isolated

rminal meter of the leum was performed the continuity of the rem

nmg gut being restored by end to end anastomosis Palpation of the
dneys during the operation found them both very small and con
acted Unfortunately a subcutaneous mfection round the wound started
st operatively and was only arrested by pemicilin The concentric
arrmg of the operation wound later resulted in contraction of the sto
ata making perfusion of the loop exceedingly difficult This and some
irther minor complications such as a boal over the sacrum prevented

from doing lavage as regularly as we had hoped Frequently we had

rest content with introdueing 1 htre of flud (with which 1t was
ssible to replace the salt and water loss of the continuously vomiting
itient)

The largest quantity of fluid perfused at a single lavage through the
1 al loop was 8 ltres and the best urea recovery was 5 g in 10 hours
11 was not possible to prevent a gradual rise 1n the blood urea

His cardiac condition

He was so eager to re

e necessary apparatus

ife who nursed hm » .

Commentary
1 In graph 2 (fig 58) 1t can be seen that the urea concentration
1n the perfusate varies inversely with the speed of flow In a very
slow running lavage that 1s when the return flow 1s very small
the perfuston fluid may contain more than 200 mg % urea
2 It will be seen from fig 59 that with a perfusion rate of
1 Iitre per hour the very good urea excretion rate of 048 g per
hour 1s obtamned. It presumably does not offer any advantage to
perfuse faster The addition of MgSO, to the perfusate may account
for the excellent results of the dialysis on this occaston
Had this patient been perfused during the whole twenty four
hours he would have been mamntained 1n urea balance The lavage
11 gram urea per diem Fatients can remain
h a daily output of between 1 and 3 grams

‘tton At present we 3 ould have tred to reduce ths
onp
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3 No diarrhoea of‘ absorption abnormaliftes occurred that could
be ascribed to the removal of a metre of ileum

4 Occasionally spasm and oedema of the stomata occurred,
the outflow was checked, resulting i severe abdommal eramps
It proved essential to start perfusion very slowly These cramps
of the stoma could sometimes be relieved by inserting the httle
finger

Urea _removed in to hours tleum lavaege

gram
ureas
5 4% :
50 4o
4
3
26 27 2
2
I
o flow
% 4 o o % % 2 YWhour

Tig 59
These figures are calculated for a dialysis of ten hours It was not
always possible to carry out dislysis for the whole of ths time

5 The perfusion flmd was the same as the bath-water i the
artificial kidney, 1 e NaCl 0,6 g %, NaHCO3 0.2 g %, KCI 0,04 £ %.
glucose 1,5 g % This, however, resulted 1n a caleium deficiency

12-6-46 Perfusion fluid before dialysis 31'? mg % Calatim
, . after 23? mg% .
Later 28 mg % CaCl, was added to the perfuston fiud
g3
46 Perfusion flmd before dialysis 333 mg % Caleim
8 P

after " g 88 mg % » P

» ”
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The perfusate flowing out of the gut did not have any imitating
" offect on the surrounding skin

+ The 1solated gut Joop lavage 1s still in the earhiest experimental
stages It is far too soon to predict that those hopeless cases of
chronic nephnitis may perhaps be brought to lead useful fives
In the daytime they would work, and at might they would ¥eep
ther 1leal Javage going



PART IV.

TREATMENT OF URAEMIA WITH HIGH CALORIC
LOW PROTEIN DIETS

' has been argued that at least 45 grams of protein 1s needed
1aintain protein equilibrium in man This figure however has
other basts than the 7 gr of mitrogen excreted per day, by
sle who are fasting and represents only the bodies effort to
t ats caloric requrements by breaking down its own protemn
1MPNER) J G G BORST in Amsterdam 1) and WALTER KEMP
from Durham USA ) proved that 1f a patient 1s given high
ric low protem diet that then after some time the body spares
protein and the body protein consumption becomes so small
t the urea excretion 1n the urine falls to 1—3 gr per day!
nEMPNER gave a ricediet to a large number of patients suffermg
*1 hypertensive vascular disease and chronic nephntis He give
tal of 2000 calones This gives about 5 gr of fat and 20 gr of
emn not more than 02 gr of chlonde and 015 gr of sodum
' *IPNER 15 afraid of fat as he thinks that injured kidney cells
' the ability to oxydise keto acids KEMPNERS results are far
1 or than would have been possible with any other form of treat
it
» far our own experience although small seems to confirm this.
BORST forces patients with severe uraema to eat 200 gr of butter
and 200 gr of sugar daily He 1s careful to see that 1f they vormt
the lost quantity of butter and sugar 1s replaced The butter and
sugar 15 served in the form of small balls from a refrigerator or
1s made into a kind of creamy soup by adding = 12 gram of
flour and coffee
Prowided that the patients do not get drarrhoea and do sot get
too much meteorism the results are remarkable We have confirmed
the fact that the urinary urea falls to 1 or 2 gr per day Thus 1t
would be possible for a pahient to have a complete anuria for 25
days or more, without contracting a serious uraema

the Algemene Ziektekundige veremging Dec 1946
. i’t(‘l:“Ca(::Im: l&z‘%z::! Journal, February 1945, fol 6, no 2, and Bullze’
he New York Academy of Medicine July 1946 second series fol 22
358—370
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