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Preface

APPROVIMATHLS YIGHTY yeArs Ao Ehrlich * described a patho
logrc type of erythrocyte maturation 1n perntcious anenna This
abnormal developmental hme of erythrocvtes was designated as
the megaloblastie  or Juge getm cell sertes to differentiate 1t
from the normoblastic or normal sized germ cell series
Anemn associated with this abnormal morphologe picture his
become hnown as megaloblisuc anemi:

In the uight decades since Ebrhich s first description much has
been learned about the nature and significance of megaloblastic
blood cell formation  The arerwhelmung majority of megalo
blastic anemias have been found to be due to a deficiency of
exther vitamin By or folic acid or both vitamins® 4 When 1
megaloblastic morphelogic picture has been observed 1 conds
nons other thm frmk dehictency of these vutamuns the condition
has been characterized by inhibition or exhaustion of the bone
mayrow with posstble Jocal deprivation of virtmm B, folre
acid or buslding blocks for nucleoprotem synthests 1 which
namin By and folic actd serve as co factors The accumulated
mformaton has made possthle a untfied concept of the megaln
blastic anemuns as 1 single morphologic entity due to defective
nucleoprotemn synthests of various canses This monograph will
be conceined with the development of megaloblastic anema m
morphologic md biochemical terms the causes of megaloblastic
wemta as 1t occurs chmically appheation of this knowledge to
acanate differential diagnosis of these wnemias and a simple
and rauonal approich to therapy based on the actual climcal
problem us dctermmed by proper diflerential diagnosis

This monograph 15 based in large measure on recent massiv.
and productive research m the field of the megaloblastic anenuas
carried out wd reparted from all parts of the globe This 1s
supplemented by the author s own research expeniences and ob
servations of atore than 200 cases of megnloblastic anemia seen
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3t the Albert Emstein College of Medscine-Bions Municipal
Hospital Center the \fontefiore Hospetal and the Mount Smai
Hospital 11l New York

The author 15 mdebeed to hus mentors at each of these threy
enunent wistitntions Dr Ining M London Dr Theodore H
Spaet wnd Dr Lowms R Wasserman The freedom of wmquiry
and wise counsel they gave did much to make this monograph
possible The author 1s also mndebted to Dr Wiiham B Castle
whose continued mteiest n the insestigative work pursued by
the author was a grew sustmming force

Grauiude 15 also due the New York Heart Associution and
Heart Fund Inc and sts Medical Director (now retired) Dr
D F Mlam for personal mnterest i and support of thus worl
from its meeption thiough four years of Resesrch and Sensor
Research 1cHowships ginen to the author Finally and by no
means lewt Unsted States Public Health Service Rescurch
Crants to Drs London Spict Wasserman and the qwthor 1
well 15 a grant from the National Viamn Toundation and
various other grants provided the equipment and supphies for
much of the resenrch refated to the megaloblastic anemns with
which the author was connccted

The author would hike to thank the staff of  rune md Strat
ton {or thewr pruence wd editoral heip

Vicror Hersery M D



1 Incidence

\[EGALOBLASTIC ANEMIA 15 common all over the world although
the percentage of such anemits due to any speafic cause yaries
widely from one geographic area to wnother and from onc set of
circumistances to another m any single area As examples m1y
be cited the prevalence of nutritional megaloblastic anemi 1n
India %¢ Macedonia ? and Malaya ¢ the frequency of fish tape
worm megaloblasuc anemia m Finland  especially widespread
during World War II when particularlv harsh conditions pre
sailed among the Finnish soldiers # nd the proneness of per
sons from the Scindinavian countries Englwnd Ireland and
Canada to develop classic addisonian pernicious anena !

The most common cwses of megaloblastic anemia 1 the
New Yorh metropolitan arer wheie the author rcquired most
of his expenience with the disorder are addisonian pernicious
anerma and malabsorption syndrome The former 15 most com
mon 11 the majonity of patients the latter predominates among
the wnhabitants of the city born in Puerto Rico In 1l of the
threc New Yotk hospitals wath winch the author has had major
affibiation approaumately 10 per cent of the enure hematology
department case load conusted of patients with megaloblastsc
anema * It 1s of mterest m this connection that approxamately
the same percentage of the text of Wintrobe s Chmcal Hema
tology 1 15 devoted to the subject of the megaloblastic anemias
attesting to the importance of the subject to physicians in gen
eral and hematologists in particular

[he hemntologic ciseload of patients with megaloblasue anc
mra of the classic addisoman pernicious nemia variety shows
every mdication of a gradual future mncrease This 15 a result

of the fact thit wddisonnin pernicious anemia 1s primanly a

Of couse if th mam @ses of imple chionc anemia (as defined by

Winrabe ) and s def ciency ancmia + hich are never referred to hematolcgy

departments were so referred the per entage of hematolo,y department j atients

¢ th megatoblastic at cona might be less than 10 per cent of the total caselorl
1



2 THE MEGALOSLASTIC ANEMIAS

disease of late adult hie M and the average hfe expectancy of
the populanon 15 mcreasing Addisoman pernicions anemia s
very raré in children ¥ rare i adults under 30 years and setdom
seen preor to the age of 40
Tt 1s presently behieved that the decrerse m serum vammn By

lesels with 2ging 15 of dubious significance 18 Honerver the m
crease n gastric vraphy with aging s not 1 doubr Gasiric
atrophy may be a factor 1n the decrease m serum viamin B,
levels and 1n the eventual development 1 some cases of megalo
blasue anenua due to sitamm By deficieney V¥ 13 (See secion

Hereduarily Determined Degenesative Gastric Atrophy  page
1)



2 Hematologic Morphology

IN A WELt DEVELOIED cast of megaloblastic anemin the picture
presented by both the peripheral blood and the bone marrow
1s usually so charactenstic as to be unpossible to confuse with
the morphologic picture of any other disorder In the peripheral
blood are found many large and frequently oval erythrocytes
(macrocytes and macroovalocytes the latter often referred to
as megalocytes by Europen climictans and morphiologists)
The nucder of the neutrophilic polymorphonuclear leukocytes
ate hypersegmented 1* 1 as often are the nucler of the eosino
phils oyl neutrophuls may be seen  and n addiuon to fie
quently bewn, obviously reduced in number many of the
platelets may be 4110t and bizarre 1 ippernce ?

Thus picturc 15 1ccomprnied by a decrease m the total number
of erythrocytes wnd neutrophihe polymorphonuclear leukocytes
and an mcrease i the mean corpuscular volume (MCV) of the
erythrocytes due to the mcreased size of the average red blood
cell Ficure 1 shows the typical 'ppearance of the periphernl
blood of a pauent with megaloblastic anemia With respect to the
red blood cell morpliology 1t should be noted that aside from
the charicteristic macrocytosis and macroovilocytosts marked
anisocytosts ind poikilocytosss are ficquently not present when
the anenua 1s not sciere

The reuculocytes i the peripheral blood usnally represent
about 1 per cent of the total number of <uiculating erythrocytes
This 1s probably a consequence ot the fact that the asynchromsm
m development of nucleus and cytoplasm of the erythrocyte
precursors n the bone nrrow results in frequent disyppetrance
ot cytoplsmic 1eticulum even before the nucleus 1s extruded
Thus more than half of the erythrocytes delivered to the periph
cral blood from the bone marrow may be without reticulum
In megaloblistic anemin therefore the reuculocyte count pro

vides an ertoncously low figure of the rate of red cell produc
tion *
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HEMATOLOGIC MORPHOLOGY 5

The bone marrow displays megaloblastic development of the
erythrocytes as shown 1n FIGURE 2 by comparison with normal
(normoblastic) erythrocyte maturation the megaloblastic series
presents a larger size at every stage durin, development with a
larger amount of cytoplasm m proportion to the size of the
nucleus The nucleus tself 15 very large compared to the nucleus
of a normoblast and there 1s 1 strihing dispanty between the
apparent maturtty of the nucleus ind that of the cytoplism
Thus disparity or nuclear cytoplismic dissocatton or asynchron
1sm as 1t 1s vartously termned > 7 1s reflected m the much more
partcnlate nuclewr chromatin ( young nucleus  or nucleus
with retarded maturation) ¥ of the megaloblasts at all stages
of their development even when hemoglobin 1s clearly visible
in the cytoplasm ( old cytoplasm )* ¢ The megaloblasts with
their finely particulate young chromaun are easily distin
ouished from normoblasts with their coarsely clumped old
nuclear chromatin especially 1n those cells where hemoglobin
szatton of the cytoplasm is visibly begimning

Another striking feature of the bone marrow morphology
in megaloblastic anemia is 1 megaloblastic polymorphonuclear
leukopolesss manifested most dramatically by the presence of
many grant metamyelocytes as depicted m FIGURE §

‘There 15 usually a marked ncrease i the number of mitonic
and binucleate cells in the erythroid series

The degree of vvert megaloblastosis of the bone marrow ap
pears generilly o be proportional to the severity of the ane
ma Study of patients after total gastrectomy ° demonstrated
the evolutionary sequence 1n the development of megaloblasti.
‘memua to be macrocytosis first anemia second (after an average
delay of one or two years following the appearance of macro-
cytosis) and megiloblastic marrow third and last

Note that the first hematologic evidence of vitamun B, defi
clency is maciocytosis (and an Arneth count  shift to the night )
with the bone marrow presumibly remuning normoblastic
until two or three years later Of course the macrocytes must
have come from abnonmal precursors and m every case of
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HEMATOLOGIC MORPHOLOGY 5

The bone marrow displays megaloblastic development of the
erythrocytes as shown i ricURE 2 By comparison with normal
(normoblastic) erythrocyte maturation tiie megaloblastic series
presents a lrger size at every stage during, development with a
[arger amount of cytoplasm 1n proportion to the size of the
nucleus The nucleus itself 15 very large compared to the nucleus
of 2 normoblast and there 15 1 stribin,, disprity hetween the
apparent matwity of the nucleus and that of the cytoplasm
This dispanty or nuclcar cytoplismic dissociation or asynchron
15 as it 15 varlously termed 3 7 a5 reflected n the much more
piruculate nuclear chromatin { young nucleus or nucleus
with retarded maturation)  * of the megaloblasts at all stages
of their development even when hemoglobmn 1s clearly visible
n the cytoplasm ( old cytoplasm ) ® The megaloblasts with
their finely particulate young chromatin are easily distin
guished from normeoblasts with their coarsely clumped old
nuclear chromaun especially 1n those cells where hemoglobin
1zation of the cytoplasm 1s visibly beginmng

Another stihing feature of the bone marrow morphology
11 megaloblastic anemia 1s a megaloblastic polymorphonuclear
leukopoiests mmfested most dramatrcally by the presence of
many giant metamyelocytes as depicted 1n FICURE $

‘There 15 usnally 1 maiked increase in the number of mitotic
and binucleate cells in the erythroid seres

The degree of overt megaloblastosts of the bone marrow ap
pears generilly to be proporuonal to the severity of the ane
mua Study of patients fter total gastrectomy 3° demonstrated
the evolutionary scquence 1n the development of megaloblastic
anemsa to be macrocytosts first anemit second (after an asverage
delay of one or two yems following the appearance of macro
cytosis) and megaloblastic marrow third and st

Note that the first hematologic evidence of vitamin B, defi
ciency 1s maciocytosis (and an Arneth count  shuft ¢o the right )
with the bone marrow presumably remaming normoblastic
until tho or thrce years later Of course the macrocytes must
hwve come from abnormal precursors and mn ey ery case of
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ewly vitwmn By defioency disease which the author has seen
cueful sewrch of the bone manow smear hns revealed the pres
ence of mtamediite megaloblists nd 1irge metaimyelocytes It
ts probable that these marrow findings e ilways present when
the penapherl blood contums macroosalocytes and neutrophilic

r
-,

110 3—Guaut metamdacte 1 a megalblast boue muros  (Nete also the
Jindung of the ouder of the smaller And motc Matwe metarselocytes mto
mnltple segments resulting m the typieal hger egm nte t p Imorplonuck it
leukocites as ociated  ath megaloblastic aucmia )

polymorphonudar leuhocytes whose nuclar show i mcreastd
amount of segmentittion esen thou h most workas do not
comment i print 1bout ibnormbiies m the hone mutow uotid
1 1s fiankly me lobhistic Mote wall be sand sbout the mwer
medine me,tloblast shortly Tor the prosent suflice it to s
that cmphists on the mwroavilocyte md the hypase menwd
polymorphonuderr Jeukocte as the fisst mdicitors ot vdaveop
ing mendoblhistc aem 1s quite proper simce they ne wsually
castly 1cconed and are found m the per iplier il blaod Recng
mnon of micrmediate megiloblasts md Tuge metimyvelocvtes
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however requires wpiration of the bone marrow nd a fur
amount of experience n lookng at bone mairow morpholog:
It 15 wise for the person who does not examine blood and bone
marrow preparations duly to compare both the peripheral
blood and the bone matiow of the patient with that of a nor
mal control subject If he does not do this he will miss many
cases of early megaloblastic anemua smce he will not recognize
the early hematologic changes **

Darby et al 3t behete that macrocytoss 1s the most sensitive
mdicator of vitammn B, deficiency Then long term obseryu
tions of patients with pernicious anemia recening smaller than
mimmal mamntenance dosages of vitamm B, mdicated that the
quantity of the vitamin needed for hematopolesis exceeded that
needed for other chmeally recognizable physiologic functions
In the author s expertence an Arneth count  shuft to the right
1mvarably accompanes the macrocytosis and may even precede
1t

A single case was reported sugiesting thay vitnmun B, defi
ctency may be manufested by an increase in the number of giant
nucler in the oral epithelial cells even betore macrocytic erythro
cytes mahe their appearance  The patient had overt neurologic
dimage a serum vitamin By level of 60 pg yml (L leishmanis
assly) a serum mron concentrition of 140 ug /100 ml  and
definttely was not recerving folic acid therapy It was stated
that there was no hypersegmentation of granulocytes but an
Arneth count was not reported A photograph of the pacients
peripheral blood smear was prescnted and interpreted by the
authors as normal except for shight anisocytosis but 1t appeared
suggestive of macrocytosts and 1t least one of the erythrocyte
loaked like a macroovalocyte (megalocyte) [he hematocnit and
red cell count were not obtaned so the MCV could not be cal
culated

In the absence of folic wa1d admimistration the author has
never seen a patient having a scrum vitammn B, level below
100 gpg yml without mnciprent or overt won deficiency who did
not have at least macroovalocytosis and an Arneth count shift
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to the right 1n the peripheral blood and at least mntcrmedtat
megaloblasts and lar,e metunyelocytes mn the bone marron

Dr Boen gencrously made the pauent s origin1l penipheral
blood and bone marrow smcars avulible for exammaton The
penphral blood showced only onc or tho macroovalocytes per
o1l mumerston field but an Arneth count revealed a defimte
shift to the xighe with 14 per cent of the neutrophilic poly
morphonuclewr Jenhocytes having more than 5 lobes The
bone marrow contained 4 Jirge number of Inge metamye
locytes and an occasionil mtermediate megaloblast but no
megaloblasts A encralized palior of the erythrocytes suggested
a posstble concomutant iron deficiency despite the normual serumn
ron fevel (Such 1 deficrency would explun the Jack of 1 stith
g macroosalecytosis in the pertpheril blood )

Thus thts patient did have hematologie changes as wedl as
epithehal cell changes and the case Mustrated once 1gam the
mnportance of the Arneth count m helping to iscertam the
exisience of vitanun B, and or folic aid deficiency  The ques
tion as to whether mncrocytc changes due to defictency of
vitamin B, mry appen first m the oral eprthehnl cells or the
hemanc celis remuns open Theorettcally one would expect
macrocyuc changes to ippear first 1 those cells which norutally
proliferate most rapidly  Concomiemt won dddiciency might
mash the microcytic changes m the erythnocytes without msk
g the chwges in the oril epithelial cells whose iron 1equne
ment 1s much lower

Recogmtion of the ewrhiest hemnwlogic signs of wcpomt
megloblistic anemi s prrticularly umportnt because sevae
nervons system dumage may ocaur e vaunn B, deficient
patients prior to devdlopnent of ¥ megalobl sue narrow and
even beforc anenyn appears 27 The vrher such crses e 1ec
ogruzed nd proper trewment smstitared the s nraersible
damage w1t be done (Sec CHAPTER 6 Climcd Pictre page
66 for cases m paint )

The process of developient of megiloblistic naniz may
tahe years probably because the body 15 2ble 0 diae on us
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Inver stores of vitamin B, 3 * and folinic acid 3 2 when the
exogenous supply 1s cut off A simple creening procedure gen
erally applicable to 4l patients on a routine basis and making
1t possible to recogmize mciptent megalcblastic anemia would
be of great value Such 1 procedure has long been at hand and
has been applied with marked success at the Montefiore Hos
pital where 1n the course of a single year 1t increased the number
of newly discovered cases of vitammn By dcficiency disease from
one every six weeks to one every six days © In fully one third
of these cases no anemia was present and the diagnosis was not
even remotely suspected prior to the rounne screenmg the
patients had been admutted for evaluation of unrelated condi
uons The positive result of the screeming procedure led to
confirmtion of the diagnosis of early vitamin B, deficiency
by determination of the serum vitimimn B, level and Schilling
type urinary excretion testing

This screentng procedure consists sunply 1 obtamnng a
routine peripheral blood smear on everv new patient and cire
fully examining that smear for macroosvalocytes and hyper
segmented polymorphonuclear leukocytes All of the technicians
1 the routine chmeal hematology laboratory are wstructed that
the normal average number of lobes of the nucle: of neutrophilic
polymorphonuclear leuhocytes1s 3 that about 40 to 50 per cent
normally hive 3 lobes 20 to 40 per cent have 2 lobes and 15 to
25 per cent have 4 lobes* The finding of more than 3
5lobed polymorphonuclears per hundred or even a single
polymorphonuclear with more than 5 lobes or a substantial
mcrease 1n the percentage with 4 lobes signals a careful work up
for incipient megaloblastic wnemia even when absolutely no
anemia 1s demonstrible An increase m the number of polymor
phonuclear leukocytes with 4 or more lobes or Arneth count
shuft to the 1ight ¢ hs preceded the onset of tnemia m every
case of mcipient megaloblastic anemra this author has obseryed
Others *? also have observed and reported on this phenomenon

Trequently n mcipient megaloblastic anemia many of the
hypersegmented polymorphonuclears look at first glance like
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normal young polymorphonuclears with horseshoe or sausage
shaped mucler \More careful mspection 1evels thae what ppers
to be a single segment 15 1n fact 1 rosette of oy erhipping segments
or rather 1 sausage which 1s bemng pinched into » nuwber of
smll round swisiges These bnormal young polymorpho
nuclews when i the bone manow e the immediate pie
cursors of the typical hypersegmented palymorphonucle w leuko
cytes usunlly seen in the penpheral blood * (Sec ricury. 3)
When mactaovalocytes and hyperseqmtented  polymorpho
nuclewr fenkocytes are found m the penipherd blood examms
tion of the bone murrow obtuned by wpirwon iepsy shoutd
be the next step Esen if 1 merloblstic marrow 15 not found
m such arcumstanees however work up of the pagent for m
waipsent megiloblastie ancmr will be fnutful m the Tuge
majortty of cases [t cmnof be anphasized too strangly the n
cases of mapient megaloblistic anenna even highly tramdd
hematolugists m ey not hnd clenly megdeblstic primtin cells
m the bone marron Thss happans despite the presence i the
peripheral blood of polymorphonuclear leuhacyies with hypes
se,mented nucler nd occrsional macrovvalacytes which testiy
ta rhe ft tht some megiloblstic hen ropoicsts mast be tthang
plice and despite subsequent confirmarcn of this dinguosts by
derernunation of the scrum vtumn Byl (which my
often ben the low normal  ringe) nd the Schilling test (Se
crstr 0 Cliseal Prctare prae 10 for cases i potat )

\ recent 1eport ** calls ittention to the possible usefulness of
disciunmating, from mey, doblasts fines of red el dexvclopment
worpholagilly wntermediate haween uncquivoc il megln
blstre enytinoporesss wd normoblisue aythroposss (te

mitermedine me, doblasts ) © 483 1 authors of th report
bedterve that this modtficd tpe of meg dobl e covthropotcsts
represents the morpholo, e rosuede of the comnhmion of 1 conds
tom that would nsuaily produce 1 mealoblsicmmron md
wsocrted on deficency it the marros keved

Venndly v cmmnent wthorties 0V have noted mter
medinge 1 loblwts or ncroblsts oy e smphy asth
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1ocyte precursors wath a supply of vitamun B, or folic acud which
15 msufficient for normal maturation but not so grossly made
guate as to Tesnlt m complete megaloblastosts They are char
actenisiic of muinor or pirtial deficienci.s of vitamuin By or folie
10:d Intermediate megaloblasts along with large but not quite
gant metymyelocytes are often the only observable abnormality
n the bone marrow of patients who aze not yet severely anemc
but who do base overt macrooralocyto 1s and an ncrease m the
number of hypersegmented polymorphonuclear leukocytes m
the penipheral biood The author has seen insermediate megalo-
blasuc erythropoicsis in 1 number of cases of pure vitamut By
or fohc acid deficiency dunng the persod of shght anemia which
precedes the full blown clinical picture of megaloblsuc anemma
as well as early n the peniod of response to therapy No asso
ciated ron deficiency existed m these ca os

In ali 4 cases of the report menuoned *# hypersegmented
polymorphonuclear leuhocytes and macrocvtes were noted
the penipheral blood mdicating the existence of an underlyin,,
megaloblistic erythropoiesis which was mamfested m the bone
wmarrow by mtermedite megaloblastic erythrocyte development
It 1s truc that assoctued ron deficiency often results 1n an
mtermedie megajoblastic bone marron morphology This 1
the product of mteracttan of the teudency towwd megalo-
bistosis mnduced by folic 1e1d or vitaman B, deficiency and the
tendency toward mu rocytosts mduced by won deficiency These
c1ses ¥ along with others i which evaluanon of the bone mar
row morphology may be difficult further confirm the sigmifi
cance of the presence 1 the peripheral blood of both macrocytes
and hypersegmented polymorphonuctear leuhocytes 1n increased
numbers

The mtermediate megaloblasts observed 10 combimed 1ron
and vitumin By {or fohc acid) deficiency are readily comerted
o overt megaloblasts by non theripy Conversely vitamm B,
lor folic acidy therapy wall coment the normochronnc cells to
hypochrome cells

The presence m the pentpheral blood of exther macrocytes or

v
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normil youn, polymorphonuclears with horseshoe or sausage
shaped nucler More carcful mspection revenls that what appeais
to be 1 single segment 15 1n fact 1 rosette of overlipping segments
or rather 1 saust,e wluch is bemng pinched into 2 number of
smit tound swsiges These 1bnormal young polymorpho
nuclens when m the bone marron  me the unmedinte pro
cursors of the typreal hy perseginented polymorphonuclear leuko
cytes usually seen m the peripherd blood ! (See 11ctRE 3)
When macroovalocytes and hypersegmented  polymorpho
nuclear levhocytes are found in the peripheral blood exunta
tion of the bone matrow obtuned by spiration biopsy should
be the next step kven f t megaloblastic marrow 1s not found
m such encumstances howcier work up of the pauent for an
mapient megiloblastic ‘memir will be fruintful m the large
mjortty of cases It cannot be emphasized too stiongly that m
cases of mepient megaloblastic anenua esen highly truned
hematologists my not find clearly nalcblstic pnmitnve cells
w the bone manow This happens desprte the presence m the
penpheral bloed of polymorphonuclear leukacytes with hyper
segmented nucler ind occrstonal macraovalocytes which testifv
to the fact that some meglobliscc hem nopoiesis must be takin,
place nd despite subsequent confirmticn of ths diagnoss by
deterxrmination of the setum vitwmn B, level ¥ (which may
often be m the low norml rw,e) and the Schillimg test (See
ciarter 6 Chocdd Prctute page 10 for cases w pomt )

A recent report #* c1lls ittentron to the possible uscfulness of
discrminating itom me,,loblists Imes of red cell development
morpholo,icilly mtermediate between unequnocal megalo
blastic erythropoiesis ad nommoblwtie etythipoiwsis  (te

mtermediite megtoblists } ¢ 44+ The wthors of that report
Delicve that tins modified type of me,aloblistic erythroporests
1epresents the morphiolo,ic tesult of the combmation of 1 conds
tton dint would usintly producc 1 me,, oblastic nronrow and m
associted on defictency 1t the marion Icsel

Actnnlly s eminent wthories ¥ 47 ™ e noted  nter
mediate megaloblasts  or macroblsts 7 may be stunply eryth
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rocyte precursors with a supply of vitarmin By or folic acid which
1s msufficsent for normal maturation but not so grossty inade
quate as to result in complete megaloblastosis They are char
acteristic of minor or partial deficrencies of sutamun By or Iohc
aad Intermedrate megaloblasts along with large but not quite
giant metamyelocytes are often the only observable abnormality
1n the bone marrow of patents who are not yet seserely anemic
but who do have overt macroovalocytosis and an increase 1n the
number of hypersegmented polymorphonuclear leukocytes n
the peripheral blood The author has seen mtermediate megalo
blastic erythropoiesis 1n 7 number of cases of pure vitamin By
or folic acid deficiency during the period of shight anemia which
precedes the full blown clinical picture of megiloblasuc anemia
as well as early m the pertod of response to therapy No asso
crated iron deficiency existed i these ca es

In all 4 cases of the report mentioned #* hypersegmented
polymorphonuclear leukocytes and macrocytes were noted
the periphieral blood indicaung the exsstence of an underlym,,
megaloblistic erythropoiesis which was mimfested m the bont
mrrow by intermediate megaloblastic erythrocyte development
It 15 true that associated won deficiency often results m an
intermediate megaloblastic bone marrow morphology This 1s
the product of interaction of the tendeney toward megalo
blastosis induced by folic acsd or vitamin b deficiency and the
tendency toward microcy tosis induced by iron deficiency These
¢ases *3 along with others m which evalustion of the bone mar
row morphology may be difficult further confrm the signih
tance of the presence 1n the penipheral blood of both macrocytes
and hypersegmented polymorphonuclear leuhocytes i mcreased
numbers

The intermediate megaloblasts observed in combined on
and vitamin B, (or folic acid) deficiency are readily converted
to overt megaloblasts by 1ron therapy Conversely vitamin B,
{or folic acad) therapy will conyvert the normochromic cells to
hypochronuc cells

The presence 1 the perntpheral blood of either macrocytes or
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normal youn,, polymaorphemuclcus with horseshoc or sausage
shaped nucler Morc careful mspection 1eveals that what appeats
to be 1 single scgment 1s1n fact 1 rosette of overlapping segments
or rathier 1 sausige which s being punched mto 1 number of
small sound swsipes These abnormil young polymorpho
nuclerrs when m the bone marron e the unmediate pre
cursors of the ty prcl hypersegmented polymorphonuclear leuks
cytes usually seen i the perpheri bload * (See rictre 3)

When macroovalocytes ind hyper egmented  polymorpho
nuclets leukocytes tre found n the perplieril blood exumna
tion of the bone murow obtuned by sprritton bropsy should
be the next step 1ven »f 1 megaloblasuic marrow 15 not found
n such cncurnstmees however work up of the pent for m
mctprent megaloblstic wemun will be frutful m the Jar.e
majority of cases It cannot be emphastzed too strongly that 1
cases of mcipient megdoblstic wemn esen hughly truned
hemtologists iy not hind clearly meg doblastic prinmuse cells
n the bone manow  This happens desprte the presence m the
peripheral blood of polymorphonuclear leuhacytes witl hyper
segmented nucler wnd accasinnal mucroovalocytes which tesufy
to the f1ct that some mc rloblistie hem wopotcsts must be tikimg
plrcc na despite subsequent confirmauen of this diagnosis by
determination of the serum vitimm By levd 7 (which my
otten be 1n the Jow normal 1an.e) and the Schuthing test (Sec
cArTer 6 Clmcal Pacture prge 10 for crses s point)

\ recent 1eport ** ¢lls attention to the possible uscfulness of
discrnminaing trom me_ ioblasts hnes of red cell development
morphologically ntermcdiate between unequriocyl megalo
blastic erythropotests wd normoblastic erythropotesis (1e

mtermedsite megaloblasts ,  # ¢ The nathors of that report

Ledieve that this modified tpe of me, doblsuc eryihroporests
represents the morpholo, i 1esult of the combrmation of 1 cond
tron tht would usually produce 1 e, itoblistic mwow and
assocrated tron defickency at the marron levdd

Acally as emnent aathonties® 7Y have nated e
mediate meydoblasts  or mactoblists * muy be snmply eryth
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only a hypochromic imicrocytic anemia with no macroovalocytes
present 1

In the authors ovpenience despite the severity of the 1ron
deficiency and despite pirtial or completu obliteration of macro
ovalocytes 1 the peripheinl blood i the presence of vitamm
B, or folic acid deficiency the tncrease i number of neutro
philic polymorphonuclear lewhocyles  cith hypersegmented
nuclet 1s not mashed nd provides 1 cluc to the coexistence of
vitamin By, or fohie 1cid deficiency with the wron deficiency
{See rigurL 1)

The author has seen such patwnts (often pregnint or with
a malabsorption syndrome) with conconutant 1ron deficiency
and vitamm By defictency often with associated folic acid
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Fic 4 ~—Typcal hyperscgmented | olymo | honuclear teukocytes due to $uamm
By, defaency i the yeng heral bleod of 2 pacent v ho did not hae maao
ovalocyiosis (or ¢ en m crocvtos ) becau e of the concom tant wron deficiency
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serum ir o fcll to 6 ug er ot and Mpochionnc muerocyuc aneima appeared
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an ncreised number of hyperse,mented polymorphonuclear
leuhocytes alone 15 of less significince i diagnosin, possible
megaloblastic inenia actual or ncipient than the presence of
both together Reticulocytes e Inge red cells nd an increased
number of reuculocytes muy coney 1n crroneous impression
that macrocytosts 15 present A variable number of macrocytes
(nd mirequently even some macroostlocytes) are part of the
anisocytosts and porkilocytosts winch rwccompany many diseases
especinlly thosc of a prumanily hemntologic natute Macrocytosts
1s 1 frequent wccompntment of liver diseise I* ¥ nd aplistic
anem these subjects will be discussed subsequently
An ncresed number of polymorphonuclear leukocyies with
hypersegmented nucle 15 less commonly scen than are macro
cytes m conditions other than those lexding to 1 megaloblstic
anemin but they do 1ppear with sepsis and widespread malig
mney {especitlly the leuhennns) nd characterize the micresting
famuhial entity of constitutronal hypersegmentation of the
neutrophil nucleus 4 When both macioov1locytes md hypet
segmented polymorphonuclears in incretsed numbers e clearly
present an inaptent or 1cturl megaloblastic anemn 1s the
most likely cause
+ Tomay well be that the hyperseginented polymorphonuclear
leukocytes very occasionally secn with sepsts and wrdespred
malignancy are i [t produacts of folic 1ad deficiency at the
bone marrow level caused by extremely rapid cell turnover
The hematologic features of vitamm B, or folic actd deft
clency e frequently partly mshed by comadent ron defi
ciency * # Most fiequently this masking takes the form of 1
dimorphic peripheral blood picture w th some red cclls macro
cytic md uswlly fully hemoglobmnated but sometines hypo
chromic nd others mucrocytic and hypochronne ' * 4 Some
tmes the microcytes of 1ron deficiency ippen to  cancel out
the macrocytes of vitmmin By or folie wad deficiency and the
patient s pcrlphcnl blood piaure s that of 1 normocyuc
normochromic or hypochromic anenua I the non deficency
1s of sufficient severity one may observe i the perpheral blood
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only a hypocli omic microcy e anean 1 ith Bo Macrooy alocytes
present **

In the authors expeuence despuc the severity of the on
deficzency and despte partial or complere oblsteranion of maczo
ovalocytes m the peniphertd blood m the presence of viamm
B, or folic wd delictenicy the tnerease i number of neutroe
plulic polymorphonuclear leuhocytes wath Iy persegmented
nuclet ts not mashed wd provides 1 cluc to the coonstence of
itanun By or fohie wcid deficieney with the won deficiency
(See Flcure 1)

The author has seen such pasents (often pregnant or with
1 milabsorption syndiome) with concomtnt non deficiency
and vitwnm B, deficiency  often with assocnged folie wad
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B defoency n he jor phoral tlood €1 prient « he did not have maco
owalonsto 5 or even mid AKs ) leane fthe ¢ siconntant wron def crency
Bt this case g potmoctic @ Rl orec ancim@ 1 s frosens dwe fo a perfect
canccling out by caih defi ¢ 3oy af the envibronte mosphiology cansed iy the
other deficiencs Serum ssamn B = 0 e wl serum aron = 110 45 per cont
Heato st 8 jes o loncdchnes 94 Cm 0wl red cell cownt = 32
wiho  wmm o MCV = 4 MOHC =% \er vwamm B treetment
serum(n felt & 8 yg ger cont aut hypochronie mictocs e ane iz sppeared
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an mcrewsed number of Dyperse mented polymorphonuclear
leuhocytes alone 1s of less significunce i dingnosing possible
megalobhstic anenma actual or mcpient than the presence of
both together Reticulocytes arc Intge red cells ind n increased
number of reuculocytes may convey M crroneous 1mpression
that macrocytosss 15 ptesent A varible number of macrocytes
{ma irequently even some macroovtlocytes) are part of the
amsocytosis and potkilocytosts which accompany many diseises
especitlly those of 1 prunarly hematolo,ic nature Macrocytosts
1s a frequent accompuinnent of hyver disese 13 13 ind plastic
anema these subjects will be discussed subsequently
An mcreased number of polymorphonuclear lenkocytes with
hypersegmented nucler 1s less commonly seen than are macro
cytes in conditions other than those leiding to 1 megaloblastic
anemi1 but they do appear with sepsis and widespread malig
nancy (especially the leuhemnas) and chiracterize the mtctesting
familinl entity of constitutionn! hypersegmentation of the
neutrophul nucleus  * When both macroosalocytes wnd hyper
segmented polymorphonuclears i mcie ised numbers are clearly
present an cipient or actual megaloblsuc wemn s the
most likely cause
+ Tt may well be that the hyperse, mented polymorphonucleir
leulocytes very occasionally scen with sepsis and widesprend
m1ligniney me 1 fact products of folic wad deficiency at the
bone martow level caused by extremely 1apid cell turnoser
The hematologic featuies of vitumn By or folic acid dch
cency e (\—equemlv pirily mished by comadent sron deft
ciency * % \Most frequently this masking tikes the form of 1
dunorphic penipher il blood picture with some red cells macro
cyuc and usually fully hamoglobmatcd but sometines hypo
chrome wnd athers mucroacstic md hypochromic ¥ % Some
ames the macrocytes of nmen defliaendy ppear to cmcel out
the macrocytes of vitamm B,y or folic 1ad deficiency and the
patient s peripheral blood picture s that of 1 normocyti
normochromc or hypochromic 1nemia If the sron defictency
1s of sufficient severity one may observe i the peripheral blood



3 The Biochenucal Basis of
Megaloblastic Hematopolesis

BIOCHEMICAL STULDIES QF MFGALOBLASTS have been directed m
two urim channels (1) qurnttame chemsenl studses to deter
mune the dufferences i content between megaloblasts and
normobinsts nd (2) studies of the bochemcnl mechansms
whereby the cifferences 1 content occur

tt lias been detersmined that the lwrpe amount of cytoplasm
of the megaloblast contuns conaderably more nbonucleac acd
{RN\ ) than the cytoplasm of the normoblast ® % thus s true
at all styes of maturation and s most strihing when herno
alobangzanon 15 ocowmng and RN\ 15 almost gone from the
normabiast but sufl persists m sigaficant concentron w the
megaloblass

The large nucleus of the mepntoblast has been estimated to
contam as much as double the amount of deovyrihonnclerc acid
{DNA} as the normoblist nucleus  though nat all worlers
agree that the DY A level of the egaloblast is so high ™ There
152 farrly definne mcrese mthe kN A DN A rano of the megalo-
blast  tins 1s reflected i an mcreased wracid thymine ratuoe 3

Feulgen stained smears of megaloblasts demonsirated thesr
auclear chromann to be present m smnller purticles than that
of normoblasts ®

With the demonstratton that w the munmal uridme mu b
meorporated o thyrudine ¢ 1t was possible to concene of
cytoplasmuic R\ A 15 the principal sousce of matersal for nuclear
DNA wigd further to suggest thar wy fature of unlzavon of
BMA 16 provide materal {for D\ \ formation sould lead to 2
persistence of cytoptastute R\ A resulting m macrocyte produc
ton  In thus schema any retavdition of DN\ A synthesss to the
twice vesng-cell concentranon reqaured  for murtosis would
cause the marrat to become cronded with cells watung o di
vide and slowly building up thewr D\ A content while a large

5
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deficiency m whose peripheral blood strihing hypochromin
was present along with an mciease i the number of polymo
phonuclear leuhocytes with hypersegmented nucler but with
no macroosalocylons Presented with such a case outstanding
hematologists have ignored the hypersegmented polymorpho
nuclears (wnd the intermednte megiloblasts and large metamye
locytes in the Lone marrow) and hwe made 2 dignosts of
uncomplicated tron deficiesicy wnemn  These diagnoses were
subsequently proved wrong by determination of the serum
suamun By level to be below 100 pug /mi  the serum  folc
acid level to be below > mpg ml and development of overt
megaloblastic wemia with macrooyalocytosis alter non therapy
and cure by admustration of vitunin B, (and folie acid when
required} Deficiency of both ron and vitymm B, without con
conutant folic 1c1d defictency my be noted after total gistrec
tomy (and occasionally 1ter distal subtotal gastrectomy) with
termunal ailetss or other secondary malabsorption states 198
elderly patients with histamme refractory achlorhydm and
anemia *® and 1s 1 result of two scparate disorders comcidin
tally occurring mn the same pattent An example of the latter
15 the comcaidental occurrence of permicrous 1nema and gastio
ntestinal tract bleedmg

Thus in the presence of hypochronic erythrocytes m the
penspheral blood 1t 1s wise to suspect 2 concomutant megilo
blastie anenua even if no macroovalocy tes are present wlen one
observes an mcrcased number of hypersegmented polymorplio
nuclear leukocytes especinlly when mtermediate megaloblasts
and large metamyelocytes are present mn the bone marrow Jt s
possible that m condittons other than won defictency but also
charactenized by defcctine hemoglobin synthesis macroovale
cytes may also be absent desptte the presence of a comadental
sitarmin By or folic acid deficiency

Even when the erythrocytes 1ppear normochromic 1t is wise
to suspect vitamun By or fohc wad deficiency with assocrated
sron defictency if there is w mcreased number of polymorpho
nuclear leukocytes with nucler contasning more than three lobes
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melecules Vitannn B, mifinences folic acid metabolisin ? but
there 15 no e idence at present that folic aaid drrecely smfluences
sutatnat By mieribolism

When a patrent wath a mealoblistic anemia is trested wuh
witamn By o folic acid depending on hns priniary deficiency
the RNA DN A ratio rapudly falls to nommal- In permcions
Anemsa bone marron cultnes vwaonn By speeds up the pro-
duction of DNA 2 The specd of these phencmenz expluns the
rapudity with which the megaloblasuc martow conserts to
normoblastic on mstitution of treatuient althost complete con
werston usually ocours withm 21 w 18 hours I conversion does
not oceur with the ucipated speed  exher comphicatons are
present or the wrong agent 1s bewng used (Temporary responses
may be obtuned with fohie acid m vitumn By deficiency stes
or comersely viimm B, 1n fohe aad deficiency states but
eventually the patient becomes relractory to the wrong agent
presumably as 1 result of complete exbiusuon of hus remammg
stoves of the yvitamin it wluch he was deficent )

Brochemcal studies have dore much in the way of debineating
the mechamism of megaloblastic blood formanon but many
questions still yemam unwiswered It s presendy accepted that
fohc acd dehciency leads direetly to megaloblastic memia 1t
15 not yet certam that vnoun By deficiency 15 a direct cause
ot the disease The question s stll open as to whother the megx
fobutic anemia which follows vitrunn B, deprination s 2
direce result solely of such deprnation or i partly the result of
derged foli acid metabohisra crused by defictency of viemm
Bl

In thus conndetion 1t 1s of anterest that 5 10 10 mg of folir
acd daaly (10 10 20 tumes the vou, b minumt duly mameenance
requireniant) wall usmaily produce hematologic remission in
previously noueied piuents with vmm B, deficiency
whiereas 45 mudh as 1000 4, of vuwma By daly (perln_Ps 1000
tuszes the rouf mmmal dady mamtenince requurement) s
olten wndequate to produce hematalogie remission 1ot patients
wath primary foli acid deficiones
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backlog, of RN\ builds up m the cytoplasm Brochemical ent
denee of blockage m pyrinudine nucleotrde fornntion mn vita
nun By defictency conuinues to be gutiered **

The megaloblast 1y thus be expluned 1s a young red bload
cull resulung fromt 1 prolonged phasc between mutoses * allow
g 1 longer time for dispersion of the chromatn thionghout
the nucleus” > thus producing us typrcal finely particulate
appearinee nytiung which retards the rate of cell drvision
could therefore cause me, loblsts to be produced

The concept of the me,lobhst 1s 2 product of retndition
of the nuclear ¢volution by blochge of the nutoses of matura
tron  has been repeatedly stressed m the Iiteriture and recently
thoroughly 1eviewed by Cazal and by Ressner It would seem
that any retardation of cellular proliferarton would be mant
fested not only m the hematoparetic system but alsa wr other
areas where the production of new cclls 1s normally rapid Such
mdeed 15 the case as demonstrated by the presence of mwegalo
blastic oral gastric nd vaginal epithelal cells in patients with
pernicions anenma 3 3 ®

Sumlr alteraions m astric cytology have been described in
permicious anemn md m sprue * Such snnilatitics muay be 10
terpreted as the «ffect of madequate absorption of viamm By
(and lolic 1c1d) nd other deficienaies Interpreumn,, them s 1
canse of the madequate absorption would be hazardous

In pracicdd chmcit tams me,aloblistic blood {ormation 15
observed nearly always in the prescnce of madequate mnounts
of vitammn B, folw raad or both Alter the 1solation of folie
acid m 1943 € ¢ and vivunm By i 1948 7 8 1t was possible to
study the rolc of these tho  gents m nuclcoprotemn synthests

Both of these 1gents function 1 the mctibolism of one carbon
untts folic 1axd primunly 1s 1 carnier ot hivdvoxvmethyl ind
formylgroups ¢ wnd m forununo grugﬂlr‘msfcr 7 s ramin By
n the de novo synthesty of labile methyl J1oups * Thesc vin
mins are therefore essent m the syntheas of purgies and

| pyrumidines - ¢ which are mtegral parts of RN ind DN A

It shoul! be ncied that arrest of 1nton of culiured chchentrie ¢ otia ¢
and fibroblasts snduced by folic and antag i ¢ B vcor 0 metyrha ¢
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and hadiiey and se food such as oysters nd clams are especinlly
rich 1n tus vitamin Other dretary sources mnclude all meats and
sea food and to a Jesser degree eggs nulh and milk products 77 7
Failure to ngest an idequate quantuty of amamd protem wi
3 emun]iy lead tovitanun By deficency \

A Yegans

Vegans are sirict ovolacto vegetarans who subsist on a dict
devoid of annnd protemn ancluding dairy products and eggy
The eventuil development of sitamn By defictency i such
mdniduals has been documented by Wohkes badenoch and
Simclarr * The vegan whose diet s wequate w felic and 1
carbic acd content provides the best mstance of pue nu
mitsonal vitannn B, deficiency The other nuiniuonal vitam n
By deficiency states ave ssoctated wath muluple other dietis
deficiencics often mncluding folic and wcorbic acds wd 1t s
dufficult to determme to what extent megaloblastic 1nemia 1s
ctused by lack of fohic and ascorbre 1cids 10 such cases (see C)

B Chromc Alcoholism

Prolonged alcoholtsm with a concomitant reduction m inges
ton of uamin B, contaumng foods miv result m overt vitamm
By deficiency ™ ™ When oirrhosis is associated with the chronic
alcohol the develop of a loblasuc anenia is mor
hiely a reflection of folic acid defictency than of vitamm Ty
deficiency ¥ {See section  Currhosts Associated with Chros
Alcoholisn  pae 52)

€ Poverty Rehgrous Teaets Ignorance Dietory Faddism

Porerty with mgestion of 1 diet contaning ery lrtle vmat
protein such as the bread olives beans and tomntoes which
made up the diet of the Macedomans studhed by Fairley et o
restibts moviem B, deficiency along with muluple other de
fitencies  Abstentron from animal protein on rehigious grounds
will also produce vstamip B deficiency f the abstention s



4 Etologic Classification of the
Megaloblastic Anemias Due to
Vitamin B,; Deficiency

AS STATED IN THE IREFACE the presence of a megaloblstic
anema 1s almost pathognomontc of a deficiency of vitamin By
folic acid or both Failure adequately 1o mgest absorb utihzc
or retain etther or both of these vitamns 1ccounts for nearly
every case of megaloblstic anenna  he smnll percentage of
cases which have not yer been damonstrated to be 1 result of 1
deficiency 1 nailability of either of these vitamuns 1t the bone
marrow level 1s 1lmost urulormly characterized by inhibition o1
exhaustion of the bone marron It may well be that the megalo
blastosis 1n these conditions will prove to be caused by nter
ference with utihization or local exhausuon of the supply of
sitamun By or folic 1a1d at the bone marrow level

Since defictency of vitamn B, or of folic acid directly or n
directly underlies nearly all af not all of the clearly megalo
blastic anemas recorded m the hiterature at the present time
classification of these anemias m terms of etiology of the de
fictency simplifies understanding allows a methodological ap
proach 1o differential diagnosis and msuies appropriate therapy

I INADEQUATE INGESTION

The daily dietary requirement of the adult for vitamin B,
1s 1pproximtely 1 ug This wssumption s based on the facts that
a daily pirenteral dose of 1 pg mduces remussion 1 pernicious
apnemia ™ 3 and a sumlar amount of the vitumm provides a
mimimal mamtenance dosage ** ' ®

Vitanun By 1s synthesized by microor,amsms and 1s found 1in
the ussue and fluid stores of marine and anin il Iife wluch 1n
gests such microorguusms Therefore the sources of vitamm B,
uan dict are the protein rich unmnl products I iver

18
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of wost Ak siguificiie for it s mafauce wab ths
pittern that produces the meg doblsuc smemns resultng from
futurc o tsorh vt B,

the other mccknasm of bsorption s mdependent of
srmrve factor But s pramaly opa s only in the prownce of
s iphystalaqie doses of vitwnn By @bt as wmounts mch
wicre tha thow fond m the sl da) 3 sificant shauot
of wich dows s hothad by @ oms ton effcet possibily
diffssion ¥ 8§ lus ureinnnm Ins chimol sgsuficma pumnly
ator i thce gy of vran By ddicency aid will be diserssed
fusther i th it aamcction

A inodequate or Abseat Secretion of tntrinsic Factor
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whoOUs W s penen Cwodor anterpretitnn md mschudes
b of ihe puse vitaun By dedinsoncy siyips ™

Followmy, hud ot the ey of Muot and Manphy « Notut
e s decoray s cdict bl Ing podoad wns
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ut i peraoany wemn prneiple whrh vestened hom
Fopoi vy o notand whon gven ovdhy 1o the PLYIICTONS et
prrent The ond admmnst wien of cther ostunsie fet ot
suvmwe bt done bad Rocllecr



20 THE MEGALOBLASTIC ANEMIAS

complete 1 8 The 1uthor has obsery ed pure nutritional vitamn
B, deficiency 1 a 20 year old Columbia Unnersity student from
India who ate no animal protemn for religious reasons He had
megalobhstc anemr1 1 serum vitamin B, level of 19 pug /ml
(L gracilis) 1 normal serum folic 2cid level of 8 myg /ml
(L caser) md no uninary excretion of formmminoglutamic acid

A smmlar phenomenon may sometimes be observed 1 elderly
pexsons who live alone and eat little except for easy to prepare
carbohydrate foods* and m certun chetary faddists ¥

Houeser all of the patients of whom the author 15 mare
who hid megrloblistic anemin assocrated with grossly nade
quate diets had folic naid deficiency mamifested usutlly with
normal sernm vitinm B; levels and very low serum  fohic
acd levels (See section  Nutnitional Megaloblastic Anemia
page 51)

D Hyperthyroidism

Hyperthyroidism has been reported 1 associntion with megt
loblastic anemit i two sertes of cases ™ ¥ It 15 possible thus
assoctatton may be 1 consequence of incieased demand for and
turnover of vitamm B, 1 thyrotoxicoss ' 9 in the presence
of 1 margnal dietiry intake especralls since the anenna may
disappear after subtotal thyroidectomy * The concomtant re
qurement of margmal mtike for itumin B, deficiency to de
velop would explain the low madence of me,2loblastic mema
among thyrotoxic pattents

Il DEFECTIVE ABSORPTION

The major1ty of ¢ ises of megiloblistic anenua due to vitamm
B, defictency fall mto the v irious cate ortes of this classification

There apperr to be two separite and distinct mechanism
for absorption of vitanun By *2° With physiologic doses of
sitamin B, (that 1s amounts of 05 to 2 2 ug s found m the
aterage l\mcrlcan me1l ©) absorption s dependent upon in
transic factor * This noranl pattern of absorption 1s the onc
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defictency * 7 has revealed that with the viamun By, deficency
A vauable degree of gstric atrophy develops wnd 1 vanable
degree of reerston of the histologic picture of the stomach
toward normal accompanies the therapy This would suggest
that w some instances vitamin B, deficiency sy be the cause
rither than the result of gastnic atrophy  Prolonged iron deff
ciency may also canse gastne atrophy ' 3 cientuatin, m loss of
mtrinsic {actor secretion and addisoman pernicious avema? ?

Addisonsan perficious anemia s stself probably not an etro
logic entaty but rather a syndrome of several possible etiologies
whyeh will be deruled below

() Hereduarly determined farlure of minasic factor secre
tton The physiatogic mechantsm responsible for stumulatin,
gastric secretton of mmnsic factor 15 unhnown Inadequate
funcuionmg of thas mechanism or of the cqually unkiown enny
matte mechanim of producuon of marunsic factor 18 responsible
for the most widely studhed form of pernicious anema with the
possible excepuon of that wnemia resuftung from degeneratic
gaswrice wrophy

Heredstanly determmed primary fnlure of gastric secrenon
of mtrinsic factor has been mferred from the rare cases of per
tictous anemma n childhood ¥ 40 permicious tnemua wathout
whlorbydna 1119 the high association cotfficient of these tho
types of permicions anema the ngh famihal tendency of the
disease 28 3% gad 13 occurrence wn monos ular twans 27

Harns Joses Swan and Tudhope '% have reported the cas
of a 16 sear ofd Lt with me alobfasue anemua whose basehine
seeretion of intaasic factor was adequace Parenteral admanis
iration of the pewerful secretygogue md pansympathenc sumu
fant Carhachal (carbamylcholne chlonde) nduced secretion of
1 rormatl quatias of tannsice factor Previously Mothn Baler
and Domach t + had reporied 2 similay ¢s¢ 1 2 young mw
therr case the defiment baseline secreuion of wtrnsic factor way
only partly cotrecuble by edmmustratzon of Carbachol

n some ndividuals the usual secrenton of mtnnsie factor
under physiologic carcumsiancesis low though these mdwviduals
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Two decades later vitamin By, was demonstrated to be the
extrinsic fictor 1% and also to be the anti pernicious anemia
prnciple 7 Since vitanun B, 1s the anti permicious anemiz
principle and s fully effective i treiting permicious anemin
when admnustered parenterally the role of mtrmsic factor ap
pers to be that of effecting the transfer of ingested vitamm B,
across the 1ntestinal mucosa and nto the blood streun
Whether the vitamin B; 1s absorbed 1lone or the vitamn
B, mirmsic factor combination s absorbed has not yer been
determmed Iavoring the latter possibility 1s a report of the
presence in human scrum of a substance similar 1o mtnnsic
factor ¢ 19 I urthermore there 1s some experimental evidence
that receptors far wtrmsic frctor may extst 1 both mtestinal
mucos1 ¥ 1 and hiver %1% and that mtninsic Nictor may be
mvolsed m the selectine deposiion of vitammm B, 1 the
Inver 10119 Thys work requires confirmation 1nd extension be
fore general acceptance

The chemtcal nature of wntrinstc factor 15 not known since
thus substance has not been 1solated 1 pure form It 15 probably
1 mucoprotein or mucopolypeptide 1&1 In man  the glandulr
structure of the fundus and cirdiic portions of the stomach 1s
the site of mtrinsic factor secretion ! ® 11 In the rat the chiel
(pepsinogen) cells of the fundus glands probably are the intrinsic
Tactor chiboratng cells

1 Failure of the Stomach to Adequately Secrete Intrinsic
Factor
a  dddisontan Pernicious Anenua

This term mcludes all of the nregiloblistic anemu s of vitamin
B, deficiency 1esulting from madequate sccretion of itrmstc
factor m wiach the basic cruse of this deficrent scerctton is un
Lnouwn In these cases the gastric mucosa rirely may be histo
logically normal but usually shows gastric atrophy or 1n atrophic

gastrius of varymg severity 1310
Fatensive study of patients with fish tapcworm vitamin B,
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fonged won * * or vutamm By ¥ deficency may produce gastric
atrophy that atraphy passes dirough s 1ges of gastmns befote
beng established Serial sindies of the gasine smucosa m farge
munbers of Ining patients will be needed to clarily these rela
fonships

b Lestous V1 hach Destrey the Casle Mucosa

Ingested corrosnes? @ luntes plastics of non neoplastic orx
) and extensne neaplastic disease > mxy each destroy the
intrnsic factor secreting glmduiar bintng of the stomach and
thereby eventually produce a e globlasue ancinm due 6 wta
aun B, deliciency

Neoplastic disease prods aang megiioblastic anemia must be
separated from gasttic TGO a9, I patients with per
micious anentit The madence of gastrie caraibema m avtopsied
patients with both permicions anemit and gaswic atophy s
about 18 to 12 per cent this s more than three tunes the en
pucted ocenrrence of gastnic carcsnoma at autopsy ' 31 The
Ingh comadence of pastnic cacinoma ind PErnICIGLs anemsa i3
probably a consequence af the fact that both conditions fre
guently arse from 2 common genetically deterined gasine
arophy ¥ ¥ or perhaps that the gastric atrophy which results
0 permicious anernia 1s also o uted weth intesunal metaphasia
m the body avea of the stomach ¥ which may be a precancersus
fesion In & grien pacent with enanomt of the fundus or body
of the stomach with _astre arophy and perincious anemua 1t
15 saposstble at present to detertine pust hoc which cyme firse

< kndocrine Doorders

Prewiny and gonadal msufficency ve been repotted to pro-
duce mirequenthy a permicsons anenuz like pletuze lewding to
the suggestion that 1 hormonal madequary may tead 1o degen
ctatson of the wmnnsic factor produci, cells? 8

In the few cases of hypothyieadism i which 2 megaloblaste
aneimua bas appeared and cavses of megaloblastic anemaa unre
Fied to hypathyrowdism have been excluded t has appeared
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may have normal serum sitammn B, levels and histologically
normal gastric mucosa Carbachol stimulation evoked normal
secretion of mtrinsic factor mn a group of such subjects but one
of them was eventually unable to secrete intrmsic factor even
after such stinulation and was then chissified as 1 case of per
nictous anemra 13 ¢ A possibly sumilar such case 1s now under
observation 14t

Study of patients dingnosed as having pernicious anema m
the 1930 s revealed that many had small amounts of mtrns ¢
factor in their gastric juice ¥ It 15 not possible as yet to delmeate
the exact euology of the megaloblastic anema resulting from
rdiopathic (and most probably hereditary 143 144) failure of se
cretion of mtrinsic factor the evidence at present indicates it
results from an enzymatic defect m the production of mtrmsic
factor resulting m adequate production and eventual total
cessation of production Primary madequacy of the stimulus to
wmtrinsic factor secretion has not yet been excluded as an et1o
logic factor howe er

(2) Heredutarily deteymied degenerative gastric abophy A
genetically determmed tendency to d;elop gstric atrophy with
aging has been well documented 142 143 g5 has the frequent (but
not uniform) assoctation of gastric attophy and fatlure of m
trinsic factor secretion € 143 147 The possible relation of this
entity to (1) above and (3) below 15 undetermimed but 1ts fre
quency of occurrence 1s high

(3) Gastric atrophy as the end stuge of superficial iflamma
tory gastntis  superfictal gastrtes ath atrophy  Pernicrous
anemia has been observed m gastric 1trophy resulting frort
chrontc gastritrs 1** and associated with superfictal gastritts wich
atrophy atrophic gastritis of varying severity and gastric atrophy
m which relanonship to gastritis was not estiblished !
Whether these different types of lestons i adult pernicior s
anermua are stages 1n the same pathological process and closely
related to (1) and (2) above or distinct euiologic entities falling
1nto separate categories of atropluc gastritis ind gastric rophv
remains to be seen® It has already been mentioned that pro
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Previousty 195 » patrents had been reported with megloblaste
anema developing from 2 to 12 years after subtotl gastrec
tomy ccompanied by wadequate viaon B; absorpuion
correctible by oral admmntraon of minmsic factor Of these
5 pruients t hud Atrophy of the gastrc nucost 18 demonstrated
by exammation of 1 gistic bropsy  despite the fact that such
atrophy w1s not present at the tune of asticctomy The authors
of that report noted that the patients were onginilly operited
upont becwuse of ,stnc ulcer which may tsell hine kd ta
gustrins and eventunl rophy with loss of mirinsic factar se
oretion

1 oewenstemn ¥* noted low sstwmn By absorption m 3 of
22 pattents who hnd distal subtotal pastiectomy All 3 pauents
were tested for By absorputon abulrty more than 6§ years after
operation whereas most of the other 10 patients were tested
tess than 6 years after operition Nonc of the 4 puents with
low B, absorpion hid macrocytic U R fict 2 had
Bypochronmic BICTOCUC nemn assecated with a low serum
won concentration te iron deficiency anemn Afl 3 had
gastrojejunaostonizes atter thesy gastrie Tesection

Sl more recently ¥ decieased bsorption of vitrmin By
correctible by oval admunistrition of minmstc frctor w 1s found
n 4 of 19 patients who had had subtotal gastrectomy folloned
by gastiojepunostomy but n none of 15 patents who hid had
subtotal gastrectomy followed by gsraduodenostony  None
of the 3% subjects had anenus The surgical specimens at gis
trectomy of 3 of the 1 pucts with subsequently decresed
vitamun B, absorpuon hnd normal gastric mucosa

Putting these vinons findings together it seems thas fellowing
sl sebtotal , strectomy  espeanltly af e s followed by
gstrojeunostomy riher than gistroducdenosomy  gastnie se
cretton of wmtrmsic frector may be dumnished 1 In the course
of a number of yvears atrophy may develop in the gastric
remnant with loss of residuad bty 1o scerete ntrinsic fac
tor % \hid vitumn B; deficiency miy ocour not infrequently
but severe megtoblasue wremia s 1 dincet vesult of the distal
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to result from defective intestinal rbsorption of vitamm By
unrelated to secretion of intrinsic factor ! ? However there may
be a depressed secretion of mtrnsic factor m some cases 157 15#

Addison s disease has also on rare occisions been reported 1
assoclation with pernicious anemin ! ¥ 1'* The relation of these
two conditions 1s obscure

2 Gastrectomy
a Total

Total gastrectomy removes the source of mtrmsic factor 16
and will invarably eventually produce megrloblastic anema
due to vitamun By deficiency if appropritte prophylias with
vitamin B, 1s not mstituted 3 The period of time which will
elapse before development of 1nenna will depend on the amount
of the body stores of vitamun B, 1nd on the dietary content of
sitamin By and folic 1a1d

b Subtotal

(1) Proxumal Proxumal subtotal | strectomy with esoph
agoantrostomy may ablate the mtrinsic Dictor secreting glands
to such an extent 1s to produce vitamm B, deficiency ' Tes
extensive proximal subtotal gastrectonty 1s seldom followed by
nadequate intrinsic {actor secretion '

(2) Distal Dhstal subtotal gastrectomy s performed much
more [requently than proximal subtotal gistiectomy In a
survey of over 1500 patrents who had this operation performed
MacLean ¥ found that only 9 patrents <ubsequently deseloped
a megaloblastic anemi1 associtted with 1 hemoglobn below
10 Gm , 100 ml In every onc of these 9 pittents histologic 1«
view of the resected portion of the stoniach demonstrated 1
gustric atrophy This suggested that these 3 patients would
eventually have developed 1 megaloblastic amenua due to lack
of mtrinsic factor even if subtotal gastrectomy had not been
performed and that the subtotal ,1strectomy had no relation
to the development of the megaloblistic anama
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and very high urnary uropepsin levels The anemia responded
to mtramuscular mjections of vitamin By but not to oral
admimstration of the vitamin together with intrinsic factor
Radioactive vitamin By studies demonstrated estremely poor
intestinal absorption not mnfluenced by addition of mtrmsic
factor normal gastric juice or bowel sterilization with tetracy
cline Since five hundred ml of the patient s gastric juce plus
sitamin By, and mtrinsic factor given orally to a woman with a
subtotal gastrectomy and with normal B; absorption depressed
her absorption of B; by 509,  the authors concluded that this
patient s gastric juice 1n sufficient quantity will inhibit the
absorption of By, from the intestinal tract causing a varant
of pernicious anemia

However there 15 esidence that large amounts of mtrinsic
factor grven orally such as the 500 ml of gastric juice plus
additional ntrinsic factor 1 the form of a hog mtrinsic factor
concentrate which was given to the woman with a subtotal
gastrectomy may inhibit the absorption of vitamin B; 1n any
reciprent 11 169 173 Therefore production of mhibited absorp
tion with such a large dose of mtrinsic factor-containing material
does not constitute an argunient 1n favor of the existence of m
intrnsic factor mmhibitor 1 the gastric juice that was grven
Furthermore 1f such an mhibitor did exist 1t might be expected
that 1t could be overcome (although this 1s not necessarily true)
by a Inrge dose of intrmsic fictor The authors report however
that massive dosage of intrinsic factor guven orally did not
correct the absorptive defect

The validity of the contention that the pauient s gastric juice
contamns an mtrinsic factor inhibitor cannot yet be considered
proved A muld form of coeliac disease or a selective malabsorp
tion for vitamin By remain major dragnostic possibilities A
search for evidences of malabsorption for other agents remains
to be reported as does the result of oral administration of a
moderate amount (25 to 100 ml) of the patient s gastrnic juice
with rudioactive vitamin By to a reciptent with known addi
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subtotal gastrectomy uncomiplicated by other factors 1s rare
A complicaung factor might be the occasional development of
a malabsorption syndrome after partial gastrecromy ¢ # In this
connection there 1s a greater rapidity of gastric emptying and
intestnil transit after subtotal gastrectomy Tlus 15 more
marked after a Billroth I procedure (gastrojejunostomy) than
after a Bullroth I opcration (gastroduodenostomy) 14 ®

If the absorption of won occurs chuefly m the duodenal
Te0n 1 160 W yrgn deficiency should be expected to occur
more frequently when subtotal gastrectomy 1s followed by
gstrojejunostomy than when 1t 15 followed by gasiroduodenos
tomy Longcontinued 1ron deficiency 1tself may then lead to
gustric atrophy and mtrinsic factor deficrency 18 19 167

When any pauent undergoes subtotal gastrectomy the extent
of the gastric remnant should be clearly and preciscly recorded
as should the appearance of the mucosa of the resected portion
The patient must be closely checked fot the possible develop
ment of won defiaency His abihity to absorb a test dose of
radioactive vitamin B, should be deternuned about two months
after operation® 1f poor and correctible by oral admimistry
tion of mtrinsic factor the patient should be treated for the
rest of hus hife just as if he had pernicious anemra If his abshty
to absorb vitarun B, 1s normal the patient should have semt
annual exanunations of his peripheril tlood smeir and deter
mination of his hematocrit hemoglobin and red cell count
along with serum 1ron and wvitamin B, determmations f
availible Itis probably m the patient s best wnterest to contnue
such sermnnual exammations for 1t least 10 years after the
subtotal gastrectomy As stated previously however the nct
dence of megiloblastic anemin after subtotal gastrectomy 15
quite Jow even in pauents foltowed for a number of years

3 Intrinsic Factar Inibitor in Gastrie Secrehion
A recent prelmunary report 13 presented  an unusual case
11cious anemia dia, nosed 1 1 malc at the 1,e of 13 months

of perr
25 year follow up The patient consistently had free acid

witha
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as proved by direct mstillaion of vitumin By nto the colon * 4
and the fact that the stools of pauents with pernicious anemrn
contamn large amounts of vitanun By synthesized by bactera
i the colon which would produce rcmission of the nemin
1f they could be absorbed ™ preswmably o stoular bactenal
flora producing viamin B, 15 present m the stools of vegans
who secrete mtnnsic factor but sull develop vitamin By defi
ciency

Since the small mtestine provides the only physiologically
signuficant absorptis e surface for vitamin B, 1t 15 clear why my
deran ement 1 this poruon of the alumentiry cinal may
produce vitamm By defiency discase 1f the derangetient 1s of
sufficrent chronicty so that the body stores of availble vitamm
B,. are exbausted

Study of mdniduals who had undergone totil gstrectomy
mdicate that such stores become depletd to a suffictent extent
to produce a MCrocy1oss 1 approvumately one or two years
with anemia appearing m amother one or two years md a
megaloblastic marrow shortly thercafter  The major site of
storage of vitamn By appears to be the liser? 12 s which the
biologic hall life of vitumun By 13 approxumnately a year 3

In most patients with 1 small mtestinyl disorder of sufficient
degree to produce defecure absorption of vitamin By oru

Tinon of pt y wmtrmsic fictor 1s not able

to ymprose the absorption 1+ 10

1t 15 mot exsy to predict the tine of onset of overt elumcal
suamin By deficiency m ny pationt witk an absorptive defect
because the amount of the body stores the dietary sutake anl
the metabolic turnover of vitamin L, varnies {from person to
puson In addition farlure to absorh vitamm B, 1s usually
not absolute and vanes from time to ting in the same indnidunl

1 Malabserphion Syndrome

Malabsorpuon syndrome s a teim apphed 0 a group of
metabolic disorders w winch multiple defects of mtestinal
absorpuion play a prominent parg 14 1 4 1ia
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somian pernieious anemia both n the absence and m the pres
ence of added hog intrinsic fictor concentrite

Nevertheless the speculation that some indnvaduals may have
an mhibitor of mtrinsic factor in therr 25LTIC JuIce 15 Interesting
ad worth heeping 1n mind There 15 some evidence that such
am mhibitor may exist n the form of degraded or mcomplete
mtrmsic factor unable to bind vitamm B, but ble to attach to
mtestinal receptors wnd block their uptake of mtrinsic factor '

B Small Inteshnal Disorder

Variable degrees of 1educed absorption of vitanmn B, and
of folic actd may occur with any structural or functional disorder
affecting the small ntestine

The 1bsorpuon of phystologtc 1mounts of vitunm B, occurs
primanly m the smail intestme This has been demonstrated
by msullition of radioactive vitamin B, through an ntestinal
tube directly mto the duodenumn jeyjunum and ileum* * It s
probable that no si;mificant absorption oceurs from the stomach
since oral wdimnistrainion of normal gastric juice with vitamiy
B, to gastrectomized patients 1s not only effective but may
actuilly produce greater sitannn By absorption than that
obsersed on sunilar treatment of pattents with pernicious me
mr whose stomachs are mtictt  Bypassing the stomach by
duodenal itubation ' or umed relene capsules 176 hias also
resulted m greter vitamin B, absorption than that observed
when the stomch was not bypassed Possible explanations for
this phenomenon wmnclude binding of vitamm B, by materials
1n the stomach that have no intnnsic factor activaty 119 13 1771
and the adverse affect of acid pH on ‘itamm B, =bsorp
tion 1 180

It 1s probable that most vitamun By absorption tn man occurs
1n the tleum 12 181 1% a5 5t does in the 1t 2% and the dog #*
There 15 practically no absorption of vitammn By by prtcnts
who have had all their <mall mtestine except the jejunum
181

resected 1
No sigmficant absorption of vutanun B, occurs from the colon
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cortictl steroids 7 The mechamsm of this correction 15 an
known Resporse of megaloblastic anenua to admmistrinon of
adrenocortical steroids bas been observed 1n some cases of adult
cochac disease and of pernicious anemia M 1 here too the
mechamsm of action of the sterotds m terms of vatamun By
(or falic acrd) absorption 1s unknown

Perm inent correction of the absorpune defect usually follows
effective treatment of the fohic aad deficiency which sesults 1
regeneranion ° of the mtesunal vilh * 1f the dmage has not
persisted for such a prolonged period as to be wreversible and
generally a complete recovery of the patieny °* 16 ¥

For these reasons and because tropical sprue does not respond
to a gluten {rec diet and often demonstrates & rcturn of the
folic acid excretion test to normal with treatment ™ tropicl
sprue 1s considered here as 1t 1s by many authorues 28 08 0t
118 10 ciffer from nontropical sprue In the latter condiion
the vills do not regenerate ° actual cure daes not occur 7 the
patient often responds to a gluten free diet ** % and the folic
actd excreton test remuns abnormal after treatmemt ¢ It
should be noted howesver that some investigators believe that
the dissinudarities are too superficial to warrane definsuon of
tropical and nontropical sprue as separate entines ° 1

\2) Childhood coeliac disease adult cochac disease fidio
pathie seatorrhea nontroprcal sprue) These conditons arc
belined to be the expression of the same basic defect ar dif
ferent ages o 8 The villous atrophy 1s nresersible % 3
and cure 15 not yet possible ¥ ¢

Tlus entity 15 probably the final result of a hereditary con
st 1 defect in ) ' d as 2 domunnt
trait of vanable penerance and expressivity 4 18 & 9 [t fqg
been stated that  pernicious anema s the final result of 4
genetcally deternuned progressive atrophy of the cluef cells of
gastric mucosa while coeliac disease and idsopathic steatorvhoea

result from an analagous atrophy of the envpr cells of the in
testnal mucosa @
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a Primary

Primary malabsorpuion syndrome includes those generalized
absorption defects of unknown etiology n which varymg de
grees of atrophy of the intestin1l villi are present 9- 95 The
possible exstence of receptors for mtrmsic factor mn the sm'l
ntestine 1 M08 suggests 1 drrect rddnonship between the
degree of damage of the mtestmal villt (w1th concomitant reduc
tion 1n number of receptors) and the degree of mability to
absorb vitamin By, A sumilar relauonshup may enst for fohc
acid absorption The variable degree and reversibility of the
atrophy of the intestinal villi may explain n part the similar
vanable degree and reversibility of the absorptive defect for
vitamun B, 190 101 "0 ~o8

Another factor which must be considered m evaluating the
absorptive defect for vitamm B, 1 both primary and secondary
malabsorption syndromes 1s the dependence of mtrinsic factor
action on calcium 2 Removal of calcium by fatty acids m the
form of msoluble soaps may explan the poor vitamm B, absorp
uon 1 some pauients with steatorrhea * although n one
sertes * ¢ of 10 such patients peroral admumstration of 7 to 10
Gm of calcium lactate had no significant effect on 1bsorption
of concurrently administered radio B,

The varous conditons formung the group characterized as
the primary malabsorption syndrome are differentiated from
each other on climcal grounds such 15 agc plice of residence
severity response to treatment and resversibility of the disease **°

Although the primary malabsorption stues frequently arc
accompanted by considerably unpaired absorption of vitamin
B, they are generally more mtmately related to folic acid
deficiency and will be discussed furthier in that connection

(1) Tropical sprue This steatorrhea syndrome seen in the
tropics 15 probably most often the resnit of prolonged dietary
deficiency of folic acid '® ' The assouated absorptive defect
for vitamin B; 1s sometumes correctible by mamtamning the pa
uent on adrenocorticotrophic hormone (ACTH) * or adreno
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(5) Other conditions chavacteried by chromcally disturbed
intestinal function Macrocytic amemia has been reported m such
conditions associated with chronic miesunal dysfunction as
chronmic pancreatic disease * chronic dysentery *© hypothyroid
1sm?!7? and mesenteric vasculir disense ¢4 In the latter two
conditions resolution of the metabolic aisorder 1nd healing of
the mtestml lesion respectively were associated with a return
1o normal of the mtesunal absorption of vitaimn B, wlich had
been previously demonstrited to be greatly reduced There s
some evidence m rats that the absorptive mechanism i the
dewn for vitmnin By s slowed down by hypothyroidism
Decreased secrenion of mntrinsic factor may also occur with
lack of thyroid hornone

2 Specific Malabsorphion for Vitamin B,
a Due to Long Fevm Ingestion of Calctum Chelating Agents

The mechanism of mtnnsic factor action m the ntestine ap
pears to be calaum dependent 1 3 ¢ 4 The amount of
radionctive vitammn B, excreted in the uiine of normal subjects
during the course of 1 Schilling test fter short term 1dnunistra
uon of calcium chelating agents such 1s sodium phytate or
ethylene diamine tetraacetate (EDTA) 1s considerably de
creased © ¥ In some pitents with steatorrhen oril dmims
tration of calcium lactate mncreases the otherwise small imount
of vitamin B, absorbed % In most cases 1t has no effect
however? 8

Fuve pauents recerving orilly admimstered sodium phytate
{or periods from 19 to 44 months as trearment for hypercalcurin
associated with renal stones ' were mestigated through the
courtesy of Dr P H Henneman They were all found to hwve
decreased serum wvtymin By levels increasingly marked n
direct proportion to the length of therapy macroovalocytosis n
wmcreased mmount of hypersegmentation of the nucler of the
polymorphonucicar leuhocytes and duminished position and/or
vibration sense in the tocs ¢+
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b Secondary

Secondary malabsorption syndrome mncludes those climcal
entities which produce gross pathologic alteration 1n the struc
ture or function of the small wntestine of sufficient degree and
duration to result in dernged 1bsorptive capacity The degree
of the derangement 15 a major factor 1n determmung whether
vitamin By (and folic acid) defictency will be produced

(1) Regional ileitrs Megaloblastic anenma 1s a not infrequent
result of this condition ® which frequently produces grossly
deficient vitammn B, absorption In one study 42 patients out
of 80 had low serwm vitamin B, levels aud the imparred absorp
tion could almost alwiy be restored to normal by sterowd
therapy *

(2) Strictures or anastomoses of the small bouwel Megalo
blastic anemia has been observed to follow the development
of single or multiple small bowel strictures usually m the tleum
and 1ntestmal anastomoses 3' ¥ The latter have mcluded
entero enterostomies enterocolostomics gastrojejunocolic fis
tulae and gastrocolic fistulae

Defective absorption of vitaimn B, or folic acid or both 1s
demonstrable 1 a sinificant percentage of such patients '
However 1n the majority of such pattents when maciocyti
anemia develops 1t 1ppears to be the 1csult of ntestinal stasis
producin,, an 1bnormil bacterial flora and the blind loop syn
drome rather than a secondary malabsorption syndiome 23t *

(3) Intestinal 1¢sectron Intesunal 1esccuons as performed
for jejunoileitis or superior mesenterw artery occlusions may
result i failure adequatcly to absorb vitamin B, 1 3

(1) Malignancies and granulomatous lesions myolving the
small mtestine Lymphosarcomt reticnlum cell sucoma hvin
phogranulumatosls and ntesunal hipodystrophy re  mmon,
the conditions which may produce 1 malabsorption syndrome
with compromise of vitamm B, absorption to 1 sarblc de

R
gree
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(5) Other condations characterted by chronteally disturbed
mtestinal functron Macrocytic mem i been reported in snch
conditions associated with chromie mtesumal dysfuncuon as
chironic pancreatic disease ¥ chromic dysentery ** hypothyroid
! 7 and mesentenic sasculir disewse ¥ In the latier two
conditions resolution of the metabolic visorder and healmg of
the wntesunal leston respectively were associated wath 1 zetumn
to normal of the mtestmal absorptron of vitammn B, winch had
been previoushy demonstrated to be greatly reduced Fhere s
some ¢vidence m rats that the absorpt ve mechinisim m the
sleum for vitumn By 1s sloned down by hypathyroidisia
Decreased secretion of mtrmsic factor may ko occur with
lach of thyroid hormone

2 Specific Molsbsorption for Yitamin B,

a Due to Long Term I ton of Caltruin Chelaling dgents

The mechumsm of imrnsic factor act on m the mtesune ap
pears to be calcium dependent ™ 1 ¢ 4 The amount of
radroactive vitamun Iy excreted i the wiine of normal subjects
during the course of 1 Scnlhng test after short term dmustra
tion of calctum chelating agents such s sodmm phytie or
ethylenc duamine tetracetate (EDTA) s considerably de
crersed ¢ 3 In some pattents with steatarrhen oral admuns
tration of calcium lactate mereases the othernise small umount
of witanun B; absorbed ¢ In most cases 1t b no effect
however 18

Ine puents recening orally admimstered sodrum phytue
for pertods from 19 to 14 months as treatment for hiypercileurty
assocsrted with remal stones # were nvestigated through the
courtesy of Dr P H Henneman They were alt fonnd to have
decreased serum viumin By levels ncrewsngly marked m
direet properticn to the length of therapy macroovalocytosts m
wereased wnvunt of hypersegmentation of the nucler of the
polymorphonuclear lenkocytes and duniushed position and or
vibration sense 1 the toes % 4
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Examination of the bone marrow moiphology in each of they
5 patients revealed the presence of some intermediate megalo
blasts and some large but not quite giant metamyelocytes

The inference from these studies would seem to be that
patients recerving prolonged oral therapy with oral calaum
chelating agents will eventually develop a full blown megalo
blastic anemia due to vitamn By deficiency if not prophylact
cally treated by mjection of the vitamm at regulir intervals
However absorption of radicactrve vitimm B; 1n 2 pg doses
by the 5 patients on prolonged phytate therapy appeared 1o be
normal % Since 1t was not determined that the radioactivity
absorbed was that of the y1tamin B, rather than that of a break
down product of the vitanun 1nd since other posstbilsties alsn
could explain the discrepant resalts fuither study 1s needed to
determme clearly whether or not long term wgestion of calcrum
chelung agents will sufficiently restrict B, absorption eiventu
ally to cause full blown mcgaloblastic anemin All the evidence
except for the hormal absorption of radicacinve vitamin Br
suggests that overt megaloblastic tnemia will 1 fact eventually
develop m such cases

b Due to 4bsence of Intestinal Receptors for Intrinsic Factor

According to 1 recent hypothests 119 2 which concides with
the views of vaitous wotkers 131t 11 jeceptors for mntrinsic
fictor exist mn the small mtestine and pliy a vital rale m the
absorption of physiologic wnounts of vitamin By It would be
fo,tcal to suspect thit if surh receptors exist patients mmght be
found who are unable to absorh vieamin By because of 1
congenttal or acquired reduction or 1bsence of these receptors
independent of 1y other absorptive defects

In a search for such panents the author has seen 7 m
dividuals with megaloblastic anemm scrum yitwnun B, laels
below 100 pug /ml mability to 1bsorb 1 2 pg oral dose of ridio
acyve sitamun By erther alone or with added hog intrinsie
factor concentrate ntrinsic factor secretion ppearing 1o be
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normal as mewswed by 1 viro assay  of gastric yuwce and no
steatorrhea diarchen or other signs or symptoms of malalsorp
uon syndrome

Two of these patiemts developed steatorthea durng fat
balance studies md nere chssified as cses of adult coehac
disease

Athiwd BC a 70 year old woman of Puerto Rican onigin
was extenstvely studied at the Mount Sinu Hospral Examina
tron included a full battery of studies for possible malabsorption
of agents other than vitinun By by Dr D Adlersberg s group
Glucose fat suanun A and aylose tolerance tests fat balance
studees g unal tract wd fluarascapy

geuog
plasma prothrombin and serum calctum phosphorus atkaline
phosphatase and foliwand were all normal

This woman was one of the patents we made avulable to
Drs Luhby Cooperman and Teller for thew siudies usin,
their method of hustidine loadmg®? they found no hwochenu
cal fohe wid deficiency (15 mamifested by excretions of for
mimmoglutamic acid m the urme which were well within the
normal range after many repeated hisadine loading doses)

There was {ree 1ad 1n her gastrac yurce after but not before
fustimne stimulwon The only suggestion of an absorptine
abnormality other than for cuanun By was 1 low serum carotene
fevel of 51 pg pex cemt Tlus could bive been explamed on the
basss of her poor dier®  bur w could Also be 1 reflecuon of an
otherwise completely hidden malthsorpuon syndrome

The fourth patent MC  was studied at the Mount Sinat
Hospial almost exacty as pruent BC (wde supra) This 71
year old woman of Paerto Rican ongit had a serum carotenc
level of 13 ug per cent nd 1 sernm folie aad  leve! of 24
my, ml ndicarne of folic wid depletton despite the absence
of formunmoglutamic aud m her unne (fhistdine loading
s not dane n this case) Al ather studies yielded normal re
sults VWhite her low serum crrotene could be explhuned by her
poor dict 1t 1s harder to explain the low serum  fohc acid level
She 15 being further studied to dehneite tmore clearly the conds
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tton The present working drignosis 1s malabsorption syndrome
but dietary folic acid deficiency plus a specific tbsorptne defect
for vitamun B; due to lack of intestinal receptors for mtnnsic
factor remains an alternate possibility

The final 8 patients have been partially studied for absorptine
defects other than for vitanmn By mcluding three day fat
brlance studies with no such defects found This was also true
of other cases alluded to 1 the hteratume '™ ¢

One or more of the 5 above noted cases may eventually be
defimtively proved to have solely 1 spectfic absorptive defect
for vitamin B; due to 1 reduction or absence of intestin] recep
tors for mirinsic factor or of whitever other small testnal
mechanism or mechanisms which may be mvolved 1 vitamm
B, absorpuion In all of these 5 cases repetitine studies at vars
ing intervals of ume are required to rule out an occult gen
eralized malabsorption syndrome whose ‘various other para
meters may be only mtermittently demonstrable Other cases
of possible specific malabsorption for vitamin B, are being
closely followed elsenhere *

At present 1t may be said that spuafic malabsorption for
Mitaman By dees exast but s exastence s an ennty mdependent
of adult coelac disewse (innd possibly other etiologic entsties
m the group of generalized malibsorption syndromes) cannot
be considered proved untul extensive Jongttudial studies over
1 pertod of years hayve been carried out or until jejunal iopsies
are obtamned

It must be remembered th it some pattents with malibsorption
syndrome may not demonstr ite milabsorption for fus even on
serally repeated studies and miy show mihbsorptton only
for ,lucose on one occaston only for viamm A on mother
occasion ete

Unfortunately none of our five patients had jejunal biopsy
Demonstration of a normal jepunal mucos: i these indniduals
would effectnnely exclude wdiopathic steatorther ind help o
establish defimtively the dingnoss of speaific malabsorption lor

viamin By
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C Compehition for Vifamin 8,; by Intestmal Parasites
or Bacterta

1 Fish Topeworm (Diphyliebothrium Latum?

Next to addisonuan pernicious mems fish tapeworm anemn
15 probably the most thoroughly myvestigated of all the vitwun
B, defictency states 2% It has been directly demonstrited hoth
in vitro € and an yno 7 that the hsh tipeworm competes
duzectly with the snirmsic factor of the host for avarlable vutanun
P, mnthentestine %

The ligher the parsite 15 Jocated the more likely 1t 1s to
mterfere with viamin By bsorption 1 since the vitamn
has less prolonged contact with the mntestne and thesefore less
chance of being absorbed prior (o being taken up by the
mpeuurm

Other factors influencing the refamne uptake of vianun B; by
the prrasite as comprred to the host are the number and size of
the worms %7 the rypdity of growth and of e g production
by the worms ** and the quanuty of mtnnsic factor produced
by the host ™ Vstumin Py bound to murinsic factor ts unavala
ble to the parasite * but s avarlable to the host

Vicamun By in bigh concentration appears to be an essentsa}
constituent of the fish tapeworm The concentration of sitamin
B per gram of dued worm s from 133 to 3 g easily enough
w0 provide trextment in permctews anemin  Afthough the con
rentration of vitanun By in Ascans lumbricatdes s of the same
magnitude viaman B, deficiencs has not with certamty been
found mn cases of infestaon with ths parasice perhaps because
of differences m quanuty wnd biologic vroperuies of these part
sites as compared to the fish apeworm Other parasites such

Tacnn sagmart concun considerably less vitamun B, and do
not appets capablc of causmg vitanmun By deficiency 1%

2 Hacteris The Blind Loop Syndrome

Megaloblasuc anenma my appear m association with the
presence of a surgically creited blmd loop of mtestine ™ the
presence of the muluplc small blind loeps of masssve smalt
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tion The present working diagnosts 1s malabsorption syndrome
but dietary folic acid deficiency plus 1 specific absorptive defect
for vitamun B, due to Inch of intestinal 1eceptors for mtrmsic
factor remains an alternate possibality

The final 3 pattents have been partially studied for absorptine
defects other than for vitunm B, ncluding three day fat
balance studies with no such defects found This was also true
of other cases alluded to m the Itteriture ¥ 4

One or more of the 5 above noted cises my eventually be
definitively proved to hve solely a speafic absorptive defect
for vitamm B, due to 1 reduction or absence of mtestintl recep
tors for intrinsic factor or of whatever other small intestinal
mechinism or mechanisms which may be mveolved m vitamin
B, absorption In all of these b cases repetitive studtes at vary
g mtervals of time are required to rule out an occult gen
eralized malabsorption syndrome whase various other para
meters may be only intermittently demonstrible Other cases
of possible speafic malibsorption for vitimn B, are bemg
closely foliowed elsewhere *

At present 1t my be said thit specific malibsorption for
sitanun By does exist but 1ts exsstence s n entity independent
of adult coeliac diseise (md possibly other etrologtic entities
m the group of generilized malibsorption syndromes) cannot
be considered proved unul extensive longitudmal studies over
a period of years have been carried out or unul jejunal biopsies
are obtamed

It ntust be remembered that some pattents with malabsorption
syndrome may not demonstrite malabsorpuon for fats cven on
serially repeated studies and muy show mihbsorption onhy
for glucose on one occision only for vitamin A on mothet
occson etc

Unfortunately nune of our fin¢ pauents hind jejunal bropsy
Demonstration of a normal jejunal mucosa in these mdnduals
would effectinely exclude wdiopathic steatorrhea nd help to
establish defimtisely the dii nosis of speaific malibsorpuon for

vitamin By
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which the pauents ceased to respond 1o parenteril vitamin By,
therapy and showed 1 return 1o megrjoblastic hematopoiests
after developing extensne gastne cascinomsa ¥ » % The
uthor has observed 1 possibly simiar phenomenon m a 260
pound female panient with pernicious nemi in remussion who
developed caranoma of the breast with (atenssye metastases 10
hones © She went mnto bemologic relapse despate contnuanon
of her mamtenance dosige of 60 pg of vitamin By parenterally
at monthly mtennals The patient died before st could be deter
mimed whether the hematologic pscture could be tmproted hy

d son of larger of mitimin B, or wdmmistry
tion of folicacsd the serum vitamun B, tevel just prior to death
u1s 620 ppg /ml by L Lershmanu assay (2 normal resuly) but
her red celt B, level was only 180 4eg /mi (In the normal sub
yect serum nd red celt vitann B, levels are roughly the same )
Tt 1s not knoun whether the phenomenon of relapse despuc
contmuanon of the muntenance dosage of vitarmin By m these
patients was a reftecuon of mability to utdye vitanun By
creased demand for the vitamin or yer wother cause such s
folic acid deficiency In the hight of present knowledge the latter
posstbality scems most hlely (Sce section  Parasitization of
tolic Aaid by Malignane Tissue  pige 59)

Recent experunental evidence m rats that sitamn B, mniy
be a cafactor iz umno 1ad mcorporaition nto protem ©
has been accompamed by demonstrivon of mbubition of proteut
brosynthests by the amlide of the monoc wboxylic acid of vitamun
By which seemed 1o function as an wntivitammn By mr thus
reaction °

Future studies using antt vitatmin By gents s antrmetabolites
to reduce the speed of neoplistic growth m humans much as
the antfolic acsd agents are now used may produce clear cut
cases of mabnlity o unlre vitumin B, Preluminary studes
% suggest ths possibilaty may soon be realized with the use
of altered vitamm B, molecules which w1y et by bloching the
sitamm By transport and storie systems by competitive sntuby
uonof vitimm B, or both
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testinal diverticulosts  or with mtestinal stricture or anasto
mosis ¥ 32 In such cases mmpaired absorptton of vieamin By,
has been repeatedly demonstrated

The defective vitamun B, bsorption may be greatly im
proved durm, admmuustiation of one of the tetracycline group
of anubiotics * but not by neomyain or sulfisoxizole * The
response to antibiotics the avidity of certain strains of intestinal
bacterta for vitamun B; 2 and the evidence from tutopsy
studies ¥ and amimal expeniments *°  that an abnormal
small tntestrnal bacteral flora proliferiting m the stagnant loops
of small mtestine was an msartable occurrence when mactocytic
anemia developed all led to the concept that stasis of intestimil
content with abnormal bacterial growth results m impaired
absorption of vitamin B; and possibly of folic actd possibly by
diversion from the host to the bacteria ¢ In some cases the
major deficiency may be of folic acid rather than vitamin By

‘While the mechanism of this phenomenon ma1y be duect
competition for wvailable vitamn B, and folic nad m the
intestine by the bacteria 1nd the host this mechantsm 1s not as
clearly demonstrated 1n the blind loop syndrome as 1t 1s 11 fish
tapeworm anemia One bit of ev1dence suggesting a possible role
for the tetracychines other than destruction of abnormal m
testinal flora 15 a report of slow but definite remission of per
micious memta on rdmustratton of chlortetracycline ™ Thrs
may hive been spontineous remission but more study of this
phenomenon may be useful

In certain megaloblastic anemuas i kenya dramatic improve
ment has been reported alter wreatment with oral pemicilin
alone 8 Itwasspeculited that the high carbohydrate low numal
protemn diet of these natrves might produce an abnormal <mall
howel bacterial flora

11l INADEQUATE UTILIZATION
A Inability to Uhlze Vitamn B,

The exsstence of this enuty has not yet been established with
certamnty Cases of pernicious nemia hae been reported
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istered dose within 24 hours (Noimal persons excreted 0 to 10
per cent under simular conditions ) After giving normal plisma
the urmnary excretion of the same dosc of labeled vitamin de
creased to 24 per cent Temporary rermssion could be produced
by a single mtrimuscular dose of 90 pg of vitamin B, or by the
ntravenous 1dmimstration of 250 ml of human plasma The
patient had unexplained unresponsiveness to weekly mjections
of crnde Iiver extract for 18 years prior to demonstration of her
response to normal plasma adminstration

In a recent personal commumcation Horrigan provided
further nformation re arding the patient including the fol
lowing

Erior to treatment her serum vitamun B Jevel was only 2 uug /ml (E gracihs
assay performed by \ Lear at Thorndike Memonal Laboratory) confirming
the exstence of vitamim B, defictency After three ucce sive responses to plasma
the panent became refractory to 1t Her xitamin B Tequuement to mainta n
rem swn gradually rcse to daily 1njections of 1000 4 Iron deficiency anemia
deseloped 4 bleeding huatus herma was found and «peratnely repaired The
patient died 2 month alter the operation after a fev days of rapidly incieasing
scterus and termunal bleed ng from all or fices At postmortem examimat pn the
6indings ¥ ere muitple endocrine tumogs,_{chromophobe adepoma of_puy tary
alenomatosts cf parathyr 10 slet cell tumors of panc ea sler cell tumaz_of
jejunum), cert cal hyperplasia of adienals slight nephrocalomoss and acute
mass e distention of 11 te tine

The exact mechanisms ot her defect with respect to vitamin
By were never worked out A possible relationship to an occult
malbsoiption syndrome or to one or more of her endocrine
Abnormalities was not demonstrated prior to her death Study
of other such cases when found may throw considerable hght
on the mechanism of vitamn B; binding transport and storage
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B Parasitization by Fetus

Serum vitunin By levels gradually decrease during pregnancy
and vitamin By levels of umbilical cord blood are mvanably
Ingher than those of the mother obtuned at the same tme

%2 Supraphysiologic (1000 x,) oral doses of vieumin B,
may be absorbed 1t a greater than normal rite by pregnant
women 2 ¢ but depressed absorption of physiologic doses has
been reported 2 * This depressed absorptton may be due o
decreased secretion of intrinsic factor 1t 1s hnown that gastric
secretion of 1cid and pepsin f2lls duriny pregnancy 3

Despite the lowcring duning pregnancy serum vitnim By
levels gencrally remam within normal lunits Tlus 1s not alnays
true however ™ 7 48 Me aloblastic anemia rarely occurs dur
ing pregnancy when nutnition 1s adequate 2 ¢ when 1t occurs
with poor nutrition 1t ts more frequently due to primary defi
aency of folic acd than of vitamn B, 10 77 8

The combinauon of a margmal vitamm B, mtake nd
parsitization of avulible sitnmun By, by the fetus could lead
to 2 vitammn B, deficiency m the mother Such 1 deficiency his
not been frequently reported but docs occur # 7 4

C Inability to Retain Absorbed Vitamin B,

Most of the vitanun By, i human serum 1s bound to scrum
protemns * primmnly to an lphal globulm * % Ix appens
from studics 1n viro that mnounts of vitamm By m excess
of physiologic serum levels niyy be bound to other fraction

(mcludmg beta Jlobulms 4 »

It 15 possible that deficiency or abscnce of the vitamm By
bindin,, protemn m serum could lead to mability to rctamn
sitamun By A sigle ¢ase of macrocytic memi with 1 defect m
viteamin By bindmg hns been reported » That pazent s mano
¢ytic anenua could not be muntuned 1 1beyance by 30, , of
witumn By mtramuscularly 1t one to two week mtervals and
ramusculir admiustration of 00 pg of Co ® labeled virnnm
13, resulted 1n the urmarn cxcrcuon of 60 per cent of the adnun



FOLIC ACID DEFICIENCY CLASSIFICATION 45

1s that folic acad and the chenmcally well defined [olic acid actinve
substances are not orduianly present i human blood

Balance studies cannot be used to s udy the absorption of
folic acid because fecal excretion considerably exceeds dietary
witake of the vitanun probably due to its synthesis by mtestinal
bacteria

In the Iight of present knowledge no clear separation of the
folic acid deficiency states caused by fadlure to ingest folic acid
from those caused by failure to absorb the vitamuin 15 posvible
The general beading of  \utritional Folic Acid Deficiency  will
thercfore be used to encompass those states characterzed by
sarnable degrees of nadequate mtake and 1nadequate absorpuon
ot folicacid The relative roles of inadequate diet and defectine
absorption 1n each condition will be indicated 1nsofar as 1t 15
possible  but the reader must reabize that future hnowledge
may necessitate revision of the relatnve significance attributed to
these twa factors in any given clinical state

The recent demonstranen that folic aad deficiency may be
measured casily i man #*° 444 * may prove a stepping stone
on the road to solution of many of these problems

1 NUTRITIONAL FOLIC ACID DEFICIENCY
A, Inadequate Oiet

The daily dietary requirement of a normal man for folic
aud 15 estmated to be less than one mg ** » The excellent
hematologic response of some folic acid-deficient patients to
parcnteral admimistration of as hittle as 200 pg daily # suggests
that the daily requirement may be less than 0 25 mg  \s stated
above more studies with parenteral administration of small
doses of folic acid 1n folic acid deficient pattents are needed ta
delineate more clearly the mimmal daily requirement for this
vitamin

The major dietary sources of fohc acid are animal liser and
hadney and fresh green leafy (and nonleafy) vegctables ® Dred
hdney beans navy beans and soy beans are also high 1n folic



5  Etologic Classification of the
Megaloblastic Anenmuas Due to
Folic Acid Deficiency
and Other Causes

LrioLocic crassiricaTioN of the folic acid deficiency states has
been hampered by a number of problems The daily dietary
requirement for folic acid 15 unknown ** Because of the efficacy
of oral treatment of folic acid defictency states no estensne
studies have been reported indicating the minimal parenteral
maintenance dose for folic acid deficient patients Therefore
no baseline has been established for studies relating to the pos
sibly different requirement for folic ncid of mdividuals with
various forms of folic acid deficiency

This 1s especnnlly true of the folic acid deficiency states of
pregnancy and mfancy where mcreased tequirement for foli
acid almost certainly exists as a result of tne increased metabolie
load carried by the mother 1nd the growth 1equirement of the
nfant

Because of the simphicity of oral treatment with 5 to 15 mg
doses of folic acid 1n patents with ntestinal malabsorption
very httle information 1s 1 ulable as to whether malabsorption
15 the cause or the effect of folic 11d dcharency m these individ
wls It 15 quite probable for example that the folic acid deft
ciency of many cases of tropical sprue 1s primanily duae to
ul:ﬁigg&tc/dlc_l ** and tint the folic aad deficiency 1tself pro

duces ntestinal malibsorption__diarrhea,_and perpetuauon of
e e
the deficiency due to the resulting mmpared 1bsorption of folic

aad
Determmition of baselme blood Ievels of folic acid 1s con
sidered valucless by most workeis 7 the mvulible esidence

44
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ss that folic acid ind the channcally well defined folic 1cid actise
substances e not otdmanly present 1 human blood @

Balance studies cannot be used to study the absorption of
foltc acid beewse tecal exachion considerably excecds dietary
meake of the utumm probably due to its synthesis by mtesunal
baciersa °

In the Iight of present hnowledge no dear sepuation of the
folie 1a1d deficiency states caused by failuie to ngest folic rwad
from those caused by farture to absorb the vitwmm 15 possible
The general heading of Nutrinonal Folic Aad Deficiency  wall
therefore be used to cucampss those states chaircterized by
vaniable degrees of sudequate stahe and wrdequate absorption
of folic acid The 1clatnve roles of madequate diet wid defective
absorption in each condiion will be mdicated msofar s 1t 15
possible but the 1¢rder must reahze that future knowledge
may necessitate revision of the relative sigiificance ttributed to
these two factors m any grven chimical state

The recent demonstration that foli aad deficsency iy be
mexured casily m man 2 42 4% may prove a sceppiug stone
oit the 10ad to solutron of many of these prablems

1 NUTRITIONAL FOLIC ACID DEFIGIENCY
A. lnadequate Diet

The dady dietary requuement of a noimal man for folic
aad 15 esumated 1o be Jess than one mg % % The excellent
hematologic response of some folic 1cid deficient pitents to
parenteral adnmimistration of as little as 2,0 pg duly suggests
that the daily requirement may he less than 0 25 mg As stated
above more studtes with parenteral admumstrigon of small
doses of Fakic acd 1 folic acid deficrent patients are necded o
delmeate more clearly the mimmal duly requuement for this
‘itanan

The major dietary sources of fohic acid are wnumal Iier and
hidney and fresh green lesfy (and nonlealy) vegetables * Dried
hidney beans nwy beans and soy beaus arc Also lgh 1 folic
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acid content as are peanuts almonds cocenuts and some fresh
frues

It should be noted that from 50 to Y5 per cent of the folic
1cid content of foods may be lost 1n cooking % losses may be
espeaially jreat in canned foods #*

Tasres 1 anp 2 present the distribution of folic acd mn
foods ** and provide a useful reference when attempting o
determme whether the diet of 1 grnen patient 1s deficient
[olic acid The values are for fresh uncooked foods only

It should be remembered that most diets which are deficient
m folic actd e 1lso madequate 1 vitamm By, though to 1
lesser degree A striking exception to this rule 1s the folic acid
deficiency associated with a milh diet Milk of most kinds
1s umquely low m {ohc acd but conta ns wdequate quanunes
of vitamm B, * ¢ An aldruonal factor favoring general pre
domnance of folic acid dictary deficiency 1s 1 possibly somtew hat
greater stability of vitanun B, and greater retention m foods
with coohing

1 Megaloblastic Anemias in Infancy

Because of the low folic acid content of mulh mfants subststing
enurely on milk may develop megaloblastic emir * 30 °
Concomutant ascorbic acid deficiency can often be expected
especally when the mfnt 1s fed cow s milk which even when
undiluted contuns only one quarter as much viamm G 18
breast milk 39 (See secnon Inadequate Uulizaton of Folic
Actd due to \scorbic \cid Deficiency  page 78)

Evaporated mulk * dried milk gors mulk and breast
mulk ¢ ¢ all may provide madequate quantities of folic 1id
The megiloblstic anemia of infants fed goats itk exclusiely
s been described 1s a separate entity but thus anemua shows the
typical recosery pattern follown,, folic actd therapy *¢

Megaloblistic anenuy following the mngestton of a dwt
consisting 1lmost exclusisely of milk has been reported i
adults who were emotontlly disturbed  (usually depressed)
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TABLE 2—Folic 4ad (PGA Pleroylglutamic 4cid) Content of Foods

Total IGA content
Food Moisture 7 fresh basis /g
T egetables dried
Leans ludney 9 190
Beans nav 11 128
Beans soybeans 3 208
Peas green split 9 04
Peas vellow sphit — 024
Fruats fresh
ipple whole 81 001
Apricots 8 030
Bananas i3 ¢ 3
Berries blacdkberries B 00011
Berries cranbernes 8 013
Bernies stianberrics 91 060
Cantaloupes 91 0 4/-0 68
Cherries 50 0 30
Grapefrut > 021
Grapes 80 0 °0-0 %9
Lemons 91 08¢
Oranges 6 0 .80 40
Orange juice 87 036
Peaches. 58 0 08-0 20
Years 8 0110 16
Fruits dried
Apricots 2 006
Peaches 2 00/
iunes % 00/
Raisins scedless L ol
C reals and grains
Barley 11 0L
Corn yelloy 11 0.6
Oats 1 0 of
Rice brown 5 01°03
Rice mulled J 015
Sorghum gran
Whte hafir 1 01
Yellon milo 10 0t
W heat 8 a-10 € 0 3+0 4
Dairy Products
Buttermilh Ehd o
Ervaporated 3 004
\on fat dry - 00
Cheese Cheddar 33 0190
Cheese cotiage 3- 0 u

viglutarme aud V1IX Occurr nc m taod  f

1rom StonsTap F L R lie
Ihe Vatamis Nav York A leme Ere

Sebrell W H Jr and Harr R S
194 ol 3
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and w adelts m whom full mouth denal estrictions led to
substitution of ik for all solid food ¢

Infants with kwashsorhor or other delnlisung condiions
occasionally mamfest a megaloblastc anenua In such cases
there are so many deficienties {often wcluding viunm B,
defimiency) thas 1t 33 dfficult 10 wssign a predovunant yole wm
the development of megiloblastosts 0 any one of them 3
although trewment with folic acd usually s required and
produces a yeuculocytosis 24 #  The one {our year old boy
with kwashiorhar recently seen ar The Mount Simu Hospital
had a megrloblistic anenma with 1 serum vitnnn B, level of
32 apg /ml 2 serum fohe wed Jevdd of 27 mpg /mt oand a

. serum tyon Jevel of 15 ug /mi Ihe sron deficiency had = moder

ate mashing  effect on the erythrocyte component of the
megaltoblastic picture duc to the By nd folic 1ad dehiciencres

Remussian of meloblistic wmema m nfancy bis ocowrred
following vitwmn B, admimistiatron 3¢ perhaps doe i the
ma;\;n() of cases to mobihizason of rendual stores of folic anid
Faslure of response. to suanun By 15 frequent * 7 bug failures
of response 1o folic acid therapy occastonally supplemented with
ascorbic acd are retatrvely rare It must be concluded that m
most nstuices megaloblasuc anemn an nfncy 15 cwsed pra
marily by deficiency of folic 1ad Howcver newologic dunage
has been obsersed irequenily enough especially by Ewopean
workers 57 38 5o that copcomitmt or evenr PruNIly \iammn
B, deficiency rmust always be loohed for The term  megalo
blastic apenma of wfancy  should be discarded Wt tmplies
euologsc nmity which does not exist

2 Megatebt A i Prag: y and Puerperium

The great majornty of cuses of megaloblastic anemia i preg
nancy has been m women wgesting diets nadequate m fohe
acid content *= 1nd often wholly madequate espeenlly m meat
content ¥ This madequacy s accentuated by the ncreased
requirement for fuhic 1ad duning pregnancy *? especiaily dur
g the last two months when the fetal 1equirement for thus
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sitamin may be maxmmal 3% and overt folic acid deficiency
appears

‘While most cases of megaloblistic inenua m pregnancy and
puerperium 1ppear to result primanly from folic acid deficiency
some cases have supenimposed vitamm B, defictency or suffer
from primary deficiency of vitamin B, ™ 5 4 Such deficiency
may develop from the combination of a marginal diet depressed
absorption associated with pregancy ! with folic acid deficiency
and parasitizition of the mother s vitamun By by the fetus (See
section  Parasitization of Viamin B, by Fetus page 42)

The term  megaloblastic anenutt of pregnancy 1mplies an
etiologic umty wiuch does not exist and should be discarded
A more accurate designation would be megaloblastic memit
m pregnancy due to folic acd deficiency and/or vitanun By
defictency caused by (state specific cause or causes such as
poor diet)

Careful search for early signs of megaloblastic anema 1n the
peripheral blood smears of all women admutted to hospital for
delivery might reveal the mcidence of megaloblastic anemia 1
pregnancy to be as lugh as 1 1n every 39 patients i temperite
zones ¢ 3 or even ligher The incidence 1n the tropics 1s stll
higher

Some cases have been reported in the presence of 1 presumably
excellent diet 1nd no known gastromtestinal disturbance
Howesver such cases responded to folic acid therapy thus lews
1ng open the question 1s to etiology

1t 15 undecided as to whether mmpured absorption of folic
acad occurs durmg pregnancy Girdwood ** found no evidence
for madequate absorption but more recent work # indicates
that absorption of folic 1cid may be mmpawred mm pre,nant
women 304 312

The onset of megaloblastic nemia i pregnancy usually
ocewts 1 the last trimester and sometimes in the puer
perium B3 8 Remussion may appeir spontaneously when the
pregincy ternunates but relapse m1y occur with ;:’Ksubscquuu
pregnancy or 1 the 1bsence of another pregnancy
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In the tropics megaloblastic anems of pregnancy may re
spond partitdly or completely to viarmn By alone 7 319347 In
temperate zones this may occur 7 but 1s much less common
probably because general dietary deficiency stemming from eco
nomic and religious 1easons wih ndeguacies of folic acd
sitamn B, and proten 15 much more commion n tropual
couniries %

Large doses of vuamm B, often produce hematologic 1m
provement 3 2 ° Tlus may be due to 3 mass acton  effect of
such doses with mobilzaven of residual stores of fohe aad
Such an effect 15 suggested by the fact thar winle vianun B,
may nduce a temporary remussion the end result of such
therapy 1s disappointing in many cases 1f 1t 15 not supplemented
with folic actd ? 2 In some cases of course primury vitamin B,
defictency may exist

3 Nutnhonal Megaloblastic Anemia {Tropical ond Noatropical
Macrocytic Aaential

Gross dietary deficiency resulung from poverty gnorance or
religrous tenets 1s widespread throughout the world ang espe
crafty i tropical areas Such defictency often encompasses a lach
of 1nsmal protewn and of fresh green vegetables© 3 It there
fore resules m variable degrees of folic acid and vuitasun B, de
fictency 1n additten to defictency of tron and sometimes of pro-
temn asuwell?

Many pisents with nutnitonal megaloblastic anemia respond
partiathy or completely to viamnn B, T3 86 5334 gy ang
suboptimal responses are frequent even wih large doses of
Ttamun B,

On the other hand 1 uniformly excellent response follons
fohc ard idmunustratson 8 313 38

Submtormal serum vitanin B, levels bate been reported 1n
same cases of nutrittonal megaloblstic anemsa 10 # % 20 e even
m such cases folic acad was usually required m addition to vita
mn B, 1 order 1o obtamn complete vesponse to treatment

Therefore the lobl anemud sesulting from anade
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vitamun may be maximal ** and overt folic acid deficiency
appears

While most cases of megaloblastic anemia i preghancy and
puerperium appear to result primarily from folic acid deficiency
some cases have supernmposed vitymin B, deficiency or suffer
from primary defictency of vitanun By * 7 ##% §ych deficiency
may develop trom the combination of 1 marginal diet depressed
absorption associated with pregancy  * with folic acid deficiency
and parisitization of the mother s vitamun B, by the fetus (See
section  Parasiuzation of Vitamin B, by letus page £2)

The term  megaloblastic mama of pregnancy  1mplies an
etiologic umity which does not exist nd should be discarded
A more accurite designation would be megaloblastic 1nemit
m pregnancy due to folic acid deficiency nd/or vitamin By
deficiency caused by (state specific cause or causes such as
poor diet)

Careful search for early signs of megaloblastic anermia 1n the
peripheral blood smears of all women admitted to hospital for
delivery might reveal the incidence of megaloblastic anemia in
pregnancy to be as lugh 1s 1 1 every 39 pauents m temperate
zones ™ or even higher [he madence mn the tropies 1s sull
Tugher

Some cases have been reported in the presence of a presumably
encellent diet ind no known gistromtestinal disturbance 3
However such cases responded to fohic acid therapy thus leay
g open the question as to etiology

It 15 undecided as to whether mmpaned absorption of folic
acid oceurs during pregniney Cirdwood 37 found no cvidence
for mnadequate absorption but more recent work # ndicates
that absorption of folic 1ud may be impured m pregnint
women 304 312

The onset of megloblastic mema n pic hancy usually
occurs 1n the last trimester and sometumes m the puer
perum a13 313 Remussion may appear spontaneously when the
pregnancy termiatcs but relapse may occur with a subsequent
pregnancy or 1n the 1bsence of another pregnancy ™



FOLIC ACID DEFICIENCY CLASSIFICATION 3]

usually reveals a defimte shuft to the night  as expected in early
megaloblastic anemia

B Defechive Absorphion

As nas stated m the duscussion of the sitamsn B; deficiency
states assoctated with small mtestm dhsorders {vide supra)
ariable degrees of reduced absorption of folic acid and of vita
v By may eccur with any structural or functional disorder
of the small intestine 1f the disorder 1s chronic chncally overt
deficiency may eventually occur Sinnlar deficiency may oceur
1 the presence of an abnormal mtestinal flora wsually resulung
from stagnation of mtestinal contents {the blind loop syndrome)
It 15 posstble to mier that folic acad 15 absorbed prumanly trom
the jepjunum Patients who have had large wmounts of sleum
resected may retam normal serwm  folic acd levels evena de
cade after the resection ** Pauents with whopathic steatorrhea
hase lost much of thesr jejunal absorptive surface bug stall may
haie normat 1leal mucosa? ¢ Such patients inmariably have low
serum  folic acid levels and the levels may not nise to normal
eren after prolonged therapy with steroids or gluten free
Giets 480 1

1 Malabsorption Syndrome
a Prunary

() Tropical sprue Nearly all cases of tropcal sprue appear
to be closely related 1o defictency of fohic acid Treatment with
aolic acsd not oaly converts the hematologic prcture 1o normal
but also brungs tbaout subsidence of the anorensa  dsarrhea
steatorrhea and other clinical signs and symptoms of tropical
spruc 33 83

Tt 15 probable that the malabsorption syndrome of tropical
sprue  with ns accompanymg defectne absorpuon of folic
acid 3 3¢ 45 the end resule of dietary deficiency of fohe acid
and should be clissed as a pseudo primary malabsorption syn
drome resulung from dietary deficiency of folic acd Such die
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quate diets may be considered 1t almost all cases to be primanly
1consequence of folic actd deficiency In the production of these
megaloblasic anemias 1t 1s not yet determined whether the
major role is played by 1 relatinely greater deficiency of folic
2cid than of vitanmn By 1n the diet or relaunely greater body
stores and slower unlization of vitanun B;  The author favors
the lauer possibility 1 the \ew York arca because most of the
patients with nutrinonil megaloblastic inemin of which he has
personat knonled, ¢ were mesting dieis grossly mnadequate m
both vitamm B; and folic aud and yet they bad normal scrum
vitrmimn Bye levels despite low serum  folic actd  levels

4 Cirrhosts Associated with Chronic Alcohohsm

Megaloblastic bone marrow pictures were obsened 1 4 of
a group of 16 patients with macrocytic anemr associated with
hepatic cirrhosis and chromc alcoholism ® In the pauents with
megaloblastic anenia demonstrable histologically folic acid de
fictency was proved by obsersation of subnormal daily uninary
excretion of folic acid farlure to excrete admmistered fohc actd
promptly and striking cliical and hematologic response to oral
admimistration of 1350 »g of conjugated folic acid plus 150 ug
of free folic acid daily

The evidence suggested that folic acid deficiency developed
n these patients through a combination of marginal or nade
quite dietary intake plus a possible increased requirement for
folic acad While no evidence of folic acid deficiency was found
m the 12 patients with macrocytic anemit without megaloblastic
marrows the possibihity of incipient folic acid deficrency
those cases was not completely ruled out

Further explorition of the etiology of the macrocytic anemias
so often associated with hepatic disease 15 needed 12 Qur own
expertence with pattents sith currhosts and macrocytic anetr
would suggest that folic 1c1d deficiency 1s usually present mam
fested by low serum folic 1cid levels regardless of whether
the bone marron morphology 1s clearly megaloblastic or appears
to be normoblastic In these latter patients an Arneth count
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usually reveals 1 defintte  shaft to the nght  as expected 1n early
megatoblastic anenma

B Defective Absorphon

45 ws stated e the discussion of the vitamin By deficrency
states assoctated with small mtestinal disorders (vide supre)
sarsable degrees of reduced absorption of folic acid and of vita
mn By may occur with any struciural or functonal dserder
of the small sntestine If the disorder 1s chrome chinically overt
deficiency may erventually occur Suniar defictency may oceur
m the presence of an 1bnormal mtestinl flora usually resuluing
from stagnation of intestinal contewts (the blind laop syndrome)
1t 15 posstble to mfer that folic acid 15 absorbed prumanly from
the jejunum Patients who have had large amounts of deum
resected may retam normal serum  folic acid  levels even a de
cade after the resection 9% Patents with idiopathic steatorthea
have lost much of therr jejunal bsorptne surface bus sull may
hue normal tleal mucosa 3¢ Such pauents mvarnbly have low
serumn folic acid  levels and the levels may not rise to normal
eien after prolonged therapy with steroads or gluten free
dlC(S 459t 2

1 Malabsorphion Syndrome
a Prumary

(1} Tropcal sprue Nearly all cases of tropical sprue appear
10 be closely selated to deficiency of fohc acid Treatment with
‘ohic acid not only comerts the hematolegic picture 1o normal
but also brings about subssdence of the anorexia diarrhiea
steatorthea and other climeal signs nd symptoms of troprcal
sprue #4113

It 35 probable that the mahbsorpuion syndrome of tropical
sprue  wath its accompanying defectine absorpuon of folic
and M 88 55 e end result of dretary deficiency of folic acid
wd should be classed as a frseudo primary malabsorpuon syn
drome resulung from dietary deficiency of folie acid  Such die
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tary deficscncy has been observed to be a significant factor in the
pathogenesis of the disorder -3

Clear delincation of the pathogenests has been confused by
the demonstiation of umpaired absorption of folic acid in tiopt
cl sprue®  # ind of return to normal folic acid 1bsorption
following the admimistrition of 1 course of mubtotics® The
Intter obserstion suggests the possibility that changes m the
bacterral flora of the muestne perhaps related to diet ® may
be mumately mvolved m the development of the fohc acd
deficiency state

Delinertion of the ctrology of tropical sprue has been further
confused by ncludmg n this category mdnaduals with non
tropical sprize who happened to be m the fropres % Unhike m
nontropical sprue the associited atrophy of the mntesunal will
m tropical sprue often disappers on treatment % and complete
recovery of the patient s very frequent 16 1 33t ¢

(2) Cluldhood and adult cochac disease (1diopathic steator
rhea nontyopical sprue) Unhike tropicnd sprue the exstence of
which 1s a clear cut condition mdependent of dietary folic acd
defictency 15 1n doubt the astence of cnidhood and adult
coeliac disense as a single cuologic entity 15 beconmng firmly
established ¢ * 83 Iis exastence s a hereditary consu
tutional defcct 1n metbolism associated with wresersible wre
phy of the small mtestinal v1l1 has been discussed m connection
with the development in this condition of a secondary absorptive
defect for vitanun By

It 1s probible that the metabolic defect 1s enzymauc and as
soctated with folic 1ad metabolism o bue 3t 15 undetermined
whether the primary defect 15 1n the transport of folic acid o1
1ts conjugates across the mtestinl barrier or n their utilization
after absorption Poor transport across the mtestml mucosa s
suggested by the low fasting scrum  folic 1cid levels of patients
with 1diopathic steatorrhea before and after years of treatment
with sterotds or a gluten free diet

In this connection determination of the fasting serum  folic
acid level i the relanves of pattents with 1diopathic steatorrhea
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may prove fruntful Such a study m,hit uncover a number of
persons with latent discase mansfested only by a serum  fohe
aod  level shghtly below novmal md thereby provide mforma
tion of value n further delmeatsng the genectic pavern of
sdiopathic stertorrhea

The anemaa of chuldhooed cochiac disease 15 usually microcyue
and hiypochromic while that m the adult expression of the dis
order 15 macrecytic ** ¥ 3%\ tare case of macrocytic nema
may be found w cluldhood coeliac disease 3¢

The megaioblastic anemua which occurs m the aduit form
of coeliac disease generilly responds to folic acid admmmstra
tion *% and mcompletely or not at all to vitaun By 29 33 Un
Ithe 5n tiopical sprue howerver 1 nontropical sprue treatment
with folic actd 15 not wsually associated with a jeneral improve
ment of symptoms mnd s s ather than those due to the megalo
blastac anema and not mirequently some anemia and macro-
Cytosts may persist 3938 When this occurs assoctated vitamin
Biz deficiency may be found

b Secondary

Folic 1id deficiency s Tate m those conditions producing a
secondary malabsorption syndrome without the growth of an
abnormal intestinal bacternal flora (such as may accompany
thtestinal strictures and mstomoses) The latter condinons will
be discussed below

€ Compehifion for Folic Acid by intestinol Bacteria
The Blind Leop Syndrome

s stated 1 the discussion of this syndrome under the head
ing of the yvitamm B; deficency states the major deficiency m
any given case of blind Yoop syrdrowne may be of exher folic
acid or vtmn B,

Cases have been described m which the associated megalo
blagc anemsa fatled 10 respond w6 vitaumn B, but was ~de
quately treated with fohie acrd  ® The reverse sitwation has also
been documented 3
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It may be that the type of deficiency which predonunates will
depend on the relrtive requurement and avidity for folic 1ad
and vitammn B, of the 1bnormal bacterinl mtestinal flora as
soctated with the parucular case of bhind loop syndrome

Il INADEQUATE UTILIZATION OF FOLIC ACID
A Inability to Utihze
1 Due to Adnumstrahion of Folic Acid Antagonists

Agents such as 4 aminopteroyl glutimic acid (Amnopterin}
by bloching, the utihization of folic 1crd can produce 1 megalo
blastic anemnn #12 3%

This anemia 15 not reversible by folic acd administration
since 4 amino analogs of folic acid not only compete with folinic
acid but also block the consersion of folic acid to folimc actd  °
It may be reversed by adminstration of citrovorum factor (fo
Itnic acid) winch bypasses the bloch 39 3 ¢

leant: "y

2 Due fo Ad ation of Ant

‘The appearance of megaloblastic anemia i panents bemg
treated for prolonged pertods of time with anticonvulsant drugs
has been reported with increasin, frequency ¥ 33 Drugs m
volved mclude Dilwtin  (Phenytomn)(diphenythydantomn so
dium) 354 357 Primidone (Mysoline)(5 phenyl 5 ethyl hexahydro-
pyrimudine 4 6 dione) 3 8 %0 Rutonal (methophenobarbatal) *
and occasionally other barbrturates ncluding Amytal (amylo
barbitone) and Seconal (quinalbarbitone) ? ® 3¢ Megaloblastic
anemia has not yet been reported following the use of pheno
barbital probably because of the low dose of this agent usually
administered ¢

The megaloblastic anenma which occurs responds either to
withdrawal of the anticonvulsant 3% or to admimstration of
folic acid ® 4 2 ¥ and weakly or not at all to sitxmin By  except
30 304

or Pyr

1 very large doses 3
The absorption and tissue stores of folic acid 1n these patients

appear to be normal 1n some but in others the clearance of in
travenously mjected folic acid was abnormally rapid 30 365 sug
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gesting a posstble deficrency 1o ussue stores of the vitannn. Other
mterpretations of this finding are possible and 1 15 beheved at
present that the anticonyulsants must in some manner wterfere
m the uuhzaton of folic acid It 15 passible they act in part by
compenng with falic 204 for mtestmal absorption

“The chemical structure of the anucomulsants resembles the
ptenidine ning system of folic acd wath the pyrazine sing open
and partly degraded They also resembie therefore the pyrim
dines innolved 1 nucleap nt and 1t 1s possible they

¥
may mterfere with pyrimmdine unhization as well as fohe and
utthzaton and may produce 1 negatoblasuc anemiz w part by
blocking pyrumidine tncorporation ko nucleoprotemns

The same may be e of pyrmtethanune (Daraprsm) a sub
sututed pyrmdme (2 4 dianune 5 pchlorphem] 6 ethylpynam
dine} ¥ ysed as an antmaial drog In farge doses this agent
can praduce a megaloblasue anepna yhuch rapidly clears when
the drug 18 withdrawin 67 38 The antumcrobtal action of pyn
methamne for Streptococcus faecalis 13 blocked by euther large
amounts of folic acid or small amounts of folmic acid % and us
toxic effect o the growin, rat & alleviated by folinic aad but
not by folie acxd 2 Thus while structusally pyrimethamune 1
more closely velated to thymune than to fohic acid exsting evi
dence suggests 1 1s more an antfolic acid than an annghymine

Serum tanun By levels have usually been reported to be
normal m cases of megaloblastic anerma dne o anticonyulsant
therapy % but fow levels were found 1 2 cases * 32 2 In one of
these cases the low serum lesel of vitamm B, was obsersed dur
mg fobie acid therapy 39 Generally vitamin B, deficiency s
probably not a phenomenon of significance m the megaloblasae
anemuas resulung from anuconsulsant therapy

A 63 year ald man who had been tahing Ihlantia for 15 years
was seen at the Mount Sinax Hospital with a megaloblasue ane
mzz Hisserum fohc anid fevel was normal bur hus serum vita
man By devel was 32 peg ml (E Gracbs assay) In vitro assay
of Tus pastric jusce Tevealed no mmnsic factor and Glass and
Schalhing testng revealed mability to sorb tiatm By cor
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rectible with orilly admnustercd antrinsic factor concentrate
The patient was thus revealed 15 a person with pernicious ane
mia The Dilantin was 1 red herring i hus case revealing the
necessity of careful work up for other possibilitics esen when
1 seenungly obsyious eaplntion for megaloblastic mnema pre
sented 1tsclf

3 Due to Ascorbic Acid Deficiency

There 1s evidence that scotbic acd 1s involved m augment
mg the comersion of folic 1cid to a metabolically more wctne
form 373 374 A few cises of megaloblastic anemia appearing m
patients with scursy and clerred by trertment wath ascorbic acid
have been reported 37 317

However the anemin assoctited with scurvy 1s usually normo-
cytic 38 and even In severe s¢ny anemm may not occur at
all? 383839 Jor these rewsons plus the fict that 1t has not
been possible to producc anemi1 in man by eapernmiental ascor
bic 1cid deprivation 30 351 3¢ s probable that megaloblastic
anema appears 1 1scorbic 1cid deficiency states only m the
presence of 1 assocrted deficiency in the supply o1 metabolismt
of folic rcad 37

Dietary deficiency of both ascorbic and folic acids has been
mmplicated 1 the cusition of the megaloblistic anemuas of
fancy M 9 W 83 (e secnion  Megaloblistie Anemins  In
lancy  pr,e46)

B Parasitizabion

1 By Fetus

It was pomted out 1 the discussion of megiloblastic anem:?
1n pregnancy that the majority of patients were ingesting a diet
madequate n folic acid content The folic 1c1d requirement of
the raptdly growing fetus probably results m removal of a sig
nificant portion of the mar,mnal 1mount of [ohc actd absorbed 3%
and overt fohc acid deficiency with megaloblstic anenu 1s the
result The serum folic aaid levels of newborns are 2lmost m
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varably much higher than the fevels i therr mother s serum @
The low serum  folic atid  Jevels of women in the latter bl
of pregnancy after an oral dose of folic wad hnve been mter
preted as due to awnpured absarption of the vitwmn ¥ An al
ternatnve explanation 11y be rapud uptale by the fetus wah
the resule that mesurtble serum levels m the mother are lou

2 By Mahgnant Tissue? {See Chopter 5§ Other Couses)

A megaloblastic bone murow pieture has been obseried 1o
association with various malignant diseases ¥ % Ir may be
particulrly pronunent i erythremuc myeloss (MGughelmo s
disease) 38 30 and  erpthrolenhemua {the DGughelmo syn
drome) 2 3% 30 qnd 1n acute lenkeyma ususlly of the alen
hemue type presenting as a refractory macrocyue temiy W39
A5 591 388 Y1 15 also pot uncommon 1 palycythemst vera 397

An explananon for the megaloblastic marrow prcture assoct
ated with widespread malignant disease was speculatnely de
wned from the obsenvatons that i such disease there 15 2
markedly reduced output of a test dose of folic 2c1d 3! and rapid
clearance of an muarenons dose of this vitammn 3 It was mg
gosted that the veduced output 1 the unne was a result of nuh
zauon of folic acid 1t 2 rapid rate by rapidly growing neoplastic
tisue Such utibization could produce deplenon of the body
stores of folic acid or perhaps just Jocal depletion at the bone
marrow leve] especially if the diet contamed only a mwargmal
quanuiy of the vitzmin and egaloblastic anemia would then
appear Serum  folic werd s sometames Jow with widespread
mahgnant disease 489

It 13 also possible that the marrow cells may be wnable to cap-
ture or utilize folic sad or vitanun B, adequatcly in the pres
ence of some mihignaneies 98

1l ACHRESTIC ANEMIA
{DIOPATHIC REFRACTORY MEGALOBLASTIC ANEMIAL

Adhrestic aneminn and wdiopathuc refrictory megaloblasuc
anema are terms commed o classify those cases of megaloblastic
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aemin which did not seem to fit into ny other category or to
respond to I er therpy 398 309

In some of these cases megaloblistosis disappears when folic
acud therapy 1s admunstered Ieavang 2 hyperplistic bone mar
row wmd aefractory normoblastic amann The megrloblastosis
apperred to be 1 consequence of cacessive utilization of folic
actd by the hyperplastic bone mairow 400

The muyonty of these cises hve responded to folic aad or
Irver extract and it 1s probable that with the currently wairlable
chinical nd Inboratory procedures most of these cises msofar
1s megiloblastic picture 1s concerned will be chssified among
the folic rcrd deficrency states A fow miy be among the vie
min B, deficiency conditions ind the very few wlich do not
respond to erther vitanun By ar folic aced 493 303 #01b 415 may
be due to other possible causes of mnterference with nucleopre-
tem synthests such ns those discussed 1n the neat section

OTHER CAUSES

IncuartEr 3 The Biochemical Basts of Megaloblastic Hem
atoporests 1t wis pointed out that the megaloblast 1s the pro-
duct of terference with nuclcoprotein metabolism  This
mterference may be cansed erther by dircet inhibiion or by
depletion of the enzyme systems and building blocks necessary
for nucleoprotetn synthests

Although depletion of vitatmn By or of folic acid 1$ the cause
of the overwhelming mnjority of megiloblastic nemits such
depletion has not 1s yet been generally considered to be present
1n some conditions which are occastonally accompamed by meg
aloblastic bone marrow pictures

These condrtions may be biondly charicterized as associated
with mhibition or depletion of the bone marrow 2 They nclude
agranulocytosis 0 103 myelofibrosis #* tuberculosis *° ¥ leish
maniasts %8 sepsis *°7 hemochromatosis 08 40 radiation mjury 07
and sarious severe anemias espectally when assocrited with
541001 413

hemolyst
Future study may relate many of the megaloblastic cell
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pitures associated with depleton of the bone marrow to
defictency of folic wid or vitamm By 10 some cases with such
defictency only mamfest 1t the bone marrow lesel caused by an
adequate or rapud unlization of these vitamuns Excessiyely apid
clearance of an ntrnenously admimstered dose of fohic acid
has been demonstrated s 5 cases of chironic myelofibrons 1
of winch had megaloblastic erythropoiesss which became nor
moblasiic after oral folic acid therapy ** Rapid clearance of
wrmenously administered folic scid also occurs i hemolytic
anenia % Even 1n the absence of an oiertly megaloblastic bone
marrow i hemolytic anemua fohic wrd i pharmacologic doses
may produce a reticalocy tosis $2

The logical belief that megaloblasic anemia m assocation
witl sarious hemolytic memns may be the result of an increased
utihizatzon of fohic acid 1 the presesce of accelerated hemato-
potesis 15 beconung mcreasingly popular 913

Megaloblastie anemua assoaiated with hemochromatosis has
been demonsirated to respond to vitanin B, and folic acd ad
manstration 4 % There 15 evidence that some cases may result
from a prnimuy deficiency of sitamm Be* 4% but n only 1
case so far has this vek bap been com gly reported

Direct mterference with nucleoprotemn synthesss may play a
role 1 some cases of megaloblastic anemia associated with what
appers to be inhibition of the bone marrow such as agranulo
cytoss Here too however the possbiiity of folic acad deficrency
must not be overlooked

Aplawic anemia 15 frequently associated with macrocytoss
sometimes partly explamable by renculocstosss since reticulo
cytes we buge red cells 7 Some cases of aplastic anerma and of
arcgeneratne aernia himued to the red cell series may be
due to totaf bone myrow exhaustion as the end resuls of pro
tonged deprivanion of vitaman By (o fohie aerd) which may have
passed through a miegatoblastic stage before eventuating m a
hypoceliular nonmegaloblastic bone marrow 418 4% Such a mar
vaw may be capable of anly 3 stow respotse if any o fong term
rdmnsstrwion of vityma By and folic acid Widespread aplasia
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of the bone marrow s 1 ternunal event was 1 common finding
at autopsy of patients with pernicious anemra in the years prior
to the discovery of liver therapy 1

A rrc pattent with megiloblistic 1nemin may hive an esoteric
defect along the synthetic pathway leading to nucleoprotern for
mation One such patient w1s m nfant with a refractory megato
blastic emin assocrited with orotic aid excreton *% The
wemint yesponded only to steroids wnd 1 concentrated yeast
extrict contuning 1 mumstute of undylic and cytdyhe acds
The inft was believed to be unble wo syntheswze pyrumdine
nucleottdes 1dequately due to 1 block 1t the stage of conetsion
of orotic 1cid to oroudylic 2ad It 1s unknown whether the
mfant might have been able to effect this comversion with the
aid of lolmtc acid or of one of the By co enzymes which have
been suggested 11' possibly to be the mamn forms n which
vitamin By 15 catalytically wene in the enzymanc reactions
of living cells It has been suggested that conditions my exist
mn which because of a block mn the conversion of vitimun to
co enzyme only the lawer may hwe therapeutc value ¢

The subject of possible enzymatic defects 1 nucleoprotem
synthesis in man relted or unrelated to defects m converston
of folic acid folime 1cid or vitanun By to catalyneally active
forms 15 just be,mning to be explored Careful study of all
patients with  refractory megiloblistic memn  with the aid
of a biochemical orientation will undoubtedly uncover many
exotic defects 1n the future

The megaloblastic inema picture sometimes seen m assocla
tion with vartous widespread malignant diseases has been dis
cussed m the section  Parsinzation of Folic Acd by Mahgont
Tissue Future studies may well require reclassification of some
or all of the megaloblastic anerutas and megaloblastic bone mar
row pictures associnted with malignant disease mto entirely
different etiologic categories At present knowledge 15 too lim
ited to permit defimtive classification
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A CFNTLRY A0e Addison desenbed the chimest piceure w per
nicious anem ¥ This descriprion which we now hnow my fit
cqually well an advanced case of any of the viwun By deficrency
states and 1n most respects fits the folic acid deficiency seates as
well has not been nnproved upon Addison wrote m 185
The countenance gets pate the Whutes of the cyes besome pearh the ge1e al
franie flably rather than wasted the pule peshads large bt remadsbly als
it mpresat le and eccastanatly v sth 3 shight jert e g eoalhy un ler the < ghtest
atement There s aa ancresing 1idi | sion 1y exeryy o ith 1 uncomforta
ble fecting, ¢f fawsne or 1reathlonness on atempin, & e Wewt 16 teadih
mde te palputate the whele suface [rcents a Uinched  wooth 1nd 1 a%y
appearanie the lps gums 304 tongue ecm oo tess the fladl 1e of i
olrds ¢ ¢ cases ke appewte fals easome fan nor and faml o s supeneac
freathlcsness and §alp tanon bong produced B the most bafing arton
or criwtan  ome 1t edona & probabh perer od tbost e ankics Thi
fi 1y teccmes entreme the pabent an no lawer arte from fus 1od 2
n docan il wa de he Lilis asto 2 prostrate and hatf toryid site an )
at feaih (af res \e et Pess fo the wen lost onl ajter a s kvess of feviap
! oot duatn (h bulk e of ¥ eical fane o Ih ol s

finprsnta not stk . mt L the fatwe and oxbaustror ¢f enattle
10 e ather 16y ect

The only parts of Addnons chissic deseniption which do nat
akways fit the folic 1cid deficzency states 1s generally s thase due
w visamn By deficiency e been thiczed Whale nenvons
mstabtlity may occwr 1 folie acid deficreney cerebral or other
neurologic mantfestations as a divect result of the debicioncy bave
only been documented with bk of vitamin By ® The ncuro
logic signs and symptoms which may be scen Bequently s the
malabsarption syndromc are prebably not duc to the folic acd
deficiency but rather to vimun By defictency * © Subnornaal
serum sianun By leveds (usislly below 50 ug ml) were ob
seried 1w evers <t of mahbsorption syndiome with neuro
Iogic signs or symptoms seen by the authos

The other feate of \ddison s description which s pecuhar
tovuamn B, deficrency is pessistence of bulhaness of the frame
wid obesity In the folic acid deficsency states perhaps becanse

&3
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they are so often accompamed by many other defictencies
emaciatton 1s more usual 4 !

It 15 generlly believed that nervous system volvement only
occus with vitiomn B, deficiency and not with folic wcid defi
ciency alone ® 4 ® 4 It has been suggested that this may be due
to 1 requirement of the nervous system for vitamin By but not
for folic nc1d 1 3 Intensive protein synthesis 1s 1equired to mam
tun the integrity of axons* 4 4 ¢ Protemn synthests 1s dependent
on adequate production of RNA # 7 which m turn 1s miluenced
considerably by vitumn By 4 489949 and perhaps shightly
less by folic rcrd $3¢

olic 1cid 1ppears to be mvolved mntumately in DNA syn
thesis 43 43 and only indirectly m protem synthests These find
mgs plus recent evidence suggesung the possibility that vitamin
B, may be imolved in the enzymatic incorporation of amtnoe
acids mte protems ¢ %2 432 may help explun why nenous sys
tem damnage occuts only 1n the presence of vitamm B, deficiency
and not 1n the presence of {olic 1c1d deficzency alone However
1t should be noted that the dnect mvolvement of vitamn By m
protem synthesis has been questioned #¥ 42 and the mechanism
whereby only vitunm B, but not folic 1crd deficiency leads to
nervous system dunage remams a subject for much more study

Another subject for futmie study 1s the possibility that vitamm
B, defictency m1y result m mdequate synthesis of the lipoid
motety of thc hipopioteins which are normally present in Iugh
concentrations i cerythrocyte envelopes and the myelm sheaths
1 both the central and peripheral nervous system 4 4 ¢JInade
quate maintenance of the myelin sheiths due to vitimn B,
delictency but not folic acid defictency is an attractive possible
explanation for the neurologic dan‘pge associated with the
former conditton but not the latter™

The classic association of subicute combined degenerition
(combined system disease posterolateral sclerosts funicular de
generauon) with vitamm B, deficiency 1s well known 37 438 Tt
should be noted however ;\hat the disease usually starts mstd1
ously 1nd not subacutely combined lesions are often absent
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and Iesions of the peuipheral ner es occur much more frequenty
and much carher than lestons of the cemral menvous s
e ¢ © 42 041

The use of the erm  subacute combmed degeneranon  to
mcinde all of those chnges m the nervous system which oy
accur as 1 result of vitammn By deficiency should probably be
discontunued ¢ 2 9 The nersous system chianges nould be more
accuratcly descrbed by dnect refexence to the actual mmohe
ment (1e penpheral nerve spnal cord or cerebral damage
due to utwmn Yy deficency 22 %) or w general tenms

suwamm By neuropathy 40

b especially b and unghng i the hands
ana feer 1s the most frequent nemrologic symptom of vitanmn
B, defs 13 438 413 Not unce 1y other signs are pres

et Véxmmumn of vibrauon and posiion stnse  unsterdiness
poor muscalar coordiation with atanit moodiness meral
slowness poor mematy confusion agiation and depression
delusions  hallucinations  psychoss (nsually swatds papod
wleation) and central scotomart sometines with dim vision due
6 optic atrophy or tobrcco mblyopma s 87 437 438 446 90 The
nade vanzety of sensary wid moter changes tend 1o be symmetric
especially st mumtamed for 2 period of weeks or months 47 This
15 not ivaniably so howeser

Int the author s experience loss of posiuon sense m the smdex
toes and loss of vibration sense as tested by a 256 1ibrations
per second wiving for\ usimily precedes by many months any
esidence of loss of posiiion sense 1 the great toes or of vibration
sease wath a 198 siirations per second tuning fork. Recenthy a
patict wath wddisonan pernicious anema w relipse was seet
who had just been ,nen a cem ikt of health by an excellent
nemalogist Examumanon with a 250 noung forh revealed
camplete loss of vibration sense from toes to thie crests bilater
ly although the neurologist s finding of 1o Joss of vibrason
sense (vsing 2 ¥28  wenmg fork) nas cosfirmed Alo while
the neurologists findig of no loss of postion sense  (m the
Rreat es) ws confirmed  positien sense was absent in both
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mndex toes The withor has not been able to find i the literature
the incidence of loss of 256 vibration sense and index toe
posiuon sense 1 a random sympling ol the population and so
cmnot state with certunty that these findings by themsehes
neof jreat sigmficance They do seem to have a defimite relation
to early vitunmn B, deficiency diseise wnd when present with
such deficiency usunlly disappear after treament with vitamn
B,

It 1s extremely mnportint to icilize that nervous system
imvolvement may occur m the absence of osert anema Such
myolvement may be present for years ind wreversible damage
muy occur 1f the proper diagnosis ts made too Ite 33 44 40

In the wuthor s experience with cises of vitumm By deficiency
diserse with neurologic myvolvement m the absence of overt
anenua (and of folic actd dmmistration) careful examination
of the peripheral blood aluways reveiled the presence of an
mcrease over the norm1l number of neutrophilic polymorpho
nuclear leukocytes with hypersegmented nucler and also some
macrooslocytosis (see ciarTer 3) Exnmmton of the bone
marrow 1eveled changes su gesting erly megaloblastic hemato
potests large erythrocyte precursors with less than the usual
amount of clumpm,, of the nuclear chiomaun especially m the
carly stages of deselopment (1 ¢ mteimedinte megaloblists) and
Iarge but perhaps not quite giant metaumyclocytes

Informatton s to the existence of snmilw hematologic clues
m the reported cises of vitamin B;» defictency with nervous
system 1mvolvement and no overt nemt s sparse It 1s quite
possible that simular findings werc prescnt but not commented
upon 1s was the case 1 one report 44°

The mmportance of these hematologic clues 1s best 1llustrated
by c1se Teports

1 VMcL a 63 year old white man ¢ f Irssh parentage was f1st seen at the Monte
fiore Ho pital in May 19 8 when he was asmutted o the emif 1 tate service for
cvaluatton of a recent progression of Parkansons di ease 3 hich had been onl
slos ly progressite during the pa ¢ five years He Ined alone ate @ poor dict drank
2 quart of beer daky and had at one e been an Hleoholic Tor three vears Te
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wad manifested steadily progressive mental confusion and forgetfulness On several
© casions he had wandered out 1nto the street and not hnown where he was
At tmes he bad ,one 1o woik on holidays when hus place of work 3 as closed
His judgment was noted by telatives to be progresstvely poorer
On adimussion he was obese and plethonc and mldly confused and disoriented
Shight hepatomegaly 1 as noted Routine cxamination of the penpheral bloo)
revealed a hematocrit of 415 Jer cent hemoglobin 138 Gm red cell count
(obtamed after exammation of the penpheral blood smear suggesied the proper
diagnosis) 31 million white cell count 4 00 with 58 per cemt neutrophilic
polymorphonuclear leukocytes 24 per cent lymphocytes 8 per cent monocyte
and 10 per cent cosmophils Maiked macroovalocyic 1s and a shight acase in
the number of nentrophilic § olymorphonuclear leukocytes with hypersegmented
nuclel v cre noted
Re ausc of the perpheral blood findings a sternal bone marcaw aspirate
was obtaned Some large but no guant metamjelocytes were seen some of the
erythroid precursors v ere large with nuclear chromatin more finely divided than
that normally scen ot one of 1he 10 hematologs s to 3 hom the specimen 1 as
submtted for examuination believed that the marros could be classified as
Indeed one of mide eap 2 ho examined the
pecimens  aficr beng a ked to look at them for evidences of vitamin B
defeiency stated  There 1s a muld crythiowd hyperplasia s sthout maturation
arrest this specimen 15 not consistent 1 ith Vitamin B, deficiency
Nonetheless serum was obtained for assay of vitamin By content and a unnary
excretion test of a modif ed Schilling type v as started 4 ¢ 451 Prior to and shortly
alter the starg of this test the patient dressed and attenpted to leave the ho pual
without notifymng anyone On the frst occasion he was broughe back to his ward
by 4 police officer 1 ho found him wandermg aumle sly on the street The patient
clamed he left becau e theie were thirty jeople after im A psychuatni t
called in consultation made the diagnosis of an  erganic psychosis associated
with cevebral artertosclerosis
Because of the neces 1ty for constant superviston and despite the fact that 1
defnste lessening of his confusion + as noticeable v ithin tv 0 days after the first
I mg mecaon of vitamin By gien in the cotise of the unmary viamin B
excretion lest 3t 1 as considered necessary that he be transferred to a mental
nstitution Trapsfer was amanged to the dosed psychatric 1 ard of the Brony
Mun aipal Hosp tal Center
At tlus tme the study results s ere obtaned Theseum B level s as 96 yug /ml
by Euglena grachs assay 4 This Jow result was coupled 1 1th the result of the
unnary excretion test and the diagnoss of permiaous anemia was made (The
umnary excretion test demonstrated that the pauent lacked ntrninsic facior
since he excreted only 0 /G per cont of the orally admsmstered dosc of labcled
vitamun By when 1t was gnen alone but 10.2 per cent of the dose when it was
® cn tuth a standard amount of hog mtrmsic fac-or concentrate )
Fhese results v ere communicated (0 the staff of the dosed psychiatne s ard
where the patient resided anl treatment v as nsututed 1 ith 1 mg of vitamin
B, daly \fter three weehs of such trcatment

bis psychuane status had
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mproved 1o the pount that 1t was feauble to discharge hun with the dia noss

of napent addisonian penmcasus ancma with cercbral vitamin B defiaenn
wmprosed by treatment

Had the sigmficance of the macroovilocytes and hyperseg
mented polymorphonuclear leuhocytes m the peripheral blood
of this patient been overlooked he would have probably spent
the rest of hus life m a mental istitution 1s  just mother case
of senile psychosis

Part of this patient s mental disturbwnce may hinve been 1e
Ited to factors other than vitunm B, dehiciency since he had
been 1 chironic alcoholic nd smcee the possibility of some cere
bral arteniosclerosis did exast It 1s 1lw1ys difficult to be certan
that 1 psychosts or other newologic system damage dernied
purely from vitanun B, defiaiency The major criterion 1s
response to vitamm B, theripy  Unless such response 1s com
plete 1t m1y be impossible to deternune how much of the failure
to return to complete normlity 1s due to meversible damage
related to the length of time the patient was deficient n vrtamin
B, and how much 1s due to otha cwscs This problem fre
quently arises i the many pauents with both pernicious menni
and drabetes mellitus either of winch 1s capable of producing
severe periplieral neuropathy

Another cse m which vitunmn B, deficiency 1ppeared almost
certunly to be the only 1,ent ivolved 1 the psychosis now
follows

The patient was a 39 vear old man who was seen by a psychuates ¢ 10 Marchs
195+ because of shight atania and paranoid ideation Dimnished posiuon and
viblaton sense m the lov er extiemities weie noted but not further evaluated
n terms of possible vitamin B lefiiencs The patient Lecame increasinghh
paranaid and in September 19/ was adnutied to a prisate santanum for neat
inent of patanoid scuz phiemt which was dearly evident even 1o the ca wal
obsersar One dav 10 December 1V 7 afier he hal tecened 1/ electro hock
treatments with muld bencfit 1t »as noted that he vas prle Hemaiolo s
v orkup revealed a megloblastic anemia v ith a hemoytobin of 58 Cm. 100 ml
i blood He was started <n treatment with stamun B and tran ferved tc tle

Bronx Mumcipal Hospital Center from which institution he was discharged n
wsen s ecks no longer psichotic 4 emic with apro ¢l lagne 1 cfatl aan
pernicious anemia to xetu n to his Wife an ! il fren
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Had he vot been luchy enough to develop an anenna severe
enough to be recognized with the unmded eye this man mught
have gone on 1o develop ey ersibie cerebral damage as well as
severe combined systent discase

These cases and many others seen by the anthor and many
prior workers cmphasuc the importince of screemm, psychotic
pattents for sutamin By defictency by careful exammation of
the peripheral blood smear determumation of the serum vitamn
B; lesel or both 3 %% Such a screenm 3 procedure curmed out
at large mental mstitntions might prove of sufficent value to
pay for usclf many tunes over n saved patient days Sumila
«creemng mght prove frurtful in patients whose mental changes
are not sertous enough 1o require hospitalizaton bue m whom

semility 1s considered to axplun adequately their hehavior

Another case demonstrating the importance of careful exami
nation of the peripheral blood smear as 1 roatine procedure
wiule perhaps not as dramatic s the first case now follows

M L a 45 tear old lads vas admutted (o the semunrivate <edsce of 1he
“Montefiore Host al tn ipnil 19 % for exaluation b awse of an ack of synccpe
“umitar epicodes of syncope had occurred mermattntly 1or the three Years pn
to adaussion and there had been a single ssncopal epiode 20 sears previou Iy

Routine hematologic wothup resealed 3 hematocrit of 335 per cent heton
b 1 ¥ Om red count 335 miflion and 1 hue coune 4400 wsth 60 per cent
teutrophilzc palin orphonut leac leubocites 32 per cent hmpheaites 4 per cent
€ rofhis and 4 per ccat motioovtes Mathed amiocitoss  as noted s ith
Tracr xnatocytes snd a 8 hincre se w the number [ neutrop ale polsmorpha

au lear ladocries 1tk bypersegn ented pucler An occz Jonal Howell Jolty body
+as seen

Because of thee 61 logs a sicrmal bone marrot 2 pucate was obtained This
B ed ar oc as sual overh large n etamselacvte an  some log ang of maturation
ti1te noclcus 11 s me of the ted cell precutsors al-o 2 muderate cosnophil 2

1 s tamin B adn sa begn

on notyfica
ton of the supeet | di gnost ant serum  av ot obtauned far swtanun B
away Howerer u nany e retr o test ng rerealed that onhy 113 per cent

of 2 oral labelel d se of vitamn B
cent when the oral vitamun By, dose
neentrate

aven Tt this was vaned 1o 110/ per
s sug plennn ed 1 1th hog s factor

The diagnon s earh addnonian pernicious ancun 4 #as made and the patient
wa §sharged (1 maint nance myections of stagun It 5.
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It 15 of mucrest that the diagnosis could hive been made two
years earhier In 1956 the patient had 1 single episode of Henoch
Schonlemn purpury with melcnn and microscopic hematuria
She was hospitalized throughout the course of that episode
Seven hematoents ranged from J2 to 36 per cent and reticulo-
cyte counts varied from 07 to 22 per cent No red counts or
hemoglobin deternunations wete made A bone marrow aspirate
w1s obtuned and reported s showing  myelod hyperplasia
with eosiophilin - nd nothing clse of mteest However re
view of that marrow specumen 1t Montefiore Hospital mn 1958
reveled the presence of Inrge metainyelocytes 1nd red cell pre
cursors with more finely divided chromaun than nornnl (1e
mtermediite megiloblasts) such 1s were seen 1n the bone mar
row 1sprrated n 1958

Of further mterest 1s the fact that when m ¢pisode of syncope
occurred during the 1956 hospitalizaition 2 thorough neuro-
lo,ic exammaton was peiformed The findings were  Vibra
uon shghtly depressed 1t anhles Ankle jerks absent Hypo
aesthesta distal phalany left muddle finger \May have muld
perspheral neuropathy evidence cquivocal

Had the hematologic and neurologic findings been ,iven the
attention they deserved the dngnosis of wddisomn pernicrous
anenna would have been made two years earhier Luchaly an tlus
particular mstance there was no marhed progression of the
neurologte damage duing the pciied of dely and no perma
nent mreversible damage was done Inadentally hyperseg
mented polymorphonuclear leuhocytes mnd macrocytes were
noted m the 1956 bone marrow specnneh when it was reviewed
two years Iater and they were undoubtedly 2lso present in the
peripheinl bluod In only onc of the six peripheral blood smear
reports obtuned m 1956 way the presence of maciocytes noted
(md 1nored) the piesence of hypersegmented polymorphonu
clear leukocytes was not ¢v(n mentioned

The most promient symptoms wmd signs of vitimin By
deficiency disease 1re recol ded i1 Tasies 3 A\ 1 adapted from
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Sir Stanley Davidson s recent article on the differences in the

chaw prime of permcous emmn before and since the miro
duction of aer theripy 4 These differences 1re due to gen

erally earlrer diagnoss in those geograpluc aveas where adequate
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facihtics for such ewrly dingnosss exsst In those areas where such
facilities esther do not exist or are not used to advamtage the
frequency of the various sins nd svmptoms of vuamun By
deficiency approximites that observed i the preliver era

The most frequent iminal symptoms are werhness dyspnea
paresthesi and sore tongue any or all of which may precede
the onset of oveit mmem by yers

n 82 serr d woman had wandased ficm cinte to chnte £ r 17 yeus com
plaming of constint tnglng mn Jer hanls ¢ cakness and oc asonally a sore
ton,ue and dyspnca Inficauent hemoglobin detern tations were always above
10 Gm /100 m] of bleod Ihe usual diagnoses 1 le was nelesss  and mulu
sitanuas  omenmts contauning folic aad) were the wsal thoapy When finally
seen at the Bropy Mumici il He pieal Center she bt gioss generalized newrckgic
damage and maiked mfgaloblasts ancmya § uh 1 homoglclin of 36 Gm $he
stated her shin fotor had b en Tunon velow lor at least two years The diagno 1
of vitamn B deficieney ds case nas myde and confirmed by a serumt vitamin B
level of /0 gug /ml (I Leshmanu asav) 498 Faulue o absob vitamin B
was demanstrated by a modified Sctulling test ¢ but 1t was not pos ible sub
sequencly to detcrmune whether the absnpine delect was  orrectible Dy ex
ogenous ntninsic factor | ecause the paticne deseloped  omiting and diarthea anl
deed 1 aremia 4 ouated with 4 chroutc gycloneg hrs alter 2 pened <f ran
BUN and impaired con c10u ne

When this cise was being prepared for piesentaton at a
clinical pathologic conlerence the records of the various clinics
m whuch she had been seen during the preceding 12 yetrs were
examined Lach of the manv t1nes she was scen by a new doctor
comment was tecorded of hex complaints of paresthessn weih
ness and dyspner Not once wis vitamun B, defiacney con
sidered Yet perswtent symmetricl prresthesias of the finges
(or toes) re a major clue to the possible castence of vuamun
B, deficzency and thorouh evaluation of this possibility 1s
abways ndicated 3

The fohe acid deficiency states present 1 sumul ur clinical pic
ture to that of vitamin B, deficiency with the exceptions noted
at the beginning of thus chapter  Pure  folic acid deficiency 15
1arely seen and the actual clinical preture usurlly obserscd 1
¢hit of folic acd deficiency combuned with other deficiencies
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and oficn assocsated with gross dsorder of gastromtestimi
funcuon

In the malabsorption syndrome the most frequent symptoms
are diarthea weakness and weight loss all of whach occur 1in
mare than £ of every 5 patients * * Glossias occurs in approxi
mately balf the cases paresthes:a i almost 20 per cent and
mental symipionts m abouc 18 per cent The neurologre symp
toms ar¢ possibly due m luge part if not completely to asso
aated vtumn B, deficency

The major symprons and sihs of the milabsorption syn
drome re poted m Tamir 5 anp G adapred {rom a presenta
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TasLe 6 —ajor Signs of the Valabsorf lion Syndrome
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24286 19/ Sunultaneously published s \pLrkspike D Lv  The Malb p
tion Syndrome New York Grune and Stratton 19,/

uon * * at 1 recent symposium on the malibsorption syndrome
held at the Mount Sinu Hospital New York

The clinical picture m those conditions other than the vita
min B, or folic wa1d deficiency states which ate sometimes 1sso
crated with a megaloblastic marrow s that of the underlying
condition (hemolytic anemn etc)

Pernicious anemia 1s assoctated with mn 1ncreised mcdence
of carcmoma of the stomach as noted m the section L esions
which Destroy the Castnic Mucosa  and tlns entity must be
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looled for i every pruent with addisonian permicious anema
It 15 also of importance that every pauent »with cancer of the
stomach be evaluated for possible vitannm By deficiency caused
by wabthity to produce mirmsic factor

The weidence of gl bladder disease tn patients with per
nicieus anenna s considerably grevter than chance * 57 This
may be due in large pant to the fact that pernicious anemia 15 a
hemolytic anemia m addwon to bemg an anemia with made
quate production of circulating erythrocytes * 4 % In pernicious
anemia there 15 an screased random destruction: of not only
the patients oun erythrocytes but also of transfused normal
red cells * ¥ The resulting hyperbilirubinemia leads 10 an m
creased concentrauon of ilirubin m the bile wuth a large
amount of bide pigment from sources other than the mature
arculating erythrocytes ¥ perhaps arsing manly from rapudly
destroyed young erythrocytes* 'This m turn may lead to the
preciprtation of pigment sn the galt bladder cholehthasis and
cholecystitys 491 382

The serum bthaubm of untreated pattents with addisoman
pernicious anemnsa s generally in the range of 1 mg 100 m]
and may or may not be of a degree sufficzent o produce the
hight lemon yellow shin coloravton classically associated with
untreated perncious anemua

Clear-cut relationships between permicious anemura per se and
diseases other thmn those already mentioned have not yet been
estabhished bur may exsst One such disease 15 gouty arthrits
It 15 obvious howeser that the fortustous presence of another
discase can alter the usual climend pretare of any of the megalo
blastic anemias

dcute liver destruction such as oceurs with acute hepatitts
may completely mask viwmun B, deficiency disease 4% 4% The
Iiver damage refeases restdual vitamin By scores mito the hlood

stream ‘& and apparently thereby makes them aalable for
hematapoiesis



7  Dufferential Diagnosis

1 CLINICAL

THE SINGIE MOST USEFUL 100L 1n sepuating the megaloblastic
anemias 1s an 1dequate history This should nclude detatled
inquiry into the quantity of 1mmal protemn and fresh green
vegetables consumed 1 an werage weeh The author has seen
the comment  dict 1dequate  on the charts of 3 patients with
megnloblastic memra of obscure etiology  Conversation with
the patients revealed that 2 of them had substituted alcohol for
almost all solid food for periods in excess of a year and the
third was 7 strict vegetarian! The first 2 had dietary folic aad
deficiency 1ssociated with chronic alcoholism and arrhosis the
third had dietary vitanmun B, deficiency The proper diagnosts
was confirmed by appropriate tests and response to therapy in
all 3 patients

Famtliarity with the most frequent cruses of megaloblastic
anemia 1n various geographic areas helps mn differential dag
nosis Every physician should be familiar with the most common
causes of mejaloblastic anemit 1n his own wrea For example 1n
the New York metropolitan area the two most common causes
of megaloblastic amemia are pernicious anemia and the mal
absorption syndrome 1n their various subdivisions (see CHAPTER
4) The malabsorption syndiome ts the most common cause of
megaloblastic anemia mn that large segment of the New York
City population composed of recent migrints trom Puerto Rico
pernicious anemia 1s more common n the rest of the New York
population generally

Age 1 IIMPOTEINT PETNICIONS anema 1s sery uncommon under
the age of 40 (see cua1 ter 1) ** Origin of the patient should be
ascertamned  persons from the Scanditvin countries are more
likely to hate pernicious nemia or fish tapeworm anemit those
from England Ireland 1nd Canad: have a greater chance of
having pernicious anemia patents from Indra may have nuir1
tional vitamin B, deficiency because of reli ious dietary restric

,8
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uons (thosc with putritional folic 16d deficiency due to dietary
wadequicy because of porerty are less hlely to trasel}

The presence of nervous system wnolvement ndicates vita
min By deficiency Nervous system damage due solely 1o fohic
acd deficency with concomteant vitamm By defictency ade
quately excluded has neser been deseribed m the lineratare 1o
the authors knonledge and the author has never seen such a
case In the presence of a megaloblastic memia barnng the
fortuitous presence of unrclated neurologic discase nervous
system wnohement widicates viamun By deficiency with or
without concomatant folic acid deficiency Tt never mdicates fohe
acid deficiency alone This delineation 15 so clear that at has been
suggested that neurologic duma,e wsociated with megaloblasuie
anemsa be veferred to 15 uitinun By newropathy < ¢

Each of the symptoms and signs of nervous system msohe
menr menttoned 0 CHAPTER 2 should be looked for carefully
since only one or two may be present Thss 15 especratly true m
siamm By deficiency without overt megaloblastic anemia
when only careful examinauen of the perrpheral blood smesr
suggests the dragunasts

1€ the patient has been takwig multvitamims contang fohie
acid especrally af the amount of folic acad m them 15 1 excess
ot § 0 m, perday the periphertt blood piciure may be almost
or even completely normal It 15 quic possible thae the ek
of parallclism between the degree of hematopoietic and nertous
system damage n vianun B, deficiency states s primanly a
funcuon of the hughly vanable dietary folic acid mgesuon (and
possibly absorption as well) from patent to patient Regardless
of dier howerer the aathor has never seen a patient with vita
min B, neuropathy not taking mulitnvitamsns who did not
have macropvalocytes and hypersegmented polymorphonuclear
leubocytes in the pevipheral biood

Diarshea stron,ly suggests the malhbsorpuon syndrome and
folic acid deficiency often accompamed by utamin By_ def
oency However tt should be remembered that diarrhe also
occurs not snirequontly i pernicious anemry 443 Comversely the
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absence of diarrhea rules against the malabsorption syndrome
but does not exclude 1t 46 *

This 15 especially true of adult coeliac disease of which many
cases have been described with bowel movements appearing
normal m both quahity md quantity 3¢ 4 4 46 46 Some of these
cases had macrocytosis 1 a few a megaloblastic marrow was
described  The author has seen 2 patients with megaloblastic
anerma related to occult adult coehac disease Both had single
daily notmal formed stools no history of diarrhea low serum
vitamin By and fohicacid levels intrinsic factor in their gastric
Juice by vitro assay  and inability to absorb an oral test dose
of ridioactive vitamin By cather without or with added hog
trinsic factor concentrate In both balance studies revealed
defective fat absorption and produced steitorrhea In both
patients the megaloblastic anermia disappeared after mtramusc
ular vitamin By, admunstratton and oral folic acd therapy
Smmular cases mcluding one with only partial remussion after
combined vitamn B; and folic ncid admunistration were re
ported prior to the wide nailability of serum vitamin B, deter
minations and description of the Schilling test 3¢

In pregnant women and infants folic 1cid deficiency 1s by
far the most likely cause of megaloblastic anemia

When the usual signs and symptoms of sitamn B, or folic
acid deficiency are laching more obscure causes of megalo
blastic lihe anema must be sought These include hidden mal
ignancies especially leuherma and liemolytic anemuas of varsous
tvpes

Thorough knowledge of the mformation contained 1 cHAP
TERS 4 and 5 will make differential dragnosis of the megaloblastic
anemuas a relatnvely simple matter for the careful climcian In
areas where laboratory confirmation of the diagnosis 1s unavail
able therapeutic trial constitutes the tume honored method of
differentiating the fohc acid deficiency states from those due to
vitamin By, deficiency 4

Therapeuvtic trial carries with 1t the danger that either vita

min B; or folic acd may produce a temporary remission in
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patients whose pnimary deficiency 1s of the other agent thus
leading the physician mto mproper therapy (see cuarter 8)
For thus reason only a single small dose or single small duly
doses should be guven to the panent in such a nal

The patient should be mamtaned on a dset low m folic acrd
and yiaram B; for at Jeast two days prior to the test {prefer
ably for a weel) and throughour the test pertod A single 1 4g
mjection of vitamin By 1sthen gnen and the reuculocyie count
obsersed dauly or at least ev ery other day for seven to 12 days ¥
If there s mo reticulocytosts of sigmficance the pattent 15 neat
ginen 85 mg of lohc acd subcutaneously and reticulocytosts
sought as previoushy

Daily doses of 0 # mg of folic acid for 10 days have proved
acceptable m therapeuuc trials Such 1 course of therpy mduces
hematologic response only wmn patients with folic acd defi
aency 48 More study of the refaunve value of 2 single small dose
of ystanun By, or fohe and vs daily small doses 1 therapeutic
trzals 1s needed Dadly small doses may be more reliable

Varants of the procedure using swmlar oral rather than
parenteral small doses of each vitamin may be used to test ab
sorption provided the status of the patient s good cnough to
allow the tume to carry out peroral studies of about one week
each prior to parenteral vitamn adnnmistration (Peroral studies
should be performed first becwse parenterd admamstration of
the appropiate sytanun will aluays produce a greater reuculo-
cyte response and the method of sersal teticulocy te responses
to test agesns should be carried out with the weaker agent given
first One pg of vitanun B, gnen by mouth 15 Jess potent than
the same dose parenterally because esen i a completely normal
subject complete absorpuion from the gastromtestinal tract 1s
rare the same 15 true of oral versus parenteral doses of folic 11d )

i1 LABORATOQRY s
A Gastric Aadity

The most widely used laboratory aud to the separation of the
megaloblastic wnennas is the determination of gastric acschity 52
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If the patrent 15 over the ge of 50 the presence of free acid
1lmost rules out pernicious anemia completely 1f he 1s under 50
then the presence of free actd makes pernicious nemia less
hkely but does not rule 1t ont entirely 131 138

Achlorhydrin n 2 patent past the age ol 10 1s of only mad
erate sigmificince 1n terms of the possibility of permicious anemia
Apptoximately 15 per cent of peoplc between the ages of 40
and 60 have lustumne refractory achlorlydria s do about 25
per cent of wdividunls between ages 60 1nd 70 and 30 per cent
of persons over the age of 70+ ©

Since mtubation of the patient s unpleasant tubeless astric
analysis hus become popular 11 ¢ Wile ths method for deter
minaton of gastric aaidity 15 simple 1t is unrehable n the
presence of renal disease gastric obstructton diirrher and mal
absorption syndrome * 3 1s well as tn gastrectormzed patients nd
mdidunls with a rapid gastric emptying time

Tubeless gistric analysis mvolves the ingestion by the pauent
of a cation exchange resin to which 1s bound quuntnium azure
A or another cation If there 1s free acid in the stomach the
hydrogen 10ns will replace the cation on the resin which will
then be absorbed mto the blood stream and ieleased m the
urme where its quantity muy be mesured and thereby provide
a measure of the amount of hydrogen 1ons (1e of frce cid)
m the stomach Unfortunately cittons mn the smail mtestine
w1ll 1lso exchange with the cauon on the resin mikng it un
portant to examune only the urine soided within two hours of
ngestion of the resin which will contain only cition » hich was
released in the stomich Howeser 1if the patient has 1 fast
gastric emptyng time even the urine vorded within two hours
of mgestion of the resm may contan citon Telesed m the
small testine and in erroneous impression of fiee 1ad 1n the
stomach may be given

Unexplamed 1esults  positive for free aad have occurred
m the presence of achlorhydria proven by inwbition frequently
enough to make the azure A resin test of dubrous salue in the

detection of diseases assoctated with achlorhydria ** The author
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has seen 2 patients with permcious anemtz 1n whom the correct
dagnosis was Tuled out by an intelhgent house staff because
the presence of free waid was reported on tubeless gastric 1malysis
with azure A resin The diagnosis was taled back m by msist
mg ou mntebatson and demonstratmg the absence of free acd
m the gastnc aspirate It ts unhoown whether the erroneous
results were due to an error 1 techme such 15 chewing of the
restn grinules by the panents or collection of the urme specimen
more thn o hours after mgesuion of the resin

Although tubeless gastric malysis using azure A resin cannot
at present be tecommended the older tubeless method using
a quumnium restn appears to be more reliable and may be 2
useful scieening procedure #74 474

B Assay of Intrinsic Factor w1 Gastric Juice

In wno assay of mtrmsic factor content of gastric jace is
accomphisiied by tihang the gasine wsprate from a doner (the
patient) and giving it (o a recipent who 15 known w have no
intrmsic factor long with a small dose of radtoactyve vitamin
B; 1w a Schulling type test (see C below) Alternamnely the
donor s gastric jurce may be given to an untrexted patent with
nown permicious wmena along with Y pg of vamm B A
hematolagic response of the rectprent unless Gue to a fortustous
spontaneous remsnion would rule out fack of mtrnsic factor
1 the donor

Intro assay of intrmsie factor m hinman gastric juwe has
been reported recently © * * This procedure obviates the need
for more than 2 few ml of gstnc yuice from the panent and
also elnates the need for a reciprent In the author s hands
when the gasiric juce has been frozen immediately after collec
tion this 1ssay has proved generally accurate as an mdication
of the presence or wbsente of murmsic factor in the gastnic Juice
of achlorhydric puzents Great care 1n unerpretiton of results
15 required espectally m the presence of muens (ncludmg
salinvary mucus) which binds vitnun B, 77 478 or of bile which
m1y contam nonridivactine vitimin By 12+ Iree acid and
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If the pattent 1s over the 1ge of 50 the presence of free acid
lmost rules out pernicious anemia completely 1f he 1s under 50
then the presence of free 1cid makes pernicious anemsa less
hkely but does not rule 1t out entirely 13 133

Achlorhydri1 1 a patient past the 1ge of 10 1s of only mod
erate significance 1n terms of the possibility of pernicious anemia
Approxmmtely 15 per cent of people between the ages of 40
and 60 have lustamine refractory achlorhydria s do about 2o
per cent of tndnvidunls between ages 60 aind 70 nd 30 per cent
of persons over the ge of 70 170

Since intubation of the patient 1s unpleasant tubeless gastric
analysts has become popular #1477 Winle thus method for deter
mination of gastric tcidity 1s simple 1t 1s unehiable m the
presence of renal diseise gastric obstruction drurher and mal
absorption syndrome ‘7 as well as in gastrectomized patients and
ndividuals with a rapid gastric emptying ume

Tubeless gastric m1lysis mvolves the mgestion by the patient
of 2 cation exchnge resin to which 1s bound quintmium azure
A or another cation If there 1s fiee acid n the stomach the
hydrogen tons will replace the cition on the resin which wall
then be absorbed into the blood stream and released 1n the
urine where its quantity m1y be measured and thereby provide
a measure of the amount of hydrogen 1ons (te of free rcd)
in the stomich Unfortunately cations in the smmll mtestine
will also exchange with the cation on the resin making 1t 1mm
portant to examne only the urine vorded within two hours of
ngestion of the resin which will contam only cation which nas
released 1n the stomich However if the patient has 1 fast
gastric emptying time esen the urine voided withim two hours
of mgestion of the resm m1y contun catton relewsed m the
small mntestme and n crroneous impresston of free 1aid m the
stomach may be gnen

Unexplained results  positise for free acid have occurred
m the presence of achlorhydria proven by intub1tion frequently
enough to make the azure A resin test of dubjous value in the
detection of diseases associated with achlorhydria 4™ The author
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ducible sn any one laboritory (see TapLES 7 4np 8) Deternmma
tron of whether a grven result represents a low serum vitamn
By level should be brsed on normal controls m the same labora
rory not on results m other labaratortes

Ochromonas matharnensss 15 the most speetfic assay or anism
Euglena gracthis 1s next m spectlicaty first 10 sensitivity  Lacto
baciilus lershmanu and Eschertchr colt are less specific and sen

Tasee 7—Sers n $stamin B Concentrafions m Normal Suljects

Anther Date \u::‘t’ ) SeumB fuug fruly Jest
organism
subjects | Range Mean
Rows (48 7 St /0] 490 Euglena
Mot and hoss 102t L6 | 10010 90 | 3c0 Euglen
Hesrsch and Lahann | 1953 4 — | o0 238 Luglena
Niblander 3 6 100w 0| 360 ruJna
Tear et at 19 ] 297t 86 ] { Luglena
tan ey and Beard ! o1 57 | s6to 00 | 2. Luglena
Rosendial and sarett | 19 2y 80t 40| °00 }1 Yeichmanmt
Cuedy 00d Lt S0 0w 80 1 L leichmann s
Nievep et 191 ¢ 1100100 | —~ [ lahmauan
Oluda et al { 1034 34 ; 1,3 L lechmannu
Lnghaud et al 1904 - e 10 10 {1 techmanny
Teger aaal W 5% Y 0101060 G0 | L te chmanny
Spray 105 M {1u 0 | 4% L luchwaneu
Cios o3 icz et at 19t ‘ 0 | 0001000 | ~ E coli
1aken from Mot B L aso hoss (1 W ( ce Tagle & pa ¢ 88

sine but have the advantage of rapid growth They provide
Jssay results 1 1 d1y as compared to 2 week for Ochromanas wd
Euglena

The mote speafiv mgamsms e genenily preferable Ouer
sionally a less spectfic o1 gamism wall grow on factors other than
vitamm By contamed in the serum of a vitamin By deficient
paucnt thereby comveymg the erroncous tupression that the
pauent 1s not deficient i the sitvmm We® have scen a pt
tiene with proved vitammn B, deficrency (cerebral and hemato
logic imolvement clasac Sclullng test result) whose sevum

Yy
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pepsin release nonridioactive vitamun B, from the liver thereby
producing false low results The assay using Iiver homo
genate * ¢ rather than Iiver slices #7 has proven especially suscep
tible to errors mtroduced by these various factors and cannot
at present be recommended Other sources of error m both
asstys  include the vanable amount of vitamin B; 1 gastiic
juice (from less than 40 ppg /ml to more than 1500 ppg /ml m
our Inboratory) and the sariable wmount of what may be de
graded intrinsic factor i the gastric yuice This Jatter matersal
appears 1ble to block the teceptors for itrnsic factor on Iiver
but 1t appears unable to then bind vitamun B, 13
Cvaluation 1n other Iaboratories will mdicate any general
usefulness of the m vitro procedure So far it seems to be
specific for intrinsic factor In vitro assay procedures for intrmnsic
factor must be evaluated very cautiously The first such proce
dure *! proved to be nonspectfic ¥ and to measure only vitunin
B, binding °® a property common to many substances That
procedure conveyed the erroneous impresston that mtrinsic
factor 1s lacking 1n patients with sprue to an esen greater extent
than 1 patients with pernicious anemia 2 In pomt of fact only
those patients with sprue who also have gastric atrophy have a
lack of mirinsic factor as 1 significwnt etiologic factor in ther
megaloblastic anemia * Numerous obsersers hive demonstrated
mtrinsic factor to be present usually in the gastric juice of pa
tients with malabsorption syndrome by 1n vivo assay 135 1 5 173 248

€ Vitanun B, Serum Levels

Microbiologic assay of serum vitammm B, concentrition 18
rather widely avulable n large medical centers but not yet
elsewhere The procedure 1s extremely useful as an objectine
estumate of the degree of vitamin B, defictency 3 43

A number of different assay mucroorganmisms with varying
degrees of speatfictty for vitamin B, have been used to deter
nune serum vitamin By concentrations © 064 434348 Re
sults vary mn different laboratories but are generally repro
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level falls first and 15 slowly followed by the red cell vitamim
Byslevel Thus mn b pattents whose sexum vitamun B, levels had
fallen to an mer,e of 35 gug /mt  the vitanun Bs content of
the unwashed 1cd cells still yvemged 110 ppg /mi*87 Further
stuchies are needed to define the possible usefulness of deteraun
mg red cell sitamin By levels as 1 mesure of general tssue
depletion of the vitamm In such studses st must be kept in
mmd that red cell vitwmn By levels may wnclude 2 lnge
fracuon of vitamin B, contamed m lewkocyics

In carly wtunmn B, deficency prior to the development of
anemia and 1 clewly megaloblisue bone manow and after the
appearaiee of macroovilocytes and wn mcretse mn number of
hypersegmiented neutrophihic polymorphonuclear Ieuhocytes m
the periphieral blood serum setamn By levels frequently have
not fallen below the rnge of normal although they are always
well below the mean normal value ©8

D Folic Acd Serum Levels

Microbrologic assay of blood {olic acid  has fallen mto dis
repute since the demonsitaton that such 1552y does not mesure
fohe acd but rither mewures & muttphicity of factors all of
which hue folic acd ke actinaty for nucromgansts but none
of which 15 folie raid % # Adthough folic aad per se 15 not
normly present m serum it 1 accepted that what s meswed
1 sevum smumediately alter Admsmsinnen of fohic and ordly
or prenterally 55 fohw wad uself Theoreticlly howerer the
only vahd mesure of fohic 1aud depletson would be direct assay
of tissue stotes of ths siamin 18 both folic and fohimic acids 3 3¢
The next best measure would be assay of serum fohe waid Yevels
of such could be deteranned Other hboratory procedmes such
s the mdizect methods discussed m the section Tests of Falic

lad Absorption Stores md Utdization and the secuon Assmy
of Metabalic Products Found in the Unne of Foltc Acd Dehi
cient Panents  must be mierpreted with extreme cwation It
raust especiitly be kept m mind that since viiamin By deficiency
results i deranged fohc acid metabolism the metabolic prod
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sitamn By level was only 20 gy /il by 1 gracths assay set
with aserum vitamnn B, level of 1,00 pug /ml by L leishmanu
assay  The result was thiiwe 1eparted pror to teatment of the
pauent A smulu case has been obsetved by Lowenstem 4
The value of determmnin, fiee By wwellas total B,  has
not becn cstablished  1ice By 1s thit quantity of the vitamn
i human serum which 1s nulible to the 1551y nucroorganism

TABLE B~—Serum | rtamn B Comcentrations i I ermicious Inemia
e Relapse

Number

— e . scuum B, fuag jmly Test
patients Riunge ‘ Mean creantn
Mclin and Ros 1921 10 | 160105 30 Englen
Hexry hand Xahann [ 1) 3¢ — |[vorw 30 4 Euglena
Kallwda 93 12 <2310105 38 Fulena
Lear et al Wi 3% 010 b1 33 Fufena
Liney nd Beard 19 5 L Ot I 13 1uglena
Cirltod 1954 36 | <a0w200 | 952 | I lewchmannn
<0 (11
N\iewe, et al 1951 1 << otol o — | L leschmanan
Unglaub ct al 1958 10 10to (0 40 | I leichmauni
Spras 1950 17 sl — | L teschmannn
€10 sov 1 et af ot 8 50— 130 5 E colt

Irom Moty D L o Ross € [ A Ihe pathophysilegy of utamm B
leheteney 1 the megaloblistic anaemins {3 Henrch B ¢ Vit B und
Intnsic Tactor Stategare Ferdmand Eoke %,

prior to the roueme hetting of the serum to rdlease By from
serum protan The amount of frce By m 1 gtven sumple of
serum 1s dafferent for different mictooramsms nd different
durations of mcubitron The physiologic siamficainee i man of
free by 1s unknown althou,h 1t 15 generally behieved that 1t
represents ‘itamm By not bound to protem or to iy other
substance
Recent evidence ¢ 7 indicates that i the normal indivaduil
the serum and red blood cell vuamn By levels are roughly
equal Asvitamun B, defictency develops tlie serum vitumn B,
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E Tests of Folic Acid Absorption Steres ard Utihization

Measurable amounts of folic acid appear 1 the serum of
mdiduals gren oral doses of I mg or more of the vita
min ¢ 31 45045

Amounts of folic aad averaging less than 10 kg darly are
normally excreted n the ure %4 When fohc acid 15 admn
sstexed orally or parenterally urmary excretion 1 markedly
Increased 336 193 445 408

These obsenations have been used to advantage w siwdying
folic acid absorpuon stoves and utilizatson ¢ Following the
subcutancous admyustranion of 5 mg of fohc actd the urmary
encienion of less than 15 mg 1 24 hours 15 an wndicatson of
gross tissue depletion #° The converse 15 not necessantly true
{1re urmary excretion of more than 1 5 mg does not mean the
pauent 1s not desaturated) perhaps because of an obligatory
excrenion by the hidney

A stmilar indirect measure of the tssue stores of folic acd 15
determumnation of the rate of clearance of an mtravenous dose of
15 ug of folic 1asd per hg of the pauent s body werght 47 Thys
dose appears to be completely cleared after 15 minutes in nearly
i} patients who ave chmeally deficient m folic acid but not n
normal control subjects OF course since this test measures the
end vesult of a number of phenomena rapid clearance of a test
dose of folic acid can only be considered suggestne of folsc acid
deficsency and not conclusne for it Thus s equally true for
any mdirect test of fohic aad siores

Mter saturatton  of the tissues by admusstration of 15 mg,
of folic acid subcutaneously for a weeh Gudwood ## has deter
mined the urary excretion of 2 5 mg oral dose He found that
the excretion of less than 1o mg of folic wad in the subsequent
24 hour perrod nas an wmdication of severe malabsorprron

Winle these results have been confinmed by Cox et al +»
other workers found sufficsent overtap m urmiry excretion after
the test dose i saturated normal subjects and pauents with
malabsorprion syndrome to make inrerpretition of the results
difficult # They proposed saturauon  of the folic acid-deficient
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ucts of foltc acid deficiency may be found i the urine of patients
who have wdequate ingestion and absorption of folic acid but
utilize 1t madequately due to vieamun By, defictency Failure to
recognrze this fact may lead to an erroneous dragnosis of primary
folic acid deficiency when 1 fact the patient lacks only vitimm
By Sumilarly mjected or orally admimstered folic 2cid may
rapidly disappear mto the tissues of patients with vitamun B,
deficiency nd such rapid disappearance m these cases docs not
indicate a primary folic acid deficiency

Because of these problems of mterpretation of mdirect meth
ods of 15s1ying fohc acid deficrency states we 469 189 6% decided
to ivestigate the possibility that the fohe acid Iike actnaty m
human serum may in fact teflect the presence or absence of
primary folic acid deficiency

We have so far determuned the serum  folic acid  levels of
more thin 100 patients with megaloblastic nemia using a mod:
fied L caser assay techmic wiuch 1s simple and rapid (the or
ganism ,rows well withir 21 hours)” Low levels (below 5 mug
of folic 11d actnity per ml of serum) were found in those
sera from pauents proved to have primary folic acid deficiency
by history inadequate response to vitanun B, therapy and/or
normal serum vitamm B, levels and excellent response to folic
acid admumstratton Those sera from patents with prunary
sitamm By defictency prosed by low serum vitammn By Jesels
and excellent hematologic response to vitamun B, therapy had

folic acid levels 1bove 7 myg mi % Some pauents with prt
mary deficiencics of both vitrmims were uncovered these pa
tents proted to be ingesting grossly wnadequate diets {often
while pregnant) and or to be suffermng from malabsorption
syndrome  All sery were obtamned wlhile the pitucnts were
fasting

It 1s the 1uthors belief that determinaton of the serum

folic 1ad level m1y prove to rank with ass1y of the serum
vitamin Byp level as 2 prune lnboratory tool mn evaluation of all
patients with megaloblastic anemra
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alter a loadmg dose of 5 Gm of llusudme These patients
were proved to be folic 1c1d deficient by presence of low serum
folic actd levels normal serum vitamin B; levels and excel
lent hematologic response to folic acid therapy after inadequate
responses to vitanun By imection Because of tits and because
of the necessity for at least one and frequently more than onc
24 hiour urme collectton (difficult to obtam from mfnts and
mcontinent 1dults) to study for FIGIu we do not use FICIu
assay routinely m evaluation of panents with megaloblastic
anema at present

Using the more prease enzymauc method Hiatr did not
observe FICIu 1n the urme of 2 pauent proved by therapeutic
trial to have folic acid deficiency by Marshall Jandl and
Castle FIClu did not appear after a 2 Cm  loading dose of
1hisidine (personil communication} This result adds another
case to the accumulating series of patients with proved folic
aad deficiency who nonetheless do not excrete FICHu in ther
urine % 1!

It must be remembered that severe vitamun B, deficiency by
mterfering with folic acid metabolism may induce FICIu ex
crevon M2 * This may lead to a false diagnosis of prmary folic
aad deficiency (1e 1nadequate ngestion or absoiption of folic
aad) when m fact the only primary deficiency may be m the
amount of vitamn B, 1n the patients body and the patient
may have only a secondary deficiency of folic acid (1€ 1nade
quate utilization of an adequate supply of folic acid due to
wsufficient vitanun B,; for normal folic acid metabohsm)

Recent studies ¥ 3 ndicate that in folic acid deficient 1m
mals formic acid possibly dernved from tryptophane metib
olism also appears m the urme mn lugh concentration Assay
of the concentration of this agent 1n urme m1y also prove of
some use as an ndex of folic acid deficiency 1gain keeping

Pavents uth sstamin B deficiency and no derernmnable folic ac d defaenc
who nevertheless encreted FIGIu an their ¢ 1 ne Fave been ob erved by Rucknagel

LaDu La ter Seegm dler Daft and S ¢ suan Mar hall Jwll Cad ant Huan
and Herbert Buker Franh Pa her Was crman and Subotha
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pauent with 20 to 10 mg of folic acid for at least four weeks
followed by oral «dimimstration of a 3 mg test dose and assay of
the serum folic acid concentration one two and four hours
later In their studies peik serum concentrations m normal
subjects ranged from 42 to 170 umg of folic aad per ml of
serum Peak values below 40 ymg were found almost uniformly
n pattents with malibsorption syndrome

Caution 1t mterpreting any of these mdirect tests of folic
acd deficiency ss wairanted to moid maling an enoneous
dragnosis of prumary folic acid deficiency when the patient actu
ally 1s suffering from a prumwry vitumm B, deficiency * In
severe sitamin By deficiency the distppearance of mgested or
mjected folic acid appears to be as rapid 1s 1t 15 m folic acd
deficiency * 497

F Assay of Metabolic Products Found in the Urme of Folic
Actd Deficient Potients

Normally hisudine 15 metabolized 1o N formimmeo L glotwmic
acid (TIGlu) wiuch 1s degraded to glutanmc acid 1 thre presence
of folic actd * 9 Folic acid deficiency esther primaty or sec
ondary resulis m excreton of undegraded IICIu imn the
urine @ this metibolic defect may be made more striking by
feedmg | lustidime ©

When folic 1cid deficiency 1s very severe high concentritions
of unmetabolized FIGIu m1y be found 1n the utine ° %% In
milder folic 1ctd deficiency states 1t may be nccessary to gine
the patient 1 hustidine orally to mduce FIGlu excretion m the
unpe * 1 Thus assay of the amount of FIGlu in the urme
by marebrologic ® ® or ¢nsymatic and specirophotometric
methods % ¢ may prove to be a uscful measure of folic acid
deficiency

Using mucrobiologic methods % % we * have not been sble
without giving the pattents o1al lod doses of 1 hisutdine to find
FICIu m the urine of some patients with megalobltstic memaas
of infancy pregnancy poor diet and mihbsorption syndrome

In some of these c1ses we did not find FIGlu 1n the urine ¢ren
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fter a loading dose of 5 Cm of Iusudine These patients
were proved to be folic acid deficient by presence of low serum
folic acid levels normal serum vitamin B, levels and excel
lent hematologic response to folic acid therapy fter inadequate
responses to vitamin B, injection Because of tlus and because
of the necessity for at least one and frequently morc than onc
24 hour urine collection (difficult to obtun from mnfants and
incontment adults) to study for FIGlu we do not use FICIu
assay routinely i eviluation of pattents with megaloblastic
anemra at present

Using the more prease enzymatic method Hiatwe did not
observe FIGIu 1n the urine of a patient proved by therapeutic
trial to have folic acid deficiency by Marshall Jandl and
Castle FIGlu did not appear after a 2 Gm  loadmg dose of
1hisudme (personal communication) This result adds wnother
case to the accumulating series of pauients with proved folic
aud deficiency who nonetheless do not excrete F1Glu 1 thenr
urine 3% 2

It must be remembered that severe vitamun B, deficiency by
mterfermg with folic acd metabolistn may induce FIClu ex
cretion 12 * This may lead to a false diagnosis of prumary folic
acid deficiency (1€ 1madequate 1 estion or absoiption of folic
acid) when 1n fact the only primary deficiency may be n the
amount of vitamun B, 1n the patients body and the pauent
may have anly a secondary defictency of folic actd (1e nade
quate utilization of an adequate supply of folic acid due to
msuffictent vitamun B, for normal folic acid metabolism)

Recent studies ** 5 indicate that 1n folic acid deficient am
mals formic acid possibly dernved from tryptophane metah
olism also appears in the urine n bhigh concentration Assay
of the concentration of this agent 1 urine may also prove of
some use as an mndex of folic acid deficiency again keeping 1n

Patients v uth sutamin B defaency and no letern mable folic ac d def ¢ ency
who nevertheless excreted FIGIu 1n their unine ha € been of se ved by Rudknagel

LaDu La ter Scegm ler Daft a1d S lierman Marshall Jan ! Catle ar 1 Hiarg
and Herbert Baker Franh Pa her Was erman and Sobotha
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mind the caution that 1 severe vitaumn By, deficiency fohc
acid metabofism may be disturbed

G Tests of Vitamin B, Ahsorption

Absorpuon of vitunn B, may be measured following the oral
Admuustration. of physiologic (two p, or less) doses of radio
ctive cobalt Inbeled vitamm @ This my be done by determming
the amount of radioactivity in the feces (Heinle Welch test) °
the plasmr ! the Inver (Cliss test) 47 or the urme (Schilling
test) ¥ 1 The 1elative mernts of these four methods have recently
been caretully apprased ?

In terms of ease speed of executron and nunimal retention
of radioactivity by the patient the clinically most useful test at
the present time 15 measurement of the percentage of the oral
dose subsequently found 1 the urme tlus 15 generally known
15 the Schilling test after 1ts onginator * * Plasma radioactivity
determinauon 1s stmpler but radicactive cobalt labeled vitamin
B, of high enough specific 1ctivity for 1ccurate measurement 1n
the conventional well type counter of 1 plasma sample 15 not
widely mvaitable

The author piefers a modified form 1 °® 1% of the Schilhng
test because the Ol’lgln']] test TC(]UHLS a Iongcr waumg P(’I‘lOd
between test doses and a two hour delay between oral and
parenteral doses of vitamin By, which reduces the adiptabahity
of the test for outpatients * 1 Additionally a single 24 hour
urme collection following a single mtramuscular myection of
vitanun By s 1 flushing  dose may occisionally lead to mus
diagnosis Patients with renal disease have deltyed vitamin By
excretion and the first 21 hour urine collection may be mus
leadingly low ° * The author his observed delwyed excretion
of radioactine vitamin B, occasionally in the ibsence of any
determumable renal disease  The most strihing cise i ths regard
was a 87 year old woman wath trinsverse myelitss 1n whom neu
ropathy due to vitanun B, deficiency was suspected and
«hom deternumation of the scrum B, level was valueless due
to recent B, therapy She excreted 12 per cent of the oral dose
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in the first 24 hours and 12 per cent mn the second 24 hour
pertod Had a smgle 24 hour collection been made the erro
neous concluston of mabulity to absorb vitamn By would have
been made (In a repeat test this patient displayed a normal
excretion pattern The cause of the delayed excretion 1n the
first test 1s unknown )

The 2 pg oral dose of radio B, s ongnally proposed by
Schulling 1 t 1s probably preferable to smaller doses It appears
to just saturate the physiologic mtrmsic factor dependent sys
tem for B, absorpuion wlnch lesser doses do not #* This satu
ration results 1 more hi,hly reproducible tests than those with
smaller doses which are affected more by small changes (such
as mixture with small amounts of nonradioactive vitarmn B,
m the stomach and small intestine)

Oral radio B, doses in excess of 2 pg mvalidate the Schilling
test as a measure of the physiologic intrinsic factor dependent
mechanism of vitamin B, absorption A significant aliquot of
such supraphysiologic doses (1e  doses much greater than the
amount of vitamin B, in a well balanced meal) may be absorbed
mdependently of the wtrinsic factor dependent system  (see
page 20)

‘The modified Schilling test 1s performed as follows$ ¢ 3¢ 2
pg of radioactive cobalt labeled vitamin B, 1s given to the
pauent by mouth separated from food by at least two hours
One mg of nonradioactive vatamin B, 1s injected 1ntramuscu
farly immediately after the oral dose of labeled vitamin All
urine 15 collected n the ensuing 24 hour period A second

flushing  1njection of 1 mg nonradicactive vitamin B, 1s
gren to wash much of the 1emarning labeled vitamin out of
the body and again the urine 1s collected for 24 hours The
radioactivity in the two urine collections 1s determined 1 an
appropriate radioactivity counting apparatus and recorded as

per cent of the oral dose

If desired the radioactinity may be concentrated by evapora
tion  or more difficult methods * pnor to counting The
evaporation procedure ®  consists m thorough mixing of the en
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mund the caution that in scvere vitamun By deficiency folic
acid metabolism may be disturbed

G Tests of Vitamin B, Absorption

Absorption of vitamin B; may be measured following the oral
administranon of phystologic (two ug or less) doses of radio
actrve cobalt Ibeled vitunun 3 Tlis may be done by determunng
the amount of radioactivity 1n the feces (Hemle Welch test) *
the plasmr ™ the Iiver (Cliss test) * or the urme (Schilhing
test) * * The relauve merits of these four methods have recently
been carefully appraised

In terms of ense speed of exccution and numumal retenton
of 1adioactrvity by the piuent the chinically most uscful test at
the present time 1s measurement of the percentage of the oral
dose subsequently {ound wm the urine this 15 generally known
as the Schilling test after 1ts ongimator ! Plasma radioactvty
determmatien 1s simpler but radioactive cobalt labeled sitamm
B, of igh enough speaific actinity for 1¢curate measurement m
the conventional well type counter of 1 plasma sample 15 not
uidely available

The author piefers a modified form+© 8 of the Schilhng
test because the ongimnal test yequaes a longer watng penod
between test doses and a two hour delay between oral and
parenteral doses of sitamun By,  which reduces the adaptability
of the test for outpatients * *® Additionally a single 24 hour
urine collecuon following 1 smgle meramuscular njection of
vevmn By a5 1 flushing dose may ocensionally lead to nus
diagnosis Patients with renal disexse have delayed vitammn By
excrenion and the first 24 hour unne collecuon may be mis
leadin ly fow ¢ ! Ihie wuathor has observed delayed excretion
of radioactive vitammn By occastonally mn the absence of any
determninable renal disease The most striking cse m this regard
was a 87 year old wotnan with trnsverse myelitts n whom new
ropathy due to vitanum B, deficiency was suspected and an
whom determination of the serum B, level was valueless due

to recent By therapy She excreted 1 2 per cent of the oral dose
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TABLE 9 ~Range of Unnary Excretton of an Oial Dose of ug of Redwactie
Tstamin L Measured as Per Cent of the Oval Dose

Day Oral Treatment Noimals Tenicious \ne na | Sprue
1 | \iammB alone 11992 00-27 0122

0,-00 00-15 0106

3 | B flntnny Factor | o 6-2° 4 20-16 4 0°15

4 14128 01-10 3 0111

TasLes 9 anp 10 delinete the range and average of the
urinary radioactive vitamin B, excretion m normal subjects
patients with permcrous anemin and patients with malabsorp
tion syndrome ( sprue syndrome ) s determimed by Ellen
bogen and Wilhams (personal communication) for the modifica
tion of the Schilling test descrtbed 1bove * © 18 In general terms
normal 46 hour values are never below 5 per cent of the 2
pg oral dose and values below 3 per cent invariably indicate
defective absorption Tests giving results between 3 per cent
and 5 per cent should be 1epeated

As 1 general rule m permicious anemmn the excrenon of radio
active vitamun B, should be incrensed at least fivefold by the
addition of mtnnsic factor In malabsoiption syndrome the
addition of mtrinsic factor may occastonally mnciease the excre
tion of vitanun B, as much as twofold (e g eacretion over 48
hours may be 2 per cent with B, alone and 4 per cent with added
mtrinsic factor)

Kecent work 3 140 raises the question as to whether it 1s of

TABLE 10—4te age U t1ary Lncrets  of an Oral Do e of g of Radsocctie
Vianun 1 Measured as Pe Cent of tle Oral Dose

Dav | Oral Iveatme 1 ormal Tarniaons Anoma | S rue
1 |[Ytmab 1 e | 10208 0 /(17 07
» 110) 0 3100, 036)
3B pInten icTacor |12 173) R 07(@8)
+ 300 | 33011 0 4¢n)

Fiawes 11 parentl s s represent the number of patients
The author s indebted to D's L Ellenbogen and W L Wullams fo Tapies
9and 10
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tire 24 hour urme collcction measurcment of the total volume
and transfer of a 500 ml 1hiquot to 1 1 or 2 liter Erlenmeyer
flash Twenty five ml of concentrated mitric 1crd are dded
to the aliqquot 1nd 1t 15 herted to boilng with the addition of
boiling chips as needed The miric 1ad 1ppers to mactrvate
the components of the mme responsible for foammy thus allow
mg the urine to boil vigorously on 1 hot plate without foaming
over Boiling 15 continued unul the total volume 1s less than
50 ml 1t which ume 1t 1s trmsforred to 1 surable contamer
and made up to 50 m! with tip water Tlus volume ts suitable
for counting on a flat scintllation rystal the most mespensive
type available

If the 1mount of 1adiorctnty excreted m 18 hours s below
the range of normal cueful mquiry 1s made to exclude 1 false
low 1nvahd result caused by loss of the rdioactve sitamun
B; orally (vomitng) rectally (diarrhex) or by mcomplete
urme collection A valid low result means the patient 1s absorb
mg n madequate quanuty of vitumin B, bectuse of exther
gastric or mtestmal disoider nd repetition of the entire 48
hour procedure 1s mandatory with the pattent thus tine mgest
mg a standard dose of hog (or humam) mtrinsic fictor concen
trate with the oral dose of 1adioactive vieamm By

This second test pertod llows division of patients unible to
absorb vitammn B, mto two groups those whose thsorption of
vitunin By 1s corrected to noimal by mitnnsie fictor wmd
those whose 1bsorption 1s not so corrected The former group
includes 11l pattents with inadequate or ihsent secretion of
intrinsic factor as the cause of therr megloblastic anemia the
latter mcludes those with vitrmin B, deficiency due to small
intestinal disorder The former group also mcludes some pa
tents with fish tapeworm 1n this specil situation the worms
may compete successfully for vitamun B, wth the host s intrinsic
factor supply but may not be successful when the host s intrmsic
factor 1s mded by m exogenous supply (especrnlly when the
radioactine vitanun 1s bound to the exogenous mtrnste factor
before 1t reaches the site of loclization of the tipeworm)



8 Therapy

PROPER TREATMENT of any of the megaloblastic anemias follows
accurate differential diagnosis Since nearly all of the megalo
blastic anemmas are due to deficiency of vitammn B,  folic acd
or both either or both of these agents provide specific therapy
m most cases

In the absence of complications such as concomitant iron
deficiency or another disorder affecting the hematopoietic sys
tem adequate specific theripy 1s followed by a dramatically
rapid hematopoietic response ¥ Within a maximum period
of about eight hours after the start of therapy the megaloblasts
1 the bone marrow begin to be replaced by normoblasts This
process 1s almost complete within two days and 1s nearly always
complete within about a week

In the peripheral blood morphologic return to normal 1s
much slower The Arneth count shift to the right gradually
returns to normal over a period of one or two months and the
macroovalocytes usually disappear over a period of one to three
months

The rapid generation of erythrocytes tesults in an outpouring
of reticulocytes mto the peripheral blood with the maximal
reticulocytosis being observed about the fourth to the melfth
day after the start of treatment The larger the therapeutic dose
the earlier 1n thus period 1s the maximal reticulocytosts usually
observed By the same token the lower the patient s circulating
crythtocyte count 1t the start of specific therapy the greater will
be the relative number of reticulocytes to mature erythrocytes
m the peripheral blood (1e  per cent reticulocytosts ) with
therapy

The rate of rise of the red cell count and the packed cell
volume (hematocrt) 1s greatest immediately following the peal.
rise m the reticulocyte count The rapiduty of increase n eryth
rocytes then tapers off and normal values are usually attamned
in approximately four to erght weeks after the start of treatment

(3
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climcal value to repeat the Sclulling type test a third ume using
an oral dose of radicactive vitumm B, and simultaneous mjec
tion of 025 mg of carbamylcholine chloride (Carbachol) This
third test would be reserved for those patients with madequate
secretion of mtrinsic fictor ciusmg mndequate vitammn By
absorption correctible by addition of mtrimsic factor Carbachol
by stimulating gastric secretton of ntrmsic factor would sepa
rate those patients capable of sccreung m adequate quantity
of ntrmnsic factor from those not cipable of domg so

Such separation 1s of great value 1 helping to understand
the cloudy etology of the varying forms of pernictous anema
(see cHAPTER 4) and 1s an extremely desirible research under
taking In terms of chinical usefulness however such separation
may not be of great value since regardless of whether or not the
patient 1s capable of secreing mtrinsic factor under mntensie
stimulus with Carbachol 1f such secretion does not occur i
physiologic crrcumstances the patient will develop megaloblastic
anemia due to vitamm B; deficiency Tlus 1s well llustrated in
a case report

For this reason plus the fact that Carbachol 1s a very pow erful
parasympathomimetic agent which may be used only with great
care m patients who are sertously 11l # Carbachol stimulation
15 not recommended for routine use 1n evaluation of pauents
with megaloblastc anemia After the nemia has been ade
quately treated providing the patient has no complicating dis
order 1t would be of mterest to determine the effect of Car
bachol on vitamun B, absorption

It must be Aept 1 nund constantly that winle the Schilling
test 1s used as a measure of vieunin B; absorption 1t m fact
measures the end product of the processes of absorption trans
port retention and renal excretion of the vitamm  Anything
affecung any of these four major varribles will affect the test
result Thus before concludmg that absorption of vitimm
B,z has been measured 1t must be 1scertuned that tiere are no
abnormalities of the other three yvriibles
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Very slow conversion from a megaloblastic to 1 normoblastc
marrow frequently occurs n paticnts with malabsorption syn
drome even when they are treated with botht vitumin By and
folic acid  Associated deficiencies of protemn pyndoxme 1ron
and other substances nnolved m hematopolesis undounbtedly
play a rale i thits show responst

Use of erther vitinun B, or {olic acid alone therapeuncally
without determunation of the cuoloyy of the megaloblastc
anemia cannot be condemned 100 stiongly Folic acid adminss
tration will often produce tamporary hematologic remission
with eventual relapse 1n the patient who 15 vitamin By-deficient
presumably through mobilization of the dwindling bady stores of
vieanun B, T > However 3t has been repeatedlv demon
strated that this procedure Allows the development and progres
sion of neurologic damage * oW

Indeed 1t has been su,gested that tolic ad admmstration
may accelerate the specd of devclopment of neurologic damage
11 the vitamun B, deficient patient Both vitamm B, and folie
acid are imvolved 1 the synchesss of nuclerc acids for blood for
mation 4% (see ciual rER 3) but only vitvmn By 1> required to
mantam the ntegnty of the nervous system * # (see citarter 6)
Aduumstration of fohe acid to the vitanun B, deficient patient
produces a diop i the already low serum vitwmun By Jevel
which s proportional to the deyree of the hematolopic re
sponse ** and thereby prcsumably deprives the nervous system
still further by driwing the body s small remunm,, vitamun B,
reserves mnto blood formaton at the expense of the nervous
system Tt

In view of these facts  shotyun  admummstration of mult
vitamun preparations and hemaunics has nightly recetsed strong
condemnation ®® Such prepirations usually contan sutficient
fohic 101 to support hematopoesis and thereby msk the duag
nosts of permactons anenia while allowing neurclogic damage
due to vitanun B, deficiency to progress Even as hitle 25 03
mg of {che acid an amount winch  wall seldom support hema
tlogie funcuon i permcious anemia  * may support such
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When circumstances allow  the hematologic response to ther
apy should be documentcd by observing the arythrocyte leuko
oyte platelet and reticulocytc counts the hematocrit and
hemoglobmn wnd the appeirnce of the peripheral blood smear
These observauons should be mude just prio to the start of
therapy and at weekly mtervals thereafier for the first month
then every two weeks duning the second month In 2ddition the
reticulocyte count should be determmined every two days from
the start of treatment untl the reticulocyte peak has been passed

Determmntion of the serum 1ron level his proved vrluable
m quickly assessing the effectnveness of yvitinn B, or folic 1¢id
theripy * * Charactenistically the serum non level 1s elevated
m untreated megaloblastic anenn regudless of whether 1t 15
duc to deficiency of vitamuin B, or of folic 1cid Witlun 21 hours
after admmmustration of the 1ppropritte 1,ent  there 1s nearly
always m abrupt and stukang [l of the serum 1ron  this 1s ob
sersed m pracucally all cases by 18 hours if the therapy 1s 2de
quate Values tend to fall o about 50 to 60 p, of won per 100
ml of serum within the 48 hour period 1nd remam at thae level
untid the blood count returns to normal If the therapeutic
dosage 1s too smail the serum 1ron tends to rise shortly after 1t
has fallen If overt iron defictency 15 impending tli¢ serum non
falls to values below 40 ;g 100 ml with 2 range fiom 11 to 39
observed mn 9 cases *

In this connection 1t should be noted that the presence of 1

normal serum 1ron fevel or the prosence of won m the bone
marrow of a patient with unfreated megnloblastic anemit does
not necessarily ndicate adequite non stores for muntenance
of normal hematopotests € enertlized sidaosis 1s frequent m
1’“6(731017115[1(' anemia  ¢yen unong pCUp]LS consuming iron
deficent diets ** Mucl of this iron my be derved from dssrup
won of ntracellular aron contunmg, cnzymes and nat from
oglobin 4 Thaefore only if storage 1ron 1s noted 1n the

hem
marrow after specific treatment of megaloblastic anemia

bone
can associated 1ron deficiency be ruled out
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Very slow comersion from a megaloblastic to a nonmoblastic
maryow frequently occurs 1 pitients with malabsorpuion syn
drome even when they are treated with both vitamm By and
folic acd  Associated deficiencies of protein pyridonne wen
and other substances smvolved i hematopoiesis undonbtedly
play arole 1n thus slow response

Use of enhier vitanin By or folic aud alone therapeutically
without determunation of the euology of the mcgiloblasuc
anemia cannot be condemned too strongly Tolic acid 1dmims
tranion will often produce temporary hematologic remission
with eventuilrelapse 1m the panent who s vitanun B, defiaent
presumably through mobihization of the dwindling body stores of
wamin B, 1 > ? However at has been repeatcdly demon
strated that this procedure allaws the development and progres
sion of neurologic damage 1 v T 33

Indecd 1t has been suggested that folic aud admmstration
may acceferate the speed of deselopinent of neurologic damage
m the vizanun B, defiaent panent Both vitamin by and fohc
aad are involved in the synthests of nuclesc acids for blood for
mation 3% (sce CHAITER 3) but only vitamm B, 1s 1equired to
mauntan the integrity of the nersous systenm * 3 (see CHAPTER 6)
Admimstranion of folic acid to the vitamn By deficient patient
produces a drop 1n the already low scrum vitimin By leved
which 1s proporuenal to the degree of the hematvlogic re
sponse ** and thereby presumablv deprives the nervous system
stall further by drawing the body s small remuning vitamm B,
reserves mto blood formation at the expense of the nervous
system 7t

In view of these facts  shot,un admmustravon of mult
\itanuiin preparations and hemaunics has rightly recenved strong
tondemnanon ® Such preparations usually contamr sufficient
folic ard to support hemitopoiests and thereby mash the diag
nosis of permcious anema while allow g neurologic damage
due to vitamim B, deficiency to progress Even as lide as 03
mg of folic acid an amount wiuch will seldom support hema
tologic function 1 pernicious ancma  *** may support such
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function when supplemented by the amount of fohe acid in the
patient s diet

Particularly pernicious 15 the uncontrolled widespread public
promotion and sale of geriatric vitamin preparations contain
g folic acxd 30 The sales campaigns for these preparations are
aimed directly at the elderly pait of the population m which
nearly all cases of pernicious anemia occur The hapless vicums
of these campaigns are those individuals with vitamin By defi
ciency due to lack of mtnnsic factor who purchase with ther
geratric vitamins an excellent chance for irreversible neuro
logic damage Such sales are not controlled by law and the
promoters will not remose folic acid from their preparations for
fear of not being able to compete with other complete vitamn
supplements

Because of the sertousness of the neurologic damage which re
sults from prolonged vitamn B, deprivation when the cond:
uon of the patient makes therapy necessary prior to establish
ment of the etiology of the megaloblastic anemia vitamun By
should be the mitial therapeutic agent 53 and should be given
by mjection

In the folic acid deficient patient treatment with small doses
of vitamm B; may aggravate the climical manifestations of the
folic acad lack % Severe painful glossitis atrophy of the lingual
papillae and cheilosts may develop or grow worse It 1s not
known whether the same phenomena may occur when large
doses of vitamm B, are used but presumably they would

In general terms temporary hematologic remusston m the
vitamin By deficient patient 1s more frequently accomplished
with folic actd than 1s such remission 1n the folic acid deprived
patient when vitammn B; 1s admunistered Most B, deficient
patients will sustain a temporary hematologic remission the first
ume they are given folic aad The period of remission becomes
shorter with each subsequent course of folic acid until eventu
ally the patient becomcs totally refractory to this agent with
development of a hypocellular nonmegaloblastic bone marrow
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and subsequently only a slow tesponse to \itamun By unassoQd
ated witha reticulocyte response 1 918

Folic acid 1s unneccssary and unwarranted mn the treatment
of pute vitamn B,; deficiency states such as that associated with
pernicious anemia Itis true however that folic aad metabohsm
1s mterfercd with m viiamun B, deficency For example folimic
acid rather than folic 1aid 1s normally stored in the hiver 3 32 0
In sitanun By deficiency howerver a sizable portion of the liver
store conststs of folic acid 3% Thus suggests that the abihity to con
vert folic naid to folmic actd and possibly to convert folic aad
mnto any metabohially useful form may depend in large part
on the availability of \itamun B,

Subnormal folic acid levels have heen found n the whole
blood of some patients with pernicious ancmia in relapse * 3 but
serum  folic 11d  levels have been normal m all such cases 4%
Other findings su gestive of possible [olic acid deficency m pa
tients with permicious anemn have meluded reduction i un
nary excretion of folic acid before and shortly after vitamn B,
therapy ltowerin,, of the blood folic acid levels followng, vita
mun By mjecuons and rpid clearance of intravenously in
jected fohic acid in some patients with untreated permcious
anemia 34 38

In their revien of folic acid 1nd s1tamin B, mterrelationships
m pernicious anemin supplemented by 12 yeats of thewr oun
studies Will and his associates ™ pownt out that the vartous find
mgs sugestive of associated folic 101d deficiency m permcious
wenta are susceprible of other mterpratations prunarily i
terms of interference m folic acid metabohsm due o lack of
viamun B;  They observe that fohic id folinie acid i serum
may be used more rapidly m hematopoiesis with ussue stores
being used later and that tissue depots wy more wadly tihe
up and rctam fohic and folimic acid when the vitamn B, supply
s indequate

Thus wlule there 1s at present no direct cvidence of made
quate stores of folic 1eid (althou b folinic acid stores may be
depleted) m vinmm B, deficiency states ** normal folic acid
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metabolism does appear to be dependent on an adequate sup-
ply of vitamun B; which may be mnvolved in release of folime
acid from 1ts ussue conjugates facilitation of the reduction of
folic actd to folinic acid and 1n other biochemical mechanisms
promoting the formation of N formyl tetrahydrofohic actd ™
currently believed to be the major active folic acid metabo
lnge 66

In summary there 1s probably no folic acid deficiency gener
ally 1 patients with pernicious anemia m terms of supply of
folic acid but there 1s probably a folic acid deficiency i terms
of impaned utili.ation of folic acid due to lack of vitamin B,
Stmular impaired utilrzavon of folic acid probably occurs in all
of the vitamin B, defictency states The degree of impaired folic
acid utihization 15 probably proportional to the degree of vita
mmn B, deficiency

Hematologic response of the folic acid deficient patient 1o
vitanun B; admumstration s frequently mcomplete and may
not occur at all Almost every hematologist has had the experi
ence of gining as much as 0 1 1o 1 mg of vitamin B, to a patient
with megaloblastic anerma and observing that the marrow re
matned megiloblastic Such cases almost invariably turn out to
be caused by folic acid defictency and respond dramatically to
adnmnistration of this agent

! VITAMIN B,
A Parenteral

The only umformly reliable way to admuinister vitamn By 15
by mtramuscular or deep subcutaneous mjection The vitamin
B, deficient patient requures sufficient vitamm B, by this route
of administration both to produce remussion and to bwld up
the depleted body stores of this vitann 226 523 In {his connec
tion 1t 1s an nteresting fact that not all of the Irver stores of
vtmmn By are avalable for blood formation Patients with
pernicious anemia may sometimes be noted to have a sponta
neous remussion if they develop hepatitis 462 184 yhuch releases
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the Irver vitamun By, stores mnto the blood stream % 5% It must
be remembered that vitamin By 1s required wherever nucleo
protein synthests 1s tahing place and this involves almost every
tissue 1 the body not only the hematopoletic and nersous
systems

A great deal of research has been devoted to an attempt to
establish an 1deal treatment schedule for the vitamin By, defi
ciency states caused by mability to absorb the vitamin 541-5:8
This work has shown that 90 to 95 per cent of an miual 1njected
dose up to 50 pg 1s retained but the percentage 1etained of
doses over this amount fails 1apidly at a rate that 1s different for
each patient

Thus within 48 hours after mjections of 100 to 1000 xg of
vitamin B, from 50 to 98 per cent of the injected dose may
appear 1 the urmne %3 although many patients may retan as
much as 40 per cent of an 1muial 1000 ,g dose ¢

A single injection of 20 pg of vitammn By wall raise the serum
level of a pernicious anemi1 patient to normal for about one
to three weeks The period for which serum B, levels remain
normal increases by smaller and smaller increments as the quan
tity of vitamin 1njected 1s increased so that an imjection of 160
#g may keep the serum B, normal for about two to seven weeks
and an njection of as much as 1000 »g for only about five to
eight weeks *8

These studies all mdicated that the capacity of the serum and
tissues to absorb vitamun B, 1s limited to a certain maximum
per unit ime and excess amounts of vitamun over this capacity
are tipidly excreted In addition patients who lack mtrinsic
factor may hase a reduced serum sitamn B; binding capa
city *7 although thus has not yet been firmly established This
may be related to a possibly 1nadequate mechamsm for storage
of vitanun B, which has not yet been demonstrated 1

However there re good arguments nonetheless 1n favor of
imual therapy with large doses of sitamin B;  and of mainte
nance with sinular doses (Vitamin B; 1s nontoxic even when
gnen in single doses 1s lugh 1s 3000 xg #* 5%%) The vitamn B,
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defictent patient achieres 2 normal serum By level wath 1 single
myection of less than 300 ug but this level 1s 1n the low part of
the normal ringe Cenutnely normal levels m the 1ange of the
normal mean are only ichieved (alter 1 single mjection) when
the amount injected ts m excess of 300 pg 4

Resaturanon of the body stores of vitwmn B, takes place
more raptdly when large doses are piven ¥ Recent studies sug
gest that even wath such doscs resaturation is difheult to 1chieve
within a three week period ¢

Should future studies demonstiate that viginun By s stored
m the human nver 151 B, o eizyme s 1t may be m rabbit
Iner ¥ such 1 by coenryme mny prose to saturate the body
stores more readily

It has also been noted that 1 sigmificint bwld up n the vna
mn B, content of the spmal flurd ¢1n be obt uned rapadly with
daily mjections of 1000 xg of vitanun By 4 This may be of
significance 1n recosery from neurologic dumage and in tbort
g further such dimage espeaally of 1 contrast to other
tissues the bram tihes up B, more slowly hnt shows 1 steady
ncrement m the mnount stored with conanued mjections °
In cases with neurologic imvolvament it 1s not yet clear whether
continuous wdmimstrition of duly lar,e doses of vitwnn By 18
really more valuable than admunstration of moderate doses
Evaluation 15 complicated by dihculty m dcternunng how
much 1mprovement ts owing to the taaument usedf ind how
much 15 owing to the frequiat visity to the putent ind testin,
of hus dexterity and concern 4s to hismood

While 1 4, day has been generilly weepted s the mmi
mal mamtenance requiteinent for vitunm B, 1ppxumm1uh
6 pg day may provea better estimate for uptﬁm] well being of
the patient

heeping all of the above mmind the most Vwond ppoch
to therapy with vitamin By 2t the presant tune  the privaw
pracuce of medicine 1s the wdmunustration of 1000 g, of v mmu:
B, (nl m! of solution) cery othar dyy for 1 total of 5
doses as 1mual trexment to replemsh substanu ly the body
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stores followed by mjection of 500 to 1000 xg /month as a mamn
tenance dosage The mual mjecuons should be grven every
other day rather than every day because the percentage retention
of each dose 15 substantially reduced 1f 1t 1 grien only 24 hours
after a prior dose ™! ™6

When there 1s neurologic damage matial treatment should
probably melude 10 to 15 doses of 1000 pg at duly mtenals
followed by 1000 ug once or twice weekly for several months
then gradual spicing of the inteival between doses ending with
1000 g at monthly intervals after a pertod m excess of a year
wlen 1t appewrs no more neurologic recovery 1s likely to
occur ®

At some future date a relrable depot vitamin By preparation
may be developed which will allow a longer interval between
mamtenance doses An msoluble complex of vicamn B, zinc
and tannic actd 15 now being studied as such a repository prepa
1ation Early reports menuon no undesirable local or systemic
effects due to the zinc or tannate ¢ 7 ¢ Further evaluation 1s
required to be certain such effects do not occur and that the
slowly released materal 1s 1n fact vitanum By, 1n a foim aval
able for human imetabohsm

It 15 true that most patients can be maintained on monthly
njections ot virunim By s low as 50 pg ** or 100 ug  * but thus
may not 1wys be wequate to mamtain the body stores and to
mamtain the patient i hematologic and neurologic remission
m the face of ny mercased metabolic requirement or decreased
capacity to respond to vienmin By such as accompanies 1llness
{A possible case 1n pont ! has been alluded to 1n the section

Inabihity to Uuhize Vitamn B, )

AMawmtenance therapy must contmue for the lifeume of the
patent who lacks mtrinsic factor This must be forcefully ex
plamned to the patient to prevent hus forgetting all about 1t
fter the first mjections of vitammn 8, produce a typical drama
tic subjective and objectis ¢ umprovenent The patient who as
sumes after the finst injections that he 15 cured often winds up
i relapse with wrreversible neurologic damage
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deficient patient achieves 1 normnl serum By level with 1 single
mjection of less than 300 g, but this lavel 1s in the low part of
the normal ringe Genwincly normal levels m the range of the
normal mean are only 1chieved (after 1 smgle injection) when
the amount injected ts 1 excess of 300 pg 40

Resaturation of the body stotes of vitunm B, tahes plce
more ripidly when large doses are given ¢ Recent studies sug
pest that even with such doses resituration 1s difficult to achieve
within a three week period *

Should future studtes demonstt ite that sttumm B, 1s stored
mn the human liver 1s 1 By cownzyme 1s 1t may be in rabbit
liver 4 such a B, co enzyme may prove to saturate the body
stores more readily

It has also been noted that 2 sigmficnt buld up m the w2
mun B, content of the spmal fluid cin be obtuned ripidly with
daily 1njections of 1000 u, of vitxrnm B, * This may be of
significance m recovery from neurolo,ic dimage ind n abort
mg further such dwma,e espeaally f i contrast to other
ussues the brun takes up B, moie slowly but shous steady
mcrement m the amount stored with continued injections  °
In cases with neurolo1c imvohement 1t 15 not yct clear whether
continuous adnmunistration of daly Inrge doses of vitunm By 15
really more valuable than admumistrition of moderate doses
Evaluation 1s comphicated by difficulty in determmng how
much mprovement 1s owing to the trcitment atself and how
much 1s owing to the [requept visits 1o the pitient nd testim,
of his dexterity mnd concern 4s to his mood

While 1 xg,d1y has bewn generlly aceepted as the  mu
mal mamntenance requirement for vitanun 3, 1ppmx|mal(]\
6.8 /d1y may prove 1 better estumate for nptﬁm] wcll ben,, of
the patient

heeping all of the above mmind  the most ritonal |pp|(mh
to therapy with vitamin By 2t the prosent tine i the private
practice of medicine 15 the wdministration of 1000 4, of uramu:
B, (n 1 ml of solutton) oyery other diy for 2 ol of %

doses as munal treatment to replenish substnnlly the body
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ciency This should mclude thorough monthly examination of
a peripheral blood smear for macroovalocytosis and an increase
m the number of hypersegmented polymorphonuclear leuko
cytes and complete neurologic examnation Where facilities for
serum vitamin B, deternunation are available this should also
be obtamned at bimonthly intervals

1 Vitamun B; Alone

The absorption of physiologic (05 to 2 pg ) amounts of vita
min By 1s primarily dependent on the presence of mtrinsic fac
tor and a functionally normal small intestine In a patient who
lacks mtrinsic factor and has megaloblastic anemia any rems
sion occurring while ingesting such doses (obtainable 1n a good
diet) fails 1n the category of a spontaneous remission ™ © 66
perhaps related i part to folic acid in the diet

Oral maintenance therapy with phystologic doses of vitamin
B, 1s reserved exclusively for patients whose vitamin B, defi
ciency was the result solely of mnadequate ingestion of the vita
min or a corrected inadequate absorption uncomplicated by
defective gastric secretion of mtrinste factor or malabsorption
of vitamm B,

‘The absorption of supraphysiologic amounts of vitamin By
15 not mtrinsic factor dependent and appears to take place by a
mass action effect possibly diffusion 93¢ 31 59 6 Ahout 15 pg
of a 50 pg dose 15 absorbed mainly through this mechanism and
about 15 ug of a 1000 pg dose ® 7

Thus some patients whose vitamm B, deficiency was caused
by 1nadequate or absent secretion of mntrmsic factor and who
have no small ntestinal disorder may be mamntained ou small
oral doses of as little as 15 to 50 pg daily 8 though relapse 15
frequent * Probably most pattents may be margmnally mamn
tamed by daily doses m excess of 100 pg * & 2 5% Weekly single
oril doses of 1000 xg have been successful 1n mamntammng a
Iarge group of such patients but their serum vitanun B, levels
tend to be suboptimal as do the serum levels of paucnts taking
50 y, three umes daily % Therefore oral maintenance with
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Because of the increased incrdence of gastric cancer in pauents
with pernicious anentia 1t may be wise to evaluate the patient
at yearly intervals for a possible carly gastric mahignancy Such
evaluation may include roentgen studies as well 1s gastroscopy
and microscopic study of pastric cclls obtamed by aspiration or
by abrasive techmques 3 [t should certamnly include thorough
questioning of the pattent for any symptoms of possible gastric
ongm Such questioning 15 best done nformally and without
undue emphasts to avord cancerophobra

Those few cases 1n which absorptive defect for vitamin By
1s correctible by surgery (structural abnormalities of the small
ntesune) may cease recenvig muntenance therapy after such
surgical correctzon and after demonstration that the ability to
absorb vitamin B;, has been made normal 1s confirmed by a
Schulling test or another test of B, 1bsorption

Pauents whose vitamin B, deficiency was due to dretary 1
adequacy or fish tapeworm may hrse their mamtenance therapy
termated when their ingestion of vitanun B; 1s adequate and
anthelminthic therapy has eapelled the worms Before such
termmation 1t should be determuned by 1 ScInllmg test or other
study that durin,, the pertod of vizamm B, deprnation the pa
uent did not lose the ability to produce mtrinsic factor because
of gastric atrophy resultung from the vitamun deficiency

B Oral

Initiation of treatment for vitamin B; deficiency should al
ways be with parenteral admimstration of the vitamun In the
best citcumstances even 1n a normil gistiomtestinal tract ab
sorption of vitamm B, 1s extremely lunited It hs not yet been
demonstrated that 1t 15 passtble to fill the depleted body stores
of the B, defictent patient using any oral preparation

Once repletion of the body stores has been accomplished by
paremcral adnunustratton of vitummn B;  one of the sarious
oral preparations may be used for mamtenance m certain se
lected patients provided the patients are carefully checked at
regular ntervals for any evidence of recurrent vitamn Bys defi
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hog numuc factor concentrat 1s due to development of resist
ance to sonte compoient of the concentrate. Fhe  absorption
blockh may be partially or completely vretcame by very Tuge
doses of concentrate * 1 ¢ Nouml hummin gastric urce will
st} enfiance vitanun By absoption ter pirtinlly purified ho,,
mnnsic fictor concentrates ful ¢ ° kor some rewson 1ckr
tnely unpuified prepamations of ho, stomnch and pylonic
mucosa have not been assocnited with the davelupment of 1e
sistince ¢

Antbody to some component of ho, mtrmsic frctor cancen
trates may deselop m the blood of patents on prolonged oral
sinin B, minnsie §ctor concentrite thaapy * but no
rehitron has been demonstitted baween the presence of such
antitbody and tefr wctormncss to such oral trevtment It ns not
yet been determmed whether tlus anttbody 1 to mitrusic factor
sself or to a contmunant m the copcentrates The inttbody
appears m vitro to precipieite human mtrinsie factor concen
tryte as well 1s dhat {rom hogs € but whetha the speaific
precipitate 1s merinsic factor or another substance to which i
trmiste Factor loosely 1ctaches bas not been detentnmed A posst
ble culprit may be blood jroup A substince which 1s present
m the most hehly purehied ho, mtringic factor concentrate cur
renddy wathible 7 yust 15 1 15 found n less purthed concen
trites * *' Rabbits immunuzed o hog ntrmsic factor concen
trate * {or to \ substance ) do not produce inur Y astutinms

As has heen suggested @ 1t 15 possible that 4 local antibody
rerction to some component of heterolo ot intrmsic fictor con
cenuate may develop e the hypothetical miestinl receptor site
for mirmec Fictor ¥ 9 resutung in rejection of such mtrinsic
factor

At the present ume mamtenmce theripy sath ol vitumn
By ho, suninsi factor concentrates {or concentiites from other
amm d speaes than mm) should be used only with constant
extreme vigtlance agreast the developinent of wefractortness
cluding, serral estimion of the vitammn By levds of setum ©) 7
Tt 1s possible that pure intrmsic ftor when isolated will be an
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sitimn By at weekly mtenvals requares admumstration of mole
than 1000 xg eachweek © ¢

In general oral treatment should not be employed 1if small
mtestinal dysfuncuion exists

Oral treatment with vitumm B, 1lone may be cffcctise when
the patient 1s very diligent in tiking every dose of medication
and returns at regulir mters tls 1o morc than 1 month part for
thorough evaluation of his hemologic neurologie nd general
climical status  prederably with determination of s serum
vtamin By level 1s well However orl therwpy with vitamin
B; even in the best of circuimstances 1y not 1s rehable s pa
enteral therapy aud cinnot be recommended

2 Vitamun B, Plus Hog Intrinsic Factor Concentrate

A priort 1t would pperr that wdel theripy for the patient
who lacks mtrinsic factor would be otal admumstrition of the
substance specifically Inching  This s especially tue 1f mumsic
factor proves to be involved m vitanun B, transport and storage
15 may possibly be the case @ 10 108 160 oc 4 63 G [y 15 of great
mterest 1 this connection that the most active vatanam By con
taiming enzyme fraction of it hiver preaapitates m 40 to 60 per
cent ammonium sulfate ¥ which 1s almost idennical to the 35
to 55 per cent ammomun sulfite concentition m which mtn
s1c factor precipitates 11°

Concentrates of mtimsic Tictor derned hom ho, gastic
pylotic and duodenal mucosi hasc been used successfully to
maintain patents who Ik mntrinsic hictor ¥ %9 TTowesa
ncreasing number of cises hive been 1eported i which mun
tenance therapy with somc oral vitamum By parenally purtficd
hog ntrinsic factor combmations his been wsocnted with de
velopment of mabulity of the patient to ibsorb the combined
product and eventunl [atlure of such tcstment @ 4 ' This
phenomenon has not occurred to L LTI oNEnt m thwo series of

pauents however® ™

The eudence so fr suyests that long, term fulmc of orl

therapy with heterologous preparitions of pirtilly puriied
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whose basehine scerezon of mirmsic frctor is low bur w whom
d ration of g sec gogue simulates normal mtnnsic
factor outpug 4t #

There ate two nnmediately obvious mechamsms whereby an
added agent may enhance vianun B, absorption m a normal
subject (1) by sumulatmg gastnie secretion of nnsic factor
and {2) by combimng »ith vitanun By 1 a bond which s only
brohen 1a the alkahine mednnn of the small mtesune The latter
mechamsm 15 effectine bectuse for unkrens rewons vwamm
By wiich bypasses che stomach s better absarbed than siapin
B wich passes through the stomach mn uncombined form 141 #
Other mechiusins may exsst but they e as yet undefined

The only way the practicing physictan can protect fus pattemts
from useless oral therapies 15 to ignore the phumaceutical
firm adsextisements thar flood hus mail and s medical journals
and rely on treument that he knows has stood the test of ume
The physician should realize that just becanse many of these
oril therapies are promoted only on an ethiwcal basis 1e
only to physicians such promotion 1s no guarintee of efficacy

Qther than for their content of it By alone oral therapy
with vitamin B; and the varteus  absorption enhinang agents
has no place w the trevtment of megloblstic Anemuas 3t the
present ime

#1 FOLIC ACID

Folic acid s oral doses of 5 o [0 mg daily s effectine in
the treatment of most cases of fohe 2ad deficiency * 93 An
accasional refractory pauent may requure a larger dose 8 but
sich paents may suffer from muluple deficiencies and require
corrcction of such deficiencies rather than Juger doses of folie
acid Cases 1 point are those with ascorbie acid deficiency

1t 13 notenorthy that even a those panents whose folic acd
deficiency 18 due 1o tmpured absorption of the spamw oral
therapy with o o 10 mg daily doses 1s effeciise Such doses are
probably considerably 1 excess of the nunmmal dails requive
ment for this suwmun and may pass whateser intesunal barner
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oral therapeutic agent of choice At present such treatment can
not be recommended The most recent work available s
suggests species specificity may be a problem with pure trinsic
factor

3 Other Oral Theropies with Vitamm B, and Added Agents

From time to time a clam 2ppcars n the hiterature that vita
nun B; combined with one agent or another 1s or may be effec
tive oral therapy for pernicious anemin & % Such mproved
oral therapies usually turn out to depend for thetr effect pr1
marily on their content of vitamm B; 1nd offer no significant
advantage over oral treatment with sitamin By alone ® ¥ %

A sertous problem for the practteing physicran as well as the
public at large 1s the tremendous promouional cimpaign jiven
almost every few months by many pharmacenttcal firms to vart
ous combmations of vitamm B; and any one of a number of
agents which are said to enhance markedly vitanmn By absorp-
tion Any one of hiterally hundreds of agents taken orally may
enhance absorption of vitamm B, by normal tndrorduals but
only mtrinsic factor will generally enhance the absorption of
sitamin B, 1n the pauent who lacks this agent ACTH steroids
or calcium 1 some cases m1y improve mtestintl absorption of
vitamin By 1 patients with the malabsorptron syndrome The
advertisements m medical journals of oral sitanun B, combina
tions with this or that miraculous 1bsorption enhancement fac
tor adrottly omit any mention of the basic fact that the mrrac
ulous absorption enhancement lactor nniy only work when the
patient does not need treatment with vieamm B, m the fitst
place

One such agent dsotbitol 1s 1 hexahydric alcolol winch my
enhance the absorption of vitumn By 1n normal mdnaduals *
and 1 persons with normal baschine ability to bsorb vitamin
B, ® but not in patients unible to scaicte mtnnsic factor *
If 1t has any effect at all which has been questioned 9 1t may
act by sumulating gastric secretion of mtrinsic factor *! and my
be of use 1 a single very lnmted siturtion  that of the patient
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While they also compete with atrovorum factor which s
formed m the body from fohc 1ad and comertble to the
same wtive form s 1s folic acid 7 they do not block 1ts utill
zation 4031 13

IV LIVER EXTRACT

It 1s unlikely that liver extract has 1ny therapeuti usefulness
not due to 1ts content of vitamm B, and folic acid Liver extract
has many disadvantages as a therapentic igent when compared
to the pure vitanuns 1t 1s more costly less concentrited more
likely to produce pain at injection sites and may produce al
lergic reactions 8¢ 7

‘Wiile 1t 15 possible that another as yet not 1solated factor may
be present in liver extract thit may be effective m a rue case
of megaloblastic anemua umesponsive to vitamin By or folic
acid % no such factor l11s yet been defined

It has been claimed ® ¢ that there 1s @ piotein synthests
factor present 1 liver extracts which 1s neither vitamin By nor
folic acid The claim was based on two obsersations neither of
which has been confirmed by most other obseivers lirst 1t was
stated that reduced prothrombin times generally occur in pa
tients with permcmus anemia and TCl’I[Ed ﬂ]JCTOC)IIC anemias
and that liver extracts more rapidly restore such reduced pro
thrombin tumes to normal than erther vitamin by or folic acid
Second 1t was stated that liver extract restored macrocytosis to
normacytosis moie efhiciently than vitamm By or folic acid

It 13 possible that 1n pernicious anenna liver stores of gents
other than vitumm B, and folic acsd are disturbed Chere 18
usually an wiegular pattern of liver dysfunction i pernicious
anemia 2 As to the possible need for Iner etract to restore
prothrombin ume to normal 1eduction m prothrombn time
sonenimies occuls 1N assocition with pernicious ancmii ® t bat
thus phenomenon may well be the exception rather than the
rule ** It may be related to the anorexia nausen nd vomiting
of untreated pattents ‘° When 1t occurs 1t 1s restored to normal
after adequate specific therapy with ‘vitaimn B, alone The
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may exnst to folic acid ibsorption by @ mass action effect Tt is
1lso possible that unconjugated folic 1cid 15 absorbed with 1ela
tive ease whereas the folic 1cid conjugates present i food may
be absorbed with greater difficulty o1 m1y have to be decon
Jugated prior to 1bsorption

Tt 15 of interest that patents with 1diopathic steatorrhea who
hve been on adrenal sterosd therapy for mny years miy hae
persistently low serum  folic aad  laveds with macrocytosts
and n Arncth count shift to the ught  despite mgestion of
02> mg of folic acd thuee tmes duly Tins suggests that the
persistence of jejunal mucosal dim,¢ 15 wcompamed by persist
ence of mibility to 1bsorl physiologic doses of fohie acd (1e
doses 1 the 11m.e of 0 > mg o1 less)

Parenteral admmustiatian of folic 1ad nny be sequued i the
presence of severe diurrhea ind m meglobl stic anenn 1 m
fancy if there 1s difficulty i sivin, the vitannn perorally Gen
erally the dose gnen puenterilly 1s s laige s that gien by
mouth but doses of 1 my, of folic 1e1d 1re rdeguate when
jected to produce 1emission Repletion of body stores of folic
acd may requre larger doses but these muy usually be gnen
subsequently by mouth

Mamtenance therpy fier wplenion of the body stores may
be carried out with as hittle 15 0 25 10 0 5 myg, of folic rcid duly
and 1 good diet Tl Intter 2lonc 1s generally effective i supply
m, adequate amount of folic 1 1d In severe malibsorption
syndromcs however 5 to 10 m, duly by mouth may be re
quired because of persistent mbility o "lisorb phystolosc

doses

HI CITROVORUM FACTOR (FOLINIC ACID)

The one specxﬁc mdicatton lor crtrovorum btor therapy m
doses of 3 10 6 M, 15 1o ovacome the dicets of the fohe wd
antigonists employed in canca chanotharapy * Ihese apents
such 1s Amunopterin both compete with md iricversibly block
the consversion of folic wid to sts metibolically useful form for
peniods of tho to three weeks after wWnmistianon ° *



THERAPY "3

Vartous workers have suggested an nterrelationship between
ascorbic acd and cyanocebalamun because untreated patients
with megaloblastic anemia often have low serum ascorbic acid
levels and mtravenously adnmumstered ascorbic acid disappears
more rapidly 1n the vitamin By deficient patient than it does
the normal subject %2 ¢ However the nature of the associ
tion of By, deficiency and the abnormality of ascorbic acid me
tabolism 1s by no means clear though 1t 15 evident that the latter
plays no fundamental part in the production of a megaloblastic
anemia mn By deficiency € Treatment of nearly all megalo
blastic anermas except perhaps some of the megaloblastic ane
mus of mfancy and the rare cases that may occur with scurvy
does not require the use of ascorbic acid nor does such use have
anyknown value

In this conection 1t should be noted that the finding of any
ascorbic actd at all m plasma or whole bloed 1s mcompatible
with a diagnosis of scurvy unless the vitamn has recently been
admunistered ® A level up to 4 mg per cent in the buffy cont
of the blood 15 compatible with scurvy however @

VI BLOOD TRANSFUSION

When the mitial hematocrit 1s below 15 per cent particu
larly 1n elderly persons a single transfusion preferably of packed
red cells 15 advisable to sustain the patient until response to
vitamin B; (or folic acid) can occur 5 In the patient with
dehydration associated with the malabsorption syndrome whole
blood transfusion 1s preferable unless congestive heart failure 15
present In the absence of a very low hematocrit or serious com
plicating factors such s infections or cardiac disorders 1t 1s
rarely necessary o transfuse patients with megatoblastic anemia
since the response to specific therapy 1s rapid enough to restore
the hematologic status to normal 1n 1short time

Tt must be emphasized that even with a hematocrit below 15
per cent or a hemoglobin below 5 Gm /100 ml of blood more
than one transfuston 1s rarely exther needed or desirable It 1s
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hemorrhagic mamfestations sometimes seen 1n untreated per
niclous anemia are 1n the author s experience uniformly assoct
ated with thrombocytopema which clears on specific therap)
and only rrregularly assocrated with reduced prothrombin me

Perhaps the clatm of a  protein synthesis factor arose i part
from incluston of patients with the malabsorption syndrome
Such patients frequently not only absorb vitamin B, and folic
acid poorly thereby developmng a megaloblastc anema but also
have grossly impaired absorption of vitamin k for synthesis of
prothrombin and other serum factors 1molved m blood
clotting 3 ¢ In these patients mjection of vitamun hy rapidly
restores prothrombin Tactor VII and Stuart factor to normal #*
Here too no specific value of liver extract aver adequate vita
mm B; folic aad and sitamm h admmstration has been
documented

‘There 1s no objective evidence for the claim that Iiver extracts
TEstore mMacrocytosis to normocytosis more rapidly than equna
lent amounts of vitamin B, and folic actd Treatment of the
megaloblastic anenuas with adequate specific therapy 15 gener
ally efficient 1n ehiinating all vestges of the anema including
the macrocytosts Two to four months of therapy are usually
required

¥ ASCORBIC ACID {Vitamin C)

The patient with megaloblastic anemia due at least m part to
ascorbic acid deficiency should recene about 2 Gm of vitamn
G by mouth to resaturate Ius tissues admimstered in drvided
doses of 100 mg five imes a day ® 7 An equal amount may be
given paremerally 1f the pauent can not take oral medicinon
Within 24 hours on ths regimen any active bleeding ceascs
After thus mantenance therapy consists of 200 mg per day unul
recovery 15 assured and 100 mg datly thereafter The abovc
doses may be halved for mnfants 7 The maintenance require
ment for ascorbic acid 1n infants 1s met by mgesting orange juice
d 1n children and adults by mgcsting a well bal

regularly an
luding citrus fruits tomatoes and vegetables

anced diet 1nC
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the treatment of megrloblastic anenmas other than these assoct
ated with generalized severe malabsorption

VIl OTHER THERAPY

Treatment other than s outlined above would depend on the
condttion causing the megiloblastic anemia Such treatment
would include msuring 1 adequate diet 1n all cases and a gluten
free diet m childhood and adult coeliac disease * + prescrib
ing anthelminthics in cases of fish tapewoim nfestaton appro
prate antibiotics m the blind loop syndrome surgery where
feastble to correct structural abnormalities of the small 1ntes
tine and correction of endocrine disorders In addiuon appro
priate supportive measutes are self evident as 1s prompt and
vigorous antibiotic theripy mn old patients with pernicious
anemia 1n relapse who develop pneumonia or urinary tract m
fections 3¢ The Ley to such treatment 1s accurate diffeyential
diagnosis of the ciuse of the megaloblastic anemia supple
mented by thorough esaluation of the pauent for any related or
unrelated disorders
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deplorable that so many unnecessarily panic stricken physicians
gtve not one transfuston but so niany that crrculatory overload
may result * the patient 1s unnecessarily endangered ° and the
hematologic response to therapy 15 masked For these phystcians
a few quotes from Crosby » editorial i the jourmil Blood on
the misuse of blood transfusion “'® may be m order  Anemia
alone 1s not a sufficient justtficrtion  for transfusion  Most bed
fast patsents are comfort ible with as hede as 5 or 6 grams  of
hemoglobimn  The dangers of blood transfusion mfection
hemosiderosis nd trausfusion reaction ate well Anown
Thoughtless prescription of blood transfusion 1s playing Rus
s roulette with bottles of blood instead of a revolver

Vil ADRENOCORTICOTROPHIC HORMONE (ACTH)
AND ADRENOCORTICAL STEROQIDS

ACTH or the adrenocorucal steroids will often correct
the absorpuve defect for vitnmin B, associated with tropreal
sprue ¢ ' ™ and are useful i the management of that dis
ease nd often ot other disorders presenung with the climcal
picture of the m ilabsorption syndrome 2 ¢ pcluding regionil
teitis * They did not coirect the absorptrve defect for vitamm
B, 1 nontropictl sprue 1n most of the cases seen by the author

Hematolo,tc 1esponse to adrenocortic il staaord therapy has
been obsirved m some cses of addisonian pernictous anemit
and of adult coehiac diserse 1n 2 cases of rheumatord irthrius
associated with me, aloblastic memun and 1 low serum vitanun
Bi level desptte norm il vitamn B, absarption wd 1 c1se ol
megloblstic anemit after putiil jastrectomy Y In only 1
cise 1 pitent with addwisonian pernicous menna o was the
absorption of vitanun B, enhnced durm,, the steroid tharapy
1 that case mntrinste fictor secretton did not appcar to hwve been
enhanced despite the henuolo i 1esponse The mechunsm of

\ctran of the sterord thear ipy i these law ¢ases is unknown and
the hematologic 1¢spoine 1S enerlly slow when 1t occurs at all
1 or these 1e1sons stcrotds 11¢ not considared to hive 1 plice m
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Summary

THE Li:rATURE on the nicgaloblastic anemras has been re
viewed with specinl emphasts on recent 1dyances in knowledge
and supplemented by the nuthors expenences and research
with patients and m the laboratory The megaloblastic anemias
have been discussed mn terms of their mcidence hematologic
morphology biochemucal basis etiologic classification clscal
picture differentinl diagnosis and theripy

The heart of this monograph has been the presentation of the
etiologic classification of the megaloblastic anemiis They ate
seen to be primarily due to inndequate ingestion bsorption or
utihization of vitamm B; or folic actd The possible causes 1n
each case are presented

Clear understanding of the possible cuses of each of these
inadequacies forms the basis for accurate differential diagnosis
and m turn of proper and specific trewment of exch case

Rapid nd accurate recogmuon differential dhagnosis and
treatment of 1 pattent 1th a megaloblstic anenun frequently
provide the richest reward m the practice of medicine achieve
ment of an almost overmight transformauon from 2 moribund
seemingly hopeless state to one of vigor health and wvitahigy

s
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