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Present: 122

him Next Friday we will Lold a
joint meeting with the Institute for
Hospital Administrators. They will
spend Thursday, Friday and Saturday,
Jan~~ry 27, 28 and 29, at the Center
for Continuation Study. The program
on Friday afternoon will start at noon
with our mpP,ting, and continup with
demonstrations in the amphitheatre dur
ing the afternoon. Among others there
will be one on the technique of blood
transfusion. For this special occasion
we are putting on a contribution from
the Department of Pediatrics on a
clinical study of the last outbreak of
poliomyelitis. With the rapid develop
ment of small hospitals throughout
Minnesota there has been corresponding
interest in improving these institu
tions. Many of them represent, in
miniature, hospitals of much larger
size in medical centers. In the small
hospital in Bemidji, as an example, I
was privileged to spe their annual re
pDrt. It was a model for all institu
tions, no matter what the size - The
first February staff meeting, scheduled
for Friday, February 4th, will be
changed to Thursday, Februa~J 3rd, be
cause of the visit of Dr. Penfield to
give the Judd Lecture and also to ad
dress the Minneapolis Surgical Society.
Dr. Peyton's division will have the
program on this day, and we are looking
forward to this meeting. The change
in date will be for this meeting only,
so be sure to mark it on your calendar 
We have rae~ived a note from one of our
old subscribers telling us that he mis
ses the inclusion of discussion ab
stracts by our staff men. Until a few
years ago we printed these remarks the
following week. As time went on it be
came more and more difficult to include
them. Now they are kept on file in the
record room as part of the proceedings

The Institute in Ophthalmology and
Otolaryngology at the Center for Con
tinuation study has been most success
ful. It is the first "specir,tl ty" i n
stitute we have offered, as all those
enrolled limit themselves to this
specialty. It is also the largest,
with an enrollment of over 40, and the
widest spread of students, Wisconsin,
Minnesota, Iowa, North and South Dakota,
Montana, Nebraska and Washington.

January 14, 1938

Recreation Room
Nurses' Hall

Carcinoma of Esophagus
N. Logan Leven
Warner F. Bowers

Movie: liThe Romance
of Radium"

12:15 to 1:15

Date;

place:

Discussion: O. H. Wangensteen
K. w. stenstrom
J. C. McKinley
Edw. A. Loeb
N. Logan Leven

Ti tle: II Spiders II

Released by: Erpi Corporation

Gertrude Gunn,
Record Librarian

III. GOSSIP

John J. Boehrer, our author
today was born in Minneapolis and attend
ed grade and high school here. He re
ceived an A.B. from the University of
Minnesota and ~.D. from Johns Hopkins'
University. After a straight internship
on medicine at the University of Minne
sota Hospitals he was appointed to a
fellowship in the department. He is
married and lives in Minneapolis. While
an undergraduate he did investigative
work in psychology on the learning abil
ity of animals. This won him election
to Sigma Xi. Keen, alert, induntrious,
well-liked by his associates, all pre
dict that he will go far. His scholarly
presentation today is characteristic of

Program:
.
I



IV. IRON DEFICIENCY ANEMIAS

John J. Boehrer

1. Clinical descriptions of disease
bearing a close resemblance to iron

deficiency anemia are found in the ear
liest medical writings. The AAA disease
of the Ebers papyrus is believed to be
a hypochromic anemia probably secondary
to infestation with ankylostoma duo
denale, which afflicted a fourth of the
Egyptians. The writings of Hippocrates
and Galen as well as the Arab Rhazes
eaoh contain references to rather
vaguely described conditions associated
with puberty and characterized by pallor,
weakness, and irregular menses, which
probably represent iron deficiency
anemia of the chlorotic type.

In 1746 Menghini discovered that
iron was a characteristic constituent of
the blood and that it was contained
solely in the IIglobular part. II In 1832
F8disch examined the blood ash p~d made
the furrlamental observetion that the
iron content in chlorosis was greatly
reduced. It is of interest that it
was in this same year that Bla11d intro
duced his now famous pill as a specific
for chlorosis.

Following the advent of methods
for hemoglobin determination and enumer
ation of the red blood cells, Duncan and
Hayem noted the lowering of the color
index in some anemias, and Laache, in
1883, recognized the importance of
determining the proportion of hemoglobin
to the number of red blood cells in
differentiating the anemias.

In spite of increasing knowledge
concerning the morphology of anemias,
however, the relationship of iron to
anemia continued to be a matter of dis
pute until comparatively recent times.
It is worthy of note that such excellent
investigators as Musser, and Whipple as
late as 1921 were convinced that orally
administered iron was inert, and quite
useless in the treatment of anemia.

In 1925, however, Whipple and
Robscheit-Robbins published the first
of their classical experiments on anemic
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dogs. They maintained dogs in a state
of severe anemia by means of repeated
venesections, and measured the effect
of various foods and iron on hemoglobin
production. They proved conclusively
that iron was essential for new hemo
globin formation, and were responsible
for the fundamental concept of hypo
chromic anemia as a deficiency disease.
It is this concept which permits the
inclusion of a variety of anemias in
the single category of iron deficiency
anemia.

2. Modern Concepts of Iron Metabolism

Iron is a constituent of every
liVing cell. From the standpoint of
its availability for blood production,
it may be considered as being present
in 3 different forms. By far the
b1l1k of the body iron is retained as
an essential part of the hemoglobin
molec1l1e; another portion is stored in
various depots, mainly liver, spleen,
and bone-marrow, and may be termed
"latent iron1l ; and a third portion is
an integral part of the cell, the so
called tttissue iron, 11 which is unavail
able for blood production. The total
iron in these 3 forms is not known
exactly, but has been estimated by
various investigators as in the neigh
borhood of 5 grams. Of this amount
about 3 grams is contained in the cir
culating hemoglobin; about 1k grams is
stored as latent iron; and the remaining
~ gra~ is retained as tissue iron. It
is of importance to note that the quan
tity of latent iron represents the
body's iron reserve against emergency,
and that its size determines whether or
not anemia will appear when excessive
de~ands are made for iron.

The exact sites of absorption and
excretion of iron are unknown. From
the work of SchEidt and others, however,
it would app'ear that the duofienU:l1 is
responsible for at least a portion of
the absorption.

The absorption of iron from the
intestinal tract is influenced by a
variety of factors, some of which are
of considerable importance in the eti
ology of iron deficiency anemia. Per-



haps the foremost of these is g~stric

acidity. Mettier and Minot have shown
that the response of the bone mar~9w to
iron in hypochromic anemia is greate~

when the contents of the upper intestinal
tract are acid than When they are heutral.
Heath found in the first 30 days of treat
ment a utilization of 11.8% of iron ad
ministered to p[:.ti ents wi th hypochromic
anemia due to chronic blood loss. During
that same time only 3.1% of the iron
administered to patients with Ilidiopathic ll

hypochromic anemia with gastric anacidity
reappeared as newly formed hemoglobin.
Fowler found that 72% of his cases of
hypochromic anemia and achlorhydria were
in negative iron balance, as compared with
35% of the cases of anemia without
achlorhydria. Kellogg and Mettier have
shown that hemoglobin formation folloWing
hematemesis from duodenal ulcer is in
hibited by excessive alkaline therapy,
and is resumed following its discontin
uance. Dameshek, and Mettier, Kellogg,
and Rynehart found that a diet rich in
organic iron was ineffective in causing
a reticulocyte response in anemia with
anacidity. After pre-digestion with
hydrochloric acid and pepsin, however,
they observed reticulocyte responses,
and an increase in the hemoglobin. Ex
perimentally the number of ferric and
ferrous ions in a solution has been shown
to be inversely proportio~~l to the Ph
of the solution. The mechanism of this
inhibition of absorption in alkaline solu
tion ·appears to be the formation of in
soluble alkaline salts of iron.

Since achlorhydria is relatively
common (Wintrobe found an incidence of
17% in females and 12.5% in males in
11,000 adults of all ages) it may be
asked why achlorhydria is not always as
sociated with anemia. As will be shown
later, the answer to this lies in the
factor of excessive blood loss. Without
increased demand for iron deficient ab
sorption is not usually responsible for
anemia.

It should be mentioned also in this
connection that the relation of achlorhy
dria to anemia may in some c?ses be a
vicious circle. It is known that anemia
can depress the secretion of hydrochloric
acid, and in a few patients free hydro
chloric acid returns following treatment

136

of the anemia.

other gastro-intestinal disorders
may also be of importance in relation
to the absorption of iron. Keefer,
Huang and Yang have emphasized the im
portance of diarrhoea as a factor in
the production of iron deficiency.
')ther variables such as the alknlini ty
of the pancreatic juice and the relative
insolubility of the iron salts of the
bile acids may also play a role in
this regard.

The presence of other substances
may also be essential for the absorption
or utilization of iron. Hart and steen
bock have demonstrated that copper is
essential for hemoglobin production in
the nutritiol~l anemia of rats. Josephs
has shown an additive effect of copper
and small doses of iron in the nutri
tional anemia of infants. Fowler has
described a decrense in the retention
of iron when copper ic given simultan
eously, but an increase in its utili
zation. Filmer and Underwood have
proven that a nutritional anemia of
cattle in Australia is due to a de
ficiency in cobalt. ~ther metals, such
as arsenic, zinc, nickel, and manganese
in very amall amounts, perhaps influence
iron metabolism similarly to copper.
There is a peculiar relationship between
calcium and iron. Sherman has shown
that retention of iron from the food is
favored when the calcium content of the
food is high.

It is doubtful, however, if Q8ficien
cies in any of these elements play any
role in the p,tiology of human anemia.
Mackay and others have emphasized that
the diet~ry of man is so varied, end
the required amounts of these substances
so s~~ll, that their administration
therapeutically is useless.

Following the absorption of iron
from the intestine, it is carried to
the'depots in the liver. splAen, and
bone marrow to be stored ~s latent iron,
from which it is given up on demand.
The mechanism and site of its transfor
mation into hemoglobin is unknown.
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3. The Physiological Requirements
of Iron

Because of the difficulties
inherent in iron balance studies, an
exnct knowledge of the iron requirements
of man is still to be attained. However,
an intake of about 10 mgm of iron a day
is probably sufficient for the average
individual, assuming normal absorption.
Fowler found that five patients receiv
ing 4-6 mgm of iron a day were in nega
tive balance, but when the intake was
increased to 12-16 mgm a day, they were
in positive iron balance. The growth
requirement has been variously placed

at from .2-~6 mgm a d~y, and is of
course greatest during infancy and
adolescence. The advent of menstrua
tion places un additional load upon
the grorting girl, wi th an estimated
iron requirement of from 1-2 mgm a
day. The iron requirement of females
is further increpsed by the demands
of pregnancy and lactation, in an
amount estimated as about 3 mgm a day
for the entire period. As the meno
pause approaches, the frequent occur
rence of menorrhagia adds a further
burden which is impossible to estimate.
The following c~~rt illustrates the dif
ferences and variations in the iron re
quirements of the sexes.

Figure 1

The Iron Requirements of Males pnd Females

.1

.4

.3

.5

Females

Onset of

//

~~_:/-._'--

Age

Iron re
quire
ment in I--·---------M-:-e-n-s..,...t-r-'W""'-...,...t..,...i-o-n+---
grams
per year

(After Heath and patek)
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The ~ean corpuscular hemoglobin
concentration (M.O.H.C.) is a
mee.sure of the average concentra
tion of hemoglobin in each red
blood cell, expressed in per cent~

It is computed by dividing the
grams of hemoglobin per 100 cc. X
100, by the per cent of packed
red blood cells (in the hematocrit).

Thus it is seen that the body's
requirement of iron may be repre~ented

by a succession of peaks; the 1st' ih
infancy, affecting males and fem~les

equally; the 2nd in adolescence. affect
ing females only; the 3rd in pregnancy;
and the 4th about the time of the meno
pause. 1ith each of these peaks a type
of iron deficiency anemia is associated,
and if one adds to these the anemia of
chronic blood loss, the roster of the
iron deficiency anemias is complete. H. O.

M.C.V. M.C.H. H.C.

R.B.C.
diam
eter

5.8-7.5

6.7-8.0
7.5-9.6

21-29

33-38
31-38

14-21

80-94 27-32
95-160 30-52

50-71

anemias.

Normal
Pernicious

anemia
H;roochromic

Variations in the size and shape of
the erythrocytes in iron deficiency
anemia may be marked, but macrocytes are
relatively few in number, and are usually
round rather tha.n oval, as in pernicious
anemia. Normoblasts are occasionally
seen. The white blood cells are usually
normal in number or slightly increased.
In severe hypochromic anemias, however,
there may be leukopenia with relative
lymphocytosis and reduction in the number
of the blood platelets. The nuclear
configuration of the neutrophil is nor
mal. The reticulocytes are usually
normal, except in the anemia of chronic
blood loss, although the bone marrow
usually reveals a moderate degree of
hyperplasia, of a normoblastic type. The
resistance of the red blood cells to
hemolysis by hypotonic saline is either
normal or slightly increased.

The Blood Picture in
IronJ:);ficiency ,Anemia

The mean corpuscular volume (M.O.V.)
is a measure of the average volume
of the red blood cell, expressed
in cubic microns. It is computed
by dividing the percentage of
packed red blood cells (in the
hematocrit) X 10, by the number of
red blood cells in millions.

4.

Since all these anemias have
fundamentally the same etiology, it is
to be expected that the blood picture in
the 5 types would be similarp As a It is obvious that the above differ-
matter of fact, all of them, with the ences are considerable, and thct the de-
exception of one or two minor differences, termination of these indices, which re-
are morphologically indistinguishable. place the less helpful volume, color,

and saturation indices, is of consider
able aid in the differentiation ofThe essential feature is the propor

tionately greater reduction of hemoglobin
than of red blood cells. The achromic
red blood cells average smaller in dia
meter and the concentration of hemoglobin
is markedly reduced.

In order to assay the above changes
quantitatively, Wintrobe in 1931 intro
duced a method for the exact determina
tion of the above factors, utilizing
the hematocrit. The methods of calcula
tion, the normal values, and the changes
in several types of anemia are tabulated
below.

I

The mean corpuscular hemoglobin
(M.e.H.) is a measure of the aver
age weight of hemoglobin in a~ch

red blood cell, expressed in micro
micro-grams. It is computed by
diViding the grams of hemoglobin
per 100 cc. X 10, qy the number of
red blood cells in millions.

In addition to the above findings the
plasma bilirubin is usually decreased,
and urobilinogen is excreted in markedly
diminished amounts in the stools. Values
of 10-20 mgm./day are not infrequently
seen, in contrast to the normal value of
about 200 mgm. These latter 2 findings
are an expression of the depletion of the
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bodyls stores of pigment, and the effort
to conserve these blood"building materu

ials by a diminution in the rate of bldOQ
destrudtion.

5. The Incidence of Iron
Deficiencl AneID1a----

The incidence of iron deficiency
anemia is difficult to determine with
certainty. There is no doubt a relation
with the economic status and resultant
dietary standards. Donaldson, Fullerton,
and Campbell examined the blood of 3500
individuals from the poorest classes of
Scotland. They reported the presence
of anemia, which they believed due to
iron deficiency, in 41% of infants under
the age of 2, in 2% of school children,
in 16% of adolescent girls, and in 45%
of adult women. Anemia was absent in
adolescent and adult males, except in
the presence of organic disease.

&. The Iron Deficiencl Anemia
of Infancy

The factors responsible for the
development of hypochromic anemia in
infancy are those of decreased supply
of, and increased demand for iron. Dur
ing the first year of life the total
blood volume is approximately tripled,
and the total circulating hemoglobin is
doubled. Figuratively speaking, the
infant bleeds into his own blood supply.
In addition, growth is relatively much
more rapid during the first year of life
than subsequently. It will be remembered
that the growth requirement is from
,2-.6 mgm iron a day. As human milk
contains .17 mgm./IOO cc, it is obvious
that the infant must draw on his store
of latent iron"

The diminution in iron stores may be
brought about in a number of different
ways. A mother whose iron supplies are
deficient may endow her child with an
insufficient iron store. Also; the in
fantls iron stores are laid down in the
latter months of pregnancy, and pre
maturity may result in inadequate iron
endowment. Anemia of the hypochromic
type is so common in premature infants
that it has received the name l1anemia of

139

prematutitYi!l Cow's milk contains even
less lrdn than human milk, and artificial
ly fed babies are particularly suscepti
ble to iron deficiency. And finally,
infection or g?stro-intestinal disturb
ances may result in a decrease of the
lron supply, either because of decreased
intake, or because of faulty absorption.

The importance of sufficient iron
stores in the prevention of hypochromic
anemia in infancy is further emphasized
by the work of Josephs, who found that
normal, healthy infants were capable of
passing through the first year of life
on an exclusive COWlS milk diet without
developing anemia. strauss showed that
there was no significant difference
between the hemoglobin level at birth
of infants born of anemic and non-anemic
mothers, but that moderate to severe .
degrees of anemia developed in the former
infants during the first year of life.
This anemia did not occur in infants
born of mothers who received iron during
their pregnancies"

The hypochromic anemia of infants
does not usually appear before the 4th
month, and is not to be confused with the
physiological fall of hemoglobin which
commences immediately after birth and
proceeds until the second or third month
of life. This is believed to be due to
the destruction of red blood cells which
are no longer necessary in the presence
of the greater oxygen supply of extra
uterine life.

The disease is rare also after two
years of e~e, when supplementary foods
have largely replaced milk, although
it may appear at any time in response
to deficient diet or gastro-intestinal
abnormalities.

The general nutrition of these pa
tients is not often disturbed. Pallor,
enlargement of the liver, spleen, and
l~ph nodes, anrt edema of the extremi
ties are the cO~won physical findings.
These physical signs are of course not
characteristic and indeed may cause
confusion with infection, leukemia, and
so-called erythroblastic anemia.

Ach~orhydria is a more con~on finding
in the iron deficiency anemia of infants
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than is generally recognizedl Hawksley.
Lightwood, and Bailey studied 13 cihildren
with hypochromic anemia, and foun~ 12 to
have achlorhydria after an alcohol meal.
In 9 of these free acid returned after
treatment with iron.

7. Chlorosis

Chlorosis may be defined as an
iron deficiency anemia occurring in
adolescent girls. Historically, it was the
first to be recognized. The classical
description was ,~itten by Johannes
Lange in his "De Morbo Virgineo" in 1554.
It was a common disease, and references to
the "green sickness" are common in the
literature of the past few centuries (as
in Capulet's tirade against Juliet in
lIRomeo and Juliet 1.!).

The etiology of chlorosis is to be
found in the failure of diminished iron
stores to meet the increasing demands
for iron by girls at the time of puberty.

The causes of the increased demand
for iron in adolescence are largely those
of growth and menstr\lation. In girls
there is an acceleration of growth after
9 years of age with an accompanying in
crel~se in blood VOlumE and total circulat
ing hemoglobin. Increased gro~~h at
puberty is of course found in both boys
and girls, and the important feature of
adolescence, insofar as the development
of iron deficiency is concerned, is the
advent of menstruation. It is this
phenomenon which is responsible for the
sex incidence of chlorosis.

Hoppe-seyler, and Ohlesen and Daum
have shown that each catamenia results
in a loss of about 25 mgm of iron, on
the basis of an average blood loss of
about 50 cc. This amounts to about 300
mgm per year. In addition, of course,
there is the growth requirement of 60
to 180 mgm a year.

It is certain, however, that if no
iron deficiency has been present in
infancy or childhood so that the iron
stores at the time of puberty are large,
if the appetite is good and the dietary
intake adequate in iron, then these in
creased demands for iron will be met, and
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no ahemia result.

In the presence of inadequate iron
stores, however, either because of poor
endowment from an anemic mother, or
because of inadequate or capricious diet.
or because of malabsorption due to
gastro-intestinal disepse, then the de
mands of adolescence will prove exces
sive, and iron deficiency anemia result.

It seems, therAfore, that the basis
of chlorosis is the development of iron
deficiency because of chronic blood loss
in young girls whose iron stores are
deficient.

Although formerly a common disease,
chlorosis is now seen only infrequently.
In 1931 Witts could find only five cases
of chlorosis among all the anemias ad
mitted to Guy's Hospital in the preced
ing 9 years. The average age of inci
dence is about 20 years.

The onset is usually gradual over a
period of 3 to 8 months, although it
may app e..'1.r qui te suddenly. The sympt oms
are those of anemia. Weakness and breath.
lessness appear early. Palpitation and
arrhythmias are common. Frequently
there is dyspepsia, and a perverted
appetite with a persistent craving for
unusual foods is the rule~ Suppression
and irregllierity of the menses is often
seen.

There are no specific physical signs.
The green color, which gives the disease
its name, is seldom pronounced, and
then only when the anemia is very severe.
Pallor is a more common finding, and the
puffy appearence of the face often sug
gests nephritis. Edema of the extremi
ties may be present, and the spleen is
palpably enlarged in 10% of the cases.

Thrombosis is the only complication,
and is the Cause of the extremely rare
fc.tali ties. This occurs particulc:rly
in the legs and occasionally in the
cerebral sinuses. The number of blood
platelets is increased in the recovery
phase and this may contribute to the
development of thrombi.

In contrast to other hypochromic
anemias, gastric hyperacidity is common
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and achlorhydria rare. Arneth foUnd
normal or high values for hydrochloric
acid in 23 cases. Fever is not infre
quently present and may cause confusion
with such infections us tuberculosis
and rheumatic fever.

The reason for the practical dis
appearance of chlorosis is not known
~ith certainty, but most investigators
&gree that it is probably related to the
incre~sing dissemination of knowledge
concerning proper diet~ry requirements,
both in the pregnancy woman, and in the
yOUll{; girl. The ad.olescent girl thus
begins menstruation with adequate iron
stores and is able to handle -the in
creased demand satisfactorily.

Hypochromic anemia in young males
is pxtremely uncommon, and is then
US1 lZ>.lly associated with markedly defi
cie~t diets, or chronic blood loss.
Reynolds has observed hypochromic anemia
in two school-boys who grew very rapidly,
and in whom he could find no evidence
of bleeding. Generally, ho~ever, hypo
chromic anemia in males is strong pre
sumptive evidence of patholQgical blood
loss.

8. Iron Deficiency Anemia
of Pregnancy

Anemia is very frequent in preg
nancy and is usually of the hypochromic
type. Bland, Goldstein, and First found
red blood cell levels below 3.5 million
in a third of 200 pregnant women in the
first six months of pregnancy, and in
over half in the last three months. Part
of this reduction, of course, is due to
the hydremia of pregnancy, but on the
average the reduction from this cause
seldom exceeds 500,000 red blood cells
and 10% hemoglobin.

The average fetus at term contains
about 500 mgm of iron. Since hemoglobin
contains .335% iron, it is a simple mat
ter to calculate that the maximum hemo
globin loss from the demands of the fetus
is about 150 grams, or roughly' one liter
of blood. Assuming a blood volume of
5 liters, this reduction is approximately
20%. Adding to this the normal "phy
siological anemia" of 10%, one obtains
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a figure of 30% as the maximal reduction
possible in normal pregnancy. Since
anemias of the hypochromic type of 50% or
less nre relatively common, it is ob
vious that other factors in addition to
the demands of the fetus must play a
role, and that uncomplicated pregnancy
is incapable of producing severe cmemia.

Strauss and Castle have shown the
relationships between dietary deficiency,
poor gastric secretion, and malabsorp
tion, to blood formation during preg
nancy. They showed that the secretion
of hydrochloric acid and pepsin was com
monly diminished during preg~~ncy,

particulnrly during the latter third.
Anemia occurred only in those patients
Who had a prolonged defective dietary,
and gastric anacidity or related gastro
intestinal disturbances. They concluded
thd the hypochromic anemia of preg
nancy was due essentially to 3 factors
acting together: dietary deficiency;
malabsorption from the gastro-intestinal
tract, associated usually with diminu
tion in the gastric acidity; and the
demand by the fetus for blood-building
I:laterials.

Repeated and fr~quent pregnancies
predispose to "idiopathic" hypochromic
anemia. Post-partum bleeding may be
excessive, and productive of hypochro
mic ~~emia of chronic blood loss. In
addition, prolonged and frequent
periods of lactation may aid in the
production of profound iron deficiency.

9. "Idiopathic ll hypochromic anemia

So...called lIidiopathic!! hypo
chromic anemia may be defined as a
hypochromic anemia appearing usually
in middle-aged women who have a reduc
tion or absence of free hydrochloric
acid in the stomach.

Since the original descriptions
by Faber in 1909 and 1913, a voluminous
literature has appeared on this subject.
Many writers have questioned that it
is a specific entity, but the clinical
picture is usually rather typical.
and probably justifies its classifica
tion as a special type of anemia.



As in other iron-deficiertdy ahe~as,
the etiology is multiple. In general,
however, the factors are again those of
iron loss associated with deficient
iron stores.

Achlorhydria is characteristic of
idiopathic hypochromic anemia. At
least 83<;6 of the cases fail to secrete
free hydrochloric acid after the Ewald
test meal, and 50-60% have achlorhydria
after histamine. Practically every case
has a diminished output of hydrochloric
acid. Gastric abnormality is further
evidenced by frequent excessive secre
tion of mucus and diminished pepsin for
mation. The volume of the gastric con
tents is diminished, but the intrinsic
factor of Castle is present, although
usually in lessened amounts. There is
apperently an unknown relationship be
tween idiopathic hypochromic anemia and
perr-icious anemia, as evidenced by the
similarity of many of the symptoms, and
by the occurrence of numerous cases of
transition from one to the other. Heath
has described a family in which both
idiopathic hypochromic anemia and per
nicious anemia occurred in each of three
sisters.

Frequent pregnancies are often a
feature of idiopathic hypochromic anemia.
In Heath and Patek's series of 60 cases,
28 had more than four pregnancies,
and in 16 of these the averege time inter
val between successive pregnancies was
only a year and 10 months. In Wintrobe's
series the onset in 17% was definitely
related to pregnancy.

As in other types of iron deficiency,
pathological blood loss plays an out
standing role. In Heath and Patek's
series they wer8 able to demonstrate ex
cessive bleeding in 88%, usually from
menorrhagia, although bleeding hemorrhoids
and epistaxis were also common. Gray and
Wintrobe have also stressed the frequency
of menorrhagia in this disease. Fowler
studied the iron balance and blood loss
from menstruation in normal women and in
women with idiopathic hypochromic anemia.
He found that 73% of the latter group
had excessive menstrual blood loss,
and that in 82% this loss was sufficient
to place them in negative iron balance.
It is significant that most of these
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w~men did not consider their menstrual
blood loss to be excessive.

Dietary deficiency may playa role
in the etiology of idiopathic hypochro
mic anemia also. Many of these pa
tients give a history of a diet low in
hemoglobin building materials. An
aversion to meat is a common finding.

Some authors have suggested that
faulty iron meta~olism may be of impor
tance in the development of this anemia.
The careful iron balance studies of
Fowler seem to disprove this. He found
no significant difference in the utili
zation of iron in normal and anemic
women.

In summary, then, it may be said
in all probability the etiology of idio
~lthic hypochromic anemia is pathologi
cal blood loss occurring in middle-aged
women whose iron stores have been de
pleted by the combined effects of die
tary deficiency, achlorhydria, and preg
nancy.

96% of these cases occur in women,
and 60% occur in women between the ages
of 30 and 50. It has been described
in nearly all countries and races. Many
of these patients present constitutional
features regarded as typical of per
nicious anemia, e.g., light-colored eyes,
set widely apert, prematurely gray hair,
and wide costal nngles.

The onset is typically insidious.
The usual story is one of long-continued
ill health, often of from 5-10 years
duration. The primary complaints are
characteristically vague, and include
weakness, ready fatigue, shortness of
breath, dysphagia and choking sensations.
Idiopathic hypochromic anemia in which
the latter two symptoms are prominent
has been describ8d as the "Plummer
Vinson syndrome." Frequently there is
a history of "anemia as a girl."

Abdominal pain or distress, loss of
appetite, flatulence, eructation, nausea,
and even vomiting and diarrhoea may be
encountered. Sore tongue or sore mouth
is present in approximately 28% of the
cases, but the glossitis rarely approach
es the severity of pernicious anemia.



Dyspnoea, palpitation. and edema may
sugGest abnormalities of the cardio
vascular system. Numbness and tingling
of the extremities occur in 15-30% of
the cases. As with glossitis. thes~
symptoms are seldom as prominent as in
pernicious anemia. Rarely, if ever, are
there objective neurological findings.

Physical examination of these pa
tients presents a striking and often
typical picture. Characteristically,
the patient is a chronic invalid. weak,
ambitionless, querulous, and complaining
of n variety of physical ailments. There
is no icterus, and the skin has a re
markable, pale, waxy hue. The sclerae are
bluish. Ectodermal changes are common.
The skin sometimes appears atrophic,
particularly over the hands. The hair
is dry and fine, and pulls out easily.
The finger-nails, rarely the toe-nails,
are dry and brittle, and Characteristical
ly concave, (koilonychia). This concavi
ty may be so prominent that several drops
of water can be held on the backs of the
nails. Fissures, or rhagades. at the
corners of the mouth may be present,
and their healing leaves small scars
which tend to make the mouth smaller.

A brownish, light pigmentation, par
ticularly on the neck and upper thorax,
is frequently observed. Often there is
a history of easy bruising, and ecchy
moses are occasionally seen, rarely
petechiae.

Almost complete atrop~y of the
tongue papillae, especially et the edges
and tip, is Common. Examination with
the g['.stroscope may reveal atrophy of
the gastric mucous membrane.

The heart may be slightly enlarged,
and fLUlctional murmurs are often heard.
The liver and spleen a re frequently
enlarged. As in all anemias, dependent
edema is not rare.

10. The Iron Deficiency Anemia of
Chronic Blood Loss

The hypochromic anemia of
chronic blood loss is the result of the
same factors that have b,.en seen to be
responsible for the development of the
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other typos of iron deficiency ener-das.
but their operation is seen with
greater clarity. The factor of iron
loss, however, assumes relatively
greater importance, because bleeding
in this anemia is us~iLly quite severe.
Coincident with this the factors in
fluencing intake and absorption of
iron are of lessened significance.

Iron deficiency may follow blood
loss from any source. and at any Ut:;e.
To lose blood is to lose iro~ and
blood contains Dore iron than any other
tissue (53 mgm per 100 grans). And
corollary to this is the fact that
hypochromic nnemia in an adult male is
an a!r.:lOst certain sign of pntholo,:;icl:'.l
blood loss.

The majority of cases of hypochromic
anemia in this category are due to
bleeding from the gastro-int8stinal
tract. In Heath and Patek's series of
122 cases of this type of anemia.
bleeding from peptic ulcer accounted
for 25%. from carcinoma of the stomach
17%, from hemorrhoids 13%. and from
gastro-intestinal bleeding of unknown
origin 6%. a total of 61%. In addition
their "miscellaneous group, " consti
tuting 10% of the cas~s, was made up
largely of cases of bleeding of gastr
intestinal origin. such as carcinoma
of the colon, ulcerative colitis. and
amebic dysentery.

Menorrhagia, metrorrhagia, abortio~

miscarriage, and post-partum bleeding
accountp.d for 23% of the cases.

Rarer causes are repeated epista~~s,

purpura. hemophilia. and other blood
dyscre.sias. as well as multiple here
ditary telangiectasia.

Hookworm infestation is a common
cause of hypochromic an6J:lia in the
South. Smillie has shown that the
8verage number of worms in infected in
dividuals is from 25-100, and Wells has
shown by direct observation of the in
testines of infected dogs, that the
parasites actually suck blood from the
intestinal mucosa at a rate which he
esti~~ted a~ totalling 85 cc. a day
per 100 worms.
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Achlorhydria is not uncommon in the
hypochromic anemia of chronic blood
loss, and serves to accentuate it. In
Heath and Patek's series, 37% of the
58 cases on whom a gastric analysis was
done had anacidity. In Rhoad's cases
of hookworm anemia 23 of 54 were found
to have achlorhydria.

The blood picture in the anemia of
chronic blood less diffexs slightly
from that of other iron deficiency
anemias in that there is usually·a slight
reticulocytosis, associated with other
evidences of mild bone marrow stimula
tion such as leucocytosis and slight
increase in the blood platelets. These
differences are due to the fact that the
individual amounts of blood lost are
usually larger, and serve as a more ef
fectivG stimulus to the bone marrow. As
iron deficiency becomes more pronounced,
however, exhaustion of the bone marrow
ensues, and reduction in the number of
these elements occurs.

Very occasionally this anemia may
have a superficial resemblance to per
nicious anemia. The mean size of the
cells may be normal or even slightly inA
creased, and there may be many macrocytes.
The cells are obviously not well-filled
with hemoglobin, however, and the plasma
and feces reveal no evidences of in
creased blood destruction.

11. The Occurrence of Iron Deficiency
in Other Anemias

Any anemia may present hypo
chromic features from time to time. It
is a frequent observation in the treat
ment of pernicious anemia to find the
hemoglobin level lagging behind the
red blood cells. Indeed the rise in the
red blood cells may be temporarily halted
at a moderately low level because of iron
deficiency. The exhibition of iron at
this point allows the resumption of the
recovery process.

12. T~~ pathology of Iron
Deficiency Anemia

Since hypochromic anemia is
raccly f~tal, knowl~dge of its pathology
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is scanty. In experimental animals the
poverty of the tissues in iron has been
demonstrated. As has been stated, the
bone marrow is hyperplastic with a
predominance of cells of the normo
blastic series.

Suzman reported the autopsy of a
case of "Plummer-Vinson syndrome" in
which death "'as due to traumatic rup
ture of the esophagus and subsequent
infection. During life the red blood
cells were 3.5 million, and the hemo
globin 30%. At post-mortem the tongue
was found to be atrophic and the mucous
membrane smooth and glistening. There
was a constriction at the superior
esophageal orifice, and it was felt
that during life a mucosal band had
been present. Microscopic examination
of the ~pleen showed numerous, large,
immature unrecognized cells in the
pulp with occasional mitotic figures.
The epithelium of the tongue and eso
phagus showed thinning and hyperkeratin
ization. Schaehle and Schmidt reported
another case in which there was wide
spread atrophy of the mucous membranes
of the tongue, esophagus, and stomach~

13. The Diagnosis of
Iron Deficiency Anemias

The demonstration of an
anemia of the hypochromic type which
responds to iron is sufficient evidence
of iron deficiency. The presence of
hypochromic anemia alone, however, is
not sufficient for the diagnosis of
iron deficiency. Hemoglobin production
is a complex process, and other factors
r,ay be lacking~

Hypochromic anemia, in which there
is little or no response to iron, may
be found in a number of conditions.
It may be seen in chronic infections
such as chronic osteomyelitis; in
chronic nephritis, in lead poisoning,
and in cancer. In these conditions,
lack of response may be due to either
the absence of iron deficiency, or to
the inability of a toxic bone marrow
to respond.

There is ordinarily no difficulty
in differentiating iron d8ficiency anem-
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ia from pernicious anemia if the various
quantitative indices are carefully
carried out, although the diagnostic
trial of liver extract may be required.

It should be emphasized again that
the diagnosis of hypochromic anemia in
adults, especially males, should be the
basis for a thorough investigation of
the gastro-intestinal tract, in a
search for sources of chronic blood loss.

14. The Treatment of
Iron Deficiency Anemia

The value of iron in the treat
ment of anemias was recognized long be
fore there was any rational basis for
its use. It has been said that the
Greeks recognized anemia, and that the
treatment consinted in the drinking of
water in which a sword had been allowed
to rus t. Sydenham, the great English
physician, described the symptomatology
of chlorosis in 1661, and wrote, "l
order the patient to take, for thirty
days, some remedy drawn from Mars (iron
was Mars in the old pharmacopoeias) ••••
the pallor disappears and once again the
face is rosy and ruddy. II

The rationale of iron therapy was
obscured, however, in the first quarter
of this cent~y by the belief of Bunge,
and Abderhalden that inorganic iron
acted only as a II stimulant , II ani could
not enter quantitatively into the forma
tion of hemoglobin. This led to the
use of minute quantities of inorganic
iron and complex iron compounds.

Barkan, and Meulengracht were the
first to break away from this view.
They recognized that iron must be given
in large doses to be effective. The
basis for the use of iron in large dos
age is to be found in iron balance
studies, and in careful clinical obser
vations, which have demonstrated the
extremely low level of percentage
utilization of iron.

Heath, strauss and Castle found that
the usual utilization of orally admin
istered iron was a little over 3%, as
cO,Tlrared with 96% utilization of paren...
ternlly administered iron. With minute
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doses of orally administered iron,
utilizetion may be as high as 50% but
the total gain in hemoglobin is so
slight as to make these doses imprac
tical.

There has been considerable di s
cussion in the literature as to whether
ferrous or ferric iron should be ad
ministered. Iron is present in the
hemoglobin molecule in the ferrous
state, and Witts and others have noted
that weight for weight ferrous iron is
more effective than ferric iron. How..·
ever, Heath, strauss, and Castle showed
that the parenteral administration of
ferric iron resulted in its quantita
tive return as hemoglobin, indicating
that the body is capable of utilizing
iron in any form, and that dosage dif
ferences are prim~rily related to dif
ferences in absorption.

The following table gives the
daily amounts of iron in various forms
regarded as necessary to produce a
maximal effect in hypochromic anemia:



+
146

Substance Dose Fe content Cost per month

I
Ferric ammonium citrate 90 grains 15 grains $1.80
Ferrous carbonate

(Blaud I spills) 60 grains 30 grains l.08
Ferrum reductum 45 grains 45 grains LOI

ill' Ferrous sulphate 12 grains 5 grains .36
Ferric ammGnium citrate 1 cc of 10%

sol. Lm.
3 grains 1- grain 7.502

Lextron 12 capsules 36 grains 9.36

In infants the oral administration of the 10% solution of ferric
ammonium citrate is most suitable, and is given in a dosage of 1 cc
per pound of body weight, in the milk.

)

I

Smaller doses than the above are often
effective, but no case should be consid
ered as 1iIresistantll until maximal iron
therapy has been tried.

The oral administration of iron has
occasional undesirable effects. Iron
in solution may sta.in the teeth, and
taken on an empty stomach any form of
iron in large doses may cause gastric
irritation, vomiting, and diarrhoea.
With small doses constipation is more
COITmon. Iron should be administered in
divided doses immediately after meals.
The smaller doses required ~ith ferrous
sulphate, and its low cost, make it the
preparation of choic e.

In rare cases these unpleasant side
actions may force the use of iron paren
terally. This is usually given in the
form of a 10% solution of ferric ~1monium

citrate, in doses not to exceed 16 to 32
mgm of iron intramuscularly a day.
Parenteral administration of iron is
dangerous and reactions are common, con
sisting in local pain, palpitation, pre
cordial pressure, and nausea. With
more severe reactions, vomiting, tachy
cardia, and hyperpnoea may appear. Re
actions usually subside within an hour.

Various compounds of iron and other
substances have been exploited from
time to time as "ideal" in the treatment
of iron deficiency anemia, on the basis
of certain experimental work on anemia.

It has been shown by Hart and steen
bock that copper is essential to hemo-

globin formation in nutrHional anemia
of rats, and Josephs showed that copper
plus small doses of iron was more ef
fective in the hypochromic anemia of
infants than small doses of iron alone.
Murphy and Powers, and Keefer and Yang
showed that whole liver promoted blood
formation in hypochromic anemia when
associated with hemorrhage, but whole
liver is rarely effective in hypochromic
anemia associated with ana.cidity.
Whipple, Robscheit-Robbins, and Walden
showed that the liver fraction pre
cipitated by 70% alcohol had some ~ffect

in hypochromic anemia, but that the
fraction precipitated by 95% alcohol,
which was effective in pernicious anemia,
had no effect.

While the above findings are of
interest, they have no practical impor
tance in the treatment of hypochromic
anemia. The amounts of liver necessary
to produce these effects are many times
those that are combined with iron in the
various proprietary remedies such as
Lextron, and copper is a contaminant of
almost every iron preparation. Rarely,
the administration of liver extract may
be of value, especially in those cases
of hypochromia associeted with macro
cytosis, in which a coincident deficien
cy ~f the anti-pernicious anemia prin
ciple is suspected, or in those few cases
in which maximal iron therapy has re
sulted in a less than maximal hemoglobin
and red blood cell response.

Although t~e value of iron therapy
is primarily. related to hemoglobin



f'

production, it is also productive df an
increase in the reticulocyte percentage
[,m an increase in the red blood cell
count. ~his response has been used 2S

&n index of the effectiveness of iron
th8rapy, and as a means of comparing the
ef-:icacy of various iron compounds.
HEAh has shown that with lnrge doses of
i y.)r in severe hypochromic anemia, the
ir"'>::'ease in hemoglobin may be as g:reat
~'.s c-~ a day, after the initial leg
pr'C8('ting the reticulocyte response. Wi th
l'w~s severe anemias the rate of hemoe;lobin
productiun is slower. In pntients with
h€IJoglobin values of 50;% or less, the
heoor3:1obin il""CreaSe following maxiual
doses of iron will us~~lly be about 35%
in 30 d~vs. It is to be noted that the
prr;se::ce of infection, nitrogen retention,
or persistent blood loss will ~odify the
respinse to iron. When the henoglobin
level is 2o;h, tlJ.8 reticulocytes usually
reac~ a maximum of 8-16%, when 4~b,

from 4-12%, when 6Q5~, from 2-G~~. The
increase begins in about 3 days after iron
thbTapy is begun, and reaches the peak
in 5-10 days. Since the red blood cell
count is relatively higher at the begin
ning of therapy, it usunlly reaches nor
mal bsfore the hemoglobin, in spite of
tw£ mere rapid increase in the latter.
The red blood cell count may even rise
above normal, either becL~use the bone
marrow is more responsive to hemoglobin
depletion, or because the nmount of bone
marr~~ suddenly rostored to Lormal
activi ty is greater thall normal.

With the rise iCl hemoglobin and red
blood. cells, the changes in size of the
red bloo~ cells preViously described
disappear.

0ther features of hypochroreic anemias
are Qlso affected by iron ther~py.

S~le~omeFaly is usually diminished;
glossitis disappe"rs, a:'1d new papillae
m~T a:rpear on the ton.gue. The brittle
and concave fil~er-nai18 return to normal,
and;he whole clinical picture and emo
tiol1:1l attitude of the pdient are im
provod. AOllity to secrete free hydro
chlo.dc pcid occasionally returns, but
only rarely. The effect on the menstrual
flow is inconstant.
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15. Ad.juncts to Irog Therapy

Faulkner hes shown that in
certain individuals, without clinical
scur~J, but in whom infection has
interfered with vitamin C intake, that
the daily administration of severGl
ounces of orange juice or small amounts
of cevitnmic acid, will ceuse definite
reticulocyte responses and improver:.ent
of the blood status when the anemia
is of the hypochromic type.

Since the formotiQn of red blood
cells and her;,oglobin requires protein
as well as iron. it is obvious that an
adequate protein intake is essential.

The administration of dilute hydro
c:lloric acid may be of 'banefi t in pro
moting digestion, and especially in
the alleviation of the diarrhoea of
achlorhydria. It is not necessary,
however.

16. The Prevention of
Iron Deficiencl~nemia

The prevention of iron
deficiency consists in the further
spread of dietary information; in the
proffipt detection and removal of sources
of chronic blood loss; and in the
administration of prophylactic iron
in adolescence and pregnancy.

Summarl

1. Iron deficiency anemias result
when increased r1.E;illan,i for iron occurs
in an i:'1dividual whose iron stores
are rleficient.

2. Inadequate iron stores result
from inadequat '3 supply of iron, poor
absorption, or both.

3. Inariequate supply of iron may
occur in infancy ~s a result of poor
endo\~ent from an anemic mother.

4. Inadequate supply of iron may oc
cur in later life because of faulty
diet.
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5. Poor absorption of iron is largely
due to increased alkalinity of the
gastro-intestinal tract (chiefly because
of achlorhydria).

5. Poor absorption of iron may be
due to other abnormalities of the gastro
intestinal tract, such as diarrhoea,
or the sequelae of gastric surgery.

7. Copper and other elements may
playa role in the absorptian and utili
zation of iron, but actwll deficiency
in them in human anemia is doubtful.

8. Increased demand for iron occurs
in infancy, in adolescence, in pregnancy,
at the menopause, and as a result of
chronic blood loss. With each of these
periods of increased demand, a type of
iron deficiency anomia is associated.

al tract he.s been observed. The bone
marrow shows hyperplasia, of the normo
blnstic type.

17. The diagnosis of iron deficiency
anemia rests on the demonstration of
a hypochromic anemia which responds to
iron.

18. Hypochromic anemia may occur
without iron deficiency, as in chronic
infections, nitrogen retention, and
cancer, but the lack of response to
iron is probably due to inability of
the toxic bone marrow to respond.

19. The trpatment of iron deficiency
anemia is iron in large doses.

20. Ferrous sulphate is the prepara
tion of chorce.

9. Increased demand for iron in
infancy occurs as a r8sult of rapid
growth, and the iron deficiency anemia
of infancy occurs equ..'llly in the two
sexes.

10. Increased demand for iron in
adolescence occurs as a resu~t of rapid
gro\.th and menstrwJtL)n, and chlorosis
occurs almost entirely in girls.

21. Co~binations of iron with copper
or liver are no more effective than
iron alone.

22. Liver extract intramuscularly
may rarely be necessary, in addition
to iron.

23. Adequate vitamin and protein
intake are essenti~,.l adjuncts.

CASE REf-ORTS

History

The presenting complaints were weak
ness, fatigu.e, pallor, and edema.

24. The prevention of iron deficiency
consists in the elimination of sources
of chronic blood loss, and in the pro~

phylactic use of iron during the per
iods of increased demand.

Admitted 10-28-36
Discharged 12-23-36.

Fem~le, 21 years of age.1.

14. Hypochromic anemia in an adult
male is due to chronic blood loss,
until proven otherwise.

13. Increased demand for iron occurs
as a result of chronic blood loss,
chiefly as a result of bleeding from
the gastro-intestinel tract.

12. Increased dewand for iron around
the time of the menopause is chiefly
due to menorrhagia, and idiopathic
hypochro~ic anemia occurs chiefly in
W041en.

11. Increased demand for iron in
pregnancy occurs as a result of the
dewands of the fetus for iron.

15. Iron deficiency may be a feature
of any anemia.

16. The pathology of iron deficiency
anemia is uncertain. Atrophy of the
mucous membranes of the gastro-intestin-

Ten months prior to admission she
had noted suelling of the eye-lids and
ankles, which had been present inter
mittently since. Shortly fonowing
this she noted that she became fatigued
and breathless on very little exertion.



This increased until she became unable
to do housework. Her family noted that
her face was becoming very pale~ Thete
had been a loss of 16 lbw. in weight.
Because of these symptoms she had
visited a physician who told her that
she had "kidney trouble, 11 e.nd gave her
~edication which affordeJ no relief.

The past history had been uneventful.
There was no history of pathological
blood loss, and the patient considered
her menstrual periods to be normal, an
opinion whicn was justified by the de
tails of her menstrlml history. She
felt that her appetite had. always been
good, and her diet adequate, but speci
fic information on this point was not
available, from the record.

The patient's mother had had eight
pregnancies.

Physical Examination

The patient was an asthenic white
female, aged 21. The skin and mucous
membrmles were extremely pale. Over
the backs of the hands this pallor had
a greenish cast. There was no icterus.
There was no atrophy of the tongue.
There was a soft, blowing systolic
murmur allover the precordium. The
blood pressure was 98/45, the rate 96,
and the rhythm regular. The liver and
spleen were not palpable. There was
definite lmilon~rchia. The neurol Jgical
examination vIas nebative. There was no
edema. Proctoscopic examination to
26 ems. was negative except for smell
internal hemorrhoids.

Laboratory

The urine was negative. The hemoglobin
was 27%. There were 2.9 million ery
throcytes. The leucocytes were 9,100,
with a differential of 62% neutrophiles,
28% lymphocytes, 7% monocytes, and
3% eosinophiles. The M.G.V. was 57, the
M.G.H. was 18, and the M.G.H.G. was 27.
The reticulocytes averaged about .8%.
Examination of the stained smear showed
microcytosis, marked hypochro~~sia, and
slight poikilocytosis. Examination of
the stools revealed small amounts of
occult blood 4 times in 9 examinations.
The blood creatinine was 1.2 mgms%~
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The icterus index was 5, and the uro
bilinogenin the feces averaged 28 mgms./
day. Gastric analysis revealed free
hydrochloric acid. X-ray examination of
the stomach, duodenum, and colon was
negative.

In connection with a study of hemo
globin metabolism, this patient was given
a sub-optimal dose of iron, amounting
to only 3 grains of ferric ammonium
citrate a day. Even with this dosage.
however, she had a reticuJ.ocyte response
of 3.5%, and the hemoglobin and RBG level
slowly rose, so that at the time of her
discharge the hemoglobin was 58%. At
the time of discharge the patient w~s

ordered to take iron in therapeutic
dosage; and when seen in the medical dis
pensary ~t a later d.ate, her hemoglobin
was 80'1,.

It was felt that this patient had a
chlorotic type of anemia, probably
complicated by chronic blood loss from
hemorrhoids.

2. F~male, 23 years of age.

Admitted 2-24-37
Dischf'rged 5-7-37.

History

This patient Was first seen in the
obstetrical out-patient department
where she came for examination relative
to pregnancy. At that time she was
found to be at tprm, and to have a
severe anemia. There had been no symp
toms referable to the anemia. Her face
had been pale as long as she could re
menber. She stated that she had felt
very well during pregnancy, and had
experienced no unusual fatigue. There
had been no history of pathological
blood loss, and the menstrual history
was normal. The patient stated that her
appetite was good, and not unusual, but
details of the dietary intake were not
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The patient's mother had had four
pregnancies.

Physical Examination

The patient was a fairly well-nourished
white female, aged 23. The skin and
rm:ccous membranes were qui te pale. There
\i0.3 a discrete, papular, excoriated
er~ption over the face, trunk, abdomen,
and legs, which was interpreted by the
dermatological consultant as urticaria
of pregnancy. The heart was not enlarged.
There was a soft systolic murmur at the
apex, and a loud, rough systolic murmur
in the pulmonic area, which disappeared
on l-ressure, and which vms interpreted
~s a vascular murmur arising in a
branch of the left intern8l mammary
artery. The blood pressure was 124/72.
The abdomen was enlarged to the size
of a 38-40 week pregnffilcy. There was
no edema.

Laboratory

The urine was negative. The hemoglobin
was 26%. The erythrocytes were 2.5 mil
lion. The leucocytes were 12,200, with
a differential of 68% neutrophiles, 27%
lyophocytes, 3% monocytes, 1% eosino
philes, and 1% basophiles. The reticulo
cytes averaged 1.7%. The M.O.V. was 74,
the M.O.H. was 17, and the M.O.H.C. wa.s
14. The blood volume wa.s 4.1 liters.
The feces contained 75 ogm./day of uro
bilinogen. Gastric analysis revealed
achlorhydria after histamine. Two
examinations of the stools were negative
for blood.

The blood of this patient's child was
examined on the first day of life, and
found to contain 109% hemoglobin and
6.5 erythrocytes.

Course

The patient ~ent into spontaneous
labor 9 days after admission and was
delivered of a normal female infant.
The blood loss was 50 cc. The puerperium
was normal. Following delivery it was
n~ted that the spleen was palpably en-
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larged. This patient was also a member
of a group being studied from the stand
point of hemoglobin metabolism, and
iron therapy was deferred in order to
note the effect of the termination of
pregnancy on blood formation. Following
delivery the reticulocytes rose to an
average of 2.2%, and one month later
the hemoglobin was 44% and the erythro
cytes were 3.8 million. She was then
given iron in sub-optimal dosage,
amounting to 3 grains of ferric ammon
ium citrate a day, following which
the reticulocytes rose to 5.2% on the
16th day. At the time of discharge
the hemoglobin was 59%, and the patient
was then ordered to take iron in thera
peutic dosage. She has not returned
for further examiTh~tion.

Impression

Severe iron deficiency anemia of
pre~nancy, possibly complicated by
chlqrosis.

3. Femel~, 45 years of age.

Admitted 7-7-37
Discharged 7-22-37.

History

The presenting complaints were
weakness, numbness and tingling of the
hands and feet, intermittent abdominal
pain, and sore tongue.

The patient stated that she had
felt IIrun-down lt and very tired for the
past 15 years, folloWing a premature
birth with massive hemorrhage. She
was able to work, however, until six
months prior to her admission, when
the fatigue and weakness increpsed,
and she began to complain of abdominal
pain. This appeared to be rather
generalized, not radiating, and oc
casionally'associated with nausea and
vomiting. There was no relation to
meals, particular kinds of food, and
there was no food relief. There had
never been any chills, fever, jaundice,
or urinary symptoms. She stated that
she was habitually constipated, and
the attacks of pain appeared to have



some relation to exacerbations of
constipation. Occasionally the attacks
would be followed. by a mod.erate diar
rhoea. The patient also stated that
she had moderate dyspnoea on exertion,
and marked palpitation, whiCh often
interfered with sleep. The tongue had
been sore at intervals in the past year.
She complained of some difficulty in
swallowing, which appeared at intervals.
There had been occasional numbness and
tingling of the hands an~ feet, but she
ha 1. hatt no difficulty in walking. There
was no history of melena, but the men
strual periods hed always been rather
profuse. In the past few months the
peri01s had. been prolongea., lasting
10-12 days. There had be~n 5 pregnancies.
The patient felt that her appetite was
fairly good and. her dietary intake aia
q~~te~ but stated that she 1id not Care
for meat.

Physical Examination

The patient was a white female, aged
45, who appeared much older. The hair
was white, the eyes blue. The tongue
was reddened and the lateral margins
were atrophic. There was a ~~rked

pharyngeal reflex. The liver and spleen
were not palpable. Examinntion of the
pelVis was negative. The thumb-nails
were flattened and brittle, but there was
no true koilonychia. The neurological
examination was negative.

Laboratory

The urine was negative. The hemoglobin
was 54%, the erythrocytes 3.7 million.
The leucocytes were 7,600, with a differ
ential of 65% neutrophiles, 32% lympho
cytes, 1% monocytes, and 2% eosinophiles.
The M.O.V. was 100, the M.O.H. 24, and
the "{.O.H.C. 24. Examination of the
stained smear showed marked anisocytosis,
poikilocytosis, and hypochromasia. The
reticulocytes averaged .6%~ The icterus
index was 3.6, and the urobilinogen in
the stools was 104 Illgms./day. Gastric
analysis revealed achlorhydria after
histamine. 6 examinations of the stools
were negative for blood. X-ray examina
tion of the gall-bladder, stomach, duo
denum, and colon was negative. X-ray
examination of the chest revealed an
old fibroid pulmonary tuberculosis at
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the left apex.

Course

Three months prior to her admission
to the hospital this patient had been
sent to the med.ical di spensa:tty with a
diagnosis 9f gall-bladder disease. It
was thought in thp dispensery that she
had pernicious anemia, and she was
given a total of 60 cc. of liver extract
intramuscularly without relief of her
~wptoms, or alteration in the blood
picture. After admission she was given
90 grains of ferric ammonium citrate a
day, and her reticulocytes rose to 7%
on the 11 th day, One month later the
hemoglobin was 85% 2nd the erythrocytes
4.3 nillion. She stated that her general
health had been markedly improved.

Impression

Pl~~er-Vinson syndrome. Idiopathic
hypochromic aliernia of the macrocytic
type.
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