CHAPTER 7

IRON DEFICIENCY AHAEMIA

Iron deficiency anaemia is one of the commonest
nutritional deficiencles very widely prevalent throughout
the world (Moore and Dubach, 195€). It is extremely
common in the tropies and in India (Woodruff, 1955; Foy

and Kondi, 19587; Foy, Kondi and Sarma, 1958).
DEFINITI 0N

In health, the number of the red cells and the
percentage of haemoglobin depead on a delicate balance
between fresh formation and destruction., This talance
may be upset in disease or other conditions, e.g.,by
decreased production or increased wastage. The resulting
deficiency in the oxygen carrylng capacity of the blood,

which mainly resides in the ha=moglobin content of the red
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cells, is czlled "ANAEMIA".41

Thus, anaemia refers to

the concentration of oxygen carrylng substance in a certain
volume of blood., The term anaemia, as is generslly used

in clinlcal medicine, refers to a reduction below normal

in the number of red corpuscles per c.mm., the quantity of

haemoglobin and the volume of packed red cells per 100 ml.

38
of blood.1

In iron deficiency anaemia the haemoglobin and to
a lesser degree the volume of paciked red cells, are reduced
much more tren is the red cell count. This is due to the
fact that the majority of red corpusdes meking up the blood
are smaller than normal (microcyticj and are poorly filled

with haemoglobin (Hypochromic).

AETIOLOGY AND PATHOGENESIS

A clear cut response to administration of iron,
makes it evident that, lack of iron is of great signifi-

cance in the pathogenesis of iron deficleney anaemia,

Factors concerned with the absorption of iron, the
relative value of different foods, iron transport and
storage and the requirements for iron have already been
discussed in Chapter 4, On theoretical grounds the cir-
cumstances under which iron deZiciency might occur can te
enumer ated as follows :

(1) 1Inadequate intake
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(II) Impaired absorption,
(III) Increased requirements
(IV) Imperfect utilization

(V) Excessive loss

"(VI) Inadequate protein supp.y

. In many instances, more than one of these factors
is involved., Time is an additional factor. Until the body
stores of iron have been drained, iron deficiency anaemia

will not develop.

I. Inadequate Intzke :

It is rere in ordinary practice to find cases of
iron deficiency anaemia in which the consumption of a2 diet
lacking in foods contailning iron, is the only discoverable
etiological factor. It is true, however, that food
idiosyncrasies, bad dentition, gastro-intestinal distur-
bances or well-intentioned but misguided treatment of
such disorders, poverty, exigencies of war, cultivation
of "money crops" to the exclusion of farm products necessary
for home consumption, or relligious tenets and caste prac-
tices result in the use of a diet whid: can furnish little
haemoglobin~-tullding material., 4s economic conditions
improve, such grades of deficiency become less and less

common, but in many parts of tnae world, and particularly
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in India, they are still prevalent.

Iron deficiency anaemiz was found to be common
in regions where the soll was deficient in iron and

the vegetables grown were low in iron content.

II. Impaired Absorption :

The facilitation of iron absorption attributed to
the normal acid secretion of stomach is real, but, never-
theless, relatively unimportant under normal circumstances.
However, when the requirement of iron becomes relatively
high, the presence of free khydwprkwXk hydrochloric acid
may be important in meking asdiitional dietary iron avail-
able for absorption., Thus, hydrochloric acid is only of
minor importance except perhans when iron requirements
are high and therefore even minor factors may be‘signifi-
cant. It is noteworthy that chronic & iron deficiency
anaemia is not unusual in men following gastrectomy even
though this type of anaemia is rare in the male sex other-
wise. Achlorhydria alone rarsly causes iron deficiency
but, when other factors are contributing to the develop-
ment of iron deficiency and, in consequence, iron reaaire-
ments are high, the handicap of achlorhydria may be of

some importance.,

In addition to gastrectomy other defects in the
gastro-intestinal tract may contribute to the deveiOpment

of iron deficiency. Thus, tris type of aneemia is often
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associated with sprue, steatorrhea, celiac disease,
pellagra and sometimes seen in other disorders cheracteri-

sed by diarrhea and impaired sbsorption,

Inspite of high dietary intake of iron, iron defi-
clency mam anasemia can be produced by impaired absorption.
Among the several factors which interfere with digestion
and absorption of food iron the phytic acid and phytate
content of the diet are impor:ant.s It was shown that
high phytate level of 40 per cent in the diet gave rise to
Increased faeceal excretion and considerable dimination of

iron absorption.l8

Infection 1s one of the most important factors
responsible for impalred iron absorption. The absorption
of iron frem gastro-intestinal tract is considerablgy

diminished in presence of infection.82

III. Increased Requirements :

In the absence of diseage, requirements of iron
in a male adult vary little. In infancy, childhood and
adolescence, on the okher hand, the requirements of iron
are imwxx increased because of the greater needs for the
rapidly growing tissues. Similerly, in females from
menarche to menopause, the recuirements of iron are

increased tecsuse of menstruation, pregpsncy snd lactation.
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In infents from four to six months until three
years of age, iron deficiency anaemis is common. The
ansemia is particularly comﬁon in premature infants and

in twins, and is more frequent in artificially-fed
infants as compared with breast-fed infants, A similar

type of ansemia is observed in older children with abnor-
mal eating habits. The development of iron deficiency
angemies in infancy is not 2 matter of surprise when it is
recalled that during the firs=: year of 1ife the total blood
volume must be tripled and the quantity of haemoglobin
doubled. It has been rightly said that "the infant bleeds

into his own increasing blood volume."

The greater demands for iron in the female readiidy
account for the prevalence of iron deficiency anasemiez in
female sex. After the age of puberty, such anaemia is
much more common in the female than in the male, The iron
requirement in female during reproductive period is four

times that of the male.

Iron deficiency is, therefore, common in pregnancy
and in lactating women and particularly so in multiparous
women., Thié is to be expected if consideration is given
to the fetzl requirement, the quantity of blood in the
placenta and uterus and the ultimate loss &% at parturi-
tion, especially if these dra:ns involve a person whose

stores may alresdy have teen saxed by a number of years of
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menstrual losses and perhaps several preceding pregnancies.
It may be added thst child-bearing represents a drain of
about 725 mg., which is by no means made up by the saving
of menstrual losses which is on an average 30 mg. per

period in normal women.

Thus, it is clear from she foregoing considerations
that when one considers the increased requirements of
iron needed by growing children and young women, it is
evident that many of them are Ziving on a razor's edge
in respect to their iron content, and that a negative iron
balance can readily develop to produce iron deficiency

angemia,

IV, Imperfect Utilization :

A theoretically possible additional factor 1s the
role of faulty utilicetion of iron., It is knownthat iron
balance is disturbed when there is an infection, There ig
no evidence that infections are ever a primary cause of
iron deficiency. In fact, the iron which is unused remains
in the body stores. Nevertheless, impaired utilization
of iron as the result of infeczion might possibiy serve as

a contributory factor in the development of anaemia,

Thus, in certain cases, inspite of the presence of
iron in large quantities in the body; iron deficlency anae-

mia 1s pregent. 1In such instances, the iron stores in
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the liver or spleen may be unaveilable for haemoglobin
synthesis, iron may fail to enzér the red cells, or finally
iron utilization may be blocked in the interior of the
red cells.15 |

Anaemia tends to be greater in degree in the more
serious and in suppurative infections. There is some
evidence that greater the number of orgenisms, the more
severe the gnaemia. In most instances, infections of less
than a month's duratibn are 'nos accompanied by significant
anaemia, There is no direct correlation, however, between
duration of infection and severity of anaemia, In general,
anaemia gracdually progresses while the infection persists,
but after z timethe degree of anaemia becomes relatively

constent. There are exceptions to this pattern, of

course,

It scems most likely that the anaemia of infection
is the resultent of impeired e-ythropoiesis and shortened
survival of red corpusecles. It is well-known that mrod
profound metabolic alterations accompany infection and
these have now been shown to includé alterstions in iron ,

copper and porphyrin metabollism,

V. Excessive Loss

Chronic tlood loss, open or concealed, is an

important etiological factor for the ceusation of iron



130

deficiency anasemia, This may be only as an exaggera-
‘tion of physiological blood loss, as by menstruetien, or
becsuse of some disease. Thus, common causes are meno-
rrhagia and metrorrhagia from aterine fibrolds, or peptie
ulcer, herniz at the esophageal hiatus,nbn~specific ulcer-
ative colitis, carcinome of the stomach or colon, cirrhosis
of liver with tleeding varices or bleeding hemorrhoids.
Sometimes, such enaemia mey result from recurrent severe
epistaxes, as in multiple hereditery telangiectasia, or
from recurrent attacxs of microscopic or macroscopic
heematuria, 1t is possitle to a certesin extent to make up
for the loss of btlood Ly consumging an adequate diet, as
the absence of anszemia in meny men with chronicelly
bleeding hemorrhoids indicates. Nevertheless, if suffici-
ently great and when continued for a long enough time, the
chronic loss of blood will result in iron deficiency even
when other demends for iron, es in men, are x=m small,
Since the chronic loss of blood in the meale, if detected,
would usuelly leed to hie seeking attention, the discovery
of iron deficiency enaemie in a male patient almost always
signifies tke presence of an occult source of chronic blood
loss, such as peptic, ulcer er carcinoma of the ascending

colon or stomsach.

Hookworm infection is one of the most importent
etidbgical factors for the ceusation of iron deficiency

anaemia, and this is particularly true for the tropicel
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countries, The role of hookworm in the production of
anaemia along with the amourt of blood loss are specia-
11y considered in deteil in the next chapter. 1In cases
of hockworm infestation,besides the blood loss ceused

by the worm, there may be other contributory factors

like deficient diet, other drains of iron stores, as

for example from repeated pregnancies,and achlorhydria,
Marked reduction in serum vitamin B12 levels and impaired
intestinal absorption of folic acid in persons with heavy
hoockworm infestetion give further evidence of their
impaired $tate of nutriation. Amongst the other pare-
sites, subtertial malarizl parasites, which is not

common now,at leest deserves a passing reference.

Salicylate administretion is put forward as a
possible cause of znaemie which is sometimes referred to
as "Salicylate ansemia" (Summerskill and Alvarez,1958).
Consumption of salicylate compounds causes occult gastro-
intestinal bleeding in a considersble proportion of pati-
ents (Lange, 1957; Alverez and Summerskill,1958), and
much less frequently, haemetemesis or malena occurs as
a result of medicetion (Muir and Cosar, 1955; Alvarexz
and Summerskill, 1258). It Las been suggested that the
bleeding mey be responsitle for the decrease in circulat-
ing hsemoglobin. Im additior,it has been shown that

during the administration of salicylate the survival time
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of red cells is diminished. Tmus, the combination of
blood loss and increased red cell destruction may account
for the ansemie which develops following salicyleate
administration. It is further suggested that sxkk sali-
cylates might produce anaemiz not only by gastro-intesti-

bleeding
nal /but alsc by interference with the metebolism of iron

through some unknown mechanism.66

The role of the skin as an additioneal and impor t-
ant channel for iron loss in relation to iron deficiency
ansemia has not received as much attention 2s the problem
deserves. The skin and sweat glands are importent am
excretory orgens for iron. It has been shown that under
conditions of profuse sweating together with desquamation
of epithelial cells significans amount of iron could te
lost from the body. Hence, this could be one of the etio-
logical factors in the widespread prevelence of iron defici-

anaemie 64
ency/in the tropics, (Hussain et al,, 1960). Foy and
Kondi (1957) have also suggested that excessive‘dermal
loss of iron msy be the probable etioclogical factor in the

genesgis of iron deficiency znaemiz in the tropics.18

VI. Inadequate Protein Supply :

Although it is obvious shat the adequate supplies
of protein ere required to build up the glokin or the
protein portion of haemoglobin, this aspect has been on

the whole neglected because anaemia due to or contributed
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by protein deficiency is rare and is usually masked by
other deficiencies.131

Anaemis eggravated by or partly due to protein
deficiency is more common in women than in men, and is
prone to occur in pregnancy. Anaemia arising fundsmentzlly
from gross protein deficiency is well shown by the liver-
disease and Kwashiorkor so prevelent in Nigeria and other
parts of Africa.l31 A floor protein diet, however, may not
always cause anaemia, probably because of the fact that
haemoglobin formation takes precedence over the formation

of even plasme protein in the body.

From the above consider:tions, it is clear that
a multiplicity of factors may %e involved in the product-
tion of iron deficiency anaemie. Often, in a glven case,
more than one fzector. has played a role., Whiehever, of
the above single or multiple factors is involved in @
given case, the ultimate result is the same, namely, a
negative iron belance with ultimate depletion of the iron

stores of the body.

The severity of symptoms of patients with iron
deficiency enaemia is often not proportional to the degree
of ansemia, This can be admitted readily and could be
well expected in persons who hasve developed anaemiz over

a long period of time and under a great variety of social
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and economic circumstcnces.,

SYMPTOMATOLOGY

Certein features are conmon to all forms of hypo-
chromic microcytic snaemia., Their onset is insidious
and their progress is graduel, The duration of symptoms
usually varies from 2 to 22 years. Symptoms common to all
ansemias may be found, such as, weakness, fatigability
and pallor. An @ver present feeling of "dead-tiredness"
is a frequent'symptom. Neverthelegs, in some cases the
oneet isiglow that the patient becomes adjusted to the
chronic state of ill-health and severe grades of anaemia
may be meintained with remarksbly few complaints, In
infants with iron deficiency anaemia, edema of extrimi-

ties, as well as enlargement o liver, spken and lymph

nodes, may develop when the znaemia is marked.

1. Gastro-intestinal Symptoms 3

Gastro=-intestinal symptoms include logs of appetite,
flatulence, heart burn, vague and often shifting and
irregular epigastric distress after mesls, and hunger
pain are prominent features., Constipetion 1s troublesome
and relatively constant symptom., Diarrhoea is a common

symptom in iron deficiency anaemia of later life.

Soreness of fongue and mouth are common but are

less severe than those found inm pernicious anaemia. There
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may be pain or spasm in the throat or actual dysphagia.
Difficulty in swallowing,also known as Plummer-Vinson
Syndrome, though uncommon and late, i1s a striking fezture

of the disease, when present.

A relatively rare symptom is hematemesis, which,
when it is associated with anaemia and spleenomegaly,

suggests the diagnosis of Banti's syndrome.

2, Cardio-respiretory Symptonms :

Cardio~respirstory symptoms include palpitation
which is common, persistent and troublesomey arrhythmias
of the simpler variety; dyspnea on exertion,and choking
sensations. @#deme arocund the ankles and, less frequently,
puffiness of the face when present, may produce a clinical
picture which suggeste congessive cardiac failufe or c¢hro-

nic nephritis.

3. Genito-urinary Symptoms :

Disturbances of menstruetion are frequent. The
periods may appear late, they may be vary profuse,
or there may be dysmenorrhes or irregularity of flow.
Amenorrhea is quite frequenty Pruritis vwlvae occurs
but is uncommon. ﬁrinary compleints are rare unless

there is complicating cystitis.
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4, Endoerinazl Features :

In addition to the disturbances of menstrual
function already mentioned, there may be signs of mild
hypothyroidism which do not disasppear as the ansemia is

relieved but require specific treatment.

5., Neuro-muscular Symptoms 3

Nervous irritability, deZicient mental gpplication,
headache and disturbances of sleep are common symptoms.
There may be neuralgic peains, vasomotor disturbences, or
tingling and numbness. The lasz-mentioned complaints iz
are found in about 15 to 30 per cent of the caseg of iron
deficiency anzemia, but,like glossitfis, they rarely attain
the prominence found in pernicious anaemie. More serious
symptoms such as disturbences of gakaxgxix gait and object-

ive neurological findings are qguite rare.

In zddition to the symptoms described ahove, in
patients in whom the ansemia is primerily due to blood loss,
there may be complaints referratle to the system where the
blood loss is occurring. Thus, there may be signs and
symptoms indicative of peptic ulcer., It is important
to note thet the symptoms of anesemis may completely obs-

cure those o7 the underlying condition.

€. Symptoms of Hookworm énaemia 3

In hookworm anaemia the symptoms, in generesl, are

similar to those already outlined. Epigastrie pain,
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abdominal crepps, vomiting, dierrhes or constipation
of

are common., The history/Mground-itech" is usually

not obtained. Long infestéd c¢hildren show retarded

development, both physical and mental.

PHYSICAL SIGNS

The appearance of these patients is often quite
characteristic. They do not look =mzmkmak scutely ill but
appear tired and lifeless. Pallor, when present, is the
most striking outward sign and is obsérved in skin, mucous
membrance and nails. There may be no evidence of weight

loss and some patients are actually obese.

Skin is enelastic, wrinkled and dry. The hairs
usually feel dry and lusterless and are often scanty.

The nails are soft, thinm, brittle, lusterless and flat.

In advence cases the normal convexity is entirely lost
and replaced by hollowing which is so great that in some
cases 8 drops of water can be run into the concavity of

62

the naill without overflowing. Such spooning of the

nails appears first in the lower 1limbs and then in
the upper 1limbs, and is known as 'Koilonychia'

(Photogr aph No.3).
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Fingers of one of the patients
showing Koilonychia

The mucous membranges of the gums and pharynx
are pale, as ars the nail-beds and the ocular conjunctivae.
The lest mentioned are blue or pearly white instead of

icteric as i pernicious anaemia,

The tongue is usually pale. It may show papillary
atrophy. This, however, is rarely if ever as striking as
is found in pernicious anaemia. There may be a swelling,
a blotchy, irregular denudation of the papillae or dusky
red irregular spots on the tongue. Flssures may be present
at the angles of the mouth. On the mucous membrane of the
mouth there may also be small, Hlister-like lesions surround-

ed by areas of erythema,

Slight cardiac enlargement may be present. Function-

al systolic murmers are very common., The presence of edema
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arounc the ankles has already been mentioned. The
abdominal wagll is often atonic end inelestic. The
"potbelly" of hockworm disease is a classicel feature

of advenced cases of that condition, The liver is often
paldpable end in some patients with marked anaemia, it
has been quite large. In about one-third of the cases
of iron deficiency anasemia in leter life, the spleen

has been palpeable but excessive enlargement is unusuasal,

LABOSATORY FINDINGS

The changes in the blood necessarily vary with the

severity of anaemia.

The peripheral blood smear showg micro-cytosis,
hypochromesia, anisocytosis, poikilocytosis and occasional
target cells. However, the chief characteristic feature
is the poverty of haemoglol n in the individual corpuscles.
This is indicated by an axgx exaggeration of their central
pallor. The more severe the anaemia, the greater the degree
of this change and the more numerous =m the corpuscles
affected. In extreme grades of iron deficiency anzemia,most

of the red cells are meére rings (Photograph No,34),
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A Microphotograph of the peripheral
blood smear from one of the patients

In almost all cases, however, a variable number
of well-filled red corpuscles are present and some macro-
cytes, often polychromatophilic, can be distinguished.
These probably represent the Zeeble effort to form
haemoglobin-containing corpuscles. The number of such

cells 1s increased as the iron is made available.

The morphologicel changes are reflected in the
guantitative data, The haemoglobin is reduced out of
proportion to the red cell count and volume of packed
red cells. The red cell count may be normal or even
somewhat above normal when the hasemoglobin is as low as

8 gm. per cent, Extreme reduction in red cell count,such
as fx® seen in pernicious ansemia, are not found. It 1s
the haemoglobin and volume of packed red cells which
are markedly reduced. Cases are recorded in which the
haemoglobin was as low as 2.5 gm, per 100 ml. and the

volume of pecked red cells 10 ml.
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In majority of the cases M.C.V, ranges from 55 to 74 cu
(normal 82 to 92 cu), M.C.H, ranges from 15 to 21 uug
(normal 27-31 uug), and M.C.H.C. ranges from 25 to 30

per cent (normal 32 to 36 per cent).

Mean dlameter of red corpuscles is reduced and
renges from €.2 to 6.7 u (normal €.€¢ to 7,7 u), and
the Price-Jones distribution curve shows a broadened

bese and is swung to the left of normal.

Reticulocytes are norma’ in number or reduced,
unless a recent haemorrhage has occurred. A Jayge haemo-

rrhage may induce temporary reticulocytosis.

Serum iron content is markedly reduced (usually
below 35 mcg. per cent) and serum iron-binding cepescity
is increased. Moreover, there is a good response to the
oral iron absorption test in which serum iron estimstion
is carried out at intervals after the administration of
a test dose of an iron salt. The following curve shows
the response to the administration to a fasting patient
of 1,6 gm, of ferrous gluconate, with serum iron determin-
ations after 1, 3 and 7 hours. If the rise in serum iron
is small (B), the patient has sufficient stores of iron,
but if the serum iron concentrztion rises rapidly (A4)
end greatly exceeds the apvroximate maximum normal value

of 220 mcg. per cent, a state of iron deficlency requiring



142

iron therapy is indicated (Photograph No.3B),

3B
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Response to the Iron Absorption
test in a patient with. iren
defisiensy (A) and one with
adoguate iren reserves (B).

Blood plasma is very pale and no evidence of
incressed blood ddstructlion is found in the urine or

stools,

Leucocytes may be normal inwmber or slightly
reduced. A few multisegmented neutrophils may be found,
and there may be slight absolute granulocytopenia as
well as relative lymphocytosis in long-standing cases,

A fresh hsemorrhage ef large size, however, may cause
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slight leucocytosis of the neutrophilic type. In hook-

worlm anazemia, eosinophilia is common.

Platelets are usually -normal in number. However,
in long standing cases of chronic iron deficiency anaemia

in edults, the number of platelets may be slightly reduced.

Plasma protein content is quite often reduced,
total proteins being less than 5 gm. per cent (normal

range 6 to 8 gm. per cent).

Bone marrow is hyperplestic and shows a relative
as well as absolute increase of normoblasts. Unliké the
pernicious anaemia, megaloblasts are not found, although
young normckblasts are in evidence, The predominant cell
is a small polychromatophilic normoblast. The increase in
normotlasts is roughly proportional to the degree of aneemis.
Thé“bercentage of these cells increases after the admini-
stration of iron but as the blood is restored to normal,
the cellulerity of the marrow likewise x returns to normal.
The granulopoiesis, in genera’, is slightly reduced but
does not show any significent deviation from the normal,

There is, however, a remarkable absence of stsinable iron,

Gastric analysis shows achlorhydries which is a
common finding in chronic cases of iron deficiency anaemia.
Frequently, there is an excessive secretion of mucous
and decreased formation of pepsin. The volume of the

gastric secretlon is generally less than normal.
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Other laboratory findings are not noteworthy
except those which may reveal occult bleeding, as for
example, from the gastro-intestinal tract. The urine shows

no significant changes.

COURSE AND PROGNOSIS

The disease is chronic and the average duration
of symptoms before treatment is 5§ years. It is rarely fatal
but in the absence of proper treatment many patients remain

103
invalid for years together.

Under the influence of iron therspy, the blood returns
to normal and many of the symptoms disappear. This is par-
ticular true so far as glossitis 1s concerned. Tongue
papillae and nails return to normal. The cardiac murmers
may persist for a long time although dyspneaz diseppears.
Failure to respond to oral iron therepy and a subsequent
need for parenterzl iron therapy is very rare. In some
patients & certain degree of fatigability or other complaints
may persist for a long time. Since many of these patlents
have been ill for many ycars and have acquired faulty
hebits of various kinds, it somatimes reguires all the srt
of the physicien to bring about complete restoration of

health.
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There is strong tendency to relapse, which can
only be avoided by re-examination at frequent intervals
or by persisting with iron therapy, at least 1n small

103
doses.

PREVENTZON

Iron deficiency anaemia can be greatly prevented
by increasing the iron intske of the population either by
encouraging the use of foods kaown to be rich in iron
through a programme of health z2ducation or by administer-
ing supplemental therapeutic iron. Aykroyd et al. obser-
ved that iron medicagiggagzs mere effective in the treat-
ment of iron deficlency/rather than consumption of iron
rich fonastuffs, whereas iron rich diet was valuable for

the prevention of iron deficiency anaemia.lo9

Foy and Kondi observed that 85 per cent of their
sngemia cases responded to ircn edministration and suggest-
ed that some thought should be given to the fortification
of the diet with iron.

The eradication of hookworm and the resultant
chronic blood loss, would also help in malntaining the

. normal hremoglobin levels.

In addition to all these condiderations, therapeu-

tic iron should be given dur.ng the periods of rapid
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growth as in infency and childhood, and to women during
pregnancy. Prophylactic administrztion of iron in profess-
ional blood donors not only prevents the onset of iron
deficiency, but also hastens the regeneration of hzemo-

globin,

TREATMENT

In recent years, there has been a vast improvement
in the treatment of Xxmy gufizkumey anaemia. From a period
when nonspecific measures refresented all that was availabk

for the treatment of ansemiz, we have passed to a pcriod

in which severel types of znaemia can be treated specifi-
cally and drzamatic recoveries can be expected, Yet 1t is
by no meang unusual even today =o encounter cases of anae-
mia which have been treated ine’fectively, inadequately,

and incorrectly.

I. General Measures :

It is not very necessary to dwell on general mee-
sures in the treatment of enaemia for they are similar to
those employed in the treatment of all acute and chronic
diseases, Physical rest, mentsl serenity, fresh air,
sunshine and massage are valuab_e and impor tant. As the
patient improves in strength and well-ting, exercise

should be started gradually and persisted ixm systematicelly.
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physical exersion to the point of actual fatigue should
be avoided.

Gastro-intestinal disturbances must be treated as
they arise. Constipation is cammon in ansemic patients.
Drestic purgatives should be avoided. Contrary to the
effect of small doses of iron, the larger amounts which
are now employed may cause diarrhea., The latter can te
prevented by commencing with zbout half the ultimate
dose and gradually incressing the amount. If this is done,

en angemic patient, formerly constipated, may regain nor-
mal bowel movements., In achlorhydric petients, diarrhes
may be troublesome or nausea mey occur. These symptoms’
are sometimes relieved by the zdministretion of Mist Acicd
pepsim ounce 1 E.D.P.C, Glossitis can be relieved by
appropriate therapy, depending on the type of deficiency,
but this may have to be given parenterally to be effective

(e.g. vitamin B Complex or Bqg).

Respiratory and circulatory symptoms will be allevia-
ted as the ansemia is effectively relieved. Sometimes, the
development of anaemia is sufficient to precipitete fail-
ure in a diseazsed cardio-vascular gystem which is able to
function adequatenly when the oxygen supply is normal.
Digitelis therapy may be necessary. Anginal symptoms wiil

often vanish as the blood count rises.
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As regerds the nervous svstem, the management is
the same as in the trestment of nervous conditions unrelated
to anaemia, As indications arise, it is permissidble to

use the sedativss.

11, Diet in Ansemia :

Dietary manegement in caszeg of iron deficiency
anaemia is carried out by encoureging the patients to take
a well-balanced, high protein, xighk vegetsrian or non-
vegeterian diet contzining foodstuffs rich in iron (vide
Chapter 4). The concentrated carbohydrate foods, such as,
cakes, puddingg and the like, should be avoided since their
ingestion necessarily lessens the agppetite for more valuatle

foods. For similar reasons, fats should not be given in

excess.

The consistency of the diet and the numbter of feed-
ings must be adjusted to the state of health of the patient.
All food should be tastefully served and seasoned while
cooking, end monotony in meals must be avolded. A proper

diet helps to prevent relapses.

If the znsemis is severe, bland diet consisting
of milk and milky foods, fruits and vegetables should be
given. It is preferable to givaz small frequent feeds
at 2 to 3 hours intervals and gredually increased as the

appetite lmproves.
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III, Iron Therepy :

The administration of adequate amounts of inorganic
iron selts is so regulerly followed by a well-marked thera-
peutic response that such treatment can be regarded es
specific.

1. Relative value of verious forms of Iron :

Clnical experience is consistent regerding the effectiv-
eness of inorgenic iron salts, given by mouth, in the treat-
ment of iron deficiency anaemia and the greater efficiency cf
bivelent salts as compared with trivalent forms.

A great yariety of compcunds for use in oral iron xk
therepy have teen promoted from time fto time, with claims of
grezater effectiveness, greater tolerance and less toxiecity.
No convincing evidence has been provided so far that any one
of the compounds proposed is better in any way than FERROUS
SULPHATE, which is also the cheapest availeble compound.
There is also no evidence that supplement:tion of ferrous
sulphate with other substznces, whether they may be metals,
such as copper or cobalt, or vitarins, such as witamin Bqg,
folic acid or ascorbic acid, is of any value in acceleratig
the response to therapy with iron in cases of iron deficiency

anaemias., These mixtures only add to the cost,

2. Preparations and Doses :
The most commonly used iror preparations are ferrous
sulphate and ferri et ammonium citrate., However, the cholce

of preparation is a matter of convenience and tolerance.The



150

average effectlve dose of the common preparstions of
iron, elong with the amount of Elemental Iron administered,
and the percentage used for hasemoglobin formation are

given below : 132

TABLE NO, 4

EFFICIENCY OF VARIOUS “RON PREPARATIONS IN
RELATION® TO DOSAGE

Sr. Iron prepareation Daily dose Elementeal Daily utilisa-
no. in iron in tion of ingest-
gm or ml, mg. ed iron.
mg, percent
1 2 3 4 5 €

FEREOUS PREPARATICNS :

1. Ferrous sulphate(EXC.) 0.€ 180 27.2 15
2. Ferrous Cakbonate 0.3 150 15.0 10
3. Ferrous Chloride 0.25 100 12.0 12
4, Ferrous Lactate 1.0 190 15.2 8
5. Ferrous Gluconste 0.9 104 11.5 11
€., Ferrous Succinste 0.45 111 6.8 15
7. Ferrous fumarate 0.6 195 - -

FERRIC PREPARATIONS :

8., Perric citrate 2.0 400 24,0 6
9, PFarri et,ammon.citrate 4,0 800 12.0 1.5

10. Colloidel Ferrie hydroxide 5.2 €00 84.0 14
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. . i

Sr. Iron preparation Deily dose Elemental Daily utilisa- -
No. in iron in  tisp of inges- - s
gm, or ml, meg. ted dron .
mg. pereent
1 2 3 4 5 6
CHELATED PREPARATICNSG :
11. Ferrous aminoacetosul-
phate 0.9 150 7.5 5.0
12. Iron Choline citrate
(Ferric) 0.96 120 18.0 15
13. Sodium iron edetate
(ferrie) 1.1 165 12,5 7.6
INTRAVENOUS PREPARATICONS:
14. Saccharated Ironoxide
(Ferrivenin) 5.0 100 85 + 85+
15, Iron-dextran complex
(Imferon) 5.0 250 212 + 85 +
16. Iron-dextrin complex :
(Astrefer ) 2.0 40 27.2+ 68+
INTRAMUSCULAR PREPARATIOKS:
17. Iron-dextran complex
(Imferon) 5.0 250 150+ 60+
18, Iron-sorbitol complex
(Jectofer) 2.0 100 60+ 60+

3. Orezl Iron Therapy :

Until recent years, the only practicable route

for iron administrestion was by mouth, and it is still the



152

réute of cholce in the great majority of cases, the reason
being the easse of administration besides the fact that the
actual administration is free of cost. Moreover, the
time-honoured ferrous sulphate which is the cheapest and
more effective than, or at least as effective as, any other

oral iron compound is still the drug of choice.

The effective daily dose of ferrous sulphate is &x@
0.€ to 0.8 gm, per day, given in form of tablets of 0.2 gm.
size. To avoid gastric irritation ferrous sulphate should
be given immediately after the meals, The daily dose should
be civided roughly in accordance with the sigze of the meal.
Two tablets may be readily tolerated after a large meal

whereas one may cauce discomfort if the stomach is empty.

Tablets, pills or capsules conteining iron salts
are preferable to solutions of iron for the latter may oxi-
dise, generally stain the teeth and are distasteful., Tab-
lets of ferrous sulphste are ususally specially coated to

prevent oxidation to the ferric form,

Ther apeutic doses of oral iron preparations may
induce geastric distress, nausea, vomiting, diarrhea, consti-
pation or heart burn. The inclidence and severity of these
symptoms can be reduced by starting at 16w dosage levels,
say about one-third of the meximum, and graduzally increas-
ing to the required level in the course of 3 to 4 days.

For the same reason, it is custorary to give the drug after
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meals. Thus, the tolersnce for iral iron salts is
increased by post-praendial administrestion of gradually

increasing doses.

The response to oral iron therspy is somewhat
variable and, although it is sometimes as dramatic as
that of pernicious anaemiz to cyanocobalamin, it may be
two to three menths before normal btlood levels are reached.
Treatment at full dosage levels should be continued for
at least one month thercafter, and preferably for longer
in order to prcvide for replenishing of the body stores.26

Rarely, the patlent is intoleraat to oral iron in eany form,

end iron has to be given parentarsally.
4, Parenterel Iron Therapy

Parenteral iron therapy should not be used if orel
rdministration is possible. There are few legitimate

Indicetions for parenteral therepy. These are :

(a) Patients with iron deficiency anaemia who are unable
to tolerate iron by mough, e.g. cases of ulcerative
colitis, persistent vomiting (as in pregnancy),
disordered gecstro-intestinal fume tion after gastre-
ctomy and carcinoma of stomach. In such patients
iron by mouth may seriously aggmegak aggravate the
symptoms. However, most patients with these and
similar gastro-intestingl disorders can take iron

orally if proper instructions are given(vide supra).
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() Inability to aktsorb adequate amounts of iron taken
by mojth. Such cases in which steatorrhea is usus-
lly present are rare, However, in many cases of
steatorrhea and even in sprue and after gastrectomy,
iron is usually absorbed satisfactorily from the

gastro-intestinal tract.

(¢) Need for rapid restoration of normal haemoglobin
level e.g. later stages of pregnancy or when blood
kxxusmixx transfusion is contraindicated. It is

rare that the need is this much urgent.

Recently, two compounds have been shown to be more
effective., One, however, iron-lextran was found to ke
markedly sarcogenic in the rate and its use has tbteen
abandoned. Thus, there remeins only the Saccharated oxide
of iron which must be glven intravenously., This is an
iron-sacrose compiex containing 2 pe» cent ferric or

ferrous iron, colloidally suspended,

If parenterel iron therapy is indicated, the total
quentity given should not te more than the am aint required
to restore the\haemoglobin to normal. There are two

methodle4 for calculating the amount of iron required :

(a) Give 250 mg. for every 1 gm. of haemoglobin

deficiency. The formula for calculating this is:
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Normal Hb - Patient's Hb x 250 = mg. Fe
(gm.%) (gm.%)

(b) Another method is to estimate the haemoglobin
deficit in gm. per 100 ml. (e.g. normsl is 15
and the patient has € gm, per 100 ml., then the
deficit is 8 gm, per 100 ml.). Considering the
hypothetical blood volume as 5 litres, the total
haemoglolin deficit will be 50 x 8 = 400 gnm.
Considering that each gm. of haemoglobin SxExmzxx
contains 3.4 mg. of iron, then the iron needed to
replace the total hasemoglobin deficit will be 400 x
3.4 = 1360 mg. Fe, Then add 1000 mg. to fill 'the
iron stores. This gives a total dose of approxi-

mately 23€0 mg.

Because of the possible =—oxic effects, only 50 mg.
of iron should be given at the Zime of the initial injec-
tion. Subsequent daily doses of 100 mg. are given until

the gam calculated dose has been administered.

EFFECTS OF IRON THERAPY

If severe iron deficiency is present, a vigorous
response can be expected, The speed and magnitide of this
effect depend on the route of administration and the smount

of iron absorbed.
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A rise in the percentage cof reticulocytes follows
the Institution of iron theraepy end the increase is maximal
usually on 8th to 12th day after the institution of iron
therapy. Following the reticulocyte rise the haemoglobin,
volume of packed cell increase and the size and haemoglo-

bin content of the red cells gracually return to normal.

Symptomatic improvement occurs rapidly along with
the blood regenration. The colour improves, the skin becomes
less dry and wrinkled and more elastic. Appetite is better
and the patient's strength is regained. The tongue papillae
become normel in appearance. If koilonychia has been pre-
sent, the brittle concave nalls are eventually replaced by
convex, smooth and shiny ones. The enlargdd spleen recedeé
and,although i1t is quite rage, secretion of free hydrochlo-
ric acid is restored. The 'hemic' cardiac murmers are

slow to disappear.

REFRACTORINESS

When the established case of lron deficiency anacmia
fails to respond to the prescription of an oral iron prepar-
~ation, the first step should be <o ascertaln that the
prescribed dosage is actually being taken. Sometimes bed

rest seems to provide the needed stimulus.

It ic essential to ensure that the original causge
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of the anaemia 1s not still operating. A pathological
source of blooé232y remain unnoticed, or menstruation may
be excessive, Dietary factors are not of great impor tance
et this stage., Defective absorption is rarely the cause
of failure to respond to therapeutic doses of iron, and

when it 1s present, parenterel aiministraotion of iron will

soon prowide the answer and the cure.

What is more importent in a refractory case of iron
deficiency anaemis is the presence of a complicating factor
like infection, neoplasm, or chronic hepeatic or renal disessec.
In such circumstances the anaemia may actually be due to
iron ¥k lack, and the refractorin:zss may be due to toxic
inhibition of haemopoiesis. On the other hand, there
may not be a true iron deficlency and the anaemia may be
attributable whodlly to the direct interference with haemo-

globin formation in the presence of adequate iron stores.

TOXICITY OF IROK

The toxic manifestation resulting from iron therapy

may be described under three headings as :

(1) Toxicity of oral iron,
(2) Toxicity of intramuscular iron

(3) Toxicity of intravenous iron.
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1. Tcxieity of Oral Iron

Chronic intoxication from orally administered iron

therepy is practically unknown.

Acute toxicity can occur from ingestion of large
doses of iron. Ferrous carbonate appears to be the least
toxic of the inorganic salts (D'Arcy and Howard,1960) and
ferrous sulphate the most toxic. Organic iron salts are
less tox ¢ than Inorgasnic salts and the chelated forms are
lesst toxic.132 Thus, 3 grams cf ferrous sulphate may be

a fatal dose for a child aged 1 to 2 yeers.

Many iron pills unfortunately have attractive appear-
ance and a preliminary taste susgestive of sweets. Numercus
instances of iron poisioning have been reported in young
children who have been attracted by the apvearance and fla-
vour of the tablet-coatings., Duffy and Diehgl observed
three cases of ferrous sulphate poisioning in children,
Fatal cases have also been renorted by Luongo and Bjornson
(1954)."Iron encephalopathy" following the administration of
11 gm. of iron and ammonium citrate daily has been reported,
as well as a case in which paralytic ileus occurred from

retention of iron in the caecum.136

The ill effects of excessive amounts of iron are
attributable to the rapid absorption of the metal in

amounts fer above the iron-binding capacity of the plasma.
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Serum iron values as high as 3000 mcg. per cent have been
observed. 'The iron also has a 1local astringent action on
the gestro-intestinal mucosa and, in the liver, hemorrha-
gie necrosis of the peripheral or periportal portions of
the 1lobules has been described., Iron has also gbt toxle

effects on the central nervous system.

The signs and symptoms of acute toxicity consist

of three phases :

(a) An earlier phase developing after ingestion which is
marked by pallor, restlessness, nausea, vomiting,
diarrhea, haematemesis and malena. This is followed
by drowsiness and ultimately semieconsciousness and
coma and finally by signs of peripheral circulatory

collapse.

(v) A period of rapid improvement fof 12 to 24 hours may
be followed by sudden death 24 to 48 hours after the
ingestion of iron. Thus, such a misleading period

of clinical improvement precedes the final phase.

(¢) The finzl phase precedes the death and is character-
ised by cbvious metatolic, hepatic and cerebral

injuries, convalsions and coma,

As g first-aid measure voniting must be induced by

pressing a finger to the back of the tongue preferably



160

after a drink of milk., This removes any iron tablet remain-
ing in the stomach and thereby raduces further tissue damage.
Gastric lavage is repeated with 1 per cent sodium bicarbonate

or 10 per cent disodium orthophosphate (Shafir, 1961).

Forther treatment consists of measures to combat
shock. Shock is combzted by warmth, oxygen and intraven-

oug fluids.

Intravenous infusions of 500 mg. of calecium disodi-
um versenate (Ethylenediamine te-ra-acetic acid or E.D.T.4.),
which 1s a synthetic polyamino acid, in isotonic glucose
solution (Simpson and Blunt, 19€0), given slowly over €-1@
hours reduces the level of circulating iron and this should

be repeated dally until the serun iron level is narmal.laz

2, Toxicity of Intramuscular Iron :

Intramuscular administration of iron often causes
pain at the site of injection and occasionally may be
dangerous. Immediate reactiong include nausea, vomiting,
pallor and fall in blood pressure, but as a rule, they
are transient. Recently, iron-dextran complex (Imfegon)has

been reported to have carcinogenic effect.

3. Toxleity of Intravenoug Iron :

Intravenous administratior of iron often causes mild

to severe reactions. Paravenous injections are painful eand
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cause tissue damage. Local indurztion, thrombophletbitis,

trensiefnt venospasm may be produced.

Systemic reactions may be alarming and include
headache, sneezing, flushing, hyrotension, pein in chest,
back or extremities, symptoms suggestive of sympathetiec
stimulation (tachycardia, pallor and faintness), ar of
parasympathetic stimuletion (sweating, intense burning,
lserimation, nausea, brgonchospasm, dyspnea), and, more
rarely symptoms of ciruulatory collapse. Encephalitis has

been reported.

The excessive administration of parenteral ircn can
induce a syndrome somewhat similar to hemochromatosis. It
also resembles siderosis produced by repeated tlood trens-

fusions and can result in fibrosis of liver and pencreas.



