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1.

I N T R O D U C T I O N

The quantity of iron in the body la regulated 

largely by the amount absorbed from the put aa the body's 

oapaolty to exorete it  seems to be very limited. However 

three oonditlona have been described in which enormous 

amounts of iron may accumulate. Such a finding is 

characteristic of idiopathic haemochromatosis, it  is 

present in a proportion of malnourished South African 

Bantu and is seen also in oases of refractory anaemia 

treated over long periods with blood transfusions.

Idlopathlo haemochromatosis is a disease of unknown 

etiology and is associated with a characteristic clin ical 

picture in which skin pigmentation, diabetes mellltus, 

hepatic cirrhosis and endocrine changes are the most 

prominent features. More recently heavy accumulations 

of iron havs been shown to be present in the livers and 

other organs of a percentage of South African Bantu 

pellagrins. The hlatologloal features in some of these 

oases of ao-oalled malnutritions! cytoalderoais have been 

found to be indistinguishable from those seen in idio­

pathic haemochromatosis and some authors have concluded

/that • • m
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that chronic malnutrition in itiates a derangement in 

intracellu lar metabolism which is very similar to that 

in idiopathic haemochromatosls. A third source of 

excessive iron deposition has been introduced with the 

widespread use of multiple blood transfusions in 

refractory anaemias. In some of these oases of 

tranafusional haemoslderosls pathological findings very 

similar to those in idiopathic haemoohromatosis have 

been described. A feature of several such oases has 

been the finding of more iron in the liver alone at 

autopsy than could have been present in a ll  the blood 

transfusions administered. It has therefore been 

suggested that absorption of iron may continue to oocur 

from the gut in spite of excessive deposits throughout 

the body.

The primary object of the present investigation 

was to study and compare the pattern of iron absorption 

and utilisation  in these three types of iron excess.

Por this purpose 6 cases of idiopathic haemochromatosla, 

5 cases of malnutritions! cytoslderoala, 3 oases of 

transfuslonal haemoslderosls and 9 control subjects were 

investigated under standard conditions after each had 

been given a dose of radioiron by mouth. In the

/ In it ia l . ..
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in it ia l section of this thesis the results of this 

investigation are presented and their possible 

significance is discussed b rie fly .

In later sections the c lin ica l, laboratory and 

pathological findings of the oases investigated are 

presented and an attempt is made to compare the 

findings in the three conditions with special reference 

to their possible relationship. This comparison 

Includes an analysis of the present c lin ica l and 

experimental data and of the findings and views of

other workers



4

C H A P T E R  1

RADIOIRON ABSORPTION STUDIES,

IN IDIOPATHIC HAEMOC HROMATOSIS , 

VALNUTRITIONAL CYTOSIDEROSIS

AND TRARSFUSIONAL HAEMOSIOEPOSIS
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In the following section are recorded the 

techniques and results of radlolron absorption 

studies carried out on the cases of Idiopathic 

hemochromatosis, malnutritions] oytosidoroslo 

and tranafuslonal haemosldsrosls which were 

investigated In the present study. The findings 

In the three groups are compared with the results 

In a group of oontrol subjects. The section 

Includes a brie f discussion of the results obtained 

In this Investigation. Later sections of the 

thesis w ill include more detailed analyses of the 

clin ical material and possible significance of the 

results of the radioiron absorption studies.

MATERIAL AND METHODS

The investigation was originally started in 

1949 when radioiron could be obtained only from 

nTracerlebn, America. One case of idiopathic 

haemoehromatosls and (me central subject were studied, 

using this iron. Subsequently, it  was possible to 

obtain radlolron from Harwell, En land. The 

techniques used in the pilot study were, in certain 

respects, different from those employed in the other

/cases • « •
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cases and the dose of radloiron was larger. The 

results are therefore not strictly  comparable with 

those obtained la te r. However, as the early 

results were also of some Interest they have been 

included. To avoid oonfusion the p ilot study 

is referred to as Study 1 and the later one as 

Study 11. The differences in technique are 

referred to in the relevant sections. Where no 

comment is made, i t  can be assumed that the methods 

were the same in the two studies.

CLINICAL MATERIAL

The 24 oases Investigated are divided into 

4 groups (See Table 1 and Table 11. )

/Table 1. .
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ORODP 1 -  IDIOPATHIC HAEMQCHROMATOSIS - 6 Cases

Diagnosis was confirmed in a ll  cases by liver  

biopsy. The patients ranged in age from 24 to 66 

years. The e were 4 females and 2 males. Of 

the females, cases 3, 4, and 5 were post menopausal 

while case 1, in Study 11, who was aged 24, had 

amenorrhoea of several years duration. A ll,  except 

case 1 (Study 1 ), showed skin pigmentation. Cirrhosis 

of the liver was present in a ll  cases but diabetes was 

present in only three Hone had any significant 

anaemia. Case 5, who was diabetic, showed typical 

features of haemoohromatosis on liver biopsy but 

deposits of iron elsewhere in the body were absent at 

subsequent autopsy except in the pancreas which showed 

flbrotio  changes and minimal iron pigment. (Similar
(17 )

cases have been described by Herbut and Tamaki ' '

and teem to represent a milder variant of the classical 

pathological picture of idiopathic haemoohromatosis).

OROUP 11 - MALNUTRITIONAL CYTOSIDEROSIS - 5 Cases

These subjects, ranging in age from 47 to 66 yearst 

a ll  had the diagnosis confirmed on liver biopsy. Three

/were see



10.

were Bantu while 2 were of mixed descent. There 

were 3 females and 2 males. S.ach showed heavy 

hepatocellular and portal iron deposits together with 

portal fib rosis and b ile  duot proliferation. Three 

had diabetes, an unoommon feature in this condition 

while the haemoglobin values varied from 10.5 

to 16.0 grains % (average 14.3 grams £)•

GROUP 111 -  TRANSFUSIONAL HA M0SIDBR0SIS -  3 Cases

Eaoh of these eases had received more than 100 

transfusions of blood and was s t i l l  receiving fortnightly 

transfusions at the time of the study. Two showed 

aplasia of the bone marrow on reseated sections of 

bone marrow aspirations taken from various sites at 

different times prior to this study. In case 12 

the aplasia Involved a l l  the blood elements while in 

case 13 it was only affecting the red ce ll series.

In case 12 a recent sternal puncture, taken several 

months after the radioiron Investigation, showed a 

hypercellular marrow with a normoblastic reaction.

The possible significance of this finding is  discussed 

la te r. In the third case (No.11), the anaemia had 

occurred secondary to radiation therapy for chronic 

lymphatic leukemia, while in the other two no obvious

cause fo r  its  presence could be found. In o*se 11,
/ liv e r  . . .
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live r biopsy showed heavy Iron deposits in liver oells  

and in portal tracts, but there was no evidence of 

excessive fib rosis . In the other two a mild cirrhotic 

reaction and some b ile  duct hyperplasia were present and 

the finding s were h isto logically  indistinguishable from 

those found in idiopathic haemochromatosls. A ll these 

oases showed skin pigmentation but sugar toleranoe was 

normal.

QROPP IV - CONTROL 3OBJECTS - 9 oases.

A ll except one of these cases were selected from 

patients undergoing medical treatment in hospital.

The remaining subject (control, Study 1) was a healthy 

young doctor. They ranged from 22 to 78 years and 

there were 5 males and 4 females. Two of the females 

wore post-menopausal. A ll, except cases 14 and 21, 

were ambulant at the time of the study. The diagnosis 

in each subject in study 11 can be aeon in Table 1,

PRKPARATIOM OF RADIOIRON

The radlolron was obtained from two sources vis. 

"Tracerlab", United States of America (Study 1) and 

the Atomic Energy Research Establishment, Harwell,

Er. land (Study 11).

/STUDY 1
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STUDY 1

The Iron was supplisd as Ferrous Sulphate with

an activity , as given by the suppliers, on the date
60of despatch of 0,215 aicrocuriea Fe (half l i fe  47 

days) and 0.035 microcuries Fe&® (half l i fe  2.91 years) 

in 15 ml. solution, the total solution containing 

256 mgm, Fe, i .e ,  17 mg, per ml. The amount of 

activity administered was determined on the basis that 

in the f ir s t  few days the whole of the radioiron would 

be distributed in the alimentary tract, i .e .  In about 

4 kg. of tissue. On this basis it  was calculated 

that 53 pc would deliver less than tolerance (0.1 r per 

day). The dose actually given was 2 ml. of solution,

i .e . ,  23 po of Fe^9 on the day of administration, 

according to the nTracerlabH standardization. This, 

however, did not agree with measurements in the Counoll 

for Scientific and Industrial Hesearoh, South Africa.

An absolute calibration of the radioiron ; ave the gamma 

ray activity as only 0.55 of the "Tr-oerleb" estimate. 

It seems reasonable to suopose that the radiation 

received by the patient was not greater than the 

aeoepted maximum permissible dose.

It was assumed that the uptake of the iron by the

/patient . . .
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patient and control subject, and Its metabolism 

thereafter, would give a picture of the fate of an 

equal quantity ( i .e .  34 mgm.) of Iron in the diet.

STIDY 11

Radioactive iron was supplied by the A.E.R.E. 

(Harwell, England) as Pe59+®5 * 7 * derived from the 

Szilard-Chalmers reaction. The activities of

Fe^9 and Fe°^ were stated to be aoproximately equal, 

in a ll  batohes obtained. Measurements in the 

Biophysics laboratory of the Council fo r Scientific  

and Industrial Research, South Africa, were made only 

of the gamma activity of Fe59, by means of a high- 

pressure ionisation chamber, and agreed well with those 

made at Harwell.

Stock solutions of radioiron (fe r r ic  chloride) 

were prepared from these solutions. Tracer doses 

were then made up with activities varying from about

7 to 20 mlcrocuries on the day of administration.

Carrier iron was added to give a total quantity of 20 

mgm. of iron per dose. Absorblc acid (40 mgm. ) was 

added to each dose to reduce the ferric  to ferrous iron.

/Administration...
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Administration of Radio Iron

A ll cases, exceot case 9 In Group 11 and the 

oontrol subject In Study 1 were on routine hospital 

diets when the studies were done. The dose of iron 

labelled with radioiron was Riven orally 4 hours after 

breakfast and was diluted with water, 1 os. of 

preserved fru it juice and 60 minims of dilute hydro­

chloric acid (B .P. ). In order to trace the course 

of the radlolron the following measurements were then 

made t-

(a ) Assays of a l l  radlolron excreted in the 

faeces over the f i r s t  seven days after 

administration of the iron. In study 1# 

urine analyses were also carried out but 

as the quantities eliminated were found to 

be very low, these measurements were not 

repeated in subsequent oasea.

(b ) In vivo measurements over various body organs 

up to periods of 90 days after the administrat­

ion of ths radlolron.

(o ) Assays of radlolron in blood samples taken 

in it ia lly  at S hourly intervals and at 

suitable periods fo r as long as 90 days 

thereafter.
/ (d ) . . .



15.

liver biopsy material obtained 5 days after 

the administration of iron in case 1 

(Study 1 ),

(e ) Assays of radloaotlvlty of organa obtained 

at postmortem in case 1 (Study 1 ).

In 3 subjeots in Group 1, a second dose of 

radlolron was given several months after the f ir s t  one. 

Preliminary premedication with phosphates and fat  

soluble vitamins was carried out orior to these second 

studies. Case 2 was given 120 gr. acid sodium 

phosphate and 60 minima haliverol, three times dally 

in the week preceding the administration of the radio** 

iron and a further dose was actually given with the 

radlolron. Case 4 was put on a similar regime 

exceot for the use of calcium hoaphate instead of acid 

sodium phosnhate while Case 5 was given only acid sodium 

ohosphate.

Measurements on Faeces

Where It  was possible a l l  faeces passed during 

the f ir s t  week after radlolron administration were 

collected and, after digestion of the organic material, 

their activity wae measured by meanj) of a liquid sample

(d ) Measurement of the radioiron content of

/counter..,



16

counter of the Veall type <28). A standard 

solution was made up from an aliquot of the stock 

solution and counts made whenever a faeces sample 

was assayed. direct comparison gave the activity  

of the faeces samples in terns of the administered 

dose and rendered unnecessary any correction for 

decay or for the changing relative activities of Fe66 

and Fe69. In Study 1 only small aliquots of the 

stools were taken so that the errors in measurement 

were re latively  large.

Nursing d ifficu lties  did not allow for a l l  faeces 

to be collected in some cases. Only the results of 

those cases in whioh the patients were co-operative 

enough to oollect their own faeces are included.

It  was found in Study l t where urine analyses 

were also done, that the oounts were not sufficiently  

high to allow use of a liquid counter. The Iron 

from the urine was therefore plated using the 

technique described later for blood sample analyses.

/In Vivo • « m



In Vivo Measurements

Figure 1

17.

-  Sites over which in vivo and 

oadaver measurements were taken.

/These
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These were performed over eeverel body sites 

(See Figure 1) vlth a G.G,C. end window counter 

(Type .ii.:-. 2-tilea Ulndow) In a lead housing. Major 

Interest centred on the liver uptake of radlolron.

In vivo measurements, except In Study 1, were started 

only seven days after the Iron administration so as 

to eliminate errors introduced by the effects of the 

unabsorbed radlolron in the intestine on the counts 

over o her organs. Measurements were reoeated 

about twice weekly thereafter up to periods of as long 

as 90 days. It  was assumed that only Fe^9 ramma 

rays were being recorded as the souroes being counted 

(e .g . l iv e r ) were at least f  to 1N from the counting 

window, this thickness of tissue being sufficient to 

absorb a ll  beta rays from Fe^9 and X-raya from Fe^S.

Ho significant counts from skin or muscles could be 

found anywhere else on the body surface. Corrections 

for decay were therefore baaed on the half l i fe  of 

Pe&© l.e .  47 days.

Cadaver Measurements

It  was soon established that high activity was 

concentrated over the livers of oatienta with idiopathic

/hae oohromatosis . . .
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haemoohromatosls. At the same time, when the 

Geiger-tfuller counter was placed over other organ*, 

counts considerably above background were obtained.

The condition* where radioactive material 1* soread 

through a large organ of the body are not easy to 

imitate in vitro , and it  was d ifficu lt  to say how much 

of the count found over other organs was due to scatter 

from the radiolron in the live r . A model liver was 

therefore made up of "printer’s ro lle r  composition" in 

which about 7 pc of radioiron had been dispersed. This 

model was then inserted into several cadavers where the 

liver had previously been removed and counts were then 

taken over the sites used for in vivo measurements.

The ratio of counts from the source of radioactivity 

In the liver to those obtained over such sites was then 

calculated (see Table 111) so that seme measure might 

be made as to how much counts over other organs were due 

to actual deposition of radiolron at these sites.

/TAftLE 111 s e e
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TABLE 111

Site
Cadaver (Ratio, 
CPM/CPM over 

Site 1 ).

Patient (Ratio, 
CPM/CPM over 
Site 1).

1 1 1

2 0,92 0.28

5 0.19 0.24

4 0.53 0.4&

& 0.19 0.51

6 0 0.02

Measuramenta on the Blood

Assays were done on the blood samples which were

taken several tinea daily for the f ir s t  few days and then

at longer intervals up to periods as lonp as four months.

The activ ities in the blood were determined by electro*

plating the sample according to a sli> htly modified
(27 )technique of Vosburgh, Plexner and Gowle , About 

3 cos, of blood were taken, wel had, dry ashed, chemioally 

processed and plated on small copper discs in electro­

plating ce lls . The discs were then counted with a 

G.E.C• Counter (Type E.Il.H. 2-Mica window, with a window

/thiokness ..



17.

In Vivo Measurements

Figure 1 -  Site® over which In vivo and

cadaver measurement® were taken.

/These •  e e
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These were performed over several body s ites  

(See Figure 1 ) with a G.E.C. end window counter 

(Type 2- Sica Window) in a lead housing. Ma lor

In terest centred on the l iv e r  uptake of rad iolron.

In vivo measurements, except In Study 1, were started 

only seven days a fte r  the Iron administration so as 

to elim inate errors introduced by the e ffe c ts  o f the 

unabaorbed radioiron lrs the in testin e on the counts 

over o'her organs. Measurements were reoeated 

about twice weekly th erea fter up to periods o f as long 

as 90 dayb. I t  was assumed that only Fe&® gamma 

rays were being recorded as the sources being counted 

(e .g , l i v e r )  were at leas t f  to 1" from the counting 

window, th is thickness o f tissue being su ffic ien t to 

absorb a l l  beta rays from Fe59 and X-rays from Fe^S,

No signI fle a n t  counts from skin or muscles could be 

found anywhere else on the body surface. Corrections 

fo r decay were therefore based on the h a lf l i f e  of 

Pe50 I,®, 47 days.

Cadaver Measurements

I t  was soon established that high a c t iv ity  was 

concentrated over the l iv e rs  o f patients with idiopathic

/hcem ochromatosls
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b&emoohromatosis. At the same time, whan tha 

Geiger- 'u ller oounter was pl&oad over other organs, 

counts considerably above background were obtained.

The conditions where radioactive material is soread 

throuph a large organ of the body are not easy to 

imitate in vitro , and it  was d ifficu lt  to say how much 

of tne count found over other organs was due to scatter 

from the radioiron in the live r . A model liver was 

therefore made uo of "orin ter's  ro lle r  composition" in 

which about 7 pc of radioiron had been dispersed. This 

model was then inserted into several cadavers where the 

liver had previously been removed and counts were then 

taken over the sites used for in vivo measurements.

The ra t io  o f oounts from the source o f ra d ioa c tiv ity  

in the l iv e r  to those obtained over suoh s ites  was then 

calcu lated (see Table 111) so that some measure might 

be made as to how much counts over other organs were due 

to  actual deposition o f rad ioiron  at these s ite s .

/TABLE 111 see
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TABLE 111

Site
Cadaver (Ratio, 
CPM/CPM over 

Site 1 ).

Patient (Ratio, 
CPM/CPK over 
Site 1).

1 1 1

2 0.92 0.26

3 0.19 0.24

4 0.53 0.45

& 0.19 0.51

6 0 0,02

Measure senta on the Blood

Assays were done on the blood samples which were

taken several tines daily for the f i r s t  few days and then

at longer Intervals ud  to periods as long as four months.

The activ ities in the blood were determined by electro*

plating the sample according to a sliphtly modified
(27 )technique of Vosburgh, Plexner and Cowie . About 

3 cos. of blood were taken, wei had, dry ashed, chemically 

processed and plated on small copper discs in electro* 

plating ce lls . The discs were then counted with a 

l.B .C. Counter (Type E.E.M. 2-Mica window, with a window

/thiokness ..
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thickness of 1.9 mpm. per square css. ) and the counts 

were compared with those due to plated standards made 

up by the same technique from aliquots of t a stock 

solution from which the patient's dose was derived.

As with liquid  sample measurements, activities of 

plated samples could thus be given directly in terms 

of the administered dose, and the p roentage of the 

dose aopearlng in the whole blood could then be 

calculated. For this reason blood volumes were 

measured in most oases using modified Evans Blue 

(T1824 ) technique K When the measurement was not 

made an arbitrary volume of 4,500 cos. was assumed.

ACCURACY OF MEAhUKEMI NTS

(n ) Faooes Measurementst

Up to 10% of the faeces may have been lost in 

collection although it is probable that the percentage 

was much lower than this in moat cases. The error 

in the chemical processing and counting procedures was 

found to be not more than ± 5$.

In Study 1, where only small aliquots were taken, 

the total error w-.s re latively  rreater and may have 

been as much as ♦ 30jf.

/ ( b ) • e e



22.

(b ) Blood

Counting rates were frequently just above 

background And so It was necessary to count over long 

periods. In each determination sufficient counts were 

taken to reduoe the error from this source to ♦ B-,

The error Introduced by the chemical prooessin;' and 

electroplating procedure was estimated to be ± from 

the spread in activ ities of the 6 standard plates which 

were used for comparison. The fluctuations in radioiron 

concentration in the blood were therefore determined 

with a probable error of ± 7%.

In the subjects who received second doses of 

radioiron it  was not found possible to correct accurately 

for Fe55 from the fire t  dose which may have contributed 

towarde the counts in the second aeries of platsd 

samples. The results are therefore only rough 

approximati on8.

(e ) In Vivo Measurements

The oountlng error varied with the counting rate 

and with the length of the counting periods. It ranged 

from 10 to 26$ of the counts obtained.

/RESULTS a e e
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R E S U L T S

Faeoes Measurements: (See Tables 1 and 11 )

There was a very wide Individual varia tion  In 

the amount of rad ioiron  elim inated in the faeces by 

cases in Group 1 (id iopath ic  haemochromatoais) the 

resu lts  ranging from 23$ to 92$. Unfortunately no 

cases In Group 11 (m alnutritional cvtoslderosls  ) 

could be included because o f d i f f ic u lt ie s  In the 

co lle c tion  of th e ir  faeces . I t  Is, however, probable 

that the percentage elim inated was high in at leas t 4 

o f these cases as they showed very low blood le v e ls  o f 

rad ioiron  and in v ivo  counts gave no evidenoe o f organ 

deposition . A high percentage o f rad ioiron  was 

recovered from the faeces of the cases o f transfusLonal 

hoemoalderooia (Group 111), where figures ranging from 

91 to 95$ were obtained. In the 5 control subjects

in whom faeces measurements were done figu res ranging 

from 79 to 92$ were recorded.

The administration of phosphates and fa t  soluble 

vitamins hod no apparent e f fe c t  in lowering in tes tin a l 

absorption in the three oases o f id iopath ic haereo- 

chromatools to whom they were g iven . In addition

/the • ♦ •
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the preaer.oe of anaemia did not aoe» to increase 

Iron absorption in Gas* 15t ( trat afualonal heetnoaider oala }, 

who was given a aeoond doaa of radioiron aftar tho 

haemoglobin had baan allowed to f a l l  to 9.5 grama £#.

It  haa baan acaused in a ll  oases that the iron 

not excreted was absorbed into the body and not 

retained in gut wall as no significant counts could be 

ehown over tho gut a weak aftar the administration of 

the radioiron in Groups 11, 111, and IV. In Group 1 

the low counts which were recorded oould be accounted 

for by radloiron in the liv e r .

In Study 1 urine ta alyaaa wore dona In the 3 days 

aftar the ad-air. la tret Ion of radioiron. Eowavor,

the counta obtained were to low that they seemed to 

be of no significance (S e Table IV ).
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T A R L E IV

FRACTION OP ADMINISTERED POSH IN TOTAL URINE (Study 1).

Days after 
Ad-nlnlatrat ion

Patient - 
(Fraction, x 10*°)

Control
(Fraction, x 10~6)

1st 24 hr. 317 46.1
2nd 24 nr. 28.8 3.95
3rd 24 hr. 12.2 6.2
4th 24 hr. 11.8 7.6
6th 24 hr. 4.4 12.6
6th 24 hr. 3.2 2.8
7th 24 hr. 3.1 Not measurable
8th 24 hr. Not measurable

In Vivo Maaaurcmntai

It  was found that re latively  high concentrations 

of radlolron were deposited In the liver In idiopathic 

haemochromatosia. In Study 1 the unconnected

counts oer minute over this organ have been granhlcally 

represented and have been comoared with those found 

in the control subject (see Figure 11).
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Figure 11 - Counts per minute over mid-heart

and m id -liver. Case 1 (Study 1) 

8nd control (Study 1 ),

/The • • •
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The readings have been correoted far the decay 

of Fe59 (47 day half l i f e ) .  Although the f irs t  

7 days after administration have also been Included 

In this -raph It la doubtful whether they are valid 

as Interfering counts, due to unabaorbed radioiron 

In title bowel, must have also been present. In this 

graph are also included counts obtained over the 

midheart ?f the patient and control.

The patient seemed to have also a real deposition 

of radlolron in heart muscle. The significance of this 

finding, in view of the patient's c lin ica l presentation, 

w ill be discussed in a later sectlou.

In Study 11, in vivo counts were only started one 

week after the giving of the iron, i . e . ,  at a time 

when it could be assumed that unabsorbed radlolron In 

the gut had been fu lly  eliminated. In or ler to be 

able to compare the liver counts the results were, 

corrected to what they would have been had each subject 

received exactly 20 mlcrocuries. However, d iffe r ­

ences in body build and in liver size and shape tend 

to make any comparison between oases a very rough one.

/The . . .
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The s ign ificance o f counts over organs such as the 

l iv e r  is  open to some question. I t  can be argued that 

i f  as much iron is  leaving the l iv e r  as is  entering i t  

then the radioiron counts may s t i l l  be high when the 

in i t ia l  pool o f iron in the organ is a large one e .g , 

id iopath ic haemoonromatosls, fo r  i f  the rad ioactive and 

non-radioaotlve fractions become mixed u n til a state o f 

equilibrium is  reached then the iron leaving the l iv e r  

sho Id be made up o f a very small rad ioactive fraction  

and a large In ert one. I f ,  on the other hand, the 

same amount o f Iron enters and leaves a l iv e r  with a 

low iron s tore , e .g . control subject, then the Traction 

of rad ioactive iron going out o f the l iv e r  should be a 

much greater one. In the studies reported here, 

however, the ra t io  o f radioiron entering the l iv e r  to 

the quantity o f inert iron already there was low (about 

1 to 500} even in the control group, where the l iv e r
/ Q« )

iron is normally 4)0 to 500 mgm. ’ . I f ,  therefore,

any radioiron deposition occurred in the l iv e r  o f these 

subjects I t  should have a lso given r ise  to s ign ifica n t 

counts. In actual fa c t , i t  Is  doubtful whether newly 

deposited iron is  in equilibrium with the stores already 

present in the l iv e r  as there is  suggestive evidence 

that the most recen tly  absorbed Iron is  more read ily  

available fo r  u t il is a t io n  than older stores On

/the
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this baala a l l  In v ivo  counts obtained over the l iv e r  

a week a fte r  the administration o f radioiron have been 

interpreted as evidence o f rea l deposition while the 

absence o f s ign ifica n t in v ivo  counts has been f e l t  to 

represent absence o f iron deposition although i t  is  

also th eo re t ic a lly  compatible with a very rapid turn­

over in the organ.

The only s tr ik in g  resu lts  in Study 11 were those 

found in Group 1 (id iopath ic  haemochromatosis ). Fvery 

member o f  th is group showed evidence o f some organ 

deoosition o f rad lolron  (see Figure 111). By fa r  

the highest counts were found over the l iv e r ,  although 

s ign ifica n t deposits seemed to  be present in other 

organs such as the heart. High in v ivo  counts were 

associated with high in tes tin a l uptakes of radioiron.

In 4 o f the & subjects with m alnutritions! oytosiderosls 

(Group 11) no evidence o f organ deposition o f radlolron 

was found. In the remaining case (No. 9 ) s ign ifica n t, 

though not very high counts were obtained over the l iv e r .  

The resu lts  have been graphed in Figure 111,

/ FIOUHS •  I  I
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FIGURJS 111 -  Shoving the in vivo counts over the 

livers of subjects In Group 1 

(Idiopathic haemochromatosis) and 

of case 9 in Group 11 (raalnutrltional 

cytoslderosis.
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There was no evidenoe of any uptake o f radioiron in 2 

o f the 3 patients In Group 111 and in 7 o f the 8 subjects 

in Group IV. In one o f the cases with transfusional 

haem o aide roc is (case 13) and in one o f the control group 

(case 14) very low l i v e r  counts were recorded on several 

occasions. Case 14 had hepatomegaly secondary to 

previous bouts o f congestive cardiac fa ilu re . The 

importance of her low, but probably s ign ifica n t, deposition 

of rad ioiron  in the l iv e r  is  not apparent but may have 

been re la ted  to hepatic congestion. I t  was accompanied 

by a very high blood uptake (8.23a ) and requires further 

study.

Blood Intake;

The resu lts are resented graph ica lly  as the 

percentage of the administered blood in to ta l blood. In 

a few cases accurate figu res fo r  blood volume were not 

a va ilab le ; in such circumstances an a rb itra ry  blood 

volume o f 4,500 ccs. was used. The error o f th is 

assumption is not a large one.

In case 1, Study 1, the resu lts are presented 

logarithm ica lly  in order to bring out the In i t ia l  peak 

which occurred at about three hours a fte r  the adminis­

tration of the iron (see Figure IV ).
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Figure IV -  Uptake of radlolron in the blood 

of Case 1 (Study 1 ).

/It • • e



It is presumed that this peak represents the 

in it ia l uptake of iron in the plasma. The drop in 

radioIron in the blood and subsequent rise shows how 

the iron was removed from the plasma, stored, and 

gradually bu ilt into the haemoglobin until after 

three months something of the order of 4 oer oent 

of the total administered iron was found in the red 

blood ce lls . In the sample taken on the sixth 

day (10 c.Cft) the ce lls  were centrifuged o ff, and 

a l l  the radlolron was found to be in the c e lls } there 

was none in the plasma. In the control subjeot 

(Study 1 ) no measurable amount of radlolron was found 

in any of the blood specimens taken until the third 

day. On the third and fourth days after measurement 

something of the order of 0,1 per cent of the 

administered dose per 4,500 ml. of blood was found. 

This was barely measurable (1/1,500 of 0.1 per cent 

in 3 ml. blood). No further blood specimens were

/taken a a a
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taken. Subsequently It was found In other oases 

that significant levels of radloiron may appear in 

the blood at la ter periods and i t  is fe lt  that 

sampling was stopped too soon In this subject. Too 

much stress can therefore not be put on the low blood 

levels recorded in tills cane.

In Study 11 the in it ia l uptake within the f ir s t  

few hours was araln found to b# in the plaeoa. 

Thereafter, e slow buildup In the haemoglobin occurred 

over several days and this level was than roughly 

maintained for periods up to 180 days. Tbs results 

for each group have b«en graphically represented but 

an ordinary tine aoale has been used so that the 

original plasma peak is not shown.(see Figures V • IX ).

/FIGURE V
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DAY S  ■—

PICURE V - Showing the blood uptake in Orouo 1, 

(id iopath ic  haemoohromatoaio ).
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D A Y *  —

FIOURE VI -  Showing the blood uptake in Group 1 

after the administration of fa t -  

soluble vitamins and nhosohate

mixtures.
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FIGURE V ll - Showing tha blood uptake in Group 11

(malnutritional cytoalderosis)
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FIGURE V l l l  - Showing the blood uotake In Group 111

( tranafusional haemoaid®ro«i»



39.

DA Y S

FIGURE IX -  Showing the blood uptake In Group IV, 

(con tro l aub jecte ).
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There was a wide variation in the maximum blood uptake 

in Oroup 1 with a range of 1.8 to 6.8# (see Figure V).

The administration of fat soluble vitamins and phosphate 

mixtures in 3 oases in this group did not seem to affeot 

the degree of absorption (see Figure V I). In Group 

11 the maximum blood uptake was low, ranging from

0.2 to 2.8^ of the administered dose (see Figure V ll ) .

The results in transfuslonal haemoslderosls can be so n 

in Figure V ll l .  In two oases (J o. 11 and 13) the 

blood uptake was very low (.06 and .3&£). In one of 

these (No. 13) the study was repeated when the patient 

was anaemic (Haemoglobin 9.5 0.> ) but similar results 

were obtained. The third oase (No. 12) is of speolal 

interest as he showed a significant level of 3.6# of 

the administered dose in spite of the fact that 

repeated bone marrow sunctures had shown an aplasia of 

the marrow. Another feature was the unusually short 

period that the radioiron was maintained in the blood 

at its maximum level, fa llin  : from 3.5# to 0.7# of the 

administered dose between the 15th and 30th days.

In view of these results a further bone marrow aspiration

/was . . .
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was performed subsequent to the radioiron investigation. 

On this oooasion the aarrow was hyparcellular and 

shoved a normoblastic reaction. Xt therefore eoems 

probable that case 18 vas forming blood in a normal 

way at the time of the radioiron Investigation in a site 

' of the previous evidence of narrow a laaia . In

addition tha rapid f a l l  In the blood level of radioiron 

between the lbth and 50th lays suggests that blood 

destruction was occurring at an Increased rate. vldence 

of hsomolysls, as judged by a raised sorun bilirubin , 

increased urinary urobilin and roticulocytoala was, 

howsver, lau-king. The aopcarsnoe of radioiron In the 

blood of case 18 seeded to show that iron absorption 

may continue to ooour in suite of heavy body etoree of 

iron and in spite of an almost saturated serum iron 

level (Serum iron 811 miorograme ; total iron binding 

capacity 8 b raicrograrac, ). The individual variation 

in maxiaum blood levels wes wide in the control subjects 

(Group IV ) with a range from 0,86 to 8.9# (eee Figure 

IX ).

A composite graph Is included to aid in comparison 

(see Figure X).

/FI CRK X e e e
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FIGURE X -  Showing a composite graoh of the 

blood uptake In each group.
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Liver Biopsy Measurementsi

The biopsy vas performed on Case 1 (Stndyl) three

days after the adminIstratlon of radioiron. The total

dry weight of material received was about 3 milligrams.

The sample when plated gave a net count of 11 com, the

standards on the same day counting 1,160 opm. Thus

5.2 x 10’ 4 of the total dose was found in the liver,

per gram of dry weight or about 1.0 x 10 **4 of the total

dose per gram of fresh weight. It is of interest to

compare this with the resu lt of the assay on the liver

made after postmortem (see postmortem measurements),

when the oount was 1,830 opm per gram dry weight, the

standards giving at that time a count of 543 cpm. The

fraction of total dose oer gram dr ’ weight of tissue
-4was therefore 5.3 x 10 . In view of the lar^e

probable error Involved both In weighing and in working 

with only 3 mg. of material, the agreement is satisfactory, 

but the accuracy of the measurements is not sufficient to 

warrant any inference being drawn as to increase or 

decrease with time of the amount of radioiron in the live r .

Postmortem Measurementst

Case 1 (Study 1) died several months after the 

administration of radioiron. Unfortunately i t  was not

/possible ..
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possible to obtain a l l  the organs out rad ioactive 

assays were made on those which were ava ilab le . The 

resu lts  are presented in Table V.

TABLEV .

Tlosue
Fraction of 
Dose por Gm, 
Dry T?t. x IQ "4

> Iron
(S tab le) found 

in organ.

L iver 5.32 0.726
Panoreatic lymph glands 2.64 0.3/1
Kidney 2.24 -
Mesenteric lymph glands 1.43 0.030
Pancreas 0.496 0.313
Spleen 0.362 -
Duodenum 0.249 0.0767
Pyloric  end of stomach 
Mass o f mesentery lymDh

0.126 -

glands. 0,052 m

I t  can be seen that the greatest amount o f rad io­

a c t iv ity  was present in the l iv e r .  nfortunately 

with no knowledge o f the to ta l l iv e r  weight i t  is  not 

possible to say what to ta l amount o f radioiron was 

stored in th is organ. I f  one could assume the l iv e r  

to have been of nor al weight, v iz .  about 1.6 kilograms, 

one could say that some 1£ to 20 per cent o f the 

administered dose had been stored in the l iv e r .  I t  is  

known that the p a tien t’ s l iv e r  was 1. fa c t  considerably

/en larged ...
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enlarged; the percentage of administered radioiron 

stored In the liver might therefore easily have been 

as high as 60 per cent.

D I S C U S S I O N

Tne value of the traoer technique In studying 

iron absorption has been snown by several studies 

(6 ), 1 0 ), (15 )# It  aeema that the method may 

be more accurate than earlie r chemical iron balance 

studies where d ifficu lt ie s  may arise due to the 

presence of phosDhorous-iron compounds ^  K However, 

the radioiron method is it s e lf  open to mlalnteroret1-tlons 

as it  is impossible to obtain a complete reflection of 

iron abaorDtIon patterns with only a single dose of
/ a )

labelled iron. In addition Dubach and co-workers 1 "

recently showed that earlie r results in radioiron 

absorption studies are partly invalidated by their 

assumption that the quantity of radioiron circulating 

in the blood was equal to the amount absorbed. Dubach, 

therefore extended the technique to include assessments 

of the quantities of unabsorbed radioiron present in 

faeces and waa able to show suggestive evidence that

/normal
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normal and abnormal subjects may absorb more iron than 

they immediately u t i l is e  fo r  haemoglobin formation.

In the present study Oubaoh's method was extended 

to include In v ivo  counts over various body s ite s .

With th is technique i t  was possible to exh ib it a pattern 

of rad ioiron  u t ilis a t io n  in id iopath ic haemochromatosis 

which was constant enough to be o f d iagnostic value.

Previous absorption studies in th is disease have given 

c o n flic t in g  resu lts . Chemical iron balance investigations

have shown an abnormal reten tion  in only two cases 1 •

( 2 0 ) while no abnormality oould be detected in several 

others '» ^ T r a c e r  iron studies have also given 

co n flic t in g  resu lts  ss Balfour and co-workers ^ ' could 

show no evidenoe of increased iron absorption in a case 

investigated  by them on two occasions while Dubach and 

co-workers ( ' ' )  showed a s ign ifica n t absorption in another.

I t  Is  possible that the apparently low uptake in Balfour’ s 

patient was due to  the fa c t that only blood measurements 

were done.

In the present study there was a tendency fo r  a 

greater uptake o f iron to occur in id iopath ic 

haeTochromatosis as compared with the control and other 

groups. In three cases, (No. 1, Study 1 and 11 and 

No. 3 (2nd d ose )) th is was s tr ik in g ly  so. I t  is  o f

/ in terest • * •
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interest that in the only two young subjects with 

idiopathic haemochromatosis investigated (case 1 in 

Study 1 and oase 1 in Study 11) very hijrh figures for  

absorption of radioiron were obtained. This finding 

offers a oosslble explanation for the poor prognosis 

in younger subjects (see later seotion ). It  is 

8lso possible that the cardiao damage so frequently 

found in these patients may be due to the Insult of 

the increased rate of deposition of iron in cardiac 

muscle which occurs secondary to the high intestinal 

absorption. This contention w ill be discussed in 

more detail in a later seotion. Blood and in vivo counts 

in the cases of idiopathic haemochromatosls showed that 

a proportion of the absorbed iron was utilised  for 

haemoglobin formation and that the remainder was deposited 

in the liver and other organs. The range of bleed up­

take in this disease was very similar to that in the 

control roup (1.84 to 6.8$£ as compared with 0.66 to 

8.8^). However, as the excretion of radioiron in 

faeces was less in at least some of the oases of id io ­

pathic haemoohromatosls and as significant organ deposits 

were present in a l l  oases it  seems probable that the 

actual oeroentage of absorbed iron utilised for haemo­

globin formation was lower than normal. This observation 

agrees with Pinch and co-workers finding of a low

/peroen tags
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percentage utilisation  of intravenously administered 

iron in this disease d - ‘ ).

Experimental evidence has suggested that dietary 

factors may play a part in regulating Iron absorption. 

Increased absorption has been produced in depancreatlsed 

cats (24 ĵ n cats after ligation of the pancreatic 

ducts (25) ftn<j i n ra£S f 0d on an iron supplemented corn 

g rit  d ie t .(l® )»  This increased absorption could be 

partially  prevented in the cats by the addition of 

haliverol to the diet 26  ̂ and in rats by the addition 

of phosphate t1®). On this basis Granick (* 3 ) has 

suggested that such measures deserve tr ia l in idiopathic 

h^emoehromatosls in spite of the lack of evidence of 

undernutrition as an etiological feature* Three of the 

present subjects were therefore given various phoophate- 

h&llverol mixture in large doses prior to the administration 

of a second dose of radioiron, several months after the 

f ir s t  one. The results showed no evidenoe of any 

blocking of iron absorption. Indeed the blood uotakes 

and in vivo counts on the whole were higher in the second 

study. The findings in this second study also seen to 

show that the rate of iron absorption in idiopathlo 

haemoohromatosis varies from time to time in the same 

individual although the pattern of high Intestinal

/absorption . . .
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absorption, heavy organ doposltion and a relatively  

low haemoglobin utilisation  is constant.

Results in malnutritions! oytooiderosis were

oonflloting. The average uptake in blood was low.

The total uptake of iron from the gut is not known

becouse of d ifficu ltie s  in faecal collection. However,

it was probably very low as the percentage in the blood

was low and there was no evidenoe of any significant

organ deposits. The re alnlng subject (case 9) is of

Interest as he was the only one studied while s t i l l  on

the "K affir" beer and maize porridge which forms the

basio of the avero e South Afrioan Bantu diet. His

blood uptake was 2.8/? and be showed a significant

deposition of radioiron in the liver (see Figure V l l ) .

Controversy exists as to whether the malnutritional

eytoslderosia described by the Glllmans i 8
«

indeed a disease entity as recent pathological studies 

have shown striking difference between it  and idiopathic 

haemoohromatosia. High concentrations of iron have 

been shown In the spleen while little or no iron has been 

found in the heart or pancreas ). It  has been

/suggested ..
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suggested (18) that the high quantities o f iron in 

South A frican Bantu d ie ts  (as much as 200 mgro. da ily  

(2 9 )) a i i ow fo r  greater absorotion but that th is  is 

not necessarily  pathologica l as Hahn's "mucosal block" 

has been shown to be only a r e la t iv e  one K  

However, case 9 seemed to  absorb a s ign ifica n t percent­

age o f the small dose o f 20 mga. radioiron and to 

deposit a proportion of i t  in the Dlsser in an abnormal 

fashion. The low absorption in the other 4 subjects 

was possibly re la ted  to  the fa c t  that they had been on 

normal hosp ita l d iets fo r  some time prior to  the study. 

However, th is  is  pure speculation and the ro le  of such 

d e fic ien c ies  as phosphates, fa t  soluble vitamins and 

pyridoxin© in in fluencing iron absorption in th is 

condition requires further tracer studies.

There was, cm the uhole, a low uptake o f radlolron 

in transfusional haemoslderosis. Faeces measurements 

sue ested that about 10$ of the dose was retained and 

only a small proportion o f th is was u t ilis ed  fo r  haemo­

globin formation in two o f the cases. A haemoglobin 

uptake o f 3.5$ was present in one subject (case 12).

This find ing is  of Importance in so fa r  as i t  shows that 

iron may continue to be absorbed in this condition in 

suite of enormous body iron stores. I t  thus o ffe rs

/a possible
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a possible explanation fo r  the previously unexplained 

autopsy find ing o f more iron in the l iv e r s  o f some 

oases o f transfusion haemoslderosls than was present 

in a l l  the blood transfusions whloh they had rooelved. 

\21)  t (50 ), (31)^ In one subject (case 13) counts 

above background were obtained over the l iv e r  cm both 

occasions on which she was Investigated . T, is  find ing 

suggests that some iron which had been absorbed was 

being stored in the l iv e r .  The presence o f  anaemia 

did not influence the degree of iron absorption in th is 

case.

The figu res  fo r  iron absorption and u tilis a t io n  

in the control subjects were more or less s im ilar to 

those found by Dubach and co-workers in normal cases 

although th e ir  figu res  fo r  blood uptake were greater than 

ours in sp ite o f the fa c t that they gave ±  3 times the 

dose which we used. This may have been partly  due 

to the fa c t  that a l l  except one o f our cases were 

su fferin g  from s w  form of disease (see Table 11)*

Dubach noted a wide ind ividual varia tion  in blood uptake 

under standard conditions and th is was a lso a feature 

o f the present study where a range of 0.66 to 8.28$ o f
WAS

the administered dosefound in the blood. Suggestive

/evidence,. .



52,

evidence wee obtained that some of the radlolron taken 

up by the body was not being utilised Immediately 

for haemoglobin formation in the 4 control subjects 

who had faeces analyses done. An average of 18,4^ 

was retained vhlle only 3.51*' appeared In the blood. 

Although too much significance cannot be attached to 

these results because of inaccuracies In faeoes 

measurements, similar findings have been reported by 

Dubaoh and oo-vorkera ^
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S U M M A R Y  & C O N C L U S I O N S .

'■L • The pattern of radioiron absorption was studied In 

Idiopathic haemochromatosis, malnutritions! cytosiderosls, 

and transfueional haemoslderosls and the results vere 

compared with a group of control subjects. The passage 

of the iron was followed by faeces analyses, (except 

in malnutritions! cytosiderosls ) multiple blood sampling 

and in vivo measurements.

(2) Increased Iron absorption was found in idiopathic 

haemoohromatosis. A proportion of the absorbed iron 

was utilised for haemoglobin formation and the remainder 

was deposited in the liver and other organs. Neither 

phosphates nor fat soluble vitamins were found to 

Influence the rate or oattern of absorption.

(3 ) The absorption of iron from the ut seemed low in

4 cases o f m alnutritlonal cytos id eros ls . In the remain­

ing one a s ign ific a n t blood uptake and an abnormal 

deposition In the l iv e r  were found.

(4) Iron absorption was not completely absent In 

transfvisional haemoslderosls, although haemoglobin 

utilisation was very low In a ll  except one subject. It  

would seem that absorption of Iror may continue to occur 

in this condition in spite of saturated body iron stores.

/There . . .
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(5 ) There was a wide individual variation in the 

level of radlolron in the haemoglobin of the control 

subjects and suggestive evidence that a ll  the absorbed 

iron was not necessarily being immediately utilised for  

haemoglobin formation.
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C H A P T E R  11.

IDIOPATHIC HAEMOC HR0MAT3SIS
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Idiopathic haetnochromatoais la a disease of 

unknown etiology, which is associated with the slow 

accumulation of iron in the body. The condition is 

found predominantly in males (95,*) and occurs usually 

between the ages of 35 and 50 years. ■  ̂ The

presenting oomplaints may be related to skin pigmentation, 

diabetes, endocrine hyDofunctlon and heart fa ilu re .

The frequency of these features varies, Sheldon ^’2) 

found that hepatic cirrhosis was present in a ll  cases, 

diabetes was present in 78$ and Dlgmentatlon of the 

skin was seen in at least 80$. Evidence of endocrine

dysfunction, such as testicular atrophy with Impotence, 

is less common while features of cardiac failu re are 

rare except in younger subjects d l  ), (12).

At autopsy the total iron in the tissues has been 

estimated at 25-50 grams compared with the normal 

maximum of 5 grama. Pathologically the diagnostic 

feature is the deposition of iron in the form of haemo- 

siderin in the liv e r , the heart and throughout the 

landular tissue of the body, including stomach glands, 

salivary glands and sweat glands. There is an 

associated fibrosis in the liver and pancreas and to

/a lesser . . .



a leaser extent in other organa. In addition, there 

are deooaita of haemofuscin, an iron free pigment 

related to melanin, especially in smooth muscle. A 

feature of idiopathic haemoohromatoais la the r-ilktively 

low concentration of iron to be found in the snleen, 

kidneys, and bone aarr «  which is in marked contrast to 

the findings in the haemosiderosis found after long 

continued haemolysis (72 )# Although the clin ical 

and pathological flndin a in idiopathic haemoohromatoaia 

have been well described, l i t t le  la known of its  

underlying ca as, It  has been regarded up to the 

present as an inborn error in metabolism of unknown 

etiology associated w'.th the slow accumulation of iron 

in the body over many years.

In the section which follows, c lin ica l details are 

presented of the cases with idiopathic haemochromatoais 

in whom radioiron studies were done. Aspects of the 

disease are discussed with special reference to the 

findings in the present investigation. The subject 

as a whole is not reviewed in great detail as this has 

been done comprehensively by others (&6), ( » 2 )b

The results of the present study did, however, throw 

some light on the nature of the metabolic defect in the 

disease and on the possible pathogenesis of oardiao 

complicationa. These aspects are therefore discussed

/at more
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at more length.

CLINICAL MATERIAL (GROUP 1 ) .

CASE 1. (Study 1) a prison warder, aged 21 years was 

admitted to the Johannesburg General Hospital in 

September, 1948 with a history of several bouts of 

palpitations. During the night of 10th September, 

1948, he was woken by 'palp itations'. The heart was 

rapid and the beat seemed regular. After half an 

hour the attack oame to an end, the heart suddenly 

returning to its normal rate. During the night he 

had, in a l l ,  five such attacks. By the morning he

was well again. He was referred, however, to the 

Out-Patient Department of the hospital for electro­

cardiographic studies. Because of the electrocardio­

graphic findings he was admitted to the hospital eight 

days after the In it ia l attack.

Previous exercise tolerance was good and there 

was no history of rheumatic fever, growing pains or 

recurrent sore throats. Appetite was good and he 

had always been on a well-balanced nutritious diet.

He neither drank nor smoked, and the family history 

was not contributory.

/Physical s e e
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Physical Findings on Admission. He was a w ell-

deyeloped young adult male weighing 143 lb s ., and 

6*9" t a l l .  Ha was aprexial. Ho looked younger than 

his stated age because of an almost complete absence of 

fac ia l hair. Both ax illla ry  and pubic hair were scanty, 

the pubio hair having a female distribution. His 

colour was good, and there was no abnormal skin pl&nent- 

ation. There was no breathlessness at rest.

oWhen lying at an angle of 45 he had oulsatlle  

neck veins 3-4 cm. above the angle of Louis. The pulse 

rate was 84 per minute and was irregular due to extra­

systoles. The blood pressure was 90/60 mn. H*.

C lln ioally  the heart was normal in slue. On auscult­

ation, a gallop rhythm was heard at the apex. The 

live r was fe lt  two finders below the costal margin, the 

edge being very firm, smooth and not tender. The spleen 

was not fe lt .  The siee of the penis was within normal 

lim its but the testicles were markedly atrophic. No 

other features were found on general examination.

It  was fe lt  that some form of myocarditis was present 

and he was investigated from this point of view.

/Laboratory S a w
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Laboratory ^ata. Pull blood count: Haemoglobin

14.6g %,, erythrocytes (per c.mm) 4,920,000., 

leucocytes (per c.mm) 11,000., neutrophils 68#., 

monocytes 4.5,J., lymphocytes 24.5/,, eosinophils 3.0/., 

basophils 0 ., Sedimentation rate: slight increase.,

Antifibrinolysin Titre ♦♦♦♦ positive. Modified Ide 

Test for Syphilis: negative* Nasal and throat swabs: 

negative for C. diptheriae. Urine: chemically and

microscopically negative. X-ray of the cheat showed 

the heart to be within the normal llmlta of else, shape 

and position, the transverse diameter being The

lung fie ld s  were clear. 1 lectrocardiogranhie findings: 

rate, 84 beats per minute. There was a constant 

reduotion in amplitude in leads 1-111 PR and QRS times 

were within normal lim its. The chest leads CR 1-6 

were characterised by large Inverted T waves in positions 

1-4. In position 5 and 6 the T waves were practically  

lso -e lectrlo . Ventricular extraeystoles, multifocal 

in origin, were present in a ll records taken. Weekly 

electrocardiographic tracings showed no change in the 

basic pattern. Ballistocardiograms: Both high

frequency (Starr et a l. ' )  and low frequency tracings, 

gave a stroke volume of 54.6 c.o. and a cardiac output 

of 4.8 litre s  per minute. (Normal range 4-8 litre s  per 

minute ). The stroke volume was at the lower limits of

/normal t e e
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normal.

C lin ically  he regained asymptomatic. In view 

of the persistent, non-tender hepatic enlargement,* 

a set of live r function tests was done, but with 

negative results. However, a liver aspiration biopsy 

showed evldenoe, on microsooplc section of advanced 

haemoohromatosls, with heavy Iron deposits. In view 

of this finding additional laboratory tests were carried 

out.

Additional Laboratory Qatar Sugar tolerance curves 

(a fter 50 grama glucose o ra lly ) gave the following 

results (Blood sugar values in mg, per 100 c .c , ) : -

Date. Pasting. 30 ■ lnutea. 60 Minutes. 90 Minutes 120 Ulna.

28 Oct­
ober, 
1948. 100 2 >0 230 155 135

16 Mar-
ch 1949 90 165 136 — 95

On duodenal intubation pancreatic foments were found In 

normal amounts. Adrenal function seemed adequate as 

Judged by a normal blood sodium and a negative Robinson- 

Kepler-Power test. Basal metabollo rates on three 

occasions gave results of -35£, -  17,-, and -25^.

He waa discharged from hospital on 21st December,

/1948 . . .



1948 there having been no significant change in his 

condition. He was re -admitted on 1st January,

1949 with a week's history of attacks of palpitations, 

similar to those described cm his previous admission.

Tie re was no change in the physical and laboratory 

findings. On the second day after admission he 

complained of sudden breathlessness and on examination 

it  was found that he was having paroxysmal bursts of 

tachycardia which were shown on electrocardiography

to be ventricular in origin. He was given qulnidlne 

sulphate and within three hours the rhythm returned 

to normal. In the next few days he had two more

attscks of paroxysmal tachycardia. The patient was 

well enough to be discharged on 5th February, 1949.

On May 7th, 1949, he was again readmitted with a 

two-week history of Increasing breathlessness on 

exertion and of oalpitatlons. On examination it  was 

found that he was in congestive cardiac fa ilu re . 

Radiological examination showed slight cardiac enlarge­

ment, more marked in the le ft  than in the right ventricle. 

He was treated by bed rest, a sa lt free diet and 

d ig ita lis  le a f. A ll signs of congestive cardiac 

failure had disappeared after a week, and he was d is­

charged. *hen the patient was last seen alive on 3rd 

July, 1949, he was s t i l l  able to carry out light duties.
/However • e e
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However, on 8th August, 1949, he collapsed In sne 

street and died before admission to hospital.

A post-mortem examination was carried out by a 

pathologist unaware of the patient's history. The 

diagnosis of Idiopathic haemochroraatosIs was confirmed. 

Microscopically there was dark brownish pigmentation 

of the liver and mesenteric glands and the pancreas 

was represented by s thin fibrous oord, Histologically 

both organs showed heavy Iron deposits. In addition, 

there was an early portal fibrosis In the liv e r  and, In 

the pancreas, there wore thick bands of connective 

tissue running between the acini. The heart also 

showed brownish discolours ion and there was a slight 

generalised enlargement (16 o s . )• However, no sections 

were made, so that the histological features are not 

known.

CA-E 1 (Study 11 h -  a widow aged 22 years, was admit­

ted to the Johannesburg General Hospital on Februsry f»th, 

19£0 , complaining of amenorrhea for twenty months. 

Previous health had been good, and she had given birth  

to a normal baby In 1946. Six months after the onset 

of the amenorrhea}, the skin began to darken. Both 

family and systemic histories wore non-contributory.

/On Physics! . . .
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On Physical Examination she was well developed. A 

generalized slaty gray skin pigmentation was found, 

and both ax illa ry  and pubic hair were scanty. A 

binominal rhythm accounted for a pulse rate of 44 per 

minute, whloh was one-half the rate counted over the 

heart. The blood pressure was 126/70 mm.Hg. and 

there was no clin ical oardionegaly or abnormality of 

the heart sounds. The liver edge was just palpable, 

being firm and non-tender. Gynecological examination 

proved negative.

Progress t She was asymptomatic in the hospital.

She had frequent extr&systoles, but these caused no 

subjective d isab ility . The patient was discharged,

with no definite diagnosis, on February 27th, 1950,

Laboratory Data: A complete blood count showed the

following* haemoglobin 15.8 gm.#, erythrocytes (per 

cubic millimeter) 4,650,000, leucocytes (per cubio 

millimeter,) 10,000, neutrophils, 41.0., monocytes 

11.0/, lymphocytes 44,5#, eosinophils, 3.5#, 

basophils 0#. Blood proteins; albumin 2.5 mg.#, 

globulin 3,9 mg.,.. Serum sodium 344 mg.#, serum 

sodium chloride 560 mg. #, blood urea nitrogen 39 mg.

Sugar tolerance curve (after 50 gm. of glucose by mouth) 

fasting level 100 mg,#, 15 minutes 105 mg, , 30 minutes
t

/110 j * • •
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110 mg.£, 60 minutes 150 ng . f i ,  120 minutes 120 mg.fi,

180 minutes 105 mg./. Liver function: Thymol

turbidity test, 3.5 units, thymol flocculation, negative, 

eephalin cholesterol flocculation (twenty-four hour 

reading), ♦♦♦ positive, Takata-Ara (loko's modification) 

♦ positive. Prothrombin index 83^. Modified ide 

test for Syphilis: negative. trine analysis was

normal. A Keplor-Robinaon-Power test was positive.

A skin biopsy was negative. An electrocardiogram on 

February 8th, 1950 showed Inconstant bigeminal rhythm 

due to alternating ventricular extraa’rstoles. The rate 

was 80 per minute. Basic rhythm showed a fla t  T wave 

in Lead Vg and diphasla (♦  - )  T waves in V4 and Vg 

(Figure 1 ). There were runs of ventricular extra­

systoles up to six beats. On February 21st, 1950, the 

inoonstant bigeminal rhythm was s t i l l  present. X-rays 

of the heart, lungs, and skeleton were normal.

Second Admission: The patient had been well until four

days before readmission on March 28th, 1951, when she 

developed short bouts of ’ palpitations' with a rapid, 

ragular heart rate. During one such attack, she became 

extremely breathless and lost consciousness for a few 

momen ts.

/On Physical . . .
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On Physical Examination: There was gener&jised skin

pigmentation and marked orthopnoea. The pulse rate 

was ♦ 170 per minute, the rhythm was irregular, and

the blood pressure was 80/55 mm.Hg. She was in 

congestive cardiac failu re and peripheral circulatory 

failure with a cold clammy skin. The neck veins were 

engorged and pulsatile at an angle of 45°. The heart 

was not c lin ica lly  enlarged, and the sounds were normal.

The liver was enlarged 3 finrer -breadthe, and the edge 

was smooth and tender. There was no peripheral oedema.

Prorreaa : Digoxln, 0.5 mg., was injected intra­

venously, and the condition Improved dramatically.

After two hours, the pulse was re :ular with a rate of 

96 per minute, and the blood pressure rose to 110/65 ram.Hg. 

Maintenance therapy was continued with 0.25 mg. of 

digoxln twice daily and with 6 gr. of quinidine sulphate 

four times daily. After several days there were no 

signs of congestive fa ilu re , and the heart was regular 

except for occasional extrasyatoles. While the patient 

was in hospital, the diagnosis of idiopathic haemo- 

chromatosia was established by liver aspiration biopsy.

She was discharged on April, 21st, 1951.

/Laboratory •  • e



Laboratory ~>atn : A complete blood count showed the

following! Haemoglobin IS .7 gm.;5, erythrocytes (per 

cubic millimeter), 5,000.000, Leucocytes (per cubic 

millimeter) 8,000, neutrophils 46.0 ', monocytes 7.0 , 

lymphocytes 44.5/J, eosinophils 0.5,l, basophils 2.0,*,

Blood proteinss albumin 3.8 gm. > globulin 3.9 g «.# .

Serum sodium 337 mg.#, Serum sodium chloride 550 mg.#, 

serum potassium 20 mg.#, phosphorus 4.9 mg.)’, 

oalelum 10.6 mg.;-, cholesterol 195 mg.#, amylase 74 units. 

Butter tolerance curve (after 5) gm. of glucose by mouth)* 

fasting leve l, 70 mg.#, 30 minutes 78 mg.#, 60 minutes

110 mg.#, 90 minutes 70 mg.#, 180 minutes 60 mg.jC.

Liver function tests: Thymol turbidity test +♦ positive,

cephalln oholesterol flocculation negative, Takata- 

Ara (Uoko's modifiestIon), negative, van den Bergh 

reaction negative, b ilirubin , direct, less than 0.5 mg.#, 

total leas than 0.5 mg.#, Xoterlo index 10, Prothrombin 

index 78h. Modified I .e teat for Syphilis, negative. 

Irina analysis, normal both chemically and microscopic­

a lly . The re were no excess porphyrins, diastase 6 

WShlgemuth units, 17 ketosterolds, 8 mg. in 24 hour 

specimen. A Rous' test was positive. Examination 

of the faeces (twenty-four hour specimen)! 82# waterj 

of the ea* ids 12# was fa t , 35# of which was unsolit.

70.
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X-ray ohaatt (April 7th, 1951) Normal heart outline. 

Basal metabolic ra te : ♦ 6$. Electrocardiograms on

March 28th, 1951 slowed a variable supraventricular 

(probably nodal) tachycardia, together with numerous 

ventricular extrasystoles. The rate was 170 per minute. 

#ithin half an hour of administering 0.5 mg. of digoxin 

intravenously the rhythm became regular, the rate 8K> 

per minute. Durinp the next hour, the rate slowed to

100 per minute. Regular sinus rhythm was present.
/ •

Between March 30th, 1951 and April 5th, 1951, while the 

patient was on d ig ita lis  therapy, a sinus rhythm persisted 

with slow rate. T. waves in Leads 11 and Vg became 

flattened, and the R-St segment showed d ig ita lis  effect.

A skin biopsy was normal. A live r asoiration 

biopsy (carried out on April 12th, 1951 after a short 

course of vitamin K therapy) showed the hlstolocrlcal 

features of haemochromatosls with heavy iron deposition 

and a moderate portal fib rosis .

Third Admissiont The patient remained in good health 

on quinldine sulphate, 6 gr. four times daily, until May 

21st, 1951, when she developed bouts of extreme Daroxysmal 

breathlessness accompanied by ‘palpitations’ and was

/re-admitted . . .
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re-admitted to the hospital in congestive cardiae 

fa ilu re .

On Physical Examinetion; The nulse rate was 135 oer 

minute, the rhythm was regular, and the blood pressure 

was 120/70 mm.Hg. The heart was not c lin ically  

enlarged. On auscultation there was a gallop rhythm.

An electrocardiogram showed a sinus tachyoardia 

with a rate of 140 per minute. There as R-ST 

deDress Ion in Leads 11, Vg and Vg (1& mm. in the la tte r ).

T. waves wer< inverted in 11, 111 aVp and Vfi (patient 

not on d ig ita lis  ).

Progress: She was treated with bed rest, digoxin

by mouth, a sa lt-free  diet, and mercurial diuretics. 

Response was satisfactory, and che was ready for discharge 

on June 4th, 1951.

The patient remained in good health for almost a 

year on maintenance d ig ita lis  and qulnidlne therapy. 

However, in August, 1952 she developed diarrhoea with 

marked breathlessness and naln over the right taypo- 

ohondrlum.

/On Physical...
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On Physical Pagination : She was in gross congestive

oardlac fa ilu re . The pulse rate was 120 per minute, 

the rhythm was regular and the blood pressure was 

110/70 mm. Hg. The heart was c lin ica lly  enlarged, and 

there was a widespread protodiastolic gallop over the 

nreeordlum, There were signs of a pleural effusion 

at the right lung b«se and the liver was enlarged four 

fingers below the costal margin and was very tender.

There was gross peripheral oedema.

She was treated with d ig ita lis , quinidine, proncgtyl 

and bed rest but there was a steady deterioration. The 

pleural effusion was tapped and a venesection of 400 ccs. 

of blood was performed but neither seemed to Influence her 

steady downhill course. *>he died In congestive cardiac 

failure on August 15th, 1952. 5

5 unwary of Post Hortem Findings? The body was well

nourished and there was a generalised bronze pigmentation

of the skin most marked over the hands and feet. There

was slight pitting oedema of the lower extremities. The

heart (weight 460 jrams ) was brown in colour and was

dilated and flabby. The valves appeared normal. There

was well marked congestion and oedema of the lun^s;

the liver weighed 2175 grams, the surface being brown and

slightly granular while the oancreas, which showed well

marked pigmentation, was firm and fib ro tic . There
/was . . .
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was no obvious abnormality of the kidneys. A positive 

Prussian blue reaction was present In the liv e r , pancreas, 

heart, submaxlllary and mesenteric lymph glands, thyroid, 

spleen and adrenal cortex.

Microscopically : The liver showed a moderate to

marked amount of haemoslderln, the deposition being 

most marked In the liver and Kupffer ce lls . The portal 

tracts had small quantities of olgment, most of which 

lay in the ohagocytes. *he haemoslderln in the liver  

lobules was most marked In the central zones where

congestion was also present. There was disappearance 

of a large number of liv e r ce lls . The central veins 

were dilated and there were small quantities of haemo> 

aiderIn 1 the walls, mainly in the endothelial ce lls .

In addition, there was slight thickening of the portal 

tracts and Increased non-granular celled in filtration .

The pancreas showed well marked deposition of haemo- 

slderin in the gland ce lls . No is lets were seen In the 

section which was probably taken from the head of the 

pancreas. The spleen had haemoslderln present in the 

large phagocytic oells of the oulp and the pigment was 

also seen lying free in the sinuses. Haemoslderln was 

also present In the trabeculae and connective tissues of

/the • • •
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the pulp. The gut showed no evidence of haemosiderin. 

There were slight deposits of Iron pigment in the 

phagocytic cells of the abdominal lymph glands, whereas 

very l i t t le  was present in the lymph fo llic le s .  

Haemosiderin was also found in the connective tissue 

and in some of the small vessel walls. No haemo­

siderin was present in the ovaries and the kidney showed 

deposits in the convoluted tubules only. Sections 

of the surj>renal showed a slight amount of iron pigment 

in the cells of the Stratum Granulosum. There were well 

marked deposits of haemosiderin in the muscle fibres of 

the heart; the amounts, however, were variable as some 

cells showed large quantities while others had practically  

none. Some of the muscle fibres were atrophic; l ip -  

fuschin was not increased. Small quantities of iron 

pigment were found in the colloid and in some of the 

gland ce lls . There was no evidence of Iron deposition 

in the brain.

CASE 5 :- was a clerk aged 37 years who presented in 

July, 1950 with a history of tiredness, anorexia and 

loss of weight in the two months prior to his admission 

to hospital. In addition he was suffering from severe 

thirst and was passing large quantities of urine,
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Previous health had been i ood and he had spent 5 years 

in the Army, However, lib ido  had always been poor 

and mare recently he had become impotent. Family and 

systemlo histories were not contributory.

On Physical ixamlnation* He apDeared underweight and

111. The hair on his head was fine and silky while 

axillary  hair was absent and pubic hair was scanty.

There was also an almost complete absence of fac ia l hair 

and the skin of the face, which was thin and delicate, 

was covered by many fine wrinkles. There was a 

generalised slaty-grey pigmentation of the whole body, 

most marked on the exposed parts. The tongue was dry 

and furred and acetone could be smelt in the breath.

The pulse rate was 100, the rhythm was regular and the 

blood pressure was 140/94 mm.Hg, There was no obvious 

abnormality in the cardiovascular and resoiratory systems. 

The liver edge was fe lt ,  four fingers below the costal 

margin being smooth, firm and non-tender. The penis was 

normal in sise but both testes wer> atroph c.

Laboratory Data: A complete blood count: Haemoglobin

14.5 gm.',«, erythrocytes (per cubic millimetre) 4,640,000, 

leucocytes (per cubic millimetre) 11,600, neutrophils 

54^, monocytes 4$, lymphocytes 39^, eosinophils 2%t
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basophils 1l%, Blood proteins, albumin 3.9 gm-, 

globulin 2.8 gfl$, Serum clorides 600 m g S e r u m  

diastase 121 units. Liver function teats:-

Thymol turbidity, 1 unit; thymol flocculation, negative, 

bilirub in : direct, less than 0.5 total: less

than 0.5 mgm,?.. Icteric Index,7, Prothrombin index 

100 Urine analysis: ♦♦♦♦ Sugar and acetone; no

excess urobilin ; diastase 10 WBhlgemuth units; Rous' 

test, positive and 17 ketosteroids 16 mgm. in 24 hour 

specimon. Keplar-Robin3on-Pouer test, negative.

Sugar tolerance curve after 60 gm. Olucose by mouth 

(done after ketosis had been contro lled ):- Fasting 

leve l; 190 mgm.,w, ^ hour, 540 mgm/o, 1 hour 285 mgta.$;

2 hours 275 RigrB.$ • D odenal intubation: normal

pancreatic ferments. Fats in stools, normal. Basal 

metabolic rates: -10» and -15 '. X-ray cheat: Heart

and lungs normal. Electrocardiogram; Inversion of 

T waves over V& and Vg (17.7.50). Progressive 

diminution of T wave from Vg to Vg (4.8.50 ).

Progress: The patient's diabetes was stabilised on

25 units Protamine .inc insulin and 20 units ordinary 

insulin daily. This control was accompanied by a marked 

improvement in general health. Subsequent progress has
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been uneventful. He haa been in hospital on several 

occasions in the past three years and further radioiron 

investigations have been carried out. There has been 

no change in his general health and the control of his 

diabetes has been effective.

CASE 4 : was a European female who was f irs t  admitted

to the Johannesburg General Hospital in May, 1948 at 

the age of 49 years. She was complaining of tiredness 

on e ffo rt for the previous two months and of d ifficu lty  

in swallowing, 10 days orlor to admission. Her past 

history was not relevant except for the history that 

she had been a heavy brandy and wine drinker until 8 years 

previously. *he had six children and no mlsoarrlaces.

Her periods had stopped two years previously; prior to 

this they had been normal.

On .'hyaical Examination! She appeared anaemic. A 

striking feature was a generalized slaty-grey p irient- 

ation of the skin, being most marked on the face, the 

extern or aspects of the forearms and on the legs. In 

addition, the skin was dry and scaly. There were no 

areas of pigmentation In the mouth but both tonsils 

were enlarged and acutely Inflamed. Nothing abnormal
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was found in the cardiovascular system either c lin ica lly , 

radlologically or electrooardlo raphioally. The blood 

pressure was 120/88 nra.Hg. The live r was markedly 

enlarged, irregular in outline and non-tender. Th re 

were no other abnormalities found in the abdomen and 

pelvic examination proved negative.

The following blood count was found on admission 

Haemoglobin, 4.0 g »° ;  erythrocytes (per o.mm. ) 1,010,000j 

leucocytes (p r c.mm) 11,000; polymorphonuclears 06.0/; 

large mononuclears, 1.5,3; lymphocytes 9.5, . eosinophils 

0.5/; mast cells 0; metamyelocytes 1.5/ promyelooytes 

1.0;*. Ahe red ce lls  showed marked at isocytosis and 

increased polychromesla , as there were some punctuate 

basophlllo c e lls . The following nucleated red oells  

were seen: 3 normoblasts, 2 megaloblaats of Khrlloh.

A fa ir  proportion of the red cells appeared macrocytic, 

and there waa a very severe anaemia. The d ifferential 

and white counts showed a polymorphonuclear leuoocytoals, 

the polymorphonuclears showing a marked shift to the 

le ft .  There was, therefore, a severe macrocytic anaemia, 

associated with a myeloid reaction.

Liver by injection, iron by mouth, penicillin  

injections intramuscularly and a number of blood trans­

fusions completely transformed the picture, so that a
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Haemoglobin 12.0 gm.,j; erythrocytes per omm. 5,500,000, 

leucocytes per o.nm. 3,700; neutrophils 59;', monocytes 

2&, lymphocytes 38#; eosinophils 1.>; basophils Ot.

A moderate anaemia was present, associated with a 

slight leuoopenia. The red cells showed a marked 

Inequality in size and shape. The majority, however, 

were maorocytlc and hyper chramio. Giant forms about 

15 cubic microns in diameter were frequently observed.

In addition, scattered nucleated erythrooytes were a en; 

also cells showing polychromasla and punotate basophilia , 

The picture was that of macrocytic hyperchromia anaemia.

As soon as she had recovered from her acute tonsillar 

Infection and the anaemia had been rectified  further 

investigations were carried out to elucidate the n ture 

of the skin pigmentation and hepatomegaly.

Additional Laboratory Datat-  Liver funotlon 

Thymol flooeulatlon ♦♦+, cephalin cholesterol (after 48 

hours) Icteric Index, 20 units; Serum bilirubin

0.5 agm. ; Prothrombin Index 90^. Sugar tolerance 

(a fter 50 grams gluoose orally )t Pasting level,

95 ngn. & hour 130 mga.:£, 1 hour 160 mgm,#,

l j  hours 160 2 hours 130 mgm. .̂ Blood cholesterol

/125 mgm.
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126 mgm.^, blood urea 50 mgm.jt. Wasserman Test* 

negative, Urine analysis; no aupar, albumin or 

urobilin, 17 ketoaterolda (24 hour specimen) 2,45 mpm. 

Iron in urine} 2,8 rngm. in 24 hour speoimen. Gastric 

analysis, normal. Fats In stools* normal. Basal

metabollo rate, ♦ 14',*, Skin biopsy* Abundant iron 

containing pigment in the corium.

v

Progress * The patient's general health improved

after the in it ia l transfusions and she remained so for 

the following two years. In the later months of 1950, 

however, she noted that she was brulsln easily and she 

began to suffer from recurrent nose bleeds. This 

bleeding bocame so severe that she was finally  readmitted 

to hospital in December, 1950, The findings on this 

second admission were essentially similar to those 

previously recorded. In additon she was Useding from 

the right nostril and ecohymoses were present on both 

forearms. The eplstaxis was easily controlled and her 

subsequent course in hospital was uneventful. During 

this period radioiron absorption studies were performed 

on her.

Laboratory Data* Full blood count* Haemoglobin,

14.4 gms^j erythrocytes per mm. 5,0/0,000; leucoytea
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per c.mm., 5,600; neutrophils, 49.5 , monocytes 

9*o£, lymphocytes 40.5$; eosinophils 1#. Sodiment- 

ation rate; 11 mm. in 1 hour. Liver function; Thymol 

turbidity, 1.5 units; thymol flocculation, re lative; 

Takata-Ara (Ucko*s modification) ♦+ positive. Alkaline 

phosphatase 12.2 units. Van der hergh reaction, 

negative. Serum proteins 5,9 grama #, Albumin 4.0 

grama# globulin. Serum bilirubin , direct - less than

0.5 mgm,/. Total, less than 0.5 mgm./. Icteric  

index, 15 units. Sugar tolerance (a fter 50 grama 

gluoose orally )r Fasting leve l, 105 mgm.#, j  hour 

149 mgm.#; 1 hour, 105 mgm.#; 1 \ hours 98 mgm./;

2 hours 95 mgra./. Serum amylase, 29 units. Urine 

analysis, n il chemically and microscopically except for 

a positive Rous * teat for iron. electrocardiogram 

within normal lim its. Liver biopsy; heavy hepato­

cellu lar and portal iron deposits with marked cirrhosis.

Subsequent Progress: Tho oat lent was seen several

times in the following year and further radioiron 

Investigations were carried out on her. When last seen 

in January, 1952 she was in fa ir  health. She complained 

at times during the period she was voider observation of 

several attacks of 'palpitations* of sudden onset and 

accompanied by breathlessness. The description of the
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attacks suggested some type of oaroxysmsl arrhythmia 

but no objective proof of this was obtained. An 

electrocardiogram In October, 1951 showed f la t  T waves 

In Lead 1 and small T waves In lends V^, Vg and Vg.

CASE 5, was a female, aged 53 years who was f irs t  seen 

In September, 1959. She had been well until three years 

p evlously when she had begun to lose her energy and to 

feel lis t le s s  and tired. She also noticed a Drorressive 

darkening of the skin of her body, more marked on the face 

and arms. In May, 1950 she developed extreme thirst and 

went to see a doctor who diagnosed diabetes mellitus and 

started her on a regime of 20 units ordinary insulin and 

20 units Protamine Zinc insulin dsily . She subsequently 

went on holiday but did not fee l w ell; her aopetlte was 

poor and she lost 28 1 s. in weight between June and 

August, I960. In that month she lost consciousness and 

was treated by a specialist physician privately as a 

diabetic coma; ( fu l l  details of this episode are not 

available ). She was stabilised on 35 units of insulin 

daily and was feeling well and gaining weight when she 

was admitted to the Johannesburg General Hospital in 

September, 1950 for further investigations.

In the systematic history there was nothing of
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significance except in the gynaecological history.

^er oeriods had begun at the are of 16 years but had 

always been grossly irregular. The time interval 

between periods varied from 3 - 6  months but on occasions 

was as long as a year. The actual loss per period 

seemed normal and was accompanied by marked dysvmenorrhooa. 

She had no children, having ’ sen married after her 

menopause, which was at the age of 50 years. The fsm*ly 

history was not contributory.

On Physical examination: There was a generalized slaty-

grey pigmentation of the skin more marked on the exposed 

parts. There was no pigmentation of the mouth.

Axillary hair was absent and pubic hair was scanty. The 

thyroid was slightly  enlarged, being smooth and firm In 

consistency. There was no abnormality of the resoiratory 

system. The pulse was regular and the blood pressure 

126/34 mm,Hg. The heart was not c lin ica lly  enlarged

and the sounds were normal. The liver was two fingers 

enlarged and was firm and non-tender. There was no obvious 

abnormality of the central nervous system.

Laboratory Data: Pull blood count! Haemoglobin,

12.6 grams#; erythrocytes VP«r cubic millimetre)

4,400,000; leucocytes (per cubic millimetre) 6,800;
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neutrophils 47/J, wonooytea 6£, lymphocytes 48 f 

•oslnophils &£, basophils 0'!. Blood proteins*

3.1 prams albumin jC, 8.7 insis globulin £•

Serum eodium ehlorids 673 mga.», serum cholesterol 

15) ngm.^. Fasting blood sugar, 870 Liver

funot Ion: Thymol turbidity 2.5 units, thymol

flocculation, negative, TakataWira (Ueko*s modifloa1 Ion) 

negative, oephalln cholesterol (84 hour reading) ♦♦♦ 

positive. Prothrombin index 95.. Bilirubin* direct, 

less than 0.5 »g * . ',  total, less than 9.5 wga. .

Ioterlo Index 19 unite. A modified Ide test fo r  

Syphilis was negative. Urine analysis: ♦♦ positive, 

Bonod lo t 's  reaction for sugar. There was a traoe of 

urobilin; diastase less than 7 Wt&hlgecuth units, 17 

Ice toe toroids 18 «Bgm. in 84 hour specimen, porphyrins 

no excess, Robinson-floplcr-Fover test, negative.

Faeces examination (24 hour specimen)* no excess fat.

An X-ray of the ohest showed no increase in heart else, 

there was a l l  ht a -physcma. rlootrocardiogrom: small

T waves In Isad 1 and in leads V& and Vg, okin biopsy*

typical features of idiopathic haemoohroaatosia with iron 

particularly In the sweat glands. Liver aspiration 

biopsyi heavy deposits of iron, both In parenchymal 

tissues end In the portal tracts. Moderate portal 

fibrosis with b ile  duct hyperplasia.
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Subsequent Progress; While in the ward she was

stabilised on 60 units ordinary insulin and 40 units 

Protamine Zinc insulin daily. During this oerlod 

radlolron absorption studies were carried out. She 

wad fina lly  discharged in good health with the diabetes 

under adequate control. She was followed closely in 

the ensuing months and further studies were performed 

on her.

In June, 1951 she began to notice swelling on 

her logs and was roadraitted to hospital. Findings on 

this second admission were essentially the some as 

previously, except for the presence of a mild degree of 

pitting oedema of the lower extremities. There were 

no signs of congestive cardiao fa ilu re .

It  was found that she was showing ♦♦♦♦ sugar in 

the urine consistently and that the blood proteins were 

made up of 2 .8  grams per cent albumin and 2.3 grams per 

cent globulin.

D ifficulty was experienced in restabaliaing the 

diabetic state as her insulin requirements had risen. 

Stabalisatlon was eventually effected with a dose of 

500 units insulin daily in divided doses. She was d is­

charged without any definite conclusions having been
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reaohed either as to the cause of her ankle oedema or 

the reason for the sudden onset of Insulin resistance.

She was readmitted to hospital two days later in 

deep hypoglycaemie coma of seven hours duration. She 

was given an in it ia l dose of 60 grams glucose intra­

venously and responded well. Thereafter glucose was 

administered by mouth.

On rests alisation i t  was found that her insulin 

requirements had dropped again and she was discharged 

on a dose of 80 units N.P.H. insulin and 40 units 

ordinary Insulin dally.

Sha was readmitted to hospital in April, 1962 for  

further investigations, Health had been fa ir  in the 

preceding months except for a progressive loss in weight 

of 20 lbs.

No significant change in the physical findings 

was noted on examination but i t  was noted that she was 

again running ♦♦♦♦ sugar in the urine. In addition 

acetone was Intermittently present on routine urine 

examinations. Extreme d ifficu lty  was experienced in 

restaballsing the diabetes. Finally, she was out on 

a four hour schedule and was controlled on about 400 

units of insulin daily. At the time of writing
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(March, 1953) she was In good general health.

CASE 6 . was a female, aged 65 years when f irs t  seen 

in May, 1950. The immediate cause for admission was 

cn attack of biliousness followed by a short fainting 

spell on the day prior to admission. This episode had 

been preceded by several years of progressive breathless­

ness on exertion. In addition she had suffered from 

diabetes for 25 years} this had been well controlled 

in the last ten years by 25 units Protamine Zinc inculin 

daily. She had also been diagnosed as suffering from 

a peptic ulcer & years previously but it  had responded 

well to modloal measures.

There was nothing relevant in the systematic or 

family histories. She had three children; the 

menopause had occurred 5 years previously and had been 

noxmisl.

Physlcal ExaminatIon: revealed an elderly woman who was 

acutely dysonoeie and ©enosed. The pulse rate was 150 

per minute, the rhythm was regular and the blood pressure 

was 240/120 naa.Hg. She was in early congestive cardiac 

fa ilu re . The neck veins were engorged and pulsatile  

one inch above the angle of Louis at an angle of 45°.

Tho heart was c lin ioally  enlarged, the maximum eardiac
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impulse beIn3 In the 6th lntarspaoa in the anterior 

axillary  line. The impulse was heaving. The heart 

sounds were d iff ic u lt  to hear beoause of coarse 

crepitations scattered uniformly throughout both lung 

fie ld s . The liv e r was enlarged 4 fingers below the 

oostal margin, the edge being firm and tender. There 

was no evidence of free flu id  in the abdomen and no 

peripheral oedema.

Progress t The patient was regarded as an acute le ft  

ventricular fa ilu re secondary to essential hypertension 

and was treated with aminophylline gr. 7& Intravenously, 

morphia gr. £ subcutaneously and with oxygen. An 

electrocardiogram taken at the time sho ed a rate of 

160 per minute, the rhythm was sinus and there was no 

evidence of any conduction defect. There was seme 

depression of the Sf segments with flattening of the T 

waves over V^, V5 and Vg. She responded well to 

treatment in it ia lly  and was subsequently put on a regime 

of d ig ita lis , mercurial diuretics and a salt-free diet. 

The diabetes was well controlled on 25 unite Protamine 

Zinc dally . However, in the next four days she com­

plained of several bouta of subeternal pain of a cardiac 

ischaemic type. These attacks usually lasted 10 to 

15 minutes. Five days after admission she developed
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very severe substemal pain and was found on exam­

ination to be shocked and sweaty, with a heart rate of 

103 and a blood pressure of 174/94 mm.Hg. Her 

electrocardiogram was taken and showed the chan eras of 

a recent anterior myocardial infarction. She was 

started on anticoagulant therapy with dicoumarol and 

the prothrombin index was maintained at a level between 

30 and 40$, Ten days after the commencement of this 

treatment she passed two large malaena stools. The 

haemoglobin level was 8,5 grams $ and the prothrombin 

index on the day of the bleed was 20$. Dicoumarol 

waa discontinued and 500 cos, blood were given slowly 

intravenously. On the following day she s t i l l  

appeared pale and a further 500 ccs. blood was given.

Her subsequent course in hospital was uneventful 

and it was possible to discharge her six weeks after 

admission. The final diagnosis at that time was 

essential hypertension with le ft  ventricular fa llu r  , 

acute anterior myocardial infarction and bleeding from 

a reactivated gastric ulcer. It  was assumed that the 

bleeding had, in part at least, been precipitated by 

the anticoagulant therapy.

Second Hospital Admissiont The patient was readmitted
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in November, 1950, six m >ntha after her orevious 

discharge. She had been well until three weeks 

previously when she began to beoome breathless again 

qn exertion. She also found that she was unable to 

lie  f la t  because of the breathlessness. On exam* 

ination it  was noted that there was a generalised mild 

Blaty-grey pigmentation of the skin most marked over 

the face and arms. She was ovanosed and dyspnoeio.

The pulse rate was 78 per minute, the rhythm regular 

and the blood pressure 220/150 mm.Hg. She was in 

oongestlve cardiac fa ilu re , the neck veins being 

distended 5 eras, above the sternal angle with the patient 

at an angle of 45°. There were crepitations at both 

lung bases, the live r was 4 finders enlarged and tender 

and there was slight sacral oedema. The heart was 

enlarged to the le ft ,  the maximum cardiac impulse being 

in the 5th interspace outside the mlddavioular line.

An early diastolic murmur was present down the le ft  

sternal border and a protodiastolic gallop rhythm was 

heard at the apex. Hair distribution was normal.

Progress i She was treated with d ig ita lis  le a f,  

mercurial diuretics and a salt-free diet. On this 

medication the cardiac fa ilu re  was controlled. In 

addition she was given 25 units Protamine Zinc insulin

/for • a •



92.

for her diabetes.

a

In view of the skin pigmentation, coupled with 

markedly enlarged live r and diabetes the possibility  

of idionathic haemochromatosis as an etiological factor 

was considered and a further series of laboratory 

investigations, including liver asDlratlon biopsy were 

therefore carried out.

Additional Laboratory Datai Full blood count: 

Haemoglobin 15.0 grams $; erythrocytes per cu.mm. 

4,120,000; leucocytes per cu.mm, 9,900; neubrophils 

74$; monocytes 10$, lymphocytes 15$; eosinophils 2$; 

basophils 2$. Sedimentation rate 52 mm. In 1 hour. 

Dlood Proteins ; 5.1 gramsv albumin 4.5 rraras $ globulin. 

Blood chlorides 560 mgm.35; blood cholesterol 165 mgm.$; 

blood calcium 9.9 mga.$. Random blood sugar 590 rnmn. *. 

Blood urea 150 m g w . B l o o d  diastase 50 units %•

Liver function: Thymol turbidity 2.5 units, thymol

flocculation negative, T&kata-Ara reaction (Ucko's 

modification) negative. Alkaline ohosphatase 14.5 

King Armstrong units. Icteric index 12. Prothrombin 

index 90$. Modified Id© test for Syphilis, negative. 

Urine analysis: ♦♦ sugar and ♦ albumin present. Fixed

specific gravity at 1010. Excess urobilin present.
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Rous* test fo r iron: negative. Less than 6,7 

WShlegeniuth units diastase. Faeces (24 hour 

specimen): no excess fats . Gastric analysis:

histamine fast achlorhydria. X-ray Ghost: The heart

showed a hypertensive oonfiguratlon but was not en­

larged in the transverse diameter. X-rays of the long 

bones: Osteopo osis with osteoarthritis. Electro­

cardiogram: Rate 73, with sinus rhythm and no conduction

defects. Conversion of T waves in standard lead 1 and 

in leads VI -  6 with some d ig ita lis  e ffect. Liver 

asDlratlon biopsy: Heavy hepatooellular and portal

deposits of haemoslderln with advanced portal fib rosis .

Subsequent Progress: In the following 3 weeks the

oardlao fa ilu re  remained under good control and radlolran 

absorption studies were carried out on her during this 

period.

Subsequently she began to develop bouts of colicky 

abdominal oain with vomiting and intermittent diarrhoea. 

During these attacks the serum amylase remained normal and 

a barium meal proved negative. The* possibility  of sub­

acute intestinal obstruction was considered but repeated 

X-rays of the abdomen showed no evldenoe of flu id  levels. 

The blood urea was constantly raised at levels between
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150 and 196 mgm.£. She was treated with gastric suction 

and intravenous flu ids. However, the general condition 

gradually deteriorated. She developed bedsores over 

the sacrum and lapsed into a stuporoae state and developed 

a pyrexia with signs of bronchopneumonia in both lung 

fie ld s . She fin a lly  died on January 11 th, 1951.

Post hortem Findincb i The body showed generalised

wasting with bedsores on both buttocks. The skin was 

not markedly pigmented except for some varicose 

pigmentation of both lower extremities. There was exten­

sive basal atelectasis of both lungs with a superimposed 

acute bronohitis. ihe heart was maoroscopioally normal 

(weight 500 grams ) excent for evidence of an old healed 

apioal infarct. There was marked atheroma of the 

aorta. The stomach showed a healed gastric ulcer at 

the Junction of the cardia and body. The mesenteric 

lymph glands were somewhat enlarged and were pigmented 

brown. i'he liver weighed 1920 grams and was brown in 

colour with marked fine nodular hepatic fib rosis . The 

pancreas snowed evidence of a pancreatitis with fine  

nodularity but no pigmentation. The kidneys were 

contracted and the vessels were marked by atherosclerosis.

The suprarenale were normal. The ovaries showed atrophic 

changes. The thyroid was atrophic and the brain 

appeared normal.
/M icroscopically . . .
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Mlcrosooploally; Thera was a marked uniform degree 

of periportal fibrosis Ground each of the lobules of 

the liver. The fibrous tissue could be seen in filtrating  

round the liver ce lls . A large number of irom-oontain- 

ing granules were present in the poriportal areas. In 

the areas where fibrosis was most marked there was evidenoe 

of new b ile  duct formation. These b ile  ducts also 

contained haemosiderln. The liver cells showed a heavy 

deposition of iron-containing pigment which was diffusely  

distributed throughout. The granules tended to be 

concentrated mostly towards the potential bile duct lumen. 

The amount of iron was approximately equal in the liver 

cells and portal tracts. Only occasional Kupffer cells  

were pigmented. The islets of the pancreas anpeared 

reduced in number. Those present exhibited no obvious 

histological change. There was no evidenoe of haemo­

siderln in the granular tissue. The larger arteries 

showed thickening of the intlma which contained small 

calc ific  deposits. The spleen showed a marked reduction 

in the number of Malpighian corpuscles; the surviving 

ones contained hyallned central arterio les. There was 

thickening of the red pulp with Increased fibrous tissue 

between the splenic sinusoids whioh were relatively  

empty. Large areas of haemorrhage, however, were present. 

In spite of the haemorrhage, iron-containing macrophages

/were . . .



e«.

were scanty. No abnormality of the oesophagus, or 

of the small and large bowels was noted. Mesenteric 

and para-aortic lymph nodes showed crowding of the 

sinusoids with macrophages containing iron pigmert.

The kidneys exhibited a well marked degeneration of 

the glomeruli with evidence of intercapillary glomerular 

sclerosis. Surviving glomeruli showed evldenoe of 

increased ce llu larlty . There was intlmal hypertrophy 

of arteriolos with thickening of the internal elastic  

membrane. There was no evidence of iron-contalning

pigment. The adrenals were normal except for some

reduction of the Zona lomeruloaa. The thyroid 

contained several small adenomata with no evidence of 

oaplllary infolding. The lungs were markedly congested 

and the bronchi aopeared normal. The hilar lymph 

glands showed dilation of the vessels; carbon oigment 

was present but no iron. The muscle fibres of the 

heart were broader than usual and were not pigmented.

The nuclei were large and hyperchromatlo. There waa 

a alight increase in fibrous tissue between the collections 

of muscle fib res . No abnormality of the brain waa noted.
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D I S C  D S S I O N ,

Several aspects of idiopathic haemoohromatosis 

are reviewed in the following discussion. Special 

attention is directed towards the possible etiology 

of the condition and to the cardiac complications 

which may occur. However, other aspects of the 

disease, including the c lln loa l presentation, 

pathological findings, prognosis and treatment are 

also discussed b rie fly .

ETIOLOGICAL FACTORS l

Age Incidence: The disease has a fa ir ly

limited incidence, the maximum occurrence being 

between 45 and 55 years, 42$ of cases occurring 

between these ages ( 2 ). However, as can be

seen from Table IV, as drawn up by Sheldon (?2 )f 

Isolated cases have been recorded at much earlier  

and much later ages. C lin ica lly , therefore, the 

disease is one of middle l i f e  although i t  Is probably 

present for many years before i t  becomes manifest.
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In the cases reported here, there was a range of 

age fran 21 to 66 years (mean 43 years ). A feature 

of this small series was the finding of two cases In 

their early twenties. The significance of the early 

appearance of the disease in these two patients is 

discussed later.

Sex Incidencet Sheldon ( 72) found the sex incidence 

to be even more sharply limited than the age, there 

being an overwhelming preponderance in males (ratio  

20 males to 1  female). Tnis has been confirmed by 

later workers (* )>  (56) and la possibly related to the 

regular loss of Iron in menstrual blood.

Of the 6 cases of idlopathlo haemochromatosls 

described in the present thesis 4 were females and 2 

were males. There Is some doubt as to whether case 6 

can be regarded as a typloal oase of the disease but 

the other three were classical. The reason for this

striking reversal in the sex ratio  in this series is 

not apoarent but is to some extent invalidated by the 

small number. Subsequent to the present investigation 

two more eases of idiopathic haemochromatoaia, both in 

males, have been seen.
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Familial Factors: Thera la no doubt that hereditary

factors are of some importance in the disease. Several 

well authenticated reports of a fam ilial incidence were 

analysed by £heldon, and Lawrence  ̂ described a 

family In which the transmission of the disease was 

thought to suggest a sex-linked inheritance. Ir 12  of 

30 cases examined by Marble and Bailey (56) diabetes was 

known to be present in some re lative, although none had 

idiopathic haemochrcxnatosis, while Althausen and co-workers 

(4 ) found the disease present in 2 siblings of the 23 

cases which they studied. The most striking fam ilial 

incidence was reported by Russbaumor and co-workers 

who found four oases in sib lings. Three of these 

subjects were females and a l l  exhibited signs of myocardial 

fa ilu re . These authors were also able to trace consang­

uinity of the parents, a finding pointing strongly to a 

transmitted genetic factor.

In the 6 cases reported in this thesis no family 

history could be obtained. The sister of case 3 has 

been diagnosed as having acute idiopathic porphyria but 

the possible significance of this association is not apparent.

Nutritional Statust In view of the Incidence of excessive 

iron deposits in malnourished Bantu (55)# (36), (43) and
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In rata fad on a diet low in phosphate and high In Iron 

content, careful analyses were done by Althausen and 

oo-worksra (4 ) of the dietary content of the 23 cases of 

the disease which they investigated. There did not seem 

to be any reason, however, to Incriminate such a factor 

in idiopathic haemoohromatosis. Similar conclusions 

were reaohed in the present study.

The Nature of the Metabolic Fau ltt

At autopsy cases of idiopathic haemoohromatosis may 

have between 25 and 50 grams of iron in the viscera, 

while normal subjects have only about 5 crisis <7*>. Th. 

disease must, therefore, be associated with a steady 

accumulation of iron in the body which may take place 

over many years. To understand the possible significance 

of this fact i t  is necessary to review b rie fly  the normal 

mechanism of iron absorption form the gut.

Normally the quantity of iron in the body is largely  

regulated by the amount absorbed from the intestine as 

Hahn (41) has shown that the mucosal cells of the «?ut have 

the power to "block" further iron absorption onoe the body's 

needs have been satisfied . On this basis Graniek (38) 

has postulated that normal iron absorption deoenda on the 

presence of a protein substance, apoferrltln , in the
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mucosal ca lls  of the upper intestinal tract which 

accepts iron from the diet and binds it  into an Iron 

protein complex called fe rr it in . Once such a com­

bination has occurred in a ce ll then further iron 

absorption remains at a standstill until a plasma 

p oteln (Bi globulin) has removed the iron from the 

fe rritin  and thus released aooferrltin strain.

Although later studies have shown this mucosal block 

to be not as complete as was oripinally thought ( 27) 

there is l i t t le  doubt that the major regulating 

mechanism for the quantity of iron in the body is an 

a sorptive one, as the body seems to have only limited 

means for excreting the element. It  has been shown 

experimentally that iron is not excreted by the lower 

bowel and only very small amounts are present in

the urine (&S ). More recently It has been suggested 

that significant quantities of iron are lost in sweat (58) 

brt later studies have not been able to confirm these 

findings t1 *’ <*6>.

In idiopathic haemochroraatoais, therefore, where 

large deposits of iron are present in the body, it  is  

reasonable to assume that excessive quantities must be 

absorbed from the gut. However, it  is also possible 

that i f  this prooess is progressing at a slow rate over
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many years then the extra quantity being absorbed at 

any one tine may be too small to be measurable by 

available experimental methods.

The pattern of iron abaorptior in idiopathic 

haemochromatosls has been investigated in the past by 

several workers who have done chemical iron balance 

studies. However, the results have been conflicting 

i26), (31), (54) ancj ^  abnormally large absorption 

s emed to be present in only two subjects 

More recently radioiron has replaced these earlier  

methods as a research tool in the disease but ones 

again the results have been inconclusive as Balfour 

and co-workers (&) showed a very low blood uptake in 

one subject while Dubach and oo-workers (27) found 

that an abnormal retention of radioiron seemed to have 

occurred in another. It was to investigate this 

problem in more detail that the preaent study was 

in it ia lly  done as it  was fe lt  that there would be more 

chance of brinrin to light a possible abnormality of 

the pattern of iron absorption i f  a group rather than 

individual oases were investigated. The technique was 

also extended to Include in vivo measurements over 

various sites. A group of control s bjects from
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various ags groups were? then subjected to the same 

Investigation. The group included both males and 

females (5 males and 4 females ) and also three subjects 

with diabotos, as this lo suoh a common feature in 

Idiopathic haemochromatosis. Two other subjects had 

cirrhosis of the liv e r , the one having a cardiac 

cirrhosis while the other was of unknown etiology.

There is no doubt that the group of cases of 

Idiopathic haemochromatosis showed a pattern of iron 

absorption and utilisation which was unlike that found 

in any of the control subjects. There was a tendency 

for greater absorption from the bowel to occuijjln 3 

subjects this was strikingly so. Only a small percent­

age of the absorbed iron appeared In the blood as 

haemoglobin, the remainder being deposited in the liver  

and other organs. Another interesting feature was 

the finding of very high absorptions of Iron In the two 

young subjects with the disease who were investigated.

In fact, with one exception, the amount absorbed seemed 

to be roughly inversely proportional to the age of the 

patient. Such a finding offers a possible explanation 

for the poor prognosis in youngor subjects, as It suggests 

that the metabolic defect In such cases Is a more severe 

one which is associated with the early a pesrance of 

clin ical symptoms. In older subjects, on the other hand,
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where the absorptive pattern approximates more 

closely to the normal, th* c lin ical manifestations 

of the disease may be delayed until middle l i f e .

It  la probable that In a l l  types of cases tho error 

is present from birth (72), Only on such a 

hypothesis Is it  possiblo to exolaln the enormous
f

accumulation of iron found at autopsy in idiopathic 

haemochromatosls.

One case In an older age grouo who showed a 

very high absorptive pattern was case 4 (second dose ). 

There was retention of /T& of the dose of 20 mrrm, iron, 

whereas in a previous study only 24^ of the administered 

iron had been absorbed. The result Is somewhat 

d ifficu lt  to explain, luring the months between the 

two studies there caa a marked c lin ical deterioration 

In her condition and she began to have frequent bouta 

of what appoared to be paoxysmsl tachycardia. 

Unfortunately, oontact was lost with this subject and 

the eventual outcome is unknown. One interesting 

feature of this case was the fact that she had several 

ohildren and gave a history of a previously normal 

menstrual loss. This was unlike Cases 2 and 5, who 

had araenorrhoea and hypomenorrhoea res >ectl ely, prior 

to the onset of c lin ical manifestations of the disease. 

With a regular loss of iron via the normal menstrual
/flow • • •
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flow It might be anticipated that the appearance of 

clin ical symptoms could be delayed for years in soite 

of a high absorption of iron from the bowel.

The present study showed that idiopathic haemo- 

chromatosis is associated with an abnormally high 

absorption of iron. T tis, however, does not necessarily 

mean that such an absorptive defect is the primary defect 

in the disease.

Three possib ilities must be considered i-

(1 ) . Increased absorption and storage of iron is

the primary cause of the disease and a ll  other 

manifestations are secondary to this (20).

(2 )  . A primary defect in the cellu lar respiratory

mechanism exists so that the iron present in 

cellu lar enzymes has a shorter l i fe  and is 

le ft  in a form unfit for excretion ( 72), j f  

such were true thon the increased absorption 

from the bowel of iron would not be primary 

but secondary to an increased demand and the 

disease rould have to be regarded as a wide­

spread one affecting a l l  the cells in the body.^72*.

( 2 ) ,  An unknown p rim a ry  d is tu rb a n ce  Independently  

causes an increased iron absorption and 

functional as well as structural changes in
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several organa.

There are drawbacks to each of these contentions.

A serious objection to the view that excess deposits 

of iron in some organs are responsible for functional 

and structural alterations in these organs lies  in the 

fact that In several other organs fa ir ly  heavy deposits 

of this iron pigment produce no detectable changes in 

function or structure. Heaviest deoosits are in the 

live r and Sheldon ( 72) has found that cirrhosis of the 

liver is an invariable concomitant of these deposits. 

However, he could not correlate the degree of cirrhosis 

with the extent of the iron deposits and fe lt  that the 

iron per se was not an Important etio logical factor in 

the development of the cirrhosis. Similar conclusions 

were reached by the Gillmans ) and Hlgglnaon and co­

workers (43) in malnutritional cytosideroals. In addition 

several investlpators have been unable to proiuce cirrhosis 

in animals by administering large amounts of iron US)* 

(6 6 ), (71), Furthermore, i t  has been shown that even 

in organs which are recognised to suffer most in the 

disease, the extent of the functional and organic 

impairment does not eorreeoond to the amount of haemo- 

siderin present '4 ), (72), An instance of this is  

the fact that the severity of diabetes, when present,
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Is Independent of the degree of haemoalderoais In the 

pancreas (4 )# Two possible explanations are available 

to explain such discrepancies. F irstly , they may be 

explained in part at least, on the duration of haemo- 

slderosis In a given or-an and secondly, different organs, 

or even the same organ in different individuals, may have 

unequal suscep tib illti'a  to the noxious effects of haemo- 

siderin. In addition  ̂ the degree of iron deposition 

in an or^an at autopsy does not necessarily re flect the 

constant pattern in such an organ as Finch and co-workers 

) have shown that In conditions of Iron overload 

redistribution of Iron throughout the body Is continually 

occurring.

The second contention, viz. that the cells of the 

body are unable to excrete iron as propounded by Sheldon 

( ?2) aoeraa no longer tenable as It  has been shown (7 ),(2 4 ) 

that patients with idiopathic haemochromatoais can mobilise 

the iron stores for haemoglobin formation I f  they have 

repeated venesections carried out on them. ^s much as 

50 litre s  were removed in one patient over a year (24)#

At the end of this time he had a normal haemoglobin level 

and normal serum proteins. In collaboration with 

Dr. B. C. E llis  (^3), the author has confirmed that 

repeated phlebotomies are associated with a maintenance
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of the haemoglobin level in Idiopathic haemoehromatosla.

In addition, we have shown tho» the percentage of tne 

Iron circulating in the plasma which la subsequently 

utilised  for haemoglobin formation may be increased 

threefold after repeated phlebotomies ' J.

The last possibility  is that both the increased 

iron absorption end the functional and structural defects 

in idiopa hlo haemoohronotosis are secondary to some 

unknown orlaary factor. At the moment there Is no 

evidence to rove or disprove such a contention. It  

could only be dlspx'oved i f  It  were shown that repeated 

venesection, in addition to reversing tha haemosiderosis 

is capable of Inducing arrest of the orfonic lesions and 

producing at least a partial correction of the functional 

'manifestations of the disease over a period of many years 

in a sufficiently  large number of patients with idiooathio 

haemochromatoaia•

PhTi^ C A I C A L  3

Nothing new has been aided to the description of 

the pathological findlnrs as detailed by cheldon in 1935 

(72 ) m divided them into two tain groups, namely

the pigment deposits and flbrotlo  changes,
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(a ).  Pigment Deposits.

Haemosiderin is widely distributed throughout the 

body affecting mostly the glands of both internal and 

external secretion. The greatest amounts are found 

in the liver and pa cress but every secreting gland may 

be affected. The endocrine glands are extensively 

involved. The thyroid and parathyroids may have heavy 

deposits while the sons clomerulosa of the adrenal glands 

and the anterior lobe of the pituitary are also usually 

affected. The is lets  of Lan, erhans of the pancreas 

are affected in 80* of oases. The kidney usually shows 

only slight to moderate deposits in the convoluted tubules 

and tha germinal epithelium of the testes escapes a ll  

together. Deposits are absent in smooth muscle but 

may be heavy in striated muscle, the heart being affected 

in at least 00 of cases. In addition the retlculo- 

endothelial system I f affected, with pigment in the 

Kupffer cells of the liv e r , in the spleen and in lymph 

glands. The bone marrow, in contrast, only has slight

deposits of haemosiderin.
■

In addition to hae-osiderin an iron-free pigment, 

haemofuaoin, which contains sulphur and is probably 

related to melanin is  found in smooth muscle. So far, 

l i t t le  is known of its significance or origin and no
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special study vas made of it  in this thesis, Sheldon^72) 

considered it identical, or closely related to the'brown 

pigment* of old age and atroohy,

(b ), Flbrotlc Changes,

Sheldon 1 w' considered the presence of fibrosis of 

certain organs to be as invariable as pigmentation. He 

found that hepatic cirrhosis, usually of a hypertrophic 

type, was a constant feature and pancreatlo fibrosis also 

was always present. However, Althausen and c o -w o rk e rs  ̂

recently found that olrrhosls was not present on liv e r  

aspiration biopsy sections in 5 of 14 cases which they 

investigated. The incidence of primary carcinoma of 

the liver in Idiopathic haemochromatosls is significant, 

having been present in 7.5$ of 436 reported cases while 

it  was only found in 4.5$ of 1989 cases of uncomplicated 

heatlc cirrhosis ( 6 ). The spleen nearly always shows 

some fibrosis and it  may also be found in the salivary  

glands, heart and thyroid. Thera seems to be no clear 

correlation between the degree of pigmentation and the 

presence of fibrosis in an organ. ( 72)
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CLINICAL PRKSE. TA _IOH

The disease may f ir s t  became manifest in various 

ways. The commonest presenting symptoms are :-

(a ).  Skin pigmentation.

(b ). Diabetes Mellitus.

(o ). Abdominal symptoms due to hepatic cirrhosis.

(d ). Endocrine changes.

(e ). Myocardial fa ilu re .

(a ).  Skin Pigmentation.

Pigmentation is present in more than 00^ of oases 

( )  and has an even distribution with a tendenoy to 

grea er severity over the exposed parts. It Is of two 

types! -  In about 50^ of oases i t  has a slaty bluish- 

grey colour due to haenosiderin deposits and In the 

remainder it  is deep bronze in colour being associated 

with an excess of melanin. However, it  is possible for 

a combination of two types of pigmentation to be present 

In the same patient. The cause of the excessive 

melanin deposits is not clear. It Is possible that 

It  is due to some degree of adrenal failure secondary 

to iron deposits in the zona glomerulosa as H elller (42 ) 

found that adrenal deposits of iron were present in a l l  

the 35 cases of idiopathic haemochromatosis with melanin
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pigmentation, whom he investigated. However, Rogers (6 8 ) 

in a more recent publication oould show no evidence of 

adrenal hypofunction in a similar type of cane.

In the present study 3 cases showed haenoslderln 

on skin biopsy, one showed melanin and another had no 

abnormality. The patient with excessive melanin (easel, 

Study 1, ) had a positive Robinson-Keoler-Power response on 

one occasion and 8 mrro, 17 ketosterolds In a 24 hour 

specimen of urine.

Sheldon ( ' - ’ l found pigmentation of the mucous 

membranes of the mouth in 16.7 '  of 197 cases. Garble (&G)» 

however, was unable to find it  in any of the 3) cases 

which he Investigated nor was it  noted In any of the 

subjects described In the present study.

(b ). Diabetes M'ellltus

Sheldon ( 72) f oun<i diabetes mellitus to he present 

in 76,> of cases. efore the advent of insulin, death 

usually occurred wl ,hin 12 nonths of its appearance. 

However, control is n_>w reasonably easy and does not 

usually present any particular problems. i.. It  hausen 

and co-workers (4 ) described 18 cases with diabetes.

In only 9 were there characteristic symptoms. In the 

remainder its presence was only manifested by a high
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fasting blood sugar leve l or by a diabetic dextrose 

toleraroo curve.

In only one case was there any d ifficu lty  with 

stabilisation . Garble (& «) found that the severity of 

the .Labetie state varied considerably rrnm case to case 

In the 30 oases he studied. The average requirement 

vas somewhat greater than normal, being 80 units daily.

Only 3 of the cases described in this thesis had 

diabetes. Control was easy in two. In a third one 

(case 4) true insulin reslstaioe was present In that 

the patient required between 400-610 units of Insulin 

dally over many -sooths. Ihis reslsta.ee developed while 

she was being studied but no cause for Its presence could 

be found. A s ln lla r  type of subject requiring 1600 units 

Insulin daily has been described by Root ( 6®). The 

occurrence of such cases in idiopathic haemochrormtosls, 

however, is extremely rare.

(c ) Hepatic Cirrhosis

Hepatomegaly is  the most constant presenting feature 

in ldlop thic haamoohromatoais. Sheldon (?2) reported 

its presence In 92 » of 202 cases, Marble ( fe8 ) in 100# 

of 30 cases, while Althauson and co-workers (4 ) found a
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palpable or a suggestive resistance to be present In 

a l l  except one of 15 patients. In the cases studied 

in this thesis It was Invariably piescnt.

The hepatomegaly Is usually due to the combination 

of heavy iron deposits together with » hypertrophic 

cirrhosis. Although cirrhosis is very common it may 

occasionally be absent ^  '• • Ascitos and splenomegaly 

are common 14 ^  while haematemesla from ruptured 

oesophageal varices is less frequent but may also occur • . 

The commonest subjective symptom associated with the 

hepatic enlargement, is upper abdominal pain (47),

Cirrhosis was found to be present in a ll the cases 

investigated In this thesis. In one (cose 3 ) i t  was 

associated with subcutaneous ecohymosos and aoider naevi 

while it  did not s em to be giving rise to any obvious 

c lin ica l manifestations in the others. In a case 

investigated recently, but not reported here, heavy iron 

deposits in the liver were found to be present but were 

not associated with any evidence of fibrosis.

(d )• Endocrine Changes

Endocrine symptoms were found to occur in a small 

percentage of the cases analysed by Sheldon (72), It
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Is probable that they occur more frequently than was 

previously thought as they wore not specifically  sought 

In many of the earlier reoorted cases. Marble 

found them to be common In those cases studied from this 

point of view, Althausen and Kerr (2 ), (3 ) reoorted them 

in 20 out of 115 cases and they were present In 4 of the 

6 cases which were studied In the present investlratlon.

The clin ical picture is essentially that of a mild 

"Simmonds" type with fine akin, loss of secondary sexual 

hair and testicular atrophy with impotence. In addition 

the hair of the head is usually soft ard silky and the 

need for both hair-cutting and shaving is  often much less 

than normal while in females ollgo and hypo nenorrhoea may 

be present. The basal metabolic rate is lowered in some 

of these cases f®3 ) and one case has boon reported ( 73) 

in which signs of hypoparathyroidism wore present with 

a low blood calcium and tetany.

wo very detailed endocrine studies have been carried 

out as yet in idiopathic haemochromatosls. It has been 

suggested that the endocrine changes may be secondary to 

damage caused by deposits of iron in the anterior pituitary

(3) ,  <4)  ̂ it ig also possible that localised deposits

in the zona glomerulosa of the adrenal cortex may be a

/contributing . . .



117.

eontrlbutlrry factor In some cases. . ne role of liver  

ds-nog© In the development of endocrine disorders is  not 

clear. It  has been shown experimentally that sexual re­

gression may occ r  secondary to t!ie dlatrubod oestrogen! 

androgon balance which occurs with liver damage (&9).

31milar findings have been found In tsalno wished Bantu 

with liver disease K However, a1Chausan and co- 

workers ) fee l that this explanation is less likely  

to hold In idiopathic haemoehromatosla where liver  

function Is relatively g.od as compared with other 

forms of ortal cirrhosis.

Po r  oases In the present study showed evidence of 

endocrine dysfunction. There was sparsity of the 

secondary sexual hair in a ll these a bjects. Impotence, 

with testloular atrophy was present in both the males.

Ir. the younger fussal- there was s history of obsolete 

amenorrhoca secondary to tho birth of her only child 

several years before and there had boon gross ollgo and 

hypossenorrhoea previously in the other who was post 

menopausal, when studied. The basal metabolic rato 

was low in both the males. The quantity of 17 ketosterolds 

in the urine was lowered In only one patient (case 4} 

and she showed no obvious signs of endocrine abnormality 

while the ftoblnson-Kcpler-'-ower teat was negative In a l l  

except one patient (case 2 ).
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(e ). Myocardial Failure.

Although the other slrns of ldlopathio hoemochromatosia 

have been extensively described, l i t t le  mention haa been 

made of the cardiac complications of the disease in the 

'.ngllah and American literature. Sheldon ( 2) mentioned 

that "several oases have died from cardiac feilu re but on 

the whole the extensive deposits laid down In this organ 

producs l i t t le  c lin ical evidence of their presence".

French writers have, however, recognised the occurrence 

of myocardial fa ilu re in idiopathic hcemochromatosls for 

many years and oolln (l s * In a statistical survey of 70 

oases found that cardiac failu re was observed In 17.6 

and that the electrocardiogram was normal In only 22.7;' 

of casea. Zhulte-r uschoff and oo~workere (74) hove also  

recorded recently that although o lln loal signs in the 

heart are not oommon In the disease, electrooardiogra hlc 

changes are frequently seen, being oros^nt in 14 out of 

15 cases studied.

Although l i t t le  attention has been paid to the cardiac 

complications of hasnochroraatosis , a fa ir  number of case 

reports have accumulated in the past few years. The 

nalorifcy of these have been sot out briefly  in Table form 

to show the salient points (Table VI1 ).
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The most striklni feature of the Table Is the 

regularity with which myocardial damage, when present, 

la ooupled with enlargement of the liver and with genital 

changes, the association being present In 22 out of 33 

oases. This pattern was recognized by Bezancon and 

co-workers ( 8 ) as the Endocrine-Hepat ic -Cardlac Syndrome 

of haemochromatosls.

As can be seen In Table V ll the exact nature of the 

cardiac symptoms and signs varies from case to case. The 

only constant feature has been the pomp prognosis, once 

cardiac symptoms have appeared. In those cases which 

were followed to death there was an avera e survival 

period of less than one year after the onset of cardiac 

symptoms. Response to d ig ita lis  was almost uniformly 

bad. Disorders of rhythm were present in most cases, 

Extrasystoles were common but any form of arrhythmia may 

be seen ,
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in moat cases with nyoeardial dam a o con. eative ccrdlac 

failure occurred terminally. Sudden death during an 

attack of paroxysm il tachycardia was reoorded In one 

oaae.

lectroeardio ranhio findin a follow no definite 

pattern. In most cases they show evidence of myooardlal 

damage. Bo lin  (^k) in a review records low voltage 

curves, le ft  axis deviation, flattening and inversion of 

T waves a d various at rhythmics. A fa ir ly  constant 

feature has been the occurrence of low voltage tracings. 

T e  arrhythmias which may occur inolude auriculo- 

ventrloular block, paroxysmal auricular, nodal and 

ventricular tachycardia, auricular flu tter and auricular 

f ib r illa t io n  (44), (65), (70)#

Radiographically the heart la often diffusely  

enlarged bo in; similar in appearanoe to that in Reri-beri 

or acute rheumatic carditis ( ' 8 ) f Pathologically, 

a l l  chambers are diffusely enlarged due to hypertrophy 

and dilation and the myocardium is flabby and shows 

brown pigmentation.

The average age at death of the oases with myocardial 

damage, listed  in Table V ll was 33 years as compared 

with an avera e age of onset of between 46 to 50 years

/in a • •
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In those patients without c lin ica l evldenoe of heart 

Involvement ).

On this evidence it appears that a diagnosis of 

Idiopa hlc haomochromatosis should be considered In 

any patient who develops an unexplained heart failure  

below the ape of 40 years, especially I f  the patient 

exhibits signs of endocrine hyoofunction and has a 

firm, enlarged liv e r . Skin pigmentation is not 

always present In such oases (1 0 )* (62) and glycosuria 

is often absent so that diagnosis may be d ifficu lt .

The present study included 2 cases of idiopathic 

haemoohromatosis who presented primarily with heart 

fa ilu re . The one was a male (case 1, Study 1) and the 

other a female (Case 1, Study 11 ). C lin ically  the two 

cases were very sim ilar. Both were in their early 

twenties, had evidence of sexual hypoplasia, and showed 

advanced myocardial damage with bouts of paroxysmal 

arrhythmia. In case 1 (Study 1) there was, however, 

no evidence of skin pigmentation. The female, (Case 1, 

Study 11) was also interesting in that only two other 

women have previously been reported with such a c lin ical 

presentation (62), (64). Both were young (34 years

and 18 years, respectively) and in both amenorrhoea was

/the • • •
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the in it ia l symptom. S in pigmentation and hepatic 

enlargement wer> present, but surar tolerance was 

normal.

Both the electrocardiograms in the two cases 

investigated in the present study showed evidence of 

myocardial damage. In case 1 (Study 1) there was a 

constant reduction in amplitude in standard leads 1 - 1 1 1  

while the chest leads CR were characterised by 

large Inverted T waves In positions 1-4 and T waves, 

which were practioally isoelectric in positions 5 and 

6 . (see Figure X I). In addition this patient was 

subject to bouts of paroxysmal ventricular tachycardia 

(see Figure X l l ). In the other subject, (Case 1, 

Study 11) there was F-ST depression in leads 11, Vfi 

and Vg (1& mm. in the la tte r ). T waves were Inverted 

in leads 11, 111 AXP and Vg (see Figure X l l l ).

On one occasion an electrocardiogram was recorded while 

this patient was exhibiting ft bigeminal rhythm (see 

Figure XIV ), However, it  was found that there

was also a tendency to flattenin, of the chest leads 

over the le ft  side in the other oases investigated who 

exhibited no signs of myocardial failure (see Figure 

XV ).
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FIGURE X I  -  E lectrocard iogram  in case 1 ( 3 t u d y i l )  

showing low volfcar© in loads  1 to 111 

and l a r g e  inve r ted  T waves ir. leads  CR 1 -4 .
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FIGURE X ll -  .Electrocardiogram Case 1 (Study 1)

taken during an attack of paroxysmal 

ventricular tachycardia.
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FIGURE X lll -  Eleetrocardiograj on Case 1 (Study 11)

shoving a sinus rhythm vlth fla t  T waves 

In Leads 11, AVF and V5#
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FIGURE XIV Electrocardiogram on Case 1 (Study 1) 

showing a biremlnal rhythm.
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I 2 3 AVR.AVLAVF V| V2 V3 V4 V5 V6

I
• 'J—*■

| ■“ j

- r — 'Hr
CASE 3

CASE 4

FIGURE XV -  Three electrocardiograms on oases of 

idlopathlo haemochrornatosla with no 

sipns of cardiac darnare.



132

Although the occurrence of myocardial failure In 

Idiopathic haemoohromatosls is now well recognised, Its 

oause Is s t i l l  not known. The Dost mortem findings In 

a ll  but one case showed varying degrees of deposition

of Iron containing pigment. Cardiac hypertrophy was 

recorded In most oases but was usually not excessive. 

Fibrosis of the myocardium has been reported by several 

authors ( (65), ( 3 ), and attempts have been

made to correlate the congestive fa ilu re  with the extent 

of the microscopic anatomical findings (9 )»(44 ), (51),

(65 ), ( 75). An aimoat constant feature has been the 

presence of iron deposits in the heart muscle. However, 

there does not seem to be any dlreot correlation between 

the decree of iron deposition and the severity of the 

cardiac symptoms. In addition it  must be remembered 

that 90$ of cases with idiopathic haemoohromatosls have 

iron deposits in the heart muscle while only a small 

proportion develop myocardial failure ( ?2 ), The 

seeming anomaly of these findings has led several French 

authors to invoke endocrine factors to explain the 

cardiac fa ilu re  (20), (32).

In the radioiron studies which were carried out in 

the present investigation evidence was obtained which 

may possibly explain the frequent occurrence of heart

/failure . . .



133

failure In young patients suffering from idiooathio 

haemochromatosls. It was found that both the

young subjects with evidence of severe myocardiel 

damage had very high uptakes of iron from the rut.

In one (case 1, Study 1) 62% of a dose of 34 mgra. was 

retained in the body, while 72% of a dose of 20 mgra. 

was absorbed in the other. In addition, in vivo

counts over the heart In both subjects seeme 1 to 

show that an appreciable proportion of the absorbed 

dose was be Inc deposited there as the counts obtained 

were considerably higher than could be accounted for 

by radiation "scatter” from the liver.

Figure XVI Illustrates this finding in case 1, 

(Study 1 1 ).

/Fivir.z v l . . .
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FIGURE XVI - Graph showing counts obtained over mid-heart 

and mid-liver in Case 1 (Study 1) and In a 

representative control subject. A *» counts 

over mid-liver in patient; B «  counts over 

mid-heart In patient; C“ predicted curve to 

be exoected over mid-heart of patient due to 

radiation ’’scatter" from live r ; D * counts 

over mid-heart and mid-liver of control subject.
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■H Is therefore fe lt  that the much higher 

Incidence of heart fa ilu re  in the younger age group 

may possibly be related to the fact that the u Bease 

is present In a more acute form In which Iron is being 

absorbed and deposited at a much accelerated rate.

On this basis, the damage to the myocardium would not 

be related so much to the degree of iron deposition as 

to the rate at which it  is being la id  down. It would 

thus be possible to explain why patients with heavy 

iron deposition in the cardiac muscle have shown no 

clin ical signs of myocardial damage, while others 

with less iron deposition have had extreme and 

Irreversible heart fa ilu re .

Tl!S DIAOI OSIS OP IDIOPATHIC HA1 ’‘3CHH0KAT0SIS

In a case oresentinr the whole c lin ica l picture 

the diagnosis is obvious. D ifficu lty arises in the 

absence of one or more of the symptoms. Where the 

possibility of Idiopathic haemoc'nromatosla is susoected 

several dla noetic rocedurea are available s-

(a ).  Liver Aspiration Biopsy. This is positive 

in a l l  cases. However, its use is not without dangers 

and for this reason leas hazardous procedures should be 

used ln lt a lly  in a suspected case.

/ (b )
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(b )  . Skin Biopsy. Granules of haemoslderIn are 

found especially In sweat -lands In about 50£ of cases. 

Less satisfactory Is the in trader raal Injection of 

acidified potassium ferrocyanlde as suggested by 

Pishback (29 )#

(c )  . Gastric Biopsy. This was shown by Althausen 

and co-workers ( * ) to be more re liab le  than skin biopsy. 

It is , however, too dangerous for routine use.

(d )  . Rous* Teat (7Q )„ The demonstration of 

haemoslderln In the ce lls  of the urinary sediment Is  

possible in some cases. In the present study the test 

was positive in throe cases.

(e ). Serum Iron stlmatlons. Iron Is transported 

through the plasma bound to the M, globulins. Kprmally 

the globulin is only about one third saturated with iron 

(6? )« However, In most cases of Idiopathic haemo- 

chromatosls.the percentage satura ion is  much hlrher, 

although the total Iron binding capacity of the serum 

is reduced (67 ). This finding was confirmed In three 

cases investigated in the present thesis, and in another 

case (h .D .) of idiopathic haemochromatosis not reported 

here (see fable V l l l ) .

/TABLE V ll l  . . .
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T A B L E  V ll l

Case
Serum

Iron
Total Iran 
Binding 
Capacity

Percentage
Saturation

Normal ♦ 100 
micrograma %

Normal + 300 
micrograms % Korroal £ 33 >

1
(Study

1 1 ) 155 ' 180 86

2 147 197 75

4 169 169 100

E.D. 130 155 86

Recently Gitlow and TSeyers ) have introduced a 

further teat for the diagnosis of haemochromatosis, 

using serum iron estimations. They measured serum iron 

and then j ave a standard dose of iron intravenously and 

measured the serum iron again at 5 minutes and 2 h mra 

afterwards. It was found that the ratio of the decrease 

in serum iron to the previous increase was far -reater 

in idioDathlc haemochromatosis than in normal subjects 

and Datienta with other forms of cirrhosis. No 

confirmation of these results is , so fa r , Ivallab le .
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TUB COlfiSi aMD PROGNOSIS Off IDXOP- _HIC HAe.MQCHROEIATOSIS

In 1935 Sheldon ( '2 )  found that the pe iod between 

the time that medical advice was f ir s t  sought to death 

was about 18| months. The noor prognosis was largely  

due to Inadequate diabetic control, as most cases died 

In diabetic coma. The survival oerlod has b  on 

lengthened considerably with better treatment of tho 

diabetes and Marble has recently shown that patients

with diabetes live for an average of 5 years. However, 

the pro moals Is s t i l l  relatively poor as the remaining 

features of the disease continue to progress, with the 

result that there is an increasing tendency for patients 

to die either fran hepatic cirrhosis or from cardiac 

failure As has been pointed out in a previous

section, the onset of cardiac failure is an extremely 

grave prognostic sign.

Till: TK.UT^Ki.I OF IDIQPAi HIC HAiiMOCHRQMATOSIS

Until recently no specific therapy, apart from the 

control of diabetes and supportive dietary measures, was 

available in the disease. Two possible lines of treat­

ment suggest themselves :-

/ a )  . . .



139

(1 ) . To prevent, by appropriate measure a, the high

absorption of iron from the cut.

(2 ) , To mobilise and remove iron deposits already

present.

In the present study an attempt was made, based on 

experimental evidence, (48), (77), (78)^ to block' the 

absorption of iron from the gut by the use of ohosphates 

and fat soluble vitamins. Although used in large doses 

they seemed to exert no significant effect and do not 

seem to warrant further t r ia l.

The second possib ility , v iz ., to mobilise iron 

deposits seems more promising. Both Oavis and 

Arrowsmlth (24) an{j oitlow and Beyers (37) have demonstrated 

that patients with idiopathic haemochromatoals are able 

to mobilise iron for haemoglobin formation when they are 

repeatedly venesected. One case tolerated well a 

removal of 50 litre s  in a year and during this time there 

was both subjective and objective improvement in his 

condition This approach has been followed by

the a thor together with Dr. B.C. E llie  (13) in two cases.

In one it  has been found that the haoraoglobin level has 

been maintained at a level of 14 grams , in spite of the 

removal of 7,000 cos. blood in months. In the other 

case, however, it  seems that the iron atores are not

/a. • ■ •



140

as readily u tilisab le  as she has developed a hypochromic 

anaemia after several phlebotomies. Such therapy may 

therefore only be available for use In selected cases. 

Whether its ultimate effect on the course and prognosis 

of the disease w ill be a significant one, remains un­

certain. However, it  seems rational enough to deserve 

further t r ia l.

/SU ’MARY • • •
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SUMMARY AND CONCLUSIONS.

(1 ) . C linical data on 6 cases of Idiopathic haemo- 

chromatosls are presented.

(2 ) . The etlo lo  7  of the disease Is discussed. 

Evidence Is produced to suggest that the disease Is 

an Inherited metabolic defect. Radloiron absorption 

Investigations which were done In the present study 

show that idiopathic haemochromatosis is associated 

with an abnormally high absorption of iron from the 

gut. It  is not yet certain whether this defect is 

the primary one In the disease,

(3 ) The c lin ica l presentation and pa hological 

findings are discussed with special reference to 

cardiac complications. It  is shown thst such com­

plications are common in younger subjeots. It  is  

suggested that heart fa 'lu re  is c used by a more 

acute form of the disease snd that it  is  related more 

to the rate at which iron is laid down in the cardiac 

muecle than to the absolute quantity deposited.

(4 ) The diagnosis and prognosis are discussed and 

attention is drawn to the possible benefit of repeated 

venesections in the treatment of the disease.
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THE RELATIONSHIP OP MALNUTRITIONAL 

CYTOSIDEROSIS TO IDIOPATHIC

HAEMOCHRQMATOSIS
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The occurrence of widespread deposits of iron 

in the viscera of a considerable oroportion of Bantu 

subjects was recognised as early ca 1929 by Strachan 

^ r'  ̂ and later studies have conf irmed these findings 

( )), (9) ,  ( l > ) f (l'5 )g The Gillmans examined the 

livers of 27b apparently healthy cases who had died 

from trauma and found abnormally large quantities of 

iron in 41#. They also oarrLed out seria l live r  

biopsies in a rroup of Bantu pellagrins and were able 

to demonstrate heavy accumulations of iron in the 

livers of a large percentage of their subjects ^

In the later stages of the condition the heavy deposits 

of iron, coupled with portal fib ros is , gave microscopic 

findings Indiatinpuishab e from those seen in idiopathic 

haemochromatoaia. They named the condition cyto- 

slderosis and considered that malnutrition was an 

important etio logical factor in its development. The 

Iron pigment haemoslderin, they renamed cytosiderin to 

denote its  cellu lar origin. The term malnutritlonal 

cytoslderosls has been adopted In the following sectier 

to denote this condition of abnormal iron storage which 

is so common in Bantu subjects.

/Later « « •
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Later workers (16 ) f have confirmed the Gillmans* 

fin d in g  but some controversy exists as to the exact 

pathogenesis of the condition and to Its oosslble 

relationship to idiopathic haemochromatosis, In order 

to examine these conflicting views more thoroughly it  

is necessary to review brie fly  the c lin ioal presentation 

and pathological findin s and to compare them with 

those found in idiooathio haemochromatosls.

CLINICAL MATERIAL -(Group 11)

CASK 6 , was a Bantu Male, a~ed 47 years, who was 

admitted to hospital with a three months history of 

loss of weight. In the two weeks prior to admission 

ha had also developed a marked anorexia accompanied 

by increased thirst and frequency of micturation. 

Vague abdominal pain had also been present but no 

special relationship of this pa in to meals could be 

elic ited .

There was nothing of note in tne systematic 

history. His staple diet consisted of porridge and 

vegetables with meat at the week-ends. Consumption 

of 'k a ffir*  beer was heavy.

On Physical Examinationt He was found to be darkly 

/plrraented . . .



pigmented, especially on tho exposed parts, with some 

rou, hness of t «  skin. There was no pigmentation In 

the mouth. The tongue was moist. The pulse was 8 6 , 

the rhythm regular and the b l od press- re 150/90 ram.Eg.

There were no obvious abnormalities in the cardiovascular 

or respiratory systems. The liver was enlarged five  

fingers below the costal margin, the edge * eing sharp, 

firm and slightly  tender. Ho spenomegaly was detected. 

There was evidence of some peripheral neuritis; there 

was ca lf tenderness with absent knee and ankle jerks.

The routine urine examination carried out on 

admission showed ♦♦♦♦ sut7ar, ketonuria, and a trace of 

albumin. Therapy was therefore commenced immediately 

with soluble insulin and with flu ids by mouth. After 

several days the diabetic state seemed to be satisfactorily  

controlled on 100 units soluble insulin and 50 nits 

Protamine ino Insulin dally . In view of the 

hepatomegaly, skin pi -mentation and diabetes the possibility  

of oytosiderosis was considered and investigations, with 

this in view, were carried out.

Laboratory Data t Pull blood count: Haemoglobin

12.7 grama Erythrocytes per cu.mm, 4,260,100; 

leucocytes per cu.mm. 6,200. Blood Proteins:

2,9 grams £ albumin, 5.6 grams % globulin. Serum

/sodium . . .
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DOtaa ium 20 mgm. serum calcium 9.5 mgm.

Blood urea 23 m0O, blood diastase 12', units;

blood cholesterol 120 ragm. Sugar tolerance curve

(a fter 50 rams glucose ). Fasting level, 160 mgm.

1 hour 1/5 mgm. , 1 hour 210 mgm. ljfc hours 240 mgm.#,

2 hours 230 mgm.>. Liver function:- Thymol turbidity

3 units, thymol flocculation ♦♦♦ oositve, Takata-Ara

reaction (Ucko's modification) positive, coohalin 

cholesterol flocculation ♦♦♦ positive. Bilirubin, 

less than 0.5 mgjn.jS. Icteric index 925?. 'odlfied

Ide test for Syphilis: negative. Urine analysis:

++++ su ar, ketonuria and ++ albumin. Diastase 22.4 

WShlegemuth units. Faecal analysis: no excess fats.

X-ray Chest: no abnormality of heart or lungs. Liver 

aspiration biopsy! Advanced portal cirrhosis with 

heavy iron deposits in the portal tracts and In the 

Kupffer ce lls . Scanty deposits were also present in 

parenchymal ce lls .

Progress : In the ward the patient was out on a

high c rbohydrate, high protein diet. Insulin was 

required in it ia lly  in doses of t 150 units dally. He 

responded well in the f ir s t  two weeks; appetite returned 

and the polyuria disappeared. After three weeks, 

however, he had an episode of hypoglycaemic coma with

/generalised . . .
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generalised epiliptiform  convulsions; the attack 

responded dramatically to 40 cos. Intravenous glucose.

The dosage of Insulin was subsequently progressively 

reduced and In the following month he remained under 

good control. During this period radioiron absorption 

studies were performed on him.

After 6 weeks' hoaDitalisatIon there had been a 

marked improvement in his general condition. The 

diabetes was adequately controlled on a 1600 calory diet 

without insulin. The liver regressed in size until it  

was only enlarged 2 f ingerbreadtha below the ooatal margin 

and signs of peripheral neuritis disappeared. A repeat 

sugar tolerance curve done 2 months after the In itia l one 

gave the following results : Pasting level 138 mgn. '<>,

& hour 142 mgm.<, 2 hours 140 mgm. ',*9 At this stage 

he was discharged from hospital and has not been seen 

since.

CAS-i 7 . was a Bantu female aged 55 years who was 

admitted to hosoital with a history of progressive 

weakness in the previous two months. In addition she 

had been drinking excessive quantities of water and 

had been passing greater q entitles of urine more 

frequently than in the past. On one occasion she had 

tasted her urine and had found it  to be sweet.

/There e e e
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There was nothing of significance In the 

systematic histo y. She was post menopausal and 

had two children who were both alive and well. Her 

diet consisted of meat, fru it , porridge end bread 

dally } vegetables were only taken occasionally.

On Physical Examinationt There was evidence of 

generalised weight loss, the skin being dry with some 

desquamation over exposed parts, There was also 

excessive Dig isntation of the skin of the face, arms 

and lower limbs. There was a le ft  sided cataract.

The tongue was moist and the teeth carious. I.o 

pigmentation was found in the mouth. Thero was a 

slight generalised enlargement of the thyroid gland.

The pulse rate was 84 oer minute with a locomotor 

brachial in each arm. The rhythm was regular and the 

blood pressure 126/70 units mm. He. There was no 

clin ical evidence of any abnormality in either cardio­

vascular or respiratory systems. The liver was grossly 

enlarged, the lower border being fe lt  5 fingers below 

the costal margin. The edge was firm and non-tender. 

There was no peripheral neuritis.

On admission it  was found that the urine contained 

♦ sugar and acetone and a blood sugar taken at the

/same...
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same time pave a result of 360 mgm.>-. The aoetonuria 

was readily controlled on a six hourly schedule of 

ordinary Insulin*

In view of the physical findings, additional 

testa were carried out to find out whether she was 

s fferine from oytosideroais.

Laboratory Data: Pull blood countt Haemoglobin

15.4 grams S»j erythrocytes per cu. ^n. 5,490,000. 

leucocytes per cu.mm. 7,3Q0; neutrophils 49"', monocyteB 

5$, lymnhocytes 40$, eosinophils 5$, basophils 1^,

Blood proteins : 3.2 grams albumin, 4.0 grams $

globulin. Serum sodium 336 mgm., , serum chloride 565 

mgm. $; serum calcium 9*9 mgm.t, serum potassium 20.4 

mgm.$, serum diastase 164 units, serum cholesterol 

315 mgm. $, Random blood sugars on three occasions 

360 mgm.;i, 26 3 mgm. $, 336 mgm.$. Liver function*

Thymol turbidity 1.5 units, thymol flocculation negative, 

Takata-Ara reaction ( ’fcko’s modification) ♦♦♦ positive. 

Alkaline phosphatase 32 units; van den Bergh reaction 

delayed direct, B ilirubin , direct 0.9 mgm.$v total

1.4 mgm. $, Icteric index 16, Prothrombin Index 95$.

Modified Ide teat for Syphilis, negative, Urine 

analysis sugar, albumin n il, diastaae 6.7 '*hlepemuth

/units...
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analyses: Ko excess fats. X-ray Cheat, heart and

lungs normal. Electrocardiogram, Standard leads 

only, normal. Liver aspiration biopsy: Showed

evidence of well marked iron deposition in narenchymal 

and Kupffer cells and in the portal tracts. There was 

a moderate degree of cirrhosis present with some bile  

duct hyperplasia.

Progress: In the f i r s t  few days in hospital the

patient required an average of 30 units insulin daily 

to control her diabetes. However, after approximately 

a week she became coaatose; it  was found to be hypo- 

glycaemlc and responded promptly to intravenous glucose. 

Subsequently she was started on a regime of 15 units 

Protamine Sine insulin and 35 units of soluble insulin 

dally. On this therapy she gained weight ard her appetite 

returned. She continued to show one to two pluses of 

sugar in the urine and the sisse of the liv e r did not 

diminish. She was fin a lly  discharged on this regime, 

but, unfortunately has not been seen since that time.

CASE 8 . a Coloured female was aged 60 years when f ir s t  

seen in July, 1943. At the time she presented with a
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two week history of swelling of the abdomen. Appetite 

wna good and bowels were usually regular. Her diet 

had been adequate, except for some deficiency of meat; 

for years she had been a heavy drinker of ’k a f f ir 1 beer.

Systematic and family histories did not seem to 

be contributory. ^he had 4 liv ing children and the 

menopause had occurred uneventfully several years previously.

On Physical -xanalnatIon: The skin was dry and scaly

with some increased pigmentation of the exposed parts.

There was no anaemia. The teeth were carious but there 

was no pigmentation of the buccal mucous membrane. The 

pulse rate was 70 per minute and the blood pressure 

140/80 ram.Hg. There was nothing abnormal in the cardio­

vascular or respiratory systems. The abdomen was 

distended and there was a moderate amount of free flu id  

present. The liv e r edge was fe lt  4 fingers below the 

costal margin and was hard and Irregular. The s d I  en 

was also palpable, being enlarged 2 fingers and very firm. 

There was ca lf tenderness with increased reflexes in the 

lower limbs.

Investigations were begun to elucidate the nature 

of the hepatomegaly.

/Laboratory
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Laboratory Data Pull blood count*- Haemoglobin 

11.5 grams , ; erythrocytes per cu.mm 4 ,220 , >00; 

leucocytes per cu.mm 7,400; polymorphs 40*.’; 

mononuclears 7$; lymphocytes 46, ; eoslnoohlls 4; ; 

basophils Oji; Sedimentation rate (corrected) moderate 

increase. Blood proteins, 3.8 rrams % albumin,

4.1 prams f globulin. Sugar tolerance (after 50 grams 

glucose by mouth) - fasting level 97 mgra.;j, fa hour 

135 mgm.,’, 1 hour 145 mg*a./, l 'j  hours 135 mgra. %,

2 hours 113 ragit.;’. Liver Function: Thymol

turbidity 2 units, thymol flocculation one ♦ positive. 

Takata-Ara reaction ♦♦♦ positive; Total bilirubin  

less than 0.5 mgm. >• Icteric index 7 units;

Alkaline phosphatase 11.2 King Armstrong units; 

Prothrombin index 63fS. Urine Analysis: trace albumin,

n il microscopically, X-ray Chest, some calcification  

of aortic knuckle. Nil else. Liver asoiratlon 

biopsy (a fter previous medication with vitamin K),  

excess iron deposits in parenchyma and portal tracts. 

Deposits heavier in portal tracts; definite thickening 

of portal tracts.

Progress : The patient's course in hospital was

uneventful. She was treated conservatively on a high

protein, high carbohydrate and low fa t d iet; on this

regime the ascites dlsa ineared a d she gained weight.
/There . . .
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There was, however, no decrease In the size of the 

liv e r . She was fin a lly  discharged after 6 weeks 

in hospital.

Second Admission: She was readmitted to hospital 9

months, after her previous discharge complaining of the 

recent onset of diarrhoea and spelling of the ankles.

In addition, her appetite had become very poor In the 

preceding weeks.

The physical findings wer very similar to those 

on the previous admission and the patient’s symptoms 

were regarded as compatible with the degree of liver  

disease which was present. Therapy was again 

conservative. She responded well to dietary measures

and was discharged after a month in hospital. A 

barium swallow on this admission showed no evidence of 

oesooha e.il varices.

Third Admission: Pour months after her previous

discharge the patient was readmitted. She was apaln 

complaining of loss of appetite and diarrhoea, but, 

in addition had noticed swelling of the abdomen and 

legs in the previous two w-eks.

On Physical deamination: She was found to have gross
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ascites together with sacral oedema and oedema of the 

lower limbs. Ko further Investigations were done 

and she was treated on a sa lt-free diet, vitamin 

supplements and liver injections. On this therapy 

the ascites and oedema disappeared and appetite 

returned. She was discharged after a month's stay 

in hoapltal.

Fourth Admission: The oatient was readmitted in

October, 1950, 4 months after having been discharged 

from hosDltal with a history of having vomited at 

least 4 cupfuls of brirht red blood on the night prior 

to admission.

On Physical Examination! she was found to be very 

pale. There wero, however, no signs of shook, the 

pulse being 98 and the blood pressure 116/65 mm.Hg.

The rest of the findinrs were similar to those on her 

previous admission,

T'ie haemoglobin was found to be 6.5 proms per cent 

and she was given 1000 ccs. blood intravenously. She 

was subsequently treated with a Meulenpracht diet and 

there was no recurrence of bleeding. After 3 weeks 

of this therapy she was transferred from Baragwonath

/Hospital • • •
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Hospital to the on-European Hospital where further 

laboratory tests and radioiron studies were carried out.

Additional Laboratory Datat Pull blood count.

Haemoglobin 10.5 grams*, erythrooytes per cu.mm. 

3,550,000, leucocytes 7,300, polymorphs 66 . , 

lymphocytes 25 <, monocytes 4. , eosinophils 4 ", 

basophils 1$. Blood proteins: 2.7 grams;' albumin,

4.3 grams % globulin. Serum c torides 585 mgm. , 

blood urea 27 mgm. *, serum cholesterol 130 mgm. %, 

serum amylase 202 units. Sugar tolerance (After 50 

grams lucose by mouth): fasting level 85 r a, >,

^ hour 140 7!gm. », 1 hour 155 mpm. 1& hours 125

m^n. 2 hours 115 mgm.w, Prothrombin Index 63$. 

Modified Ide test fo r Syphilis, positive. Urine 

analysis: trace albumin, urobilin absent.

Microscopically 3-5 polymorohs oer soun high power 

fie ld . Rous* test for iron, positive. Faeces (24 

hour soecimen) no excess fats. X-Ray Chest : No

pathology in heart of lungs. Basal metabolic rate 

♦ 20$. Liver asDiratlon biopsy (after previous

vitamin K medication). Cirrhosis of monolobular type 

with parenchymal and portal iron deposits. Skin biopsy, 

Considerable quantities of haeooslderin in the corlum.

/Progreso...
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absomtlon investigations she was discharged f r om 

hospital. At the time she was feeling well and her 

haemoglobin had risen to 12.5 grams

Final Admission: The patient was readmitted in a

collapsed bled-out condition two months after her 

previous discharge. She was stuporose and d is­

orientated so that no history could be obtained. A 

blood transfusion was immediately started but there was 

no response and she died in coma within 24 hours of 

admission, A blood urea estimation shortly before 

death gave a result of 15) mgm. .

Summax-y of Post f^ortem Flndln; a : There was nothing

of note in the external appearances. There was some 

oedema of the lungs which showed a moderate decree of 

emphysema, Ihe heart (weight 570 grams) was well 

coloured and the muscle firm. There was some degener­

ative thickening of the aortic c isps. There was 

pigmentation in the mucosa of the upoer gut with many 

fine bleeding points in the stomach and intestine, here 

were no oesoohagal varices. The liver (weight 22QU 

grams ) was brô yn in colour with a finely nodular surface. 

The pancreas, which was firm and fib ro tic , showed

Progress : After the completion of the radioiron

/increased
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Increased pigmentation. There was some granularity of 

the surfaces of the kidneys. The spleen (weight 550 rrams 

gave a positive Prussian blue reaction. The adrenals 

and thyroid were macroscopically normal. The brain 

showed no abnorm lity ,

Mlcrosooplca ly : The liver showed a moderate amount

of haemoslderln most of which was deposited in the portal 

tracts. There w s a lesser amount of haemosiderin in 

the liver cells and in tiio Kupffer ce lls , some cells  

being much more affected than others. The portal tracts 

were definitely thickened and a monolobular type of 

cirrhosis was present. Sections of the pancreas showed 

gross post mortem change. There was a moderate amount 

of haemosiderin in the gland c e l ls ,and a small amount in 

the in teratltla l tlsauo. No islets were identified and 

no fibrosis was present. There was a moderate amount 

of haemosiderin in the phagocytic cells of the splenic 

pulp. Sections of the small intestine showed a

brownish pigmentation of the mucosa mainly in the phago­

cytes. This pigment resembled haemosiderin on the 

haematoxylii and eoain sections but did not give a 

positive reaction with potassium ferrocyanido and hydro­

chloric acid, so that it  may have been haemofusein. An 

abdominal lymph node had marked depoeita of iron-containing

/pigment . . .
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pigment in the fo llic le s  and small amounts in the 

capsule. The kidney showed no haemosiderin in the 

tubular cells or In the in terstitia l tissue. There 

were minute quantities of Iron-oontaining pigment in 

the adrenals. They were present in the ce lls  of the 

outer layer of the stratum granulosum Just beneath the 

caosule. Sections of the ovary showed no haemoBlderln. 

The thyroid was normal. There was no iron-containing 

pigment in the heart. Sections of the brain, including 

the pituitary, showed no haemoslderin.

CASE 9. was a coloured male who was aged 64 years 

when f ir s t  seen in 1950. Unfortunately the records 

for this admission are not available so that the exact 

presentation is unknown. However it  Is known that 

he showed both glycosuria and hepatomegaly and it  has 

been possible to locate the results of certain 

investigations done at the time.

Available Laboratory Data: Liver function: Thymol

turbidity 5,5 units, thymol flocculation +«-♦♦ positive. 

Takata-Ara reaction (Uoko's modification) ♦♦♦ positive. 

Sugar tolerance (a fter 50 grams glucose o ra lly ) -  

^ hour 105 mgm.jS, 1 hour 310 mgm. %, l j  hours 321 mgm.#

2 hours 345 mgm. ■, 3 hours 209 mgm. , 4 hours 200 mgm. ,

/Liver . . .
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Liver aspiration biopsy: considerable increase of

portal fibrous tissue leading to a multi-nodular 

cirrhosis. In addition, considerable iron deposits 

present in the parenohymal and Kupffer cells and the 

portal tracts.

Progress : He was regarded as a case of cytosl'erosis

with diabetes and was treated with dietary measures and 

with insulin. He was fin a lly  discharged on a main­

tenance dose of insulin but the exact amount is not 

known.

Second Admission: The patient was readmitted in

September, 1951 for radioiron studies. At the time 

he was in good health and had no complaints. He did 

not require any ins lin .

The only points of Interest in the systematic history 

were that he had been treated in 1924 and 1950 for 

Syphilis at Rietfontein Hospital. There had also been 

a short stay at the Pretoria Mental Asylum in 1924 but 

the reason for this was not known. The diet had always 

been poor in proteins, with only one meat-containing 

meal per week. lie had also consvmed a dally quantity 

of approximately 2 Jars of 'k a f f ir ' beer for many years.

/On a «  •
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On Physloal ExaminationI He was well preserved for 

his ape. There was no abnormal pigmentation of the 

face but there was excessive pigmentation over the 

exoosei oarts of the arms and legs. The parotids were 

slightly  enlarged. The borders of the tongue and tho 

roof of the hard palate had a bluish-grey colour and 

the teeth were carious. The thyroid was not palpable. 

The nulse rate was 80 oer minute and the blood Dressure 

140/90 rnm.Hg. The heart was not c lin ically  enlarged. 

On auscultation a soft blowinc systolic murmur could be 

heard down the le ft  sterral border. The respiratory 

system was normal. The liver was enlarged fo r 

fingers below the costal margin, the edge being firip, 

non-tender and irregular. The tip of the soleen was 

just palpable. There was no testicular atrophy. The 

oentral nervous system was aoparently normal.

Additional Laboratory Data: Pull blood count -

Haemoglobin 15,6 grams f»t erythrocytes per cu, m.

5,230,000, leucocytes per c .ram. 6 , >0 , neutrophils 

50$, monocytes 6$, lymphocytes 4l?>, eosinophils 2$, 

basophils 1 . Sedimentation rate 7 mm. in 1 ho r. 

Serum cholesterol 90 mgm. serum amylase 150 units,

blood calcium 9.3 mga. . S par tolerance (after 

50 =Tams glucose by mouth). Pasting level 102 mmn.g,
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I hour 120 mgra, %, 1 hour 152 mgra.C, 1  & hours

156 mgm. \>t 2 ho rs 146 mpm. %t 2 hours 116 mgni.#.

Liver Function: Thymol turbidity 6 units, thymol

floooula 1 ai positive, Takata-Ara reaction Ooko's

modification) +*■++ positive. Alkaline phosphatase 

32 King-Arras troop units; b ilirub in : direct 1.6 mga. , 

total 2.0 mgra./, Icteric Index 16, Prothrombin index 

i l l ',  Kahn test for Syphilis positiv;. ' rlne analysis, 

n il chemically and microscopically, Faeces analysis 

no excess fa ts . X-Ray Chest, the heart showed a 

hypertensive conf 1 ; uration. lectrocardiorrara, normal.

Progress: He was completely asymptomatic while In

hospital and in the three months period during which he 

was followed up after discharge.

Third Admission: He was readmitted to hospital in

March, 1952, 4 months f fter his previous discharge. He 

had been well until 1  month before admission when he 

suddenly vomited up 2 pints of dark red blood. Since 

that time he had suffered from intermittent bouts of 

colicky abdominal .lain with some diarrhoea and tenesmus.

On Physical jcamlnatlon: The findings wer» similar to

those on his previo s admission. However, on testing
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his urine It was found that the glycosuria had 

retuned and he was started again on Insulin therapy.

In addition a sigmoidoscopy revealed ulceration of the 

bowel an vegetaJlve forms of entamoeba histolytica 

were found on smears taken from the ulcer craters.

He was treated with aureoraycln and emetine with 

good result and he was fin a lly  discharged on a maintenance 

schedule of 25 units Protamine Zinc Insulin and 15 units 

soluble Insulin dally.

Final f-dmlsB Ion: The patient was readmitted In

October, 1952, 6 months after his last admission. He 

had remained In good health until 3 days previously when 

he had suddenly developed an acute pain in the chest and 

bladder while having a cold shower. This had boen 

followed by persistent vomiting and swelling of the 

abdo en.

On Physical jcamlnatlon t He was found to be dysnnoelo 

and cyanosed. There was no Icterus. Ti e pulse rate 

was 100 per minute and the blood pressu e 130/69 mm.Hg. 

There were no signs of congestive cardiac failu re but 

a gallop rhythm was heard at the apex of the heart whioh

/was . . .
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was c lin ica lly  enlarged to the le ft .  The lung fie lds  

were clear except for a few scattered fine erent tatioris 

at the bases. The liver was enlarged 3 fingers Pelow 

the costal margin being firm and non-tender and the
v,

spleen was also fe lt  two fingers below the costal raarpin.

o reflexes could be e lic ited  in the central nervous 

system and both plantar responses were flexor.

Progress: In the following hours he hecaie

progressively more drewsy. There was almost no urinary 

output; tie specimens which were passed showed ± 5 

red cells oer high power centrifuged fie ld  with occasional 

granular casts. There was no albumin. A blood sugar 

estlma ion gave a result of 150 mgm.  ̂ and the blood urea 

was 07 mgm. .̂ The exact nature of this terminal

episode was not clear. le was treated with penicillin  

and oxygen and with Intravenous therapy. In spite of 

therapy he became progressively more shocked and died In 

coma within 24 ho rs of admission.

Summary of Post Mortem Findings; The body was fa ir ly  

well nourished. There was early clubhing of the fingers. 

The lungs showed basal lobe atelectasis with congestion. 

There was some brownish pigmentation of the heart which 

wel 'had 400 grams and the ascending aorta was dilated.
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There were no oesophageal verices. The stomach showed 

evidence of hypertrophic gastritis  and the mesenterlo 

lymoh glands war pigmented. There was an early 

peritonitis of the serosal surface of the upper jejunum. 

The liv e r (weight 3170 gramsJ was coarsely flb ro tic  and 

was brown In colour. The pancreas was atrophic and 

showed brownish pigmentation. There was swelling of 

both the cortex and medulla of the kidneys. The spleen 

(weight 760 grams) showed an acute perisplenitis end 

gave a positive Prussian blue reaction for iron. The 

thyroid also crave a positive Prussian blue reaction. The 

brain was apparently normal.

Microscopically t The live r showed well marked diffuse 

hepatic fib rosis . There vas a moderate deposit of 

haemoaiderin in the liver ce lls , Kuoffer cells and 

fibrous tissue. There was a moderate degree of inter­

lobular fibrosis of the pancreas with some iron-con­

taining pigment in the fibrous tissue and slight deposits 

in the parenchymal ce lls . Very slight deposits were 

also present in the islets of Langarhans. Sections of 

the intestine showed no evidence of iron deposits. There 

was well marked congestion of the soleen with moderate 

deposits of haemosiderin, Sections of the heart showed 

a well marked increase in lipoida l Pigmentation end
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slight deposits of haemoslderln wei e present In some 

of the fibres. This was very focal as other sections 

showed no signs of Iron deposition. There was no 

haemoslderln in the lungs, kidneys and skin. In the 

thyroid, however, there were moderatedeposlts of 

haemoslderln in the colloid secretion and In the 

eolthellal ce lls .

CASE 10 , was a Bantu female, aped ♦ 66 years who

presented f ir s t  in May, 1948 with ft history of QftLn 

in the right hypoohondriua for 5 years. sharing this 

period she had also had a non-productLve cough, but 

this had not been partic larly  troublesome. Appetite 

had always been good but in the two months prior to 

admission there had been some weight loss. She had 

been on a diet deficient- in proteins and had taken 

regular moderate quantities of 'k a ff ir ' beer.

On Physical Examinationt She was poorly nourished 

with deep pigmentation of the skin of the exposed Darts. 

The tongue was smooth and there was no pigmentation of 

the mouth. The radial oulse was 78, the rhythm regular 

and the vessel was thickened. The bio d pressure was 

170/110 mm.Hg. but no other abnormality of the oardio- 

vasc lar system was noted. The lung fie ld s  were clear.

/The . . .
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The liver was enlarged 4 f  im era below the costal margin, 

the ed«'e be Ins; hard, non-tender and somewhat irregular.

There was no peripheral neuritis.

A diagnosis of cirrhosis of the liver was considered 

and laboratory tests were carried out from this point of 

view.

Laboratory Data? P 11 blood count: Haemoglobin

15.5 grams $, erythrocytes per cu.mm. 5,000,000. 

leucocytes per cu.mm 6,8000, neutrophils 51$, monocytes 

9$, lymphocytes 33$, eosinophils 4 :, basophils 3$,

Blood proteins: 2.9 grams % albumin, 2.9 crams $ globulin. 

Liver function: Thymol turbidity 6 units, thymol

flocculation ♦♦ positive. Takata-Ara reaction ♦+ positive. 

Icteric index 16 xmits. Alkaline ohosphatase 10.3 King- 

Arms trong units. Prothrombin Index 81$, Irlne analysis 

n il ehemlca ly and microscopically. X-ray chest, heart 

and lungs normal. Liver aspiration biopsy: a marked

degree of cirrhosis was present with heavy deposits 

of haemoslderln in the fibrous tissue. Lesser quantities 

were found in the K offer ce lls while deposits in 

parenchymal cells were re latively  slight.

Progress t The patient was treated conservatively on

a high protein diet with vitamin supplements and was well
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enough to be diecharged after two weeks in hospital.

Second Admission : She was not seen for three

years but was fina lly  brought back to hospital by her 

son because of the onset of generalised convulsions. 

According to him she had been well until two mem the 

previously. Then, she started having convulsions which 

appeared to be epileptiform in type. In a l l  she had 

had about six such attacks. In addition he had noted 

that she was becoming progressively more weak. Appetite 

throu hout had been good, although her diet, aa on the 

previous admission was poor. According to her son 

sne was a heavy brandy and 'k a f f i r 1 beer drinker. She 

had three living children} 5 others had died in early 

childhood.

On Physical acamlnatlon; She was found to be unco­

operative but not disorientated. There was some 

wastln and a generalised loss of body hair. There was 

deep pigmentation with some scaling of the exposed parts. 

There was no Jaundice or anaemia. The teeth were 

carious and the tongue smooth but no abnormal pigment­

ation in the mouth oould be seen. She was aprexial, 

the pulse rate was 106 and the rhythm normal. The

/blood .,
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blood pressure was 160/110 mm.Hg. No abnormalities 

of the cardiov scular and respiratory systems were 

detectable. The liv e r was enlarged 4 finders below 

the costal margin and had a firm non-tender edge.

There was no splenomegaly or ascites. In the central 

nervous system the only abnormality noted was an irregular 

twitching of the right am . Power was good, reflexes 

equal and the plantar responses flexor.

A diagnosis of malnutritions! cvtoslderosls with 

a superimposed Werrlcke's enceoalopathy was mads.

Laboratory Jata; Pull blood count: Haemoglobin

16.9 grama $, erythrocytes per cu.mm. 5,690,0 >0, 

leucocytes per c .mm, 6,200, nolymorohs 67$, 

monocytes 6$, lymphocytes 84$, e >siniphils 2 , 

basophils 1$. Sedimentation ra te : 7 tm. in 1 hour.

Blood proteins 2.7 grams Albumin 5.1 grama $

globulin. Blood urea 23 mgm. Serum amylase 70 units.

Sugar tolerance (a fter 50 grams glucose by mouth).

Pasting level 60 ragm. %, v hour 65 fflgm."<r, 1 hour 

85 mgm, , 1& hours 115 mgw.T, 2 hours 100 mum.',

2& hours 75 rarm, . Liver Function: Thymol turbidity

3.5 units, thymol flocculation **■♦♦♦ positive, cephalin 

cholesterol ♦♦♦♦ oositve, Takata-Ara (Ucko’s taodific tion) 

♦♦♦ positive. Prothrombin Index 91$, Modified Ide
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teat for Syphilis, positive. Urine Analysis, n il 

chemically and microscopically. Cerebrospinal flu id  

Cell count: 2 polymorphs, 45 erythrocytes. Total

protein 56 mgm.:', chlorides 665 mpr m. suga r  78 mgm.;t, 

Lange's colloidal gold test, negative.

Progress : The patient was treated on a high protein

diet and was given injections of Vitamin B complex and 

nicotinamide. Or this therapy there was some improve­

ment in her general condition. During this period 

radioiron absorption studies were performed on her.

However, after several w eks she became gradually 

more lethargic and she fina lly  died in coma about five 

weeks after admission.

Summary of Post Mortem Findings i There was generalised 

wasting with atrophy of the skin. There was diminution 

of a l l  the body heir. Both lungs showed oelema. The 

heart (weight 200 w ans) was not enlarged, the muscles 

being flabby and brown in colour. There was atheroma of 

the aortio arch. There was marked postmortem change of 

the gut but no other abnormalities were noted. The liver  

(weight 1580 grams ) was brown in colour and shewed 

evidence of both ooarse and fine nodularity. The nanoreas

/which «  ■ e
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which was Dl<rnented, was firm and flb ro tlc . The 

spleen was moderately enlarged (weight 240 grans) 

and there was some perisplenitis. ihe kidneys 

appeared normal si d the supnarenals showed autolytic 

changes. The thyroid was grossly atrooblc. The

brain showed atrophy of the cortex and on section 

seemed normal.

Microscopically« Sections of the liver showed marked 

cirrhosis resembling that secondary to post necrotic 

scarring. Very heavy deposits of haemoslderin were 

present in the fibrous tissue and a moderate amount 

was present in the Kupffar ce lls , wnile a slight amount 

was found In the liver ce lls . The pancreas showed marked 

chronic pancreatitis, both perilobular and perlacinar In 

distribution. The oancreatlo ducts were 'Hated and 

contained calcu li. There was a large amount of iron 

pigment in the fibrous tissue and a moderate amount In 

the glandular ce lls . Post mortem necrosis was marked 

and no definite Is le t tissue could be identified.

There was no evidence of haemoslderin In the gut.

Sections of the spleen showed a very heavy deposition of 

haemoslderin In the pulp, both Intra and extracellularly. 

Small amounts were present In the fo llic le s , ihe heart 

had heavy deposits of haemoslderin in the muscle fibres.
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Hot a l l  were affected, the amount varying from fibre  

to fib re . Some of the muscle fibres were atrophic; 

o small amount of Iron pigment was also present in 

the in terstitia l tissue. Haenosiderln was also present 

throughout the coats of same of the arteries.

Sections of the lurg showed small quantities of 

haemosiderln in some of the alveoli and, In addition, 

there was con estion and oedema. The haemosiderin was 

probably associated with red ce ll breakdown. There was 

chronic non-specific thyroiditis, masses of haemosiderin 

being present in the cells lining the acini and in the 

colloid, although not a l l  the acini were affected.

There was much less haemosiderin in tho gland tissue 

than in the fibrosis tissue. Clumps of iron pigment 

were seen in some of the veins. There was no evidence 

of iron deposition in the brain.

/DI3CUSSI0N
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D I S 0 U 3 3 1 0 S.

In the discussion which follows i t  is proposed to 

review What la known of the clln ioal and pathological 

findings in malnutrltlonal oytosiderosis. In addition 

the pabho eneais la discussed with special reference to 

the views of others and to the results of the present 

investigation.

CMH1C..L tlikShw TA i * QN i

Unfortunately l i t t le  evidence is available as to 

the clin ical findings in malnutritions! oytosideroais.

The G illians * studies whioh were primarily histological 

ones ( “ ) » (B ) » (10 )* (11), drew attention to the high Incid­

ence of the condition in Hantu oellacrrins. Higglnscn

and co-workers* invest! "fltion (16) wb s a -nor Id 

anatomioal, his tons tholocf lea l and chemical one Mat they 

3id attemot to correlate the Ir results with the clin ical 

data of each case and were thus able to comonre to some 

extent the presentation with that seen in idiopathic 

haemochromatosis•

They found that there was no very clear out sex 

incidence there being 178 males and 118 females in their 

series. No special age incidence was noted; however 

tho severity tended to be raster in older age groups.
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There was no correlation between the nutritional 

state and the decree of siderosls in viscera and 

a typical pellagroid rash was found in only two oases. 

Increased pigmentation of the skin was commonly seen 

but was due to melanin in most oases and was unrelated 

to the amount of haemosiderin in the abdominal organa.

In a few severe cases, however, microscopic examination 

of he skin showed a few scattered haemosiderin granules 

in the corium. most marked in the skin appendages.

Diabetes mellitua was present in only 3 of 296 cases, 

rudocrine changes, as judged by testio la r  atrophy and 

gynecomastia, were oresent in several css's but no 

correlation with the degree of visceral siderosls or 

hepatic olrrhosis could be established. Hepatomegaly 

as a c lin ica l feature was not commented unon. The 

primary cause of death varied widely and did not seem 

to be related to the severity of siderosls. The commonest 

cause was Cardiovascular disease' (106 cases) while 

cirrhosis of the liver was only regarded as a casual 

factor in 4 subjects.

On this evidence there would seem to be l i t t le  

sim ilarity between the c lin ica l presentation in 

malnutritions! oytosiderosis and Idiopathic haemo- 

chromatosis. There was a striking difference in sex 

incidence. In addition, skin pigmentation d e to Iron

deposits . . .
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deposits, which Is found In at least 537* of cases of 

idiopathic haerooohrometosis, and diabetes, which is 

ore sent in 75;'-, were rare. Cirrhosis of the liver  

which is almost invariably found in idiopathic 

haemochromatoais was present in onlv a quarter of the 

severe cases and endocrlre changes were infrequent, 

rtowever, it  should be re embered that the diagnosis of 

idlopashlc haemochroraatosis can only be made in the 

terminal phases of the condition when the pathological 

process has already been present for many years.

It is therefore not completely valid to compare the find- 

in s in cases of malnutritions! cytosiderosis of a l l  

grades of severity with those in idiopathic naemochromatosis. 

Such an exnlanati on may in part at least, account for 

some of the discrepancies between these reported com­

parative findings.

The c lin ica l findings in the & cases studied in this 

paper are in some contrast to those of Higginson and 

co-workers. In each of these cases nhere was a history 

of a diet deficient by European standards, and in addition, 

each admitted to a heavy consumption of 'k a ffir*  beer 

over many years. ihere were two males and three females 

the average age being 59 years (range 47 to 66).

/Skin . . .
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Skin pigmentation, more marked on the exposed parts, 

was present In a ll  cases and was associated with 

excessive iron deposits in the two cases in which skin 

biopsies were taken. Diabetes mellltus, severe enough 

to require insulin therapy, was present in 3 cases and 

was confirmed in each case by glucose tolerance curves.

An interesting feature in two of these cases was the 

return of a normal su ar tolerance spontaneously after 

several months. In me of these glycosuriq returned 

subsequently and further insulin therapy was required. 

Hepatomegaly was invariably found and liver aspiration 

biopsy showed evidenoe of cirrhosis with heavy iron 

deposits in a ll cases. Endocrine changes were not 

present in any subject. The cause of death in two 

cases seemed to be related to hepatic failure while it  

followed on a haematernesis , secondary to widespread 

intestinal haemorrhage, in a third. The other two cases 

were s t i l l  alive when last seen.

On the present c lin ica l data there were therefore 

definite sim ilarities between the c lin ica l presentations 

in idiopathic haemochromatosis and malnutritional 

cytoslderosls. However, these cases were, to some extent, 

a r t if ic ia lly  selected in so far as the presence of diabetes 

together with hepatomegaly in 5 of the cases was used as

/the . . .
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the Indication for the liv e r  aspiration biopsies on which 

diagnosis was made. H gglnson and co-workers have 

shown that visceral s derosls may be found at autopsy 

together with a wide variety of unrelated pathological 

conditions so that the co-existence of diabetes and 

cytosiderosis may have been coincidental in the present 

oases. In spite of this qualification and the fact that 

the present series is a small one, the similarites in 

presentation between the two conditions under review 

were close enou h to be suggestive. The results also 

seem to underline the need for more comparative c lin ical 

studies to be done at comparable stages in malnutritlonal 

cytosiderosis and idiopathic haemoohromatosia. To 

aohieve this would require the more widespread use of 

live r aspiration biopsies in suspected cases of 

malnutritlonal cytosiderosis in order to oonfirm the 

presence of cirrhosis together with hepatic slderoais.

PATHOLOGICAL PIUDIiOSi

The Gillmans' ( ’ )* (0 )* (10 ),  (12 ), th# i r 

description of the histological findings in the liver  

in malnutritlonal cytosiderosis, divided the findin*s 

into several stages. In the f ir s t  stage fine granules 

of iron-containing Pigment were found in the hepatic

/epithelium •  e •
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epithelium. In the second stare the quantity of Iron 

In the liver cells either decreased or Increased but 

whatever Iron was present, tended to abrogate In dumps.

In addition, Iron pigment now appeared In the Kupffer 

cells and In the mortal ohr ocytea. In either of these 

sta es varying degrees of fatty change ml ht occur. In 

the third stage, fibrosis was superimposed on the earlier 

pictures and histological features Indistinguishable 

fro those described in ldlopathlo haemochromatoals were 

often obtained, nfortunately these authors did not

describe in detail the histological flndinps In other 

organs but Included mlcro-photogra >hs In a publication (12) ( 

showing widespread deooslts of iron-containing olgment 

in the pancreas, bowel, thyroid, lymph glands, soleen, 

striated muscle and heart. Thus findings In the later 

stages of malnutritional cytosiderosls, very similar to 

those in idiopathic haemochromatos is were present and 

these authors considered the two conditions to be closely 

a llied . The actual pathogenesis which they profounded 

in view of their histological studies w ill be described 

In a later section.

The other available evidence of the □< tholo leal 

findings in malnutritional cytosiderosls is that 

provided recently by Hlgglnson and co-workers (lfi).

/This . . .
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This later investigation Included a careful morbid 

anatomical examination of most of the viscera together 

with histological studies and chemical assays. The 

livers with a moderate degree of slderosis had a 

rusty colour and gave a positive Potassium Perrocyanide 

reaction. In some oases iron-containinr pigment 

was Dreaent in both parenchymal and Kupffer ce lls . In 

some cases it  was only present in parenchymal cells and 

in others only in Kupffer ce lls and thera seemed to be 

no correlation between the degree of deposition in the 

two sites. In siderotic cases of a l l  degrees of 

severity, deposits of iron were also noted in the portal 

tracts. hile thera was a tendency for severe slderosis 

to be associated with portal fibrosis and cirrhosis some 

cases with heavy iron storage showed l it t le  or no 

fib ros is . The spleen usually had a markedly rusty 

oolour and showed, on microscopic section s much greater 

concentration of iron than the live r . This was mostly 

looated in the endothelial cells and macrophages. In 

the pancreas, however, only slight deposition of haemo- 

siderln was present and only 7 of B2 examined showed 

evidence of iron pigment in the aclnae and is le ts . In 

some, a fine in te rstit ia l fib rosis  was present. The 

heart only rarely showed any iron pigment and of the 21 

cases with severe hepatic slderosis only 4 showed any

/iron • • t
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Iron granules in the myocardial fibres. The kidney 

in severe or moderate cases showed scanty haemosiderin 

granules. In the gastro-Intestinal tract the out­

standing findings were noted in the duodenum and jejunum. 

In cases with moderate or severe hepatic deposits the 

mucosa was rusty in colour and on microscopy iron- 

containing macrophages were found in the substantia 

propia of the v i l l i .  In severe cases a ll cellular 

detail In the v i l l i  was obscured by intra and extra­

cellu lar pigment. The lymph nodes draining the upper 

bowel were shown to have heavy Iron deposits while 

those draining the ileum and colon had l i t t le  or none. 

Sections of the thyroid, pituitary and testes showed 

only a few scattered haemoslderin-contalning macrophages 

in the In terstitia l tissue.

The pathological findings in malnutritional 

cytosiderosis therefore showed several distinct d iffe r ­

ences from those in Idiopathic haemochromatosls. The 

striking differences were the heavy deposits in the 

spleen, the absence of pancreatic pigmentation In most 

cases and of significant haemosiderin deposits In the 

epithelial elements of the stomach, thyroid, salivary 

glands, suprarenals and myocardium. In addition the

massive deposits of iron which were found In the jejunal

/and • « •
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and duodenal mucosa are not a feature of idiopathic 

haemochromatosls (2b )# The differences found on 

histolo leal examination were also confirmed by chemical 

analysis of organs, the figures being compared with those 

described by Sheldon (25) idiopathic heemoohromatosls.

In the present series three of the cases Invest- 

1 ated died subsequently and had autopsy examinations 

performed on them. The oathologioal findings were very 

similar to those described by Hi glnson and co-workers
/} p \
' . However, in cases 9 and 10 there was no evidence

of haemoslderln deposits in the bowel. In addition case 

10 showed moderate amounts of iron pigment In glandular 

organs and heavy deposits in heart muscle giving a 

post mortem histological picture v ry similar to that 

in idiopathic hae lochromatosls.

PATHDG1 MISSIS OF ’’ALI*UTRITIO"AL CYTQSIDBh >SIS

Views on pathogenesis of the condition based on 

histopathological and other flndin s are somewhat 

conflicting. The Gillmans d ® ), on the ote hand, regard 

it as a profound metabolic upset closely related to 

idiopathic haemochrcmatosis but Initiated by chronic 

malnutrition. Higginaon and co-workers (16), however, 

fee l that it  is probably a different pathological

/entity . . .
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entity affecting primarily the retlcdo-endothelial 

system. these two views are worthy of a separate and 

more detailed analysis.

As their studies showed only parenchymal deposits 

of iron in the livers of early cases of alnutritionsl 

cytosiderosis the Gillmars postulated that the In itia l 

derangement in the disease is one of intracellular 

metabolism which Is precipitated prolonged malnutrition. 

They produced evidence to support the contention that 

this iron is derived fr  >m mitochondrial breakdown. Some 

of this iron pigment Is then excreted into the bowel and 

re-absorbed. at this stage it  is probable that the

alimentary mucosal block becomes deranged and this leads 

to further iron absorption. T ils derangement, they 

considered, as possibly due in part to pancreatic damage 

and also to a atimul tion of the reticulo-endothelial 

system by some metabolic derangement. During this 

second stage of the disease, excessive quantities of iron 

are absorbed from the cut and the retlculo-endothelial 

system becomes loaded with an iron-protein complex.

They considered that such a sequence of events may also 

occur in Idiopathic haemochronatosia although the in it ia l 

metabolic dyscrasia in this llsease is an inherited one 

and is not secondary to malnutrition.

/Unlike • • *
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tnllke the Glllmans, Higgins on and co-workers ■ ̂  ’

found that iron deposition was widespread in the retleule- 

endothellal system from the beginning and the pathological 

features, though having sim ilarities to those in idiopathic 

haemochromatoals, showed also definite differences. At 

a ll  stages o f . the condition the retioulo-endotholial 

system showed much heavier deposits than did epithelial 

tlss .63. The soleen always showed greater concentrations q 

iron than the liv e r in contrast to idiop thic haemo- 

chromatosls, where only relatively alight amounts are 

present in the spleen while le osits in organs such 

as the pancreas, heart, thyroid and adrenals were scanty 

or absent. In addition, they could not demonstrate 

any casual relationship between the presence of 

malnutrition and the degree of slderosis, They, therefore, 

postulated that the condition was possibly related to 

the fact that these subjects, who have been shown to have 

very high quantities of iron In their diets (29), (30)^

absorb and deposit more iron than do normals. They could 

not relate these iron deposits to the primary cause of 

death and doubted whether tbs condition of nalnutritional 

oytosiderosls actually represents a disease entity.

Prom the summaries of these two widely d iffering

/views
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views on pathogenesis It la clear that no definite answer 

to the problem of malnutrltional cytoslderosls has yet 

been reached. Both groups of workers, however,

acr ed that the source of the iron deposits must be 

from the gut as excessive haemolysis has been shown 

to be defin itely not a significant factor (S )# It was 

to study In more detail the pattern of iron absorption 

that radioiron studies were carried out on tlie & cases 

of malnutrltional cytoslderosls described in this thesis.

The absorption of iron from the bowel in 4 of these 

s bjects seemed to be very l i t t le  as there were low 

blood levels and no evidence of visceral deoosltlon 

as Judged by in vivo counts over body organs. In the 

5th case (i:o.9) a blood untake which f e l l  into the normal 

ran e w s obtained and there also seemed to be some de­

position of radioiron in the liver. tie was the only 

one of the 5 who was examined while on hia uaual dint, 

the others havinr spent periods of up to several weeks 

in hospital prior to being studied. There was, therefore, 

a definite difference In Iran absorotion between those 

oatlents who were on hospital ward diets and the on* 

case who s t i l l  was on his usual 'Bantu* diet. To 

analyse the possible significance of -his discrepancy 

it is necessary to review what is known of the influence

/of •  a  m
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of dietary changes In iron absorption,

Kinney (1®) has shown that rats fed on a deficient 

corn grit diet supplemented with iron develop a marked 

si lerosis of body organs, the distribution being similar 

to that described by Higginson and co-workers d ® ) in 

malnutrltlonal cytoalderoais. They have also found that 

such a slderosis may be orevanted i f  phosphate is  added 

to the diet (19), In aldition, Taylor and co-workers 

(27 ) have shown that deoancreatised cats develop a 

slderosis. They have also produced the same finding 

by ligating the pancreatic ducts but have been able to 

prevent much of the increased absorption by the addition 

of haliverol to the cats' diet (93)v More recently 

Cartwright and co-workers (® ) have also produced increased
e

iron absorption in animals with a diet deficient in 

pyrodoxln. It is therefore possible that such factors 

as pancreatic damage and deficiencies of phosphates, fat 

soluble vitamins and >yridoxin may potentially affect 

iron absorption in human subjects.

Pancreatic damage was presumed to be present in 

3 of the cases of malnutrltional oytoslderosls who were 

investigated in the present study as each had diabetes 

mellitus. In two of them, however, the absorption of 

radlolron was very low so that it is d ifficu lt  to re l te 

absorption to such a factor. This view is supported in
/some , . .



190

soma measure by Higginaon and co-workers ^   ̂ who found 

that the majority of the 02 pancreases which they 

examined were microscopically normal. It is , however, 

possible, though unlikely, that some pancreatic defect 

may s t i l l  be present in such cases in spite of normal 

histological findings. The role of Phosphates, fat  

soluble vitamins and pyridoxin in the etiology of 

malnutritions! cytoslderosis is not clear. The phosphate 

content of the •Bantu* diet is high and fat soluble

vitar-ins do not seem to be grossly deficient (31).

L ittle  is known of the role of pyridoxin in human meta­

bolism and at present no clin ical syndrome has been 

linked with such a deficiency (19). There is , therefore, 

no specific deficiency which car be incriminated at the 

moment as an etiological factor in malnutritlonal 

cytosllerosia.

The question therefore arises as to whether 

malnutrition it s e lf  is necessary in the development of 

the condition. It is noteworthy that oytoslderosia has 

not been reported from other parts of the world where 

malnutrition is coamon (3 °). a factor, however, which 

seems to be peculiar to the local Bantu population is 

the preparation of food and fermented beer in iron cooking 

pots. In has recently been shown that this leads to a

/daily . . .
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dally intake of Iron in the so d< oole which la usually 

over 190 arm* and nay be as much as COO mgm. (29). 

Investigations done on human volunteers have shown that 

when lar<~e q entities of Iron ere given by mouth over 

lonp periods the nereentare absorbed is less. This is  

due to the presence of a nornal mucosal block to 

excessive Iron absorption (^d )# However, thla block 

la not as complete as had been previously postulated ( 8 ) 

with the result that the absolute quantity of Iron 

retained In the body may be muoh reater than normal when 

large amounts are given by mouth. This la especially 

trua when hypochromic anaemia is present as it  has been 

shown that under such olrcumstanoes as muoh as 3.85 gratae 

may be retained over a period of 24 days. However, even 

in normal subjects appreciable Quantities of iron may be 

retained In the body i f  large amounts are fed by mouth 

(2 ), ( 7 ),(15 J, (S2 ), j n one such experiment conducted 

over 38 days Wlddowaon and McCnnce ' 2%)  showed a retention 

of over 5 grama, and later radioiron studies (* ) have 

confirmed that the 'mucosal block' Is by no means an 

absolute one.

I t ,  therefore, seems '■osslble that Bantu subjects 

with excessive Iron In their diets may absorb and deooslt 

large quantities in their bodies over long periods and

/than ..
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that this Increased absorption Is not necessarily 

related to malnutrition. However, the fact regains 

that these sibjects subsist on a diet whieh is inadequate 

according to European standards. It is therefore s t i l l  

ooasible that some deficiency, as yet ndefined may olay 

a part in allowing for a re latively  excessive absorption 

of Iran from the bowel. Such a contention la supported 

to some extent by the fact that the greatest degree of 

iron absorption in the present study was recorded in 

the one case who was s t i l l  on his natural deficient diet.

Although a dietary deficiency is a possible 

explanation for such a finding it  is , theoretically at 

least, not the only one. The presence of a toxic agent 

in such diets, has not been exoluded. llallory (2 0 ), (81) 

has produced experimentally a aiderosis by chronic copper 

poisoning and has even suggested that this might be the 

cause of idiopathic haemoehromatosis. (22 )# Although 

this claim has not been substantiated in this disease(®3) 

the relationship of excessive copper intake to malnutrlt- 

ional cytoslderosis has not been investigated. One 

fact, however, which is known is that heavily pigmented 

livers in this condition have also increased cooper 

contents ( ) and further study of this aspect seems worth 

while.

An important fact which did emerge from the
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present study was that none of the 4 subjects Invest­

igated while on hospital diets exhibited a pattern of 

iron absorption and deposition which resembled the findings 

in idiopathic haemochroraatosis in any way. The Olllmans' 

contention that chronic malnutrition initiates a chain of 

•vents similar to that in idiopathic haemoohromatosis is 

therefore not valid . It  is possible, however, that 

progress of the condition may be halted i f  dietary 

deficiencies are rectified . Slight support for s ch 

a contention was the finding of an absorptive pattern in 

case 9, who was s t i l l  on his usual deficient diet, which 

resembled to some extent that in idiop thic haemochromatosis 

as he was the only one to show evidence of signifleant iron 

deposition in the liver ae shown by in vivo counts.

nfortunstely it  was not possible to judge the exact 

quantity of iron retained in the body of this case owing 

to d ifficu ltie s  in faecal collections. The fact that he 

snowed a significant dose of the administered rad lo ir  on 

circulating in his blood with evidence of orran deposition 

suggests that absorption may have been relatively hlnh.

When this is coupled with the fact that the radioiron 

was added to a diet which presumably already had a hi h 

proportion of iron in it ,  the possibility  arises
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that the actual percentage absorbed may have been higher 

than normal, l .e .  some intestinal mucosal defect was 

also nresent. However, this is conjecture and the 

differences found between the 4 hosoitalised cases and 

this last subject may have been coincidental. It can 

be argued that these former subjects were in a later 

stage of the condition when it  has already limited Its e lf  

while the latter one was examined while s t i l l  In an 

active phase. The heavy blockadin' of gut cells with 

iron in the condition may well Indicate that it is to 

some extent s e lf  limiting and Becker ) has gone so far 

as to suggest that the malnutrition in these cases may 

not be orimary but secondary to interference with absorp­

tion of nutrients, caused by the heavy denosition of iron 

pigment in the intestinal ce lls . On available evidence 

therefo < , no definite answer can be given to the possible 

role of a defective ’m coaal block1 in malnutrltional 

cvtoslderosls, and the need for further absorption studies 

with patients on their natural diets seems Indicated.

Unly when this has been done can the relationship of 

malnutrltional cytoslderosis to idiopathic haemochromatosis 

be more clearly defined.

Whatever the sK.aot relationship between these two 

conditions is , the fact remains that large quantities of 

iron accumulate in the body Ln malnutritions! cytoslderosls
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and the quaatlan arises as to whother these deposits 

are deleterious to normal bodily function. Animal 

exparinc ite, ( '  ^ (23), (24) 88 jjas ^88n previously 

discussed, have not shown that such deooslts are oar 

ae harmful, although these exnerimsnts have had a 

relatively short fo lio * up. In eddltlon neither were 

the Hillmans 1 nor Higginson and co-workers 

able to relate the cirrhosis of ths liv e r which occurs 

in the later stages to the degree of Iron deooslts.

The prlmery cause of death In Hlgginson's eases also 

see-nod to be unrelated to visceral Iron deposits. This, 

however, does not necessarily mean that iron deooslts 

may not indirectly lead to secondary pathology.

Hue per (IT ) jj* 8 produced experimentally, wi da a oread 

systcmlo ohan es by Injecting large inert molecules, 

such as polyvinyl alcohol, into laboratory animals. These 

included alterations In ths blood, fibrosis of the spleen 

and atherosclerotic lesions. On this basis the Olllmans 

have suggested that widesoread pathological ohanrrea may 

be lndeoed by the flooding of the circulation with large 

relatively Inert molecules, formed by the combination of 

iron with protein (13-), They fee l that the deposition 

of this iron throughout the reticula-endothelial system 

may lead to s partial blockade of this system end that

/changes . . .
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changes secondary to Interference with reticulo­

endothelial activity may then oocur. Some auDoort for 

this view has been given by the Glllmans' experiments 

with the macronolecule formed by the combination of 

injected trypan blue with plasma albumin. With this dye 

they have produced in rats cirrhosis of the liver, 

reticuloses, blood dyscrasias, sexual changes, arthritides 

and a wide variety of eardiao lesions. ( 1 2 )̂  j n addition 

Cannon and McClelland ^  ) found that when the reticulo­

endothelial system of bartonella-infected rats is 

sdeq ately blockaded with India ink, anaemia develoos. 

Although it  Is not possible to relate such evidence 

directly to the problem of malnutrltional cytosiderosls 

It seems of enough interest to a31ow for some caution 

to be exercised before dismiss lag the iron deDOsits in 

this condition as inconsequential.

/>UMMARY • • ■
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3 U M M A R Y A N D  C O N C L U S I O N  S

(1) Detailed clin ical data on 5 cases of malnutritions! 

cytoslderosis arc presented. In addition the c lin ical 

and pathological findings described by other authors end 

those found in the present investigations are dlscvssed.

(2 ) Sim ilarities between the c lin ica l presentations

in this condition and that in idiopathic haemochromatosls 

was found in this atudy although this has not been the 

experience of others.

(3 ) The pathological findings have definite differences 

to those In idiopathic haomochromatosls, the most striking 

ones being the large concentrations of iron in the spleen 

end unper Intestine with relatively l i t t le  In the heart 

and In epithelial tisanes such as the pancroas.

(4) The pathogenesis of aalnutritlonal cytoslderosis 

Is s t i l l  in doubt. There l s f however, suggestive 

evidence that It  occurs secondary to the Ingestion of 

large quantities of iron In the Bantu diet and that it  

involves primarily the retioulo-endothelial system.

The role of deficiencies or toxic agents In the diet 

which may allow for increased iron absorption from the 

bowel has not yet been defined.

/ (5 ) •  •  *
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(5 ) Radio iron absorption studies in 4 subjects on 

hospital diets showed very low uptakes in the blood in 

each case, giving a pattern completely unlike that found 

in idiopathic haemochromntosis. Findings somewhat 

similar to those in idiopathic hae^ochromatosls were found 

in a f i fth  subject examined while s t i l l  on his natural 

diet.

( 6 ) There is no direct evidence that the iron deposits 

in malnutritions! cytoslderosls are detrimental to the 

body although i t  is possible that irritation  or blockading 

of the retlculo-ondothellal system with iron may lead to 

secondary pathology.
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There Is a group of anaemias in which the 

haemoglobin level can be maintained only by the 

administration of repeated blood transfusions over 

long periods. The iron liberated from the breakdown 

of transfused blood is taken up in it ia lly  by the 

retieulo-endotbelial system, but as the quantity in 

the body increases, there is an overflow of iron into 

parenchymal tissues. In this way pathological findings 

very similar to those in Idiopathic haemoohromatosis 

may be found. Thore is controversy, however, as to 

the exact relationship between this transfuslonal 

haemoslderosls and ldiopithic haemochromatosia, some 

authors considering them to be olosely a llied  (20), (27), 

while others fee l they are separate entitles (24), (25).

Any evaluation of the mechanism of transfuslonal 

hae osiderosls is also made more d iff ic u lt  by the fact 

that a proportion of such cases have shown more iron In 

the live r alone at autonsy than had been present in a ll  

the transfusions administered. It  hae therefore been 

suggested that iron derived from intestinal absorption 

may also contribute to the deposits throughout the 

body (24), (25 ).

In the present section the o lin loal data of three

/additional . . .
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additional oases of transfuslonal haemoslderosis are 

presented. In addition, tie findings In oases of 

transfuslonal haemoslderosis reported In the literature  

have been reassessed In an attempt to define more 

clearly Its relationship to Idiopathic haemochromatoais. 

The clin ical presentation, pathological findings and 

pattern of Iron metabolism In the two conditions are 

compared with special reference to findings reported 

elsewhere and to the resvlts of the radioiron studies 

which were done in the present investigation.

CLINICAL H/TKRIAL (GROUP 111)

CASE 11. a male aged 44 years, had received over 150 

blood transfusions when he was admitted to hospital for 

radioiron studies in November, 1950. He had developed 

enlarged glands in the neck, axillae and groins 5 years 

previously and a diagnosis of chronic lymphatic 

leukaemia had been bede on a series of blood counts 

taken at the time. He was treated with radiation 

therapy and remained in good health n t il two years later 

when he became lis t le ss  and tired. A course of P32 

was then instituted with no benefit and he became 

progressively ore anaemic. A diagnosis of aplasia of 

the bone marrow was subsequently made and regular blood

/transfusions . . .
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transfusions were given. In the following three years 

he received snore than 150 pints of blood and remained 

in good health.

On Physical Examination in November, 1950 there was a

slaty prey pigmentation of the akin on the face and arms.

He was mildly anaemic. The blood pressure was 104/70

mm.Hg. and the cardiovascular and respiratory systems

were apparently normal. The liver was three fingers

enlarged below the costal margin and the edge was firm

and non-tender but there was no splenomegaly. There 
%

was a moderate non-tender enlargement of the cervical, 

axillary  and inguinal lymph glands. He showed early 

gynaecomastia but hair distribution was normal and there 

was no testicular atrophy.

Laboratory Qata: (After more than 150 pints of blood )

Bio:>d counts Haemoglobin 10.1 grams $. erythrocytes 

per c.mra. 3,750,000, leucocytes per c.mm. 13,500, 

neutrophil 11.5 monooytes 6.5 X, lymphocytes B0%, 

eosinophils 0. , basophils OX, lymphoblasts 2 . 0;*. 

Sedimentation rate (corrected): moderate increase.

Modified Xde test fo r Syphilis: negative, trine analysis: 

n il chemically and microscopically. Liver Function:

/Thymol . . .
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Thymol turbidity 6.5 units, thymol flocculation ♦++♦ 

positive, Takata-Ara (Ucko'a modification) negative,

Icteric Index 11 units. Prothrombin index 90£, Blood 

proteins: S.7 grams % albumin, 3.4 grams % globulin*

Sugar tolerance (after 50 grams per cent glucose o ra lly ): 

fasting level 85 mgm.J, £ hour 100 mga,?C , 1 hour

136 mgra.S, lJr ho ra 115 mgm.>, 2 hours 90 mgm.#.

Serum and urinary diastase: normal. Pats In stool: 

no excess. X-ray of chest: heart normal; orominence

of h ilar vascular shadows. Electrocardiogram: normal.

Liver aspiration biopsy: heavy heoatocellular and portal

iron deposits. No increase in fibrous tissue, but 

a gregatlons of lymphocytes present in mortal traots.

Subsequent Progress : He continued in good health on

a regime of fortnightly blood transfusions until September, 

1951 when he developed a right sided lobar oneumonia 

and died within 24 hours in spite of vigorous therapy.

Summary of Post Mortem Findings: There were localised

areas of brownish pigmentation on the anterior thorax, 

the shoulders and on the lower abdomen. There was 

moder>te enlargement of the inguinal glands. Two pints

/of •.*
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of straw-coloured flu id  were present In the right 

pleural sac and there was a collapse of the right lung 

with scattered areas of consolidation and an overlying 

pleurisy. The heart was normal. The liver was 

enlarged (weights 2730 grams) and had a brownish colour.

It  gave a positive Prussian blue reaction. The spleen 

was moderately enlarged (weights 1145 grams) and showed 

congestion. There was also enlargement of the mesenteric 

lymph glands,

Microscopically i The liver showed numerous foci of

lymphocytic in filtration  tending to occupy the periportal 

areas. Amongst these foo l, liv e r ce lls  could be 

Identified as well as small b ile  ducts. The liver cells  

were normal and contained iron granules. The most 

heavily pigmented liv e r cells were thoae in lymphocytic 

foci and round the centrilobular veins. There was no 

evidence of increased fib rosis  in the liver. The spleen 

showed a reduction In lymphatic tissue and Malpighian 

corpuscles were scanty. It  was chiefly composed of a 

highly congested red pulp with extensive haemorrhaglo 

areas. Scattered amon at the cells of the red and 

white pulp were occasional aa.,. ochegea containing iron 

pigment. There was no evidence of iron in the Jejumum 

which showed advanced autolysis, Mesenterio and nara-

/aortic •••
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aortio lymph glands showed a destruction of the 

normal architecture with no evidence of lympold 

fo llic le s  or of medullaryjcortioal differentiation. 

Instead they were composed of a uniform mass of 

lymphocytes. The sinusoids under the capsule were 

congested, showing occasional haemorrhagic areas 

and numerous iro n -filled  macrophages. The kidneys 

contained numerous areas of lymDhocytic in filtration , 

particularly in the suboapsular region. Otherwise 

they were normal and there were no iron deposits.

The adrenals showed no abnormality except for small 

medullary foci of lymphocytic in filtration . There 

were a moderate number of iron-containing macrophages 

of the cortex. The testes snowed marked Involution 

with no evidence of spermatogenesis. The tubules were 

composed entirely of Sertoli ce lls on a thickened base­

ment membrane. Occasional macrophages in the inter- 

tubular connective tissues were f i l le d  with iron- 

containing pigment. The prostate showed a number of 

foci of lymphocytic in filtration  while the number of 

alveoli seemed to be reduced. There was no iron- 

containing pigment. The thyroid contained well 

f i l le d  colloid vesicles subtended by flattened epithelial 

cells i .e .  resting phase. A number of cells had fine 

iron-containing granules in the supranuclear part of

/the . . .
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tha cytoplasm. The lungs were markedly congeeted 

with evidence of bronchopneumonia. The pleura was 

thickened and showed areas of lymphooytlo in filtration . 

It contained a number of macrophages pigmented with 

iron. The heart was normal; there was no evidence 

of iron present. The nerve ce ll layers of the cerebral 

cortex showed no abnormality. Occasional capillaries  

were f i l le d  with ly phocytea but there was no Iron 

pigment.

CAS,., 121 a European male, aged 71 years, was f ir s t  

seen in September, 1950 when he had already received 

over 120 blood transfusions for a refractory anaemia.

He was then in good health and his haemoglobin level 

was maintained by regular blood transfusions. His 

condition had been diagnosed 4 years previously when 

he began to complain of tiredness and found he was 

bruising easily. The only relevant findings at the 

time were a gross anaemia associated with purpura.

Bone marrow aspiration revealed an aplasia involving 

a ll  the blood elements.

He was treated with liv e r  and iron but there was 

no response. Finally blood transfusions were commenced. 

However, he had to be readmitted to hospital several 

months later because of marked weakness. He was again

/found . . .
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found to be very anaemic (Haemoglobin 3.9 gram. ,») 

ami be was given a further 2,500 ccs. blood while in 

hospital. Since that time he had been well controlled 

by blood transfusions at Intervals of 2-4 weeks.

Further marrow as Dirations had revealed no change in 

the aplasia of the bone marrow.

On Physical Sxamlnationi in September, 1950 ( i .e .  

about 4 years after the commencement of the anaemia) 

there was marked dark brown pigmentation of the back 

of the neck, the lower parts of the f  ore aims and the 

ankles. C lin ically  there were no slgna of anaemia.

The blood pressure was 160/35 mra.Hg. end there were 

no obvious abnormalities of the cardiovascular and 

rosoiratory systems. The liv e r was 5 fingers enlarged 

and was firm and non-tender. There was no splenomegaly 

or adenopathy. Hair distribution was normal and there 

was no abnormality of the gon&da.

Laboratory Data: (After 124 pinta of blood).

Blood count: Haemoglobin 14.8 grams#, erythrocytes per 

c.ram. 4,760,000, leucocytes par e.mm. 7,400, neutrophils 

56#, monocytes 2#, lymphocytes 42#, eosinophils 0#, 

basophils 0#, reticulocytes 1#, Sedimentation rate 

(corrected): slight Increase. Modified Xde test for 

Syphilis: negative. Urine analysis: n il ohemloally
/_
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or microseoMoslly; no excess of urobilin. Liver 

Function: Thymol turbidity 4.5 units, thymol flocculation

one ♦ positve. Takata-Art reaction (TJcko's modification) 

one ♦ positive. Icteric index 20 units. Prothrombin 

index 89#, Alkaline phosphatase 12.2 King Armstrong 

units. Blood proteins 5.9 gram* albumin, 3.4 grams# 

globulin. Sugar tolerance (after 50 grams glucose 

ora lly )* fasting level 100 ngm.*, ^ hour 120 mgn.

1 hour 110 mgm.t f 1& hours 125 mgm.#, 2 hours 100 mgm.# 

Blood and urinary diastase: normal. Fats in faeces: 

no excess. Electrocardiogram: standard leads showed le ft  

axis deviation. There was no evidence of any conduction 

defect and unipolar lead showed flattening of T waves 

over V4 _6 . Liver aspiration biopsy; heavy denosits 

of iron in liver lobules and in the portal tracts.

Moderate portal fibrosis with b ile  duct hynerolaaia.

Subsequent Progress: Since September, 1950 the patient

has continued in good health. Blood transfusions are

only required 4-6 weekly now. A more recent bone marrow

aspiration revealed a hvpercellular marrow with a normo­

blastic response. There has been no evidence of haemolysis 

as judged by a retlculocytosia, or by increased urinary 

urobilin.

CASE 13t a European female aged 49 years was firs t

/studied . . .
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studied in September, 1950 when radioiron absorption 

was measured. At that time she had received 124 

blood transfusions for aplastic anaemia. She had 

originally presented in 1947 with tiredness and 

breathlessness on exertion, when her red blood count 

was less than 1,000,000 cells pejr e.mrn. A one marrow 

aspiration at that time showed a red cell aplasia and 

this finding was subsequently confirmed on repeated 

sternal punctures. After fa ilin g  to resnond to live r  

injections and iron she was started on a regime of 

repeated blood transfusions. These were given at 

2-3 weekly intervals in the following three years so 

that by September, 1950 she had received 124 pints of 

blood. During 1950 she had observed that her skin was 

gradually becoming brown in colour.

On Physical Ljcamlnst ' on in September, 1250 there was a 

generalised slaty grey pigmentation of the stein. She was 

clin ica lly  mildly anaemic. The blood pressure was 100/70 

mm.Hg. and both cardiovascular and resoiratory systems 

aopeared normal. The liv e r was enlarged 3 fingers below 

the costal margin, being firm, smooth and non-tender. 

There was no splenomegaly or lymphadonapathy and the hair 

distribution was normal.

Laboratory Data: (After more than 120 pints of blood)

/Blood . . .
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Blood oount r Haemoglobin 10.0 grams erythrocytes 

par c.mm, 3,200,000, Leucocytes per o.mra. 2,800; 

neutrophils 46.5:', monocytes iC, leucocytes 50,5# , 

eosinophils 1,8. , basophils 0,5.', Sedimentation rate; 

normal, odified Ide test for Syphilis, negative.

Irlne analysis! n il microscopically or chemically except 

for slight excess of urobilin. Liver /unction! Thymol 

turbidity 1  unit, thymol flocculation, negative, Takata- 

Ara reaction (licko's modification) negative, Icteric  

index 9 units. Bilirubin under 0.5 mgm. '. Prothrombin 

index 100/', Blood proteins 2,7 grams# albumin, 3,2 grams

% globulin. Sugar tolerance (after 50 grama glucose

o ra lly )! fasting level 110  mgau.', ^ hour 120 mrm, 2,

1 hour 105 agm,#, l£  hours 95 mgm.£, 2 hours 85 rogm."’, 

Blood and urinary diastaset normal. Fats in stools: 

no excess. Electrocardiogram! normal. Liver aspiration 

biopsy: Heavy parenchymal and portal deposits of iron

with early portal fib ros is .

Subsequent Progress! In the two years since the 

radioiron investigations were carried out the patient 

has continued to have blood transfusions every 2-4 weeks 

and her general health reamlns fa ir .
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D I S C U S S I O N

When the natural mucosal barrier to Iron absorption 

is bypassed by the administration of repeated blood 

transfusions large quantities of iron may accumulate in 

the body. Thirtyone cases who have developed s ĉh a 

trarsfualonal haemosiderosis have now been reported in 

the literature in some detail and to this group have been 

added the three cases described In the present study.

The salient findings in a l l  these subjects have been set 

out in Table IX. In addition Brown and co-workers^) 

have recently reported the occurrence of a further 10 

cases although fu ll  details are not given, and Bethell^1 ) 

has also ma ie brie f mention of another subject with 

aplastic anaemia who developed evidence of haemosiderosis 

after 133 bransfuaions. In a l l ,  therefore, 45 cases of

the condition have now been reported and the majority 

of these have been recognised in the last 5 years. It  

Is to be anticipated that there w ill be an ever increasing 

frequency of trs ns fusions! haemosiderosis with the easy 

availab ility  and widespread use of intravenous blood 

in refractory anaemias. The only disease In Euroneana 

in which comparable amounts of iron are to be found in 

the body is idiopathic haomochromatosis.
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CLL-ICAL I I: -/lit ~ :

The conditions for which repeated blood transfusions 

were given varied in the 34 cases of transfusional haemo- 

alcierosls listed  in Table lx . These were a variety 

of refractory anaemias including those with cellu lar and 

acellu lar marrows, haemolytic anaemias, myelofibrosis, 

chronic leukemia, multiple myeloma and pernicious anaemia 

before the advent of liver therapy. The number of 

transfusions given varied from 6 to 390, There was a 

range of age from & years to 73 years (mean 48 years ) 

while the male-female ratio  was approximately 3x2 (20 

males and 14 females ), Diabetes was present in only 

& of the subjects. In one its presence seemed to be 

incidental (16) f in another i t  was demonstrated by a 

raised blood sugar only (13), an(j ±n two others it  was 

so mild as not to require any treatment (20 ),(27 )< 

Hepatomegaly was commented on in about half the cases 

as was some degree of skin pigmentation. The mode of 

death could usually be related to the underlying condition 

for which transfusions were being given, the moat frequent 

cause being terminal broncho-pneumonia auperimooaed on 

anaemia. Liver failure was mentioned In only three 

cases. Congestive cardiac fa ilu re  was also terminally

/present . . .
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present In another three but Brown et a l ) found 

"manifestations of cardlao fa ilu re" In six of the nine 

adults observed by them. These subjects, however, 

had shown moderate to severe degrees of anaemia for 

years and were often in an age group where coronary 

artery disease is common.

On the c lin ica l evidence there would therefore seem 

to be l i t t le  reason to incriminate the excessive iron 

de 3 03Its in tranafualonal haemoaiderosis as harmful to 

the body. The hepatic and pancreatic insufficiencies 

so characteristic of idiopathic haemochromatosis were 

infrequent. In addition signs of endocrine hypofunetioi 

were rare while myocardial fa ilu re , when present, could 

be ascribed usually to other causes.

FA'l H QL OGI GAL FIM OluQS

The most constant findings at postmortem were a 

heavy Increase in the Iron content of the liver and 

spleen, with variable amounts present in other organs 

Including the pancreas, kidneys, heart, adrenals, lymph 

glands and bone marrow. The distribution of iron in 

the liver was both parenchymal and in the portal tracts 

with a tendency to heavier deposits in the latter site . 

However, this was by no means oonstant. In 21 of the

/cases • • e



?19.

cases there was evidence of portal fibrosis but this 

was usually of a mild degree. There were thus definite 

sim ilarities betw- en the post sorter findln s In trans- 

fusl anal haemoaiderosia and those present in Idiopathic 

haemochromatosia. In view of certain experimental 

evidence this is  not surprising. Dubach and oo- 

workers 1  ̂ have shown that only 1.5 of the iron liberated  

from the breakdown of donor blood Is reutilised for 

haemoglobin synthesis In refractory anaemias. The 

major portion of the remaining liberated iron Is then 

taken up in it ia lly  by the reticulo-endothelIsl system 

and is deposited especially In the spleen, lymph nodes, 

bone marrow and In the Kuoffer ce lls  of the liver.

However, as the quantity of Iron in the body Increases, 

redistribution of the iron occurs and there is an over­

flow of iron into parenchymal tissues throughout the 

body (9 ), I t  Is therefore not surprising that there are 

resemblances between the pathological findings in the 

later stages of trarsfusional haemoaiderosia and those 

in Idiopathic haemochromatosis. However, differences 

are definitely present. In transfuslonal haemosiderosls 

there are usually heavy depositions pf iron in the 

spleen and bone marrow while deposits in the heart a e 

scanty or absent; haemofuscln la not found and pancreatic 

fibrosis is an uncommon feature. Kidney denosits, as 

in idiopathic haemoehromatosis, tend to be minimal (2D*

/The • a s
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The importance of excessive iron, however, does not 

deoend primarily on its distribution. More important Is 

its possible capacity to produce damage in the organs in 

whioh it  is deposited. The bulk of the iron was present 

in the liver of tlje 34 cases of tr-'nsfusionel haem >siderosis 

analysed in Table IX. Some degree of portal fibrosis  

was found in 21 of these cases but there seemed to be no 

correlation betw en the number of transfusions given and 

the develop *nt of fib ro sis . In the 21 cases who showed 

this finding an average of 60 transfusions (range 12-210 ) 

had been given, while the remaining 11 cases who showed 

no evidence of portal fibrosis had received an average of 

68 (range 10-160), Animal experimental evidence also 

seems to lend some support to the thesis that iron Itse lf  

does not produce cirrhosis of the liver. Rous and 

Oliver (19) injected rabbits ' blood Into rabbits for 

several months without producing cirrhosis and similar 

results were obtained by Poison  ̂^ ' with dialysed Iron 

intravenously. More recently Brown and co-workers 

injected up to 9 grams of saocharated iron oxide into 

dogs over periods of 44-68 days. The animals were then 

followed for periods up to 16 months. Sugar tolerance 

remained normal and there was no evidence of electro­

cardiographic abnormality. Biopsies six months after 

injections were begun showed a alderosis of the liver,

/spleen . . .
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spleen, pancreas, lymoh nodes and skin. In the liver  

meet of the iron was present In the portal tracts and 

there was no fib rosis . In a l l  these animal experiments, 

however, there is a re latively  b rie f follow-up.

The only other avalla .le  evidence about the possible 

long-term toxic effects of iron is in idiopathic haemo- 

chromatosis. It  has recently been shown  ̂ ) that 

pronounced subjective improvement with diminution in 

liver size, improvement in liver function and in carbo­

hydrate metabolism occur in .hie condition with the 

mobilisation of excessive iron by repeated phlebotomies. 

On this evidence i t  is d ifficu lt  not to incriminate the 

heavy iron deposits in the liver fo r at least some part 

in the development of mortal fib rosis  in transfuslonal 

haemoenromatosis. Other factors, such as the anoxia 

accompanying the anaemia itse lf may be important although 

there la no evidenoe that anaemia alone causes cirrhosis. 

It Is also possible that agents which damage bone marrow 

enough to lead to refractory anaemia may also have 

heDatotoxio effects. Another suggestion is that 

individuals with refractory anaemias now live long enough 

on donor blood for oertain cellu lar decadent alterations 

to reveal themselves in organs with a high metabolic 

aotlvlty (25). However, this is speculation and a ll

/that . . .
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that can he noted with certainty ia that a high 

percentage of patients who have refractory anaemia 

treated over Ion * period with blood transfusions 

develop portal fib ro s is , but that this Is nob usually 

of sufficient extent to Interfere with liver function.

THE *aTABOI,IC 1KFI-CT.

3uperfio ia lly  there would seam to be no connection 

between the underlying metabolic defect in idiopathic 

haemochromatosis and in transfuslonal h&emosiderosis.

In one the excessive iron deposits are derived from 

Increased Intestinal absorption, whereas iron Introduced 

via blood transfusions is the source of the other.

However, that there is some relationship between the 

two conditions Is suggested by the fact that several 

caseL of transfuslonal haemosiderosis have shown 

greater quantities of iron in the liver alone at 

autopsy than was contained in a l l  the blood transfusions 

ad inistered. (S-.e Table IX ). In the majority of 

these cases the discrepancy between the amount of Iron 

in the transfusions and the quantity in the liver wee 

not large. In three, however, the difference between 

the amount of Iron in donor blood and the quantity found 

In the liver at autopsy was very large. In has therefore

/ b e e n .. .
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been suggested that some continuation of intestinal 

iron absorption and storage (25) may occur in trana- 

fuslonal haemosiderosis. Although attractive, this 

explanation does not seem to be the only possible one 

for the ''henomenon of abnormally high iron stores in 

some cases. Accurate estimation of iron in tissues 

is hindered by the d iffio r lty  of eliminating a l l  the 

blood from them, Rea Its , therefore, tend to be too 

high. However, there is evidence that this error is 

a small one and i t  should hot affect the results 

significantly ^  K i t  is also possible that higher 

figures than predicted may be obtained i f  the basic 

mechanism of the anaemia for which blood transfusions 

are given is a haemolytic one. Evidence of haemolysis 

was, however, lacking in most of the cases who showed 

more iron in the liv e r than could be accounted for by 

the transfusions. A feature common to the few cases 

of this type in whom bone marrow aspirations had been 

carried out was the uniform finding of a hypercellular 

marrow. It  is  therefore possible that they represented 

examples of the "erythronoclaatic response" reported 

recently by Huff and co-workers (i2 )^ Those writers 

found in a series of intravenous radioiron turnover 

studies on refractory anaemias that iron may go to the 

marrow in a normal fashion but that on leaving the

/marrow . . ,



224

marrow as haemoglobin only a small portion may appear in 

the peripheral blood while the major portion accumulates 

in the spleen. One such patient exhibited a hyper­

plastic marrow with a refractory anaemia, but without 

evidence of haemolysis, the reticulocytes being low, the 

Coombs antiglobulin test negative, and the faecal urobilin ­

ogen content normal. It thus seems possible to have 

continuous blood breakdown taking place with the subsequent 

release of iron and no evidence of haemolysis.

Two possible explanations are therefore available 

to account for the presence of higher than anticipated 

iron stores In some cases of transfusional haemosiderosis. 

They may be the result of continuation of Intestinal Iron 

absorption or may be due to the fact that the anaemia 

requiring transfusions is of an unusual haemolytic type.

It  was to investigate these two possib ilities that radio- 

iron absorption and utilisation  studies were carried out 

in the three subjects described in the present invest­

igation.

The radioiron studies in these three cases support 

to so-tie extent both iron absorption from the bowel and an 

unusual type of haemolytic reactions as factors accounting 

for the discrepancies between the amount of iron administered 

In transfusions and that present in the liv e r . In two
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of then (oases 11 and 13) the utilisation  of absorbed 

iron was very low but faeoal analyses and in vivo 

counts in two separate studies on one of these (case 13) 

su created tnat iron absorption was not completely absent, 

although it  was less than normal. In the third case 

(case 12) a significant blood uptake of 3.5^ of the 

administered dose was recorded. The unusual feature 

of this case was the short period that this level was 

maintained in the blood as it  dropped to 0.7# between 

the 15th and 30th days after the admlnstration of the 

iron. As the normal l i fe  span of mature red cells 

la about 90-120 days it seemed that this patient's

blood was being broken down in an abnormal fashion 

although no evldenoe of haemolysis was present. He 

had previously been aplAstio on marrow aspirations but 

sternal puncture subsequent to the radioiron studies 

revealed a hyperplastLo normoblastic marrow.

It ,  therefore, seems that iron absorption may 

continue to occur from the gut in spite of saturated 

iron stores but that such a fir  ding is more likely  

to occur in cases with hypercellular marrows and an 

associated haemolysis. This case also showed that 

the iron being absorbed from the gut was being utilised  

for haemoglobin synthesis in preference to the enormous

/stores . . .
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stores already present In the body. This would seem 

to confirm Dubach and co-workers* observation that the 

•nost recently'absorbed Iron Is the most easily available 

for haemoglobin synthesis ( R). On the res Lilts of 

these ra&iolron lnveatl-atlons It seems that the 

discrepancy between the amount of iron In the liver at 

autopsy and the amount given in donor blood may therefore 

rest on two factors, via. the nature of the original 

anaemia and a continuation of some degree of Iron 

absorption even In the face of widespread transfualonal 

hoemosiderosls. In none of the three casea Investigated 

was a pattern of Iron absorption and utilisation found 

which resembled that In ldlopathlo haemochromatosls.

The degree of Intestinal absorption shown to be 

present by these radioiron studies oan account for the 

minor differences found between the quantity of iron in 

the liver at autopsy and the quantity present In ad -ln ist- 

ered blood in several of the cases of transfualonal 

haemoslderosls described In the literature. However, 

in three reported cases the discrepancy was so great 

that they seem worthy of more detailed analysis. The 

one subject reported by Zeltmaoher and Bevans 2̂ /) was 

a 6b year old male who presented in it ia lly  with congestive 

cardiac failu re and a refractory anaemia with a hyper 

cellu lar marrow. He was also found to have some skin

/pigmentation . . .
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pi'-Dentation, hepatomegaly and decreased sugar tolerance.

He received only 12,9 litre s  of blood, the major 

portion of this being in the last few weeks of l i f e .

At autopsy he showed the classical features of 

idiopathic haemoehromatosis and had 20 grams of iron in 

the liver although he had only received 6,5 grams in 

transfused blood. The second case reported by Chesner 

v ' was a boy of 14 with a six year history of anaemia 

who showed hyperplasia of the erythrold elements on 

marrow asoir«tion. There was no skin pigmentation, sugar 

tolerance was normal and there was no obvious endocrine 

hypofunetion. In a l l ,  he received 6 lit re s  of blood 

containing 8.75 grams of iron. He died from a portal 

and mesenterlo vein thrombosis and showed the typical 

features of Idiopathic haemoehromatosis at autopsy with 

47 grams of Iron in the liver. The third subject 

reported by Wyatt and oo-workers (25 ) wore d ifficu lt  

to evaluate because of insufficient c lin ica l data.

However, at autopsy he presented "a morphologic duplication 

of idiopathic haemoehromatosis"• He had received 53,7

grama of iron in blood transfusions and showed 75.7 grams 

in the liver at autopsy. There is therefore some 

evidence to suggest that these three cases represented 

examples of true Idiopathic haemochromatosls.who sub­

sequently developed refraotory anaemias* The absence

/of •.•
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of c lin ica l signs in the second case may be ascribed 

to the fact that he died from an intercurrent condition 

at an age before the usual manifeststions of the disease 

become apparent. Some aimport for the contention that 

these cases were each suffering from idiopathic haemo- 

chromatosis is given by the recent description (■*■1 ) of 

a classical case with skin pigmentation, diabetes, 

evidence of endocrine dysfunction and a tyoical liver  

biopsy who had an associated refractory anaemia with a 

hyoercellular marrow. This subject had received no 

blood transfusions. Sheldon <21 ) found only 6 cases 

of idiopathic haemochromatosls with blood counts below 

2,500,000 but recently Koszewskl (14) found 9 cases of 

megaloblastic anaemia in a series of 55 patients with 

Idiopathic haemochromatosls investigated. It , there­

fore, seems that the association of two such rare 

conditions as idiopathic haemochromatosls and refractory 

anaemia may be due to more than chance in these reported 

cases. It is probable that the haemoohromatosls occurred 

in it ia lly  in these subjects as it  takes many years for  

the enormous iron stores to accumulate. The subsequent 

development of a refractory anaemia in such cases may 

possibly be related to the inability  of an iron laden 

cirrhotic liver to deal with potential marrow toxins.
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S'-.VI. ARY ASP COlCLISICaS

(1) Three additional cases of transfuslonal haemoslderoala 

are described and the literature on the subject la reviewed.

(2) The c lin ical and pathological features present in 

transfuslonal haemosiderosis are analysed and the sim ilar­

ities  and differences between them and those found in 

idiopathic haemochromatosls discussed.

(3) In several oases of transfuslonal haemosiderosis 

reported in the literature more iron was found in the liver 

alone at autopsy than was contained in a l l  the blood 

transfusions administered. Radioiron investigations on 

the subjects presented in tills study showed that this 

extra iron may be derived from a continuation of absorption 

of iron from the bowel. evidence is also produced to 

suggest that an abnormal type of haemolytic reaction may 

account for some of the iron stores in a orooortlon of 

cases of transfuslonal haemosiderosis.

(4) Three cases reported in the literature showed an 

enormous discrepancy between the quantity of iron in the 

liver at autopsy and that administered in donor blood.

It is suggested that these cases represented true examples 

of ldiooathic haemochromatosls who subsequently developed 

refractory anaemias.
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The present investigation u a  started In order 

to compare the pattern of iron absorption and utilisation  

In three conditions where excessive deposits or Iron 

ere found In the body, via* Idiopathic hceaoohrometoels, 

malnutritions! oytoslderoeia, and traneftaional 

haemjelderoala. for this purpose S oases of idiopt*thlo 

haamoohroeiatosis, 5 oases of nalnutrltLonal oytoslderoaia, 

end 3 oeses of transfusions! hae»o#lderoots were studied 

using radioiron and the results obtained In etch group 

wore cospared with each other end with those In 9 control 

subjects. In addition, fu ll  o lln loa l, laboratory and 

pathological data were gathered on each case studied 

in order to compare the presentation and metabolic '.efeote 

In eaoh rroup and their possible relationship to eeoh 

other.

Esdloiron studies in Idiopathic hears ochromatos la  

showed an increased absorption of iron from the put as 

compared with a group of control subjects, A proportion 

of the absorbed Iron was utilised fo r haemoglobin 

formation and the remainder was deposited in the llvwr 

and other arcana. Two young e&ees with the disease 

showed a strikingly high absorption and i t  is probable 

that this finding acootmta for the poor prognosis In

/younger • • •
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younger subjects. Tlw clin ical and pathological 

findings were discussed with aoeolal reference to tha 

cardiac complications. It  is  av pasted that thw 

fraquent oeeurre .ce of myocardial failure In young 

oasaa with Idiopathic hat: oc hrosaatosis is  due to the 

rep id d« position of iron in cardiac muscle which occurs 

secondary to a high intestinal absorption. Finally 

tha possible therapeutic value of repeated 'hlebot03ii.es 

in idiopathic haetoochroastosia was discussed.

Iron absorption seeded to be very low in 4 cases 

of aalnutrltional eytosidorosls studied while in 

hospital, A hi her absorption ?/as recorded in a f ifth  

subject who was Investigated on his natural diet. It 

is probabl# that the condition occurs secondary to the 

ingestion of large quantities of iron in the Bantu dlst 

and that, unlike Idiopathic hoemochromatosis, it  affeota 

primarily the reticule-endothelial system. However, 

tha possibility that there is . In additi n, some mucosal 

dafeet present which allows fo r a re latively greater 

degree of iron absorption, has not been excluded. The 

c lin ica l presentation of at least 5 of the eases invest- 

1 atod was very similar to that in idiop&thic heseo- 

chrcRoatosia although this has not been the experience of 

other workers. However, there were definite differences

/in the . . .



In the pathological findings as heaviest iron deposits 

tended to be present in the reticulo-endothellal 

system rath r  than in glandular tissues,

Iran absorption wua low In 3 of the 3 cases of 

ti’anaf us local heeraoa Lie reals investigated, 'owevor, 

it  did not seers to be completely absent In these 

oases while In a third one a significant blood level 

of radioiron was recorded. There was, therefore, 

definite evidence to suggest that iron absorption way 

continue to occur In spite of saturated body stores,

A possible explanation Is therefore available to s"count 

fo r the fact that several cases of transfusions! 

haemoaider>ais have been described in which more iron 

was present In the liver alone at autopsy than had been 

contained In a l l  the administered blood. The radio- 

iron studies in one coso also suggested that an abnormal 

fo r- of haemolysis may account for a proportion of the 

iron stores In tranefuslonal heomosldsrosls The 

clln ioal and pathological find n^s In tranefuslonal 

h emosldsrosls were presented and the literature on the 

subject reviewed. There w a l i t t le  c lin ica l evidence 

that the iron deposits proved harmful to the body In 

trensfuelonsi haessoslderosis end the pathological 

presentation showed definite differences from that in 

id iope hlc faaesjoo. romatools, However, evidence was

/produced
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produced to augment that three cast s at* tranafuoional 

h«u oslderaals reported in the literature were, lr; 

feet, tri*caaea of idiopathic bceraochroraatools who 

aubsequently developed refractory anaemias requiring 

repeated blood tr*»nifualona.


