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INTRODUCTION 

Hemochromotosis was first' described by Trousseau1 
1n 1865, 

and since that time has continued to be an entity of constant 1n­

vest1gation. The classical triad of pigmented. skin, diabetes 

mell1tus and hepatic disease was first described by Hanof and 

Chauffard.2 1111882. Von Recklinghausen gave the disease its name 

1n 1889. Sheldon3 1n 1927 postUlated that hemoohromotosis may be 

a genetic disease due to an inborn error of metabolism, and in 

1935 Sheldon4 in a classical study., summarized the clinical and 

pathological features of the disease. 

1V1cCan0e and W1ddowsen5 in 1937 noted that exoret.1on of iron 

was negligible and neither ingestion of massive doses of iron or 

many transtusions increased the excret1on of iron in urine, but 

excess iron was stored 1n the r.eticulo-endothel1al syste$ and 

parenehyma.1 cells. Hahn6 1n 1943 showed the.re waE an increase 

1n abs·orption of pi459 in iron deficient humans and postulated. tha.t

a "mucosa1 block" prevented excessive abs'orption of 1ron 1n normal 

subjects. Conrad and Crosby6 1n 19�3 demonstrated the· abeor.ption 

of Fe59 into newly formed epithelial cells of the duodenal-Jejunai

J��1on; the migration of these cells from the crypts to the area 

of slougn1.ng at the tips of the villi and the effect of the 1ron 

depletion and iron repletion upon absortion of Fe59 into the mucoaal 

cell. Oros� 1n 1963 propos-ed that any 1d1opath1c increase 1n 

storage iron may represent an inborn error !n metabolism with 

inability of the cell to form ferr1t1n. He theorized that the



intrinsic iron incorpo�ated with apoferritin to form territ1n in 

the young epithelial cell is not present as a stage of absorption 

but is permanent1y retained in the cell to prevent further absorp­

tion of iron. 

MacDon�ld9 1n 1963 pl;'oposed that hemochromotosis is acquired

and previous theories, 1.e. "mucosal block", genetic, etc. are not 

necessarily valid. He stated that hemochromotosis is acquired, 

and therefore preventable. It is a variant of portal cirrhosis 

and 1s really a result of t .... o co-existing situat-ions; one oausip,g 

cirrhosis, and the other, excessive tissue iron. The fact remains, 

however, that hemochromotoais exists and is seen in approximately 

1:449 autopsies and. 1:20,000 hospital adm1ss1onij10, admittedly

rare, but one that must be diagnosed and treated. 

FERRO KINETICS 

The currentlI accepted concept of normal iron metabolism is 

thus. Total body 1ron is approximately 4.5 gm., the majority of 

which is contained 1n the circulating erythrocyte (2.5 gms.). 

Approximately 600mgm. 1s puesent 1n the 1.abile pool and marrow 

red cells11 • Mus·c1e myogtobin contains 140 m�m. , and very small

amounts are present in the plasma iron pool and in the various iron 

containing enzy�es. The remainder, (apJ.?rRx1mately 1 to 1.5 gms.), 

1s stored in the tissues 1n the form of rerrittrt or hemosider1n, 

the major site of storage be'1ns the liver. Loss of iron under 

normal conditions has been estimated t.o be 0.5 to 1.5 mgm. da11y 

in the adult male. Once ir�n has crossea the intestinal barrier 

1 t remains w1 thin tne body except a verg small amount, usually 
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less than 1 mgm. daily which is lost in urine, fecee and deequama­

ted sk1n32• 

IRON ABSORPTION AND TRANSPORT 

The average daily diet contains 10 to 15 mgm. or iron and or 

this amount, between 5 and 10 per cent is absorbed. The per cent 

of absorption in growing ch1ldren and menstruating women ia slightly 

h1fher. Many methods have been used to determine this figure; the 

most ph,J'siolog1c one 1s the method of Moore12 in which the labeling 

of foods bf Fe59 is used. From these experiments much has been

learned of the factors that affect iron absorpt1on13. Smi"th and 

Pannaciulli14 showed that as the dose of iron was raised, the total 

amount increased steadily, although the percentage abeorption 

decreased when doses over 100 mgm. were given, no further increase 

in amount absorbed occurred. The presence of phospnates an-d pbytate1 

which form insoluble iron salts tend to depress salt absorptton, 

while addi t1on of ascorbic acid increases absorption of food iron 

as well as inorganic iron salts12 • 

Iron 1s believ·ed to be absorbed from the duodenum, but p�tients 

w1 th partial gastreot.omy and duod:enal bypass can absorb inorganic 

iron salts. but show a defect in food iron absorption. Moore12

found that hydrochloric acid did not increase absorption of iron 

in subjects w1 tb achlorll.yd.r1a., and B1ggs15 .fc;nmd this to be true 

of normal gast�lc juice when tested with iron in the form of 

labelled hemo�lobin. The exact meehan1s� of transport of iron 

across the intestinal mucosa 1s still a subject or 1nveet1e;ation. 

Granicitl-6 found that 1ron feed.1.ng led to increased synthesis of

3 



apoferr1 tin 1n· the mucosal cell, which is capable of comb1n1·ns W-1 th 

ferric 1ron to form f&rr1t1n, and that accumulation of ferr1t1n 

in the cell inhibited further absorption o� iron. However, 

Wohler17 demons�rated that the presence of large amounts of ferrititl 

in muc6sal cells does not inhibit iron absorption in animals. It 

ha.a been shown t.hat iron deficiency causes increased iron absorption 

and a s1ngle Phlebotomy will cause increased 1ron absorption 7-10 

days after :-�.e b1.eed1ng18 • This suggests that erythropoes1s, rather

than iron loss 1s the stimulus for increased absorption19 • 

After absorption, ferr1c iron circulates in plasma bound to

the specific iron-carrying protein, transferrin. The level .of

transferrin in serum is usually measured in terms of iron binding 

capacity and is usually 250-400 mcg./100 ml. The serum iron level 

1s usually around 100 mcg./100 ml., therefore the 8IBC is usually 

about 30 % saturated. The regulation of SIBC, like iron abeo�ption, 

is pQorly understood. High levels are found in pregnancy and all 

t2,pee. ot uncomplicated 1ron�def1ciency anemia. Low levels are found

in infection and conditions involving impaired protein synthesis, 

and cond1t1ons ha which bQdy iron stores are increased. 

FERROKINETIOS IN HEMOCHROMCTOSIS 

In hemooaI"omotosis the SIBC tends to be fully saturated at 

a level between 200-25,0 mcg.b-00 ml. 'l'he mechanism of 1ron turnover 

has been- extensively studied:. Injected Fe59 1s rapidly removed 

from p:).asma in the) first tou:t1 to e1,ght hour� then more slo•ly and 

constantly fn the next 48 hours. �olygr�ve and M�rti.inez-11 calcu-

1ated that 37 mgm. of iron leaves the plasma daily fort.he marrow, 
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or which 23 Il!SlD• are ut1.i1zed for nemo·giobln s11tthes1a by red cell 

precursors, while 14 mgm. returns to the plasma. Approximately 

1 mgm.. 1s excha�ged daily between plasma and iron stores. Surface 

counting reveals that the major site or radioiron deposition 1s 

the marrow and that rad,oiron entering marrow is incorporated into 

matur1ns erythrocytes. After 24 hours they begin to a�pear 1n 

p·eriph.er•l blood. The radioact1 vi'ty or circulat1ng cells rlses 

rapidly, and by the tenth d�y after injection, 80-901 or the dose 

can be found in the peripheral red cell mass. 

A number of factors may affect the t1ptcal pattern of rad1o1ron 

clearance and turnover. Increased erythropoests leads to rag1d 

removal of the isotope :from plasma and the percentsge utilization 

of the isotope for h$moglob1n synthesis appPoaches 100,%. How-

ever, if the pat,1ent has increased iron stores, the oattern ta 

quite different. Since a greater amount ot iron 1s present 1n the 

pla rr.a and labile iron pool, the administered. rad.1oiron is diluted 

and the rate of transfer to red cell precursors in the marrow is 

reduced and plasma clearance prolonged. The slow uptake by the 

marrow ailows a 5reater percentage to enter the iron stores, namely 

the 11ver11 • This cnanse in di'strlbUtion causes a reduction in

the per cent appearing in oirculat1ng cells. In s-p1te of the slow

plasma clearance, the t.otal amount of iron leaving the plasma for 

the marrow and iron stores is increased t.o some 50 mgm. /day. 

This chronic 1mbalanoe event.uall1 produces s1gp.s and symptoms of' 

hemochromotos1a, tne end-point of the 'Process. Normal iron metab. 

olism ls schematica:lly illustrated in Table II. 
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DEFINITION AND ETIOLOGY OF HAMOOHROMOTOSIS 

Hemochromotosis is a clinical and pathol_oP:-ical ayX1;drome. 

Clim.cally, the common findings are p1gmentat1on of the skin, ctrrao 

sis of the liver, diabetes mellitus, endocrine dysfunction and 

heart failure. MacDonald and Mallo1720 conte.nd (v1soroualy denied

by others) that the diagnosis can orily be made w1th certainty at 

the autopsy table and set forth their criteria for making the 

diagnosis. (1.) Cirrhosis of' the liver of the "portal" type. 

(2.) Excessive iron deposits in hepatic parenchymal cells, in 

connective tissue and in bile duct epi th'elium. (3.) Pancreatic 

fibrosis and: hemosiderosis. (4.) Parenchymal iron deposits in 

other organs of the µody. In their analysis of 211 cases they 

found the average age of death to be 57 years, 91% affected were 

caucasian with 10:l ratio of male to female; and there was no appar� 

ent connect-ion with occupation. Of this group, 85% were heavy 

drink.era, 30,i were affected with diabetes, 50� were asymptomatic 

and pre,sented with pneu:monia, neoplasm or heart failure. The most 

common cause of death was infectious disease. From these f1ndines, 

they have suggested an entirely different pathogenesis 21,22,23,24 •

They believe that this disease is simply a variant of nutritional 

clrrt-::os1s 1'n which abnormal absorption and deposition of iron 1a 

caused by the same dietary facto�s that lead to cirrhosis • 

.MacDonald25 has produced hemosiderosis in rats oj feed.1-ng a choline

def'icient diet with increased ;\ron. 

The majority of 1nvest1gators, howev;er, look .upon hemochromo­

tos1s as a genetic aefect, inheritea as an intermediate character;;.. 

istic and its presence therefo:ee depepds on the presence of two 
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abnormal genes. Whether this defect manifests itself as a defect 

in the intestinal mucosa or as a result of increased tissue avidity 

for iron has not been determined. The contrasting theories are 

schematically. represented 1n Table II. The fact that increased 

1ron stores have been found in relatives of affected individuals 

is uncontested and fits n1cel1 into the genetic theory. 

Hemochromotosis 1s the result of gradual accumulation of 

storage iron 1n the range of 20-60 gm. The kinetics of normal and 

abnormal metabolism have been reviewed and are represented sehe­

matically on Tables III and iv26.

DIAGNOSIS OF HEMOCHROMOTOSIS 

The diagnosis rests upon the clinical findings plus determina­

tion or the SI, SIBC, bone marrow and 11 ver biopsy. The Rous Tes·t27 

for hemos1.derur1a within ep1 thel1.al cells 1s helpful. A more rapid 

test using intruuseular 1nject1on of 500 mgm. of Desferr1oxam1ne 

has bee'h used28 • In this test, the urinary excret1on of iron 1s

measured eix hOurs before and after injection. A 40-100 fold 

increase after injection of Desferrioxamine is indicative or iron 

overload. 

TREATMENT OF HEMOCHROMOTOSIS 

In order t.o control iron s tora.ge disease, a method of reducing 

total bod.1 iron must be instituted. Ii' treatment to reduce iron 

storage is not employ�, the. resulting iron-induced fibrosis will 

cause prog:Fess1.ve '1alf'unct1ou of the involved organs. Four 
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theraputic al'.)proaches are ava1.lable29: (1.) Dietary restrict1ort 

of iron, (2.) Chelating a gents, (3.) -Correction of. pr1-m.a~y dis­

ease, and (4.) Phlebotomy. 

Dietary restriction of iron has l ittle or no therapeutic effect 

as it decreases iron absorption by only a few milligrams daily. 

It may be helpfui in preventing further accumulation of iron but 

has no effect on the iron already within the- body. 

The only chelating agent of'. therapeutic promise 1s Desfer!'-.. 

1oxam1ne B. IM injecti ons of 500 mgm. twice a day will result in 

urinary excretion of 5-10 me:m. per dEl.y30• It is ineffe ctive orally . 

Occas ~onally a patfent may not r espond. Add i t i onal d sadvantages 

are. expense and inconvenience. Its most useful a-pplicat .Lon "' S 

been in the treatment of seecnd.ary hemochromotos1s, acut~ 1ron 

toxicity and in oat.1enta wi th i ron storage With associated refractor 

anem1a31 • 

Anemia directly or indirect..cl] causes increased absorption of 

1ron ac r oss the intestinal mucosa and 1f associated. with ineffec ive 

uti l izati on of iron in the erythrocytic series,results i n excessive 

atora~e of iron in t he 'body tissues. Anemia caused by deficiency 

of t3i. 2 , folic acid and PYf-1d.ox1ne may be "corrected" by the appro­

priate agent. Once the deficiency 1s corrected, the increas ed 

abso~ption and storage: termlna.tes. 

The most efficient and effective method of remov1n body i ron 

is by a systematic program of phle botomy . s ymptomatic patient 

may have a to tal body iron content of 20 'to 50 gms. Each 500 ml. 

of blood wi thd:reiwn contains approximate l y 200-250 mgn1 . of iron. 

It is ev1de r t that 50 to 100 11ters o~ blood mus t be drawn in 
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order to decrease t he to tal bo'dy iron to w1 thin normal boQ.Y, 11ml ts 

and to urevent further damage. The management of the rapid Phle­

bo tomy method 1s still variable, however it is generally agreed 

that phlebotomy should continue until iron deficiency is anifest 

by (1.) subnormal mean corp1-;1stular hemoglobin concentration (MCHC), 

(2.) low serum 1 on, (3.) low saturated iron bindintz capacity 

(SIBC), and (4.) retlculocytopenia. At this point the I bile iron 

store is de pleted. Phlebotomy then continues at a slower pace unt11 

remaining stores are decreas ed to normal. Repeat hepatic bi opsy 

is then indicated to detet-mine 1:ron content. Once iron stores are 

depleted, four to six maintenance phlebotchnies are re lired per 

year to prevent accumulation of absorbed iron again. . The reduction 

of iron 1s usually associated with ameloration o f clinical sym 1toms 

and a return towards normal of s9ecific tast e of functions of in­

volved organs. The degl".ee of improvement, of course, depends on 

the amount of organ 1"1bros1s ·present before treatment29 • 

PHLEBOTOMY ~ TH0DS IN HEhGCHROM0TOSIS 

The first recorded use of P~lebo to y was by Hahn 1n 1942}
4

• 

Massive long term phleoo~my was 1hi t1a ted by Howard, l3alfour and 

Cullen35 in 1947 ·and Fin6h36 1n 1948. lri 1951 Beye,.s and Gi tlow37 

reported a patient e1milarly t~eated. Davis and Arrowsmith38 

compiled 30 cases of hemo6hroinci.tos1s treated ]?y venesection. 

The ea.~ly attempts at this type o"f therapy was approached w1th ex­

treme caution, with l'eplacement of serum and a ratner slow schedule, 

i.e. one ph.le"botomy per week. Myerson and CaTro139 in 1955 reported 

a case in "1hich 40 11 ters were removed· i~n 28 months with good 
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clinic4l results, i.e. decrease in skin pigmentation, return of 

l1b1do and ameliorat1on of. diabetes. Serial liver biopsies showed 

marked decrease in liver iron, but the fibrosis remained the same. 

The serum iron and SIBC returned to normal. McAllen, Coghill and 

Lubran 39 in 1957 reported six cases 1n whieh 500..;.1500 cc. were 

let per week.and reviewed extensively the Brttish literature up 

to that time. Crosby40 in 1958 reported a case in which 55 liters 

of blood were withdrawn in 11 months. During this time he found 

1 t is not necessary to relnfuae the patients protein, as the ab111 ty 

to p~uce plasma protein seemed to increase after the first few 

weeks of phlebotomy. K1mb~elf1 1n 1962 reviewed the English litera­

ture and found 59 cases treated by multiple phlebotomy. In ~eneral , 

he found that phlebotomy resUlts in an improved general well-being 

and lesseni.ng of akin pigmentation 1n almost all cases. Reduced 

11ver size and improved liver function tests were seen in 79% of 

cases and more easily regulated diabetes in 61.%. Failure of sig­

nificant response to therapy can be antic i pated in 20-25% and is 

usually seen in those cases w1th excee.sive fibrosis {Table vnL 

He also stated that re1n:fusion of plasma is not necessary if diet 

is adequate. Brody42 and associated presented in 1962 there ex­

perience with six cases inc1ud1ng one in which 45 L. were removed 

1n three years. Duf~y and Meistar43 presented a case in 1962 

in which 108 phl~botomles (54 L.) we~e done in seven years. 

The response of their patient was favorable as compared to previous 

stud i es except that th~lr pati ent showed little reduct.ion in insulin 

requirement. The fact that the patient was viable after seven years 

is significant 1n that tne former life-expectancy after diagnosis 

previous to venesectfon· therapy was 4.4 years44• 
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Insulin resistance in association with hemochromotos1s has 

been reported on several occas1ons, as has failure to reduce ~nau11n 

requirements dwtng venesectt on. Hearth45 in 1965 reviewed the 

literature a'nd conclud.ed that the insulin resistance that occurs 

in association with hemochro-motos1s 1s in no way related to the 

condition, arid 1risulir resistance 1s p~obably no more liable to 

occur in diabetics with hemochromotos1s than diabetics suffering 

from idiopathic d:1.abetes mellitus. Corticosteroids may have a 

beneficial effect in this cond1~1on. Knauer et a146 reported a 

case treated by 161 (80.5 L.) phlebotom1es -in six years that showed 

com~lete revision to normal of hemochromotic cirrhosis, diabetes 

and non-funct1on1ne g~llbladder. This is the first reported case 

in which fibrosis of the liver was reversed. Liver fibrosis was 

pr~viously considered to be permanent. Th~s series o~ events 

suggeste that the cirrhosis of hemochromotosis as well as the 

associated biochemical. abnortnal1t1es are occasionally reversible. 

W111iams47 found that iron absorption increases durtn venesection 

and in some patients following completion of treatment, increases 

even further. This suggests that. the primary defect 1s in abeorpt1c 

With our patient a regime of ver,v r _ap1d phlebotomy was attempte 

in a short time. 

CASE REPORT 

This 44 year old white chronic alcoholic was read itted to 

Omaha Veterans Hospital on June 21, 1966, fGF re-evaluati on of known 

hemoc.hromotosis, diagnos ~-d by 11 ver biopsy in 1965. Laennec' s 

c i rrhosis was dta3nosed in 1962 by l -1 ver biopsy and diabetes me111 tt 
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~y fasting blood suga~ and glucose tolerance test in 1965. Since 

February, 1966, he ha<i' been taking 35 U Sem1lente and 100 U Lente 

insulin daily. The diabetes had been very difficult to control, 

the urine glucose varying from zero to four plus. Approximately 

eight years ago he apparently received. an oral iron medication 

for an undetermined period of time for an "anemia 11
, al though the 

author was unable to document this. In 1965, the patient first 

·noticed skin darkening, dark urine and a sci tes. Later he develop¢ 

jaundice, and was hospitalized at OVAH. At this time liver biopsy 

and ferrok1net1c studies revealed the presence of hemochromotos1s. 

Thirteen phlebotom1es were done. Repeat liver biopsies on June 28, 

1965, and December 20; 1965, showed portal cirrhosis and presence 

of large amounts of iron pigment 1ri hepatic cells. 

Sign'1f1ca.nt family history inc l udes the :f"act that one brother, 

an absta1ner from alcoholic beverage, has been shown to have an 

elevated serum iron and a liver biopsy showing increased iron 

pigment. One maternal uncle and two mate:rnal aunts died of ucaneer 

of the 11 vern. 

:Fhysical examination was normal exoep\ for the followlng: . 
bronzing of the exposed skin areas ; spider nevi; facia l telangie­

tases, palmar erythema and gyne comastia. The abdomen was protru­

berant, the firm liver was nalpable 8 cm. below the _!ight cos tal • 

margin and the spleen wa s palpable 6 cm. below the left oostal 

mar51n. Asc1tes could. not clearly be demonstrated. 

La~oratory data on admiss i on re~eal~d normal values for CBC 

and UA. Prothromb1:ti time was normal and. coagulation time 19 min. 

Blood indice.s: MCV 92, ,\JlCH ·3-1, MCHC J4. Reticulocyte count was 

0.87; . FBS 20,, BUN 10, SOOT 44, SGPT 1~. Berwn Fe was 193 and 
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BIBC wa s 209. Total h' 1irubl n was O.o. BSJ? 14% retention. lka-

11ne pho sphatase 2 4 , amylase 98, a d l ipase 0.8cc. Calcium Li . 9 

and pho s phorus 4. 3. EKG rev$~ ed Pnter ~or l &te ral 1scbem1a. A 

chest fi lm and UGI series were ne r at1ve, althourh eso hageal var-

1ciea were reported on x-ray i n 1965. On Jul 6, Fe59 a bs0~pt1on 

ws s r&uorted as 28.7 (N--20-30). 

1 th this cl1n1cal 1cture i t w s de~ i ded to place the patient 

on a course of ra~1d, multiple Pill;el:lotomies39, followin~ his course 

wt th serial determ1ri&t1one :r.or Hgo, b.ematocr1t, ret1cU1ocyte count, 

SI, SIBC and TSP. (See Table I.l as much as 2500 cc. were remo-ved 

per week a"ld between June 22, 1966, and September 19, 1966, a to tal 

of 45 units were removed represent1n - a volume of 22,500 cc. of 

blood. fter removal of 16 units, t he ~atient develo ped ankle 

edema and ascites, probably secondary to hypoalbum1nem1a and three 

units of. salt free albu.mi-n were infused. Subsequently a metLod 

of a utotransfus i on was developed us i.ri.g t he p t 1e t'e own pla sma. 

This, 1n con junction With the use of ldactone A , 50 mgm., and 

Hydro4i ur11, 50 mgm. J ai:ly , eas i l y controlled the edema a l though 

a small amount of a scites persisted. Due to low reticulocyte respons 

fol i c acid tid. was begtµi on June 18, 1966., with ~ood results. 

Ori ugust 23, 1966, Ferrok1net1c studies were repeated (see 

Table VI). Impression at-, this time was tha,t the majority of the 

Fe59 went to marrow with no abnormal heoatic deposition. The Fe59 

was rapiJl .v clea.r-ed f rom -the plasma and 1.t was conc l uded that a 

functional iron deficiency existed 1n the circula:ting blood vol u"'le 

and no ac t ive deposi ticm Wc, 8 seen 1n the liver. The stable Ht. 

suggested that the ra ~ of new cel.l f"o r -na t ion balanced ren.oval and 

iron for new cell forma.t l.on was aris ing from hepa t i c stores. 

13 



:Phl_eootomy was continued at a slower pace until September 15, 1966, 

at which time the laboratory studies 1nd1cated depletion o~ boiy 

iron stores, (Hgb. 7.3, Ht. 23, Retie. 8.4~ , SI 21). The patient 

refused bone marrow examination. Du~ to persistant ascites, repeat 

liver biopsy was not attempted. The patient I s diabetes continued 

to be brittle throughout the entire hos pi talization in spi te of 

careful management. During treatment, low values recorded include 

Hgb. 6.9, SI 16 and Ht. 21, but after ten phlebotomies the h~m:o­

globin fluctuated between 7.5 a.rid 9.9. The patient remained ln 

the hospital one month follcwtng discontinuation of phlebot.9:i;n_y 

and du;r_i,ng this peri-od, vigorous diuretic tbera ":°'Y resulted in a 

22 po.und weight loss. J'u.st prior to dismissal the hem0globin 

was 9.8, Ht. 31, RBC 4,300,000, and Ret. 5.1. The SI was 22 and 

SIBC 243. This data, 1n conjunction with pre~1ous ferrokinetic 

studies, would indicate that mobilizable iron stores were depleted. 

The fact that bone marrow ex~m1nat1on was re:Cu.se~ an~ liver biopsy 

wa ... unfeasible leaves to specula. tton whetller liver stores were 

completely depleted. The patient was dismissed with medications 

including 120 U insulin, 100 lngm. · 1aac t,one and 50 mgm. Hydr6at1iril 

daily. ' 

FOLLOW-UP 

The patient was readmitted on November 17, 1966, with a his­

to ry of vomiting small amounts o -l> olo'od and melena. for two weeks. 

The pa t i ent had stoma-ch cramps and discontinued his ctu ·1 ret1cs one 

week prior to admission. Qn add!isston he 1Mas quite dyapneic and 

had. prominent ascites, liver palpable 12 cm. at right costal margin 

and a riEht pleural ef°fus1on. Ad:m1ss1on t.i.emot lobin was 6.9, Ht. 25, 
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and RBC 3,000,000. Right thoraeentesie was done on November 19 

and 2800 cc. of f1uid was recovered. The patient experienced three 

episodes of hepatic coma in the next six weeks and blood ammonie. levE 

were as high as 376 mgm.%. Each episode was treated in the usual 

manner. Due to persistant anemia, a 10 cc. test dose or Imferon 

was injected on December 9, 1966. It was felt tha t this procedure 

possibly would help determine the cause of anemia, as the clinical 

picture could have been either that of iron def1ciency or toxic 

depression secondary to hepatic failure. The patient responded 

with an increase in RBC, Hgb., and Retie. On January 18, 1967, 

Hgb. 10.0, Ht. 34, RBC 4.25 .. and Retie. 2.8. The patient was dis­

missed on January 20 and medications included Neomycin, Las1x, 

Insulin and Multiple vitamins. 

It is felt that this patient's hemochromotosis is under control 

although the cirrhosis and diabetes obviously continue to present 

problems. Fhlebotom1es done as primary theraoy may favorably 

influence the cirrhotic process in the liver, al though it is ob~ 

vious that the patient's condition was diagnosed at a late stage 

in the natural history of the disease and complete reversal of the 

c1rrhos1s is therefore unlikely. This patient's prognosis 1s 

guarded, and much now depends on how Mthtltll:y he takes his medica­

tions and avoids noxious agents to prevent further hepatic decom­

pensat1on. 

DISCUSSION 

Review of the li;rigl1sh literature reveals that the treatment 

of choice for hemochromotosis 1s phlebotomy38- 47. Crosby39 in 

15 



1958 demonstrated that it i s possible ,to let bJ.ood 1n larga quanti­

ties w1:th no adverse e~fects. On 'th1s '.basis we elected to phle­

botomize our patient of large guan:t i ties ln a s ,,ort period of time. 

This was accomp11slied and a total of 2'2,500 cc • . were et in lees 

thein thr·ee months, re:.presenttng approx1tfia tely 12 gms. of iron. 

A :total of 60 phlebotdmies was done in a year representing approx­

imately 15 gms. of iron. The patient resP,()nded by an 1:ncreased 

sense of well being. The ins.nlin requirements decreased to 100 U. 

(20 U. Semi Lente and 80 U. Lente) daily. The br.onze p~gmentation 

decreased. The p~rti cUlar pro'blems of :this. method, namely hypoe.lbum 

1nemia and relatively depressed ery throPoi.-esls r~flected by a low 

reticulocyte count were easil:, managed w1th autot-~~sfus1on and 

folio acid. Oth-, r ·investigators, u:sing a slo er phlebo~¥!Y 

echedl:lle had not encountered this problem. 

CONCLUSION 

It is possible to treat hemochromotosis with massive ph1ebotoJliy 

over a short period of time, prov1:ded that serial determi natt-ons 

of the patient's hematologi c status are closely observed and ten­

dency for hypoalbum1nem1a and reticulocytopen1.a ar.e promptly managed 

The status of tbe total fJOdy iron was not determined directly since 

liver biopsy arid bOne marrow could not be repeated, but availaple 

iron from storage was removed by th1s method. 
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TABLE I 

June July 
Date 22 27 29 s 7 8 g Tl 

HemoP.:lo bin 15.9 12.8 12.5 11.S 

Hematocrit 48 41 40 36 

Reticuloc.vtes .8 4.2 2.1 

Serum Iron •' 193 . 116 I 

Serum Iro".1 ·•" 
Bindinp- Car acitv 209 220 

l:'hlebotom,r . •' X X X X X X X X 

Folic a cid tid . 
' 

Total Berum Prote i n 7 .9 7.5 

Albumin 3.8 3.1 

Globulin 4.1 4.4 . . 
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Date 12 13 14 lS 18 19 20 21 

HP:b. 10.0 9.S 9.8 9.2 8.7 8.0 
, 

Ht. 30 30 30 29 26 24 

Retie. 5.6 5.5 6.o 3.2 8.0 

SI 129 114 94 78 

bI BC 181 . 
Phleb. X X X X X ; X X X 
Folic 

. 

Acid tid X X X 
-

TSP 6.0 
• 

A 2.8 

G 3.2 -

AUg. 
Date 22 25 27 29 1 2 3 4 

H~b. 8.0 9.0 9~ 5 9.1 9.2 9.2 8.5 s.o 
Ht. . 27 28 29 30 30 28 29 28 

Retie. 9.9 8.5 3.7 13.2 1 0 .1 9.5 7.3 

SI 72 141 82 108 74 84 61 

SIBC 236 --t 

Phleb. X X X X X X 
li'ol1c 
Acid tid >.. X X 

TSP 5.9 5.8 

ii 2.5 2.7 

G "3.4 3.1 
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Date s 8 9 10 11 12 lS 16 

H1,2;b. 8 .2 9.5 8.2 8.o 8.2 8.5 8.5 

Ht. 26 28 28 23 29 29 28 

Retie. 8.6 8 .6 10. 3 10.0 9.4 9.9 8.7 

5I 70 S6 S8 79 62 78 76 

SIBC 

Phleb. X X X X X X X 
Folic 
Acid tid X X 

TSP 6.3 6.1 

A 3.3 

G . 2.8 

Sept. 
Date 17 18 24 26 29 30 31 6 

HP::b 8.2 9.2 9.0 10.3 7.J 7.1 8.2 

Ht. 26 30 29 31 26 25 28 

Retie. 10.2 7.1 5.0 3.1 6.o 6.1 9.2 

.51 69 2S 46 S6 S4 32 
~ 

SIBC 22S 

Phleb. X X X X X X X X 
Folic 
Acid tid X 

TSP 6.4 6.9 6.5 

A 3.1 3.0 3.4 

G 3.3 3.9 3.1 
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Date 7 8 9 10 12 13 14 15 

Hp:b. 7.2 7.3 7.3 6.9 7.3 

Ht. 28 25 26 24 23 

Retie. 7.1 8.2 6.4 8.7 8.4 

SI 30 30 16 20 25 21 

SIBC 
' 

Phleb. X X X X X X X X 

TSP 6.5 

A 3.0 

G 3.5 

Oct. Dismissed 
Date 16 19 20 21 22 26 3 14 

Hgb. 6.9 6.0 6.9 7.0 7.1 e.o 9.0 9.8 

Ht. 22 ll 24 25 30 30 31 

Retie. 7.8 7.6 3.4 1.4 

SI 15 24 28 24 20 

S!BC 243 

Phleb. 

TSP· 6.7 7.3 7.5 

A 2.6 2.7 3.5 

G 4.1 4.6 4.0 
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1et 

Organic 

Fe+++ , Fe 

TABLE II 

RBC Ferritin~•=~taemo9ider!n 
De~ 1;, ct on 

..-------1 Verdo_bllirub1n. 

oto er 

Fe +++ 

,:,m. .1. · _ tes ine 

... eceo 

Grine 
Saliva 
Nails 
Sweat 

Ha i r 

Unabaorbed Ore-a.nio 

and lnorg ni c Iron 

lr----- Ii-on . ••...---.. -· Heme Pool Enzymes 

cosa rtBC 

Ferri ttn 

Trana:rerrin 

Fe ,..._* 
+ 

f>, Globulin 

Fe+++ Protoporphri.n---.Heme 

Heme + Glo b1n-___.1tHemoglo b1n 
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TABlA III 

Inheritance 

? Defect in Intestinal Mtlcosa 

? Increased Tissue .ttVid i ty 

Environment 

r--1---Alcohol 

-1:alnutx-1 t on 

Itict~eased Intest nal Absorotion 

,of Iron 

HEMOCHRO _ TOSIS ...,_ ___ _ 

22 



La:bil pool 
85 mg 

TABLE IV 

NO ·L IRON KINETICS 

MARROW 

PLAbMA 
4 mg o••-,,---

ERYTHROCYTES 
2700 mg 

PLA bMA IRON EXCHANGE 

Total leaving olasma 35 mg/day 

~rythropo1et.10 la1'ile poo 32 

Sto.t"aEfe 1 

Extracellular fluid 1 

Excretion and loss l 

Total entering plasma 35 mg/day 

Erythrocytes 21 

Sto~•ge 1 

Extracellular fluid 1 

.absorption 1 

Erythropo1et1c labile pool 11 
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Labil e 
pool 
16 mg 

TABLE V 

IRO! KINETICS IN ·= OCHROMOTOSIS 

Ferrit. n 

500~ 

a.l .!:t.iiGE 
oo mg 

Mli.n..ID v'/ 
La.bile pool 

110 mg •· 
~Ri.TrtrtOiJYTEB 

2700 mg 

Hemosideri n. 

P!ABMA I RON EXCHANGE 

Tota Ieavinf# pla s'ma 56 nlB / day 

Erythropoie t ic l abil e pool 3.2 

Storage 20.5 

.Extr-acel lllar :fluid'. 2 

Excretion and loss 1.5 

Total" ent,£:M.hS plasma 'Se· •!tifZg1ty :: 
Erythro cytes 21 

Storage 18 

Extracellular fluid 2 

bsorption 4 

Erythro poietic labile pool 11 
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8-23-66 

T.aBLE VI 

FERROKINETIC STUDIES 

RBC Volume. • • • 1605 ml. • • or 19. 2 ml. /ks. . . . . {N-25-34) 

Plasma Volume • • 4751 ml. • • or 58. 6 ml ./kg. . . . . (N:...-41 ! 1) 

Serum Iron. 

Hematocr1t. 

• • • I:;6 mg~. /1 00 ml. 

• 26-29 

T ½ plasma Fe59 Clearance. .. . 47 min ••••• • • • • (N-60-120) 

(N- > 75% ) RBC Re-ineorporation Fe59 Max. 64% 1n 7 days . . . . . 
Organ Localization 

(1) 

(2} 

Sacrum: Counting rate increased rao1dly to exceed 
tw1ce t 1IIie O in 2 h"u.rs w-1th maximum of 2.5 1.n 4 
nours. A rapi d decline to O was seen in 4 days 
(N-slow dec: 1ne to O iti. l'O days). 

Liver: All co 1nting rates over liver were less 
than time O. 

Impression 

The majority of the· iron went to the marrow w1 th no ab­
normal h4;lpatic deposition. The rapid Plasma clearance 
and ra nid release tr·om t.he marrow 1 s aompatible wl th an 
iron deficiency or hemolytic anemia. The rapid re­
incorporation is due to effective erythropoesis w1th 
autou:t111zat1on of iron, depleted by the mul t1ple phle­
botomies, Sufficient iron has been removed from the 
circulating hemoglobin so t :,a t a functional iron defi­
ciency ex1sts. The normal pattern over the liver sugr ests 
.that it 1s not now the s1te o:f active iron deposition. 
The maintance of a stable hematocri t s uE; gests the rate 
of new cell formation balances iron removal and iron for 
new cell formation is probably arising from hepatic stores. 
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11-22----66 

RBC Volume ••.• 1197 .5 ml .... or 16.0 ml. /kg •••• (N-25_.3·4) 

Plasma Volume •• 5342 ml ••• or 71.2 ml. /k~ •••• ( -41 1) 

Tot.al Blood Volume •••.. 6539.5 ml •••• or 57.2 mgm. /kg . 

12-20-66 

ap,:_enic Sequestration Sttld.tes negative 1n 20 da s. 

12-28-66 

RBC Volume •••• 1385 ml. 

Plasma Volume •• 5122 ml. 

TBV ••••••• 6501 ml. 

. . .. 
• or 19.8 ml. /k . 

• or 13.2 ml. /kg . 

. or 93. 0 lnl. /'- • 
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TABLE VII 

SPECIFIC ORG;1N IMFROVfil. • T 

Olass.it'ication Cases Improved Feroen.ta e 

.okin F1gm~ntation 24 24 100 

Hepatomegaly 24 19 79 

bnorrial Liver Dys ftmetion 22 17 79 

.O i a betes Mell itus 22 14 61 

Splenomeeal y 5 5 100 

Conges ti ve He rt F.ailure 5 4 80 

Decreased Libido 4 } 75 

Myxedema .. 1 l 1 00 
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