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INTRODUCTION

Hemolytic jaundice is a relatively recent clinical
entity of unknown etioloty,‘and with classieal symptoms,
is readil§ diagnosed. It may, ﬁowever, be one of the
Amost confusing subjects in medicine, for in this field,
the disease may simulate a variety of pictures which tend
toward a wrong’diagnosis. The reason for this confusion
is not hard to~find, for the disease, clinically, pre-
sents symptoms and complications not unlike other common
diseases., The complications may alter the true picture,
s0 that elinically, the diagnosis is difficult. On the
other hand, the hematological picture may be confused
with numerous blood dvscrasias. In these cases, frag—
ility tests are at times, the only means of different-
iation. Inadequate knowledge of blood diseases and
insuffieient laboratory equipment of the ordinary med-
ieal men, are further barriers to an accurate diagnosis
of this disease.

Since the first accurate description of thebdisease
by Minkowski in 1900, the disease has been called échol—
uric icterus, chronic familial jaundice, hemolytic splen-
‘omegaly, and chronic infectious jaundice with splénome-
galv., This variety of terminology, undoubtedly, has
offered some confusion in diagnosis.

The disease may be defined as a chronic microcytic
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anemia, characterized by increased fragility of the
red ocells, reticulocytosis, acholuriciicterus, and
splenomegaly.

The importance of clinical features of the dis-
ease, in the presence of complieations and the impo:t-
ance of laboratory studies, cannot be too strongly |
stressed., Without these studies, an accurage diagnosis
many times cannot be made, especially when the disease
simulates other conditions. For this reason, emphasis ‘
in this paper -deals especially with the etiology, diag-

nosis, and pathology of hemolytic jaundice.



HISTORY

Murehinson in 1885 reported different members of
the same families suffering from'hereditary jaﬁndice,
without enlargement of the liver or spleen, but with-
out data as to the_blood pieture. (1) From the clear
c¢linical history he gave of these cases, he must have
had the hemolytic form of jaundice in mind.(l) Several
years later in‘1890, Wilson of England gave a clear de-
Scription of the syndrome in his report, representing
; three»generations.(l)‘ln 1898 hemolytic icterus was
first established as a clinical entity by Hayem, (2) He
§tated, "That, aside from the types of chronie jaundice
caused by obstruction of the bile ducts or compression
by tumor and by hypertrophiec bitiary seclerosis, there
were othef types of the disease that were little under-
stood." He then described five cases of icterus with
. very large spleens and a marked chronic anemia, the red
cells varying fn numbers from 2,493,000 to 6,320,000
per cu., mm.,, and he classified this variety as of a
markedly hemolytic type with erises of varying intené--
ity and duration. Bile pigment was preseht in the blood
serum, but not in the urine, and the itching and clay
colored feces found in other typés of icterus, were
lacking. He proposed to name the disease, "Chronie¢ in-

fectious splenomegalic jaundice of a paroxysmal type."(2)




According to Tiletson,(3) credit for the first ac-
curate desceription of the familial disease is given tb
Minkowski in 1900. The outstanding freatures were heredi-
tary,‘chronic icterus, without bile in the urine, per-
sistant enlargement of the spleen; onset of symptoms at
birth or in early childhood, lasting for years and as a
rule not shortening life.(4) It was not until 1907 that
Chaufford recognized the significant blood changes of ex-
cessive fragility of the erythrocvtes, their deminution
in size (microcyvtes) and the inereased number of cireu- .
lating reticulzted red cells.(5)

Several'years later,vﬁidal 1909, believed all cases
were not hereditary in origin and described an acquired
form of the disease stronglv stressing the hemolytic pro-
cess. Since that time the disease has been divided into
a hereditary (Minkowski-Chauford), and the acquired (Widal-
Abrami), types; A few authors describe a congenital form
but this group undoubtedly had the hereditary form in
mind. ''he following important contributions to this disease
were-made by Tiletson and Griffin(3) 1910 and Thayer and
Morris(6) 1911. 8Since this work, numerous articleé have
appeared in both foreign and Americal literature. Dawson
(7) 1931 probab vy has made the most important recent con-

tributions to this disease.
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ETIOLOGY

The etiology is obseure. Sexes are afféeted equal-
ly and there is nc raecial or geogfaphical disfribution.
There appears to be a distinet herecitarv transmission
being handed down equaily by male and female. According
to Sharpe(5), Naegeli, Haden,'and others, believed that
the bene marrow produces an abnormally small, thick, :
spherical fragile red cell, which is more susceptible to
disruption and fragmentation that thebordinary erythro-
cyte. 'lthe spleén, thereby, becomes more hyperplastie, as
a result of déstfoying these céngenitally poor red eells'
of hemolytic jaundiee; there fore, they believed that the
anemia, jaundice, splenomegaly,vreticulocytosis, and in-
creased fragility, were zall secondary to this inherit
sphere shaped erythrocyté.A

Doan, et al(8) 1934, believed that ﬁhe phagoceytie
action of the spleen con the red blood cells, was the
principle patholongieal =sgent that produced quantitative
changeé in the erytirocytes, and that the hyperplasia of
the bone marrow was secondary, responding tg the need of
more red blopd celis;

In England, Hawksley and Bailey, (©¢) believed there
was already an abnormal red cell in the blood stream,
that became further distorted by the spleen Sturgis, et

al, (10) were of similar opinion, stating that the size



and shape of the red.blood cell: was an hereditary ex-
pression of the disease,

In view of the faet that there is a persistant high
reiioulocyte count, it is impossible to maintain that
failure of the bone marrow, in the produetdéon of red
blood cells, is the cause of this disease,(ll) Opposing
the primary hemolytic role of the spleen,iis the faet
that in many cases, increased fragility of the erythro-
cytes persists after splenectomy, and produces a virtual
cure in every respeoct.(1l1l)

Barly observers believed the disease to be due to
syphilis, congenital communication between the passages
and lymphatics, inféetions, and unknown toxins. Acute
hémolytic anemias also oceur as a result of food intoxi-
cation, as in the disease known as "Fabismo" in Italy,
and in certain infections such as fhose due to Bartonella
muris, B. welchi, and possibly B. perfringens.(12) These
conditions, although produeing an acute hemolytie anemia,
are distinet from the true chronie hemolytic anemia und-
er discussion.

According to Thayer and Morris,(6) Troisier support-
ed the hypothesis that the fragility of the corpusecles
was dependent upon the faet that they had_élreaéy become
sensitized by union with a‘hemolytie ambogceptor.

In my opinion, and-in the opinion of several of the



staff of the University of Nebraska, the most logical
cause of this disease, is ﬁhe inherited abhormal red
blood cell. McNee,(13) 6f the same opinion, stated that
ir wogld seem probable that the disorder existed in
efythrocytes themselves and that the éplenic enlarge-
ment was simpl& the hypértrophic responee of fhe over
worked phagoceytic reticulo—endoﬁhelial cells. Witts(14)
further emphasized this fact by statihg that acholuric
jaundice was dépendent ﬁpon the presence of an abnormal
type of corpuscle that was ill-adapted to lifenin the
blecod stream,‘but the faetors which determined the de-
gree of variations of hémélysis were obscure. |

Since the time of Widal's work in 1907, the di-
sease has been divided into an hereditary and acquired
type. Black, (15) as late as 1930, and others, eveﬁ up
to the present déy, divided hemolytic jaﬁndice into
these two types. He siated that the general 1mpre$sion
was that the aesquired type resulted from some toxin or
infeetious process. MMany theories have been expressed
givine etiology to the acquired form of the disease.
The majority of men, eépecially those who have done the
mest extensive work on this disease, believe ﬁhat all
cases have an hereditary background. Cheney-and Cheneﬁi(4)
agreed with Gancslen's conclusion, that patienté inherit

"a "hemolytie constitution™. According to Cheney and Cheney




(4) Gansslen believed that the so-called acguired cases
were born with a "hemolytic constitution"™, and that any

- kind of disturbance later on, such as unfsvorable condit-
ions of living, acute or chronic infections or trauma, |
may destroy the compensaticn by which health was maintained
in spite of their defect, and so precipitate these symptoms
and signs of hemolytic jaundice. Whitcher, (2) in quoting
Naegeli, regarded these microcytes as beloncing to a pecul-
iar type of red corpuscle which was inherited, and conclu-
ded thzt these inherited mierocytes indicated a distinct
type of human sﬁedies. All nmen agrée with two rules,

that inheritance is only through the affected and the
corollary that once free, always free, is true of any
branch of the family.(l6)v Campbell and Warner (16) stat-
ed that the abnormal fragiiity of the red cells may occur
without the other signs and symptoms of acholurie jaundice
both in oridnary cases after splenectomy and in 1atent
cases, Where due allowance is made for these, acholuric
jaundice is inherited as a "dominant Mendalian character™.
Smith (17) reported a case of four generations of jaund-
ice of thé hemol&tic type. Tallerman(18) reported an
hemolytic icterus family in whioch he found three and
possibly four generations of»manifestations of the di-
sease.

If search is made into families of hemolytiec jaund-



ice patients, and especially if fragility tests are

made on other members of the family, usually an in-
oreased fragility is found with or without 6ther manni -
kgstatidns of the disease in some member of the family.
It is known in many cases that there is a trigger mech-
anism which converts latent into aeute eases of acholurie
jaundice.(19) Hawksley (20) made a diagnosis of hemolytic
jaundice from an hemolytic faunndjece family of an infant
4% months old by following the fragility tests before
cliniocal signs of the disease appeared. We can probably
justly say, that the more closely hemolytic icterus is
studied, the more does doubt grow as to whether in a

strioct sense, an acquired form of the disease exists,



DIAGNOSIS

In typical cases the diagnosis of this disease is
relatively simple. The o0ld rule of & thorough history,
complete physical examination and a careful study of
the blood still seems the best aid in dirrerentiating \
hemolytie jaundice from other blood dyscrasias;(5) The
characteristie¢ findingd are; an increase of bile pig-
ment in the blood, but not in the urine, jaundice, in-
ﬁreased‘fragility of the erythrocytes, splenomegaly,
anemia, inérease in ekythropoiesis with marked increase
of reticuloeytes in the blood, fertile exacerbations
and after a familial occurence.(11l) Absence of one 6r
several of these findings, latent oases'and compliec-
afions, which are not uncommon, many times make the
diagnosis difficult. Cheney and Cheney(4) beliwwed that
the occurence of a pronounced microcytosis in the pres-
enge of jaundioce, whether clinical or latent, may be |
considered almost diagnogtio of chronic hemolytie jaund-
ice., Doan et al(8) cohsidorad‘the pathognomonie trial of
the disease to be microcytosis, increased fragility and
& high sustained reticulocyte level, Sear, quoted by.
Wade and Steigrad,(21) found osseous changes in assoei-
ation with this disease and believed the three cardinal
points of the disease to be, anemia, enlargement of the

spleen and ehanges in the osseous system,



Probably a better understanding as to diagnosis of
hemolytic jaundice may be obtained if symptoms and comp-
lications be discussed at this time without specifie
stress on laboratory rindings, which will be considered
later,

The disease may take on variable clinical ménifest-
ations. Some individuals hardly know they have the dis-
ease,‘while others become chronic invali&é. Symptoms
may vary in intensity in the same individual from day to
day, and in different individuals of the same family.

The disease may be divided into acute, latent and chronic
' ocases, Many times the same individual will show acute,
latent and chronic symptoms,

The acute cases are individuals that probably have
had the disease all their life but suddenly have an acute
exacerbation of symptoms that make the disease apparent.
These acute exacerbations are known as "acute hemoclastic
erises."” The crises is characterized by a sudden onset
of upper abdominal pain, nausea, vomiting and fever,
accompanied by a marked weakness with an intensification
of Jauﬁdice anq paller, a&n increaéing enlargement of the
spleen, and a sharp drop in blood count.(5) During these
attacks, the degree of jaundice and size of spleen may
vary from hour to hour.(22) Numerous causes have been

attributed to this vonditiom&® dietary indiscretions,
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asute infections, mernsturation, pregnanecy, high altitudes
and surgical procedures. The crises may oceur repeatedly
or may be separéted by long rémissions. They are uaual}y
ﬁilder during childhood and more severe in later 11fa.223)
The additional load of preganey may serve to "light up"
a latent case of hemolytiec jaundice, or cause an acute
eiécerbatien of a chronic form of the disease.(5) Dawson
(7) believed that the 1iability to severe hemolytic oris-
es with short or no warning in this disease shouid be
born in mind. In his series seven cases showed this feaff
ure and three of these died during the crises. Cheney and
Cheney(4) explained the crises as a result of destruction
in the épleen of a larger amount’of red blood corpuscles
than ordinarily takes place, occuring more rapidly than
the hypérfunctioning bone marrow can replace the loss.
To emphasize the importance of eﬁotional stress in these
cases as etlological factors in bfinging on}a Pgrises”,
Seott(zz)'reported the serial onset of hemolytie crises
in an entire family, pfobably~acéounted,for by emotion-
al excitement. |
Since an hereditary abnormal red cell is considered
the outstanding etiolog;eal factor in this disesase, cert-
ain members_of an hemolytie jaundice family may énjoy
perfect health without showing any clinieal signs of the

disease; but when the blood of these people is examined,
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the characteristic s&all red cells and an increased
fragility qf their red cells may be found. <These cases
are known as the so-called latent or "formes fruste"
type. Certain people of this type may live a life time
without showing symptoms of the disease, while others,
anytime durine their life time, may show an acute ex-
acerbétion of the disease or paés iﬁto the chronic
stage. . Aaron(l) stated that the diagnosis of the latent
. forms of hemolytic jaundice was made through the Van-den-
ABefg methdd, which shows an increased bilirubin content
of the blood serum. |
The chronic form of the disease is the usual type
found, and the term "ehronic hemolytic jaundicé" was
named after this type. Chronic cases may complain chief-
ly of undue fatigue and weariness, while in the presence
of anemia, such symptoms are dyspnea, palpitation, and di-
zzinessAmay appear.(5) Epistaxis may be noted, usually
in children. Typical of the more severé cases, are jaund-
ice ana splenomegaly.(5) Occassionaly in the chronic
form, the only complaint amy be pain over the spleen.(l@)
Jaundice is one of fhe.outstanding clinical signs
" of the disease. +t may be the first symptom noted, or
may be entirely absent for years(24). When present, it is
never very intense and is not accompanied by toxenmia,

pruritis, bradycardia, or hemorrhagic tendencies, which
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are so common with the obstructive type. The jaundice

in this disease, is éxbra-hepatip:in origin, resulting
from the hemolysis of the erythrocytes by the'retiéule-
endothelial gystem, chiefly the spleen.(5) The blood
contains an increased bilirubin content without the
presence of bile salts. The jaundice depends on the ex-
cretory capacity of the liver cells, so that even in the
presence of aetive hemolysis with a moderately severe
anemia, jaundice may be absent if the liver function is
efficient.(B) The jaundice is usually slight, more of a
sallowness, rather than a true icterus. In other instane-
es, however, it may be as deep as that seen in ébstruct-
ive jaundice, It's intensity is changeable, varying at '
different periods like the anemia.(4) There is no parall-
elism between the jaundice and the anemia., In some in- |
stances they may agree, but in others, the deep. pigment-
ation may be noted in the absence of anemia, The dis-
-parity of anemia and jaundice is explained by the fact
that while hemolysis is respensible in this disease for
both the anemia and the icterus, the visible degree of
either depends upon the funetional capacity at the time, .
of the bone marrow and the liver.(4) Factors which have b
been described &s being responsible for the acute exacer-
bation of the disease, may also be responsible for the

intensification of the jaundice. Increase of the jaundice
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has sometimes béen noted in connection with pregnancy.(24)

Another classical sign of. the disease is splenem-
egaly. As a rule the splgen is enlarged, though the de-
éree varies greatly. Gansslen(39) reported aséhigh as 30
per cent of his cases without splenic enlargement. Lower
percentages are reported in American literatufe, Weber(24)
stated that an‘enlﬁrgament of the spleen may'be one of the
v“rirst signs of the disease, It's size varies in the in-
dividual patient with the severity of the condition at
the time, fluectuating with remissions and exacerbations
of the disease,(14) During & crises, the spleen is always
larger, rirmer,_ahd more tender; after the crises is over,
it rapidly subsides.(4) The spleen, in definite cases,
may be very large,(though it is never enormous in size
as the spleen of leukemia or splenie anemia. (25) With
1ncraaseAin size, and sﬁretching of the capsule of the
spleen,’the patient may complain of a dull aching in the
left quadrant and baek,

A few patients may experience transient attacks of
fever and abdominal paih, which may be due to perisplen-
itis or splpnic infarction, in which sase a friction rub
may be heard over the splenic area, (24)

It has been estimated that sixty per cent of all
cases of hemolytie jaundice are complicated by disease

of the gall bladder, with or without stones.(26,27)
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Because of this high incidence, symptoms referable to

the gall bladder, bring these patients'in for treatment.
Previously, in many instances, cholecystectomies have -
been performe@-on.these patients without apparent under-
standing of the true condition of the disease. Usually,
gall bladder disease masks many of the clinical symptoms;
so that‘it is important that careful hiStories’and blood
studies by made. ¥t must also bgifemémbered that abdom-
inal pains in these subjects should not, however; bevtoo
readily regarded as due to cholelithiasis, since paih,
due to perisplenitis or to.splenié infarction, may con-
fuse the picture.(24) The high incidence of biliary dis-
ease was best explained by Rich,(28) who pointed out that
anoxenia, rgsultipg from an associated anemia induces
partial suppression of liver function; théreby diminish-
ing it's capacity to excrete the increased bilirubin from
the blood stream.(5)

Occésionally these patients have chronic ulcers,
usually on the lower extremities, which are very re-
sistant to treatment. bMany times these ulcers are cured
only by a splenectomy. With %his fact in mind, chronic
‘ hémolytic jaundice should be considered, where no app-
arent cause of the ulcers can be found. ZEpbpinger(29)
"has emphasized the complication of chronic ulcers that

h:ve oceured about the feet, and believed they may be
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the only outward sign in latent cases.. In Weﬁer's(24)
series of seven céses, leg ulcers were pfesent in_three

of these cases. MéNee(iS)_believed that such uleers occu-
red in a number of cases of splenpmegaly, and pointed out
that Stuckeley in 1722, stated, fthét even Hippocrates knew
that ulcers in the legs of such, i.e., patients with
splenomegaly, are difficultly healad.

Bone changes in these patients, although not common,
may suggest diagnosis. According to Wade and Steigrad,
(21) Sears, as previously pointed out, believed that chan-
ges in the osseous system to be one of the cardinal
symptbms of the disease. Clinically bone changes are
~evident in parietal and frontal bones. These ars gfeatly
thickened, the degree of thickening being most pronounced
in the central parts of the bones and gradually decreasiﬁg'
as the sutures are approached. <‘he fronto-parietal sutures
have undergone éynostosis and the parieto-occipital sutures
are partially obliterated.(21) |

Feinéold and Case(31) beliéved the occurence of
"turmschadel" to be a common feature of the disease. They
beliefed that the characveristic deformity in "turmschad-
el" resulted primarily from a hypoplasia of the base of
the skull and secondarily from premature svnostoses. They
.did not believe that it was pathognomonic for hemolytiec

icterus, but felt that it's high incidence should make
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a valuable.adjuenct in the diagnosis of this condition,
Gansslen, who first described the condition and gave it

the naﬁé "turmsthadel" (tower skull), believed that the
occurence of constitutional deficiencies indicated that
‘hemolytic jasundice was only the link in the chain of a
constitutional inferiority.(31) He concluded that numerous
congenital anemalies occured in association with hemo-

lytic icterus. Some of these were brachydactyliﬁ, syndae-
tylism, éﬁd polydactyliaAof the osseous system; miceroph-
thalmia and heterochromia of the eves; the ears; the skin;
and endocrineglénds (genital hypoplasia and hypothydoidism).
The changes in the osseous system ﬁere the most outstand-
ing.(31) Friedman(32) believed that the cranial énd facial
changes were consistant with the congenital nature of this
disease, and were definitely pathognomonic. Radiographie-
ally, characteristic features are seen in the bones of pati-
ents with hemolytie jaundice, showing evidence -of "turmshe-
adel"., The bones hsow no definite diffe;entiation in the
outer and inner tables and diploe, though thereiis a suggest-
ion of a very thin inner table. No outer table can be seen,
and the bones display a most peculiar vertical striation,
more pronocunced as the outer surface is approached. 'The who-
le appearance suggests that the osseous‘tissue would be

soft and vascular.(21)

In studying the blood for calcium and phosphorus, no
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definite changes h=ve been found to suggest the etiologyA‘
of this eondition.(33)

Many of theée patients first become aware of this
condition during pregnancy. ‘‘he additional load of preg-
nancy may serve to "light up" latent cases of hemolytie
jaundice, or eause an acute exacerbation of the chronie
form of the disease.(5) Claude Wilson mentioned a case of
hemolytie jaundice that died of acute jaundice during
\ pregnaney.(35) DeCarle(34) reported a case of hemolytie
jéundice complieatiﬁg pregnancy and he believed thatiehan-
ces were greatly in favor of recurrence of acute symp-
toms with é future pregnancy. Sharpe(5) reported a
case of hemolytiec jaundice which was definitely made worse
during pregnancy. A case reported by Sharpe,(5) may
well illusfrate this point. ‘

Ke Yo, 8 twenty hine year old female with typical
familial c¢liniecal and hematologiesl features of hemo-
lytie jaundice for four yvears duration, became;pregnant
for the fourth tiﬁe during the early fall of 1935. 8ix
weeks before her pregnancy, the hemoglobin was 73 per
cent; the erythrocytes, 4,110,000; leucocytes, 12,000;
with a normal differential, the reticulocytes, 7 per
cent, the fragility (0.50 %o 0.35 per cent) and the
icteric index was 10 units. Typical spherocytes were

present in the hlood smear., The spleen was not palpabdble,
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though at times it seemed enlarged to percussion.

During the first and continuing through the second
trimester, the hemoglobin remained at the same level
‘but the red cells gradually decreased to 2,800,000, At
the sixth month of pregnancy, the inereased fragility ‘
and the ieteric index remained the same, but the retic-
ulocytes increased to 15 per sent. At this time weakness
and drenching sweats made their appearance.,

During the last trimester, these unpleasant symptoms
were more prominent. However under iron-liver extract
therapy, the hemoglobin increased rapidly to 86 per cent;
with a delayed ans slower increase in the erythrocyte
count up to 3,930,000, The increased fragility remained
the same, with a reduction in the ieterus index to 3
units and the reticuloecyte tb 3.2 per cent. The spleen
was not palpable at any time. The delivery and puerp-
erium are uneventful.

Splenoetémy offers these women & chance to normal
pregnancy. Cowen(36) reported one patient with four
pregnancies, and another with seven pregnancies follow-
ing splenectomy without ill effects to either mether or
child, Mussey and Berkelgy(S?) reported on cases of
twenty three women who had thirty 3%wo pregnancies, and
concluded that the seurse of pregnancy , confinement,

and puerperium in this gtoup of women showed no appreci-



able departure from normal.

' As a rule, patients with hemolytic jaundice are
free from fever. Fever, however, may be obsefvéd during'
intermittent infecotions, during attacks of gall stone
colic, and during the crises,(38) o

Hemolytic jaﬁndice may simulate numerous other dis-

eases, especially blood dyscrasias; therefore a differ-
ential diagnosis of this condition is necessary. The
disease can be confused with perniéious gnemia, aplastiec
anemia, ediopathie hypoé¢hromic anemia, spleniec anemia,
sickle-cell anemia, and chronic myeloid anemia.

| In parnicious aﬁémia, the megalocytesis, the absence
of increased fragility, and the history, should serve to
~differentiate.(19) Although a 1éﬁ0n yellow color is seen
in pérnicious enemia, there is no definite icterus, as
seen in hemolytic jaundiece, The icterus index and van-
den-Bergh studies are normal, while in hemolytie fetefus:
these tests show definite evidence of inereased serum
bilirubin, Anesthesia, parasthesia, and irreversible
" neurological findings,; frequently seen in neglected eéses
. of this mondition, are never seen in hemolytic jaundice.
Griffen(25) states, "Iihatefséan‘&a’oaﬁﬁusééuaccaﬂdttinn
in the same patient as cirrhosis of the liver, marked
splenamégaly, cholelithiasis, and a pernicious anemia

type of blood picture, where only a definitely increased
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fragility of the red cells indicated the way to a diag-
nosis of/hemolytic jaundice," During a hemolytic crises,
a blood picture of pernicious anemia may confuse the
diagndsis.(4i? Elliot and Jones differentiate pernicious
aneriia from hemolytic jaundice by noting a high color
index, megalocytosis, evidence of achlorhvdria, apparent
non Droduction of blood, and no splenomegaly in the
former condition. Allen(40) reported a case of severe.
hemolytioc jaundice of long duration, stronglv resembling

pernicious anemia, in which the usual increased erythro-

cyte fragility was possibly counteracted by long ceon-

tinued anenmia. Splenecﬁomy brought about a symptomatie

cure. In any event, where the two conditions are con-

. fused, and where the fragility test is normal or near

‘normal, the absence of response to liver therapy and

the almost immediate relief of symptoms following spleh-
eotomy, will serve to differéntiate hemolytic jaundice
from pernicious anemia. _

Idiopathic, hypochromic anemia may be diffefenti-
ated from hemolytic jaundice by the absence éf a famil-
ial history, a low reticulocyte count, absence of deeply
staining microecytes, and a negative indirect Van-den-
Bergh.(19) ’

A diangosis of splenic anemia is usually made after

the various chronic splenomegalies are excluded. There
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is no evidence of heredity, and the jaundice is of the
obstructive type. The age of onset, leukopenia, and the
chronicity, should lead one to suspect the diagnosis.
Blood examination, however, is all important in it's
~differentiation from hemolytic jaundice. Blodd studies
that show increased.fragility of the red cells, typical
dark staining mierocytes, a high reticulocyte count, and
a normal or raised white cell count are sufficient to
exclude the diagnosis of splenic anemia, and to suspect
a diagnosis of hemolytic jaundice.(19)

There should be little confusion in differenti-
ating sickle cell anemia from hemolytic'jaundice. Giin-
ically, both diseases are familial and both may show
splenomegaly and ulcerations of the legs. However, sick-
ling of the red cells in the presence of a normal fragi-
lity, is sufficient evidence to make a diagnosis of sickle
cell anemia, and remove any confusion that might be present
between these two conditions. Griffin(25) believed that |
hemolytie jaundice was always to be donsidered before a
diagnosis of splenic anemia was made,

| 0¢casiohally, anemia associated with splenomegaly
and malaria, may be confused with hemolytic jaundice,
Both diseases may show a large spleen, a high reticulo-
eyte count, and anemia,(19) -The eharacteristic fever

and the demonstration of the malarial parasites in the
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blood, are suffieient evidence to make a diagnosis of
malaria. Since‘patients with hemolytie jaundice may
be complicated with malaria, blood studies showing an
increased fragility of the red ceells plus clinical
manifestations of the disease, should suggest the diag-
nosis of hemolytic jaundice.

Hemolytié jaundice may be gaonfused with chronic
-myeloid leukemia, only during a crisis, when occasionally
numerous young ¢ells are seen in the Elood streém. A
high'reticulocyte count, a positive indirect Van-den-
Bergh reaction, the presence of jaundice, and the typical
deeply stained microeytes, éuggest the diagnosis of hemo~
lytic'jaundice; These findings plus an increased fragility
prove the diagnosis.(19) | _

Another group of conditions, though usually not
considered in the differential diagnosis of hemolytie
jaundice, may at times be confused with this disease.

These are chlorosis, Hodgkin's disease, thromopenie pur-
pura with'splenomegaly, severe secondary anemias following
- infections, and erythroblastic anemia,

Chlorosis is of interest largely because of it's hist-
orye. The disease is practically extince today, but when pre-
sent, may have much the same blood picture as hemolytic jaun-
dice. A normal fragility test and a ready response to iron

eliminate the diarnosis of hemolytic jaundice.(42)



Hodgkin's dise@se, when primary in the spleen, may
.present a very similiar clinical picture as hemolytic
jaundice, There would, however, be an absence of much
evidence of aotive reproduetion of erythrocytes and a
normal fragility test would be obtained.(42) The prog-
nosis in this condition is always poor, and a biopsy
of enlarged lvmph glands, Showing‘the nresence of Dorothy
Reed cells, is sufficient evidence to make a diagnosis of
Hodgkin's disease.

Rarely thrombopenic purpura with splenomegaly offers
much confusion with hemolrtic jaundice. A definite reduct-
. ion in blood platelets during the aétive hemorrhagic stages
is seen.(42) Usually spontaneous hemorrhage from ﬁucous '
membranes, and a decrease in blood platelets; are sufficieﬁt
evidence for a diagnosis of thrombopenie purpura. The
bleeding.timé_is prolonged, and blood platelets are decreased
in this condition, while in hemolyfic jaundice they'aré nor-
mal.

The usual severe secondary anemias following typhoid
fever, pneumonia, acute rheumatic fever and dysentery, all
give a very sallow complexion or anemia, and occasion-.
ally a palpable spleen. 4n these conditions, however, the
etioloty of the process is usuaily evident and there should
be no confusion in diagnosis.(42)

Erythroblastic anemia must be differentiated from
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hemolytie anemia in infants and children. Bone changes

in both conditions are similiar, less marked in hemolytic
jaundice., "The absence of distinet racial incidence,

-the presence of a greater number of reticuiocytes with
relatively few nucleated erythroeytes, the increased
fragility of the erythrocytes in hypotonic saline sol-
ution, the evidence of increésed hemolysis, i.e., a high
icteric index, visible jaundice, and a large amount of
urobilin in the urine and stools, ahd finally the striking
and usually lasting benefit obtained from splenectomy
should differentiate hemolytic jaundice from eryﬁhroblastic

anemia"™, (43)
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PATHOLOGY
Laboratory findings are the most importént in the
study of this disease., Although the clinical signs may
suggest the diagnosis of this condition, blood studies
are necessary for the actual diagnosis. For this reason,

special attention has been given in this discussion to

these findings. Separate mention of each laboratory finding

i1s to be considered in the following discussion.

As previously stated, the anemia may be absent,
slight, or moderate in degree, depending upon the rival
forces of blcod destruetion and construction.(?) Rarely
does the anemia become severe unless it accompanies a
hemoclastic erisis. <“he hemoglobin, except in ecrisis,
vafies from 60 to 80 per cent. Red blood cells'average
between 3 and 4 million, Thé color index is usually nofmal
and the hemoglobin is reduced'in proportion to the red
blood cells.(3) During a criéis, anemié may first make
its appearance or gradually increase, if already present,
and may become fatal unless treatment is instituted.(44)

Poynten(35) stated, "that during paroxysms, there were
marked changes in the red blood cells, the number rapidly
diminished, they were altered in size‘and shape, and might
lose much of their hemoglobin®. This form of anemia is
resistant to iron and liver therapy, and only remains at

or near a normal level, after splenectomy.
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According to Americgn authors, Naegeli was the first
tb recognize the small red blood cell (microcyte). He not-
iced that these microcytes were smaller and thicker than
the ordinary erythroecyte, and deseribed them as globular
or sphere shaped. Whitcher(2) believed that while the
red cells appear abnormally small, they show an increase of
hemoglobin content in each e¢ell, and tended to approach
an actual spherical form instead of the normal bi-concave
form. He believed that the microcytosis was simply a
characteristic symptom of the anemia in hemolytic icterus,
influenced to a large extent by the'condition of the‘spleen,
and disappearing after splenectomy. The mean diameter
of the red cell, though showing a striking decrease, may
vary from case to case, and also vary in the same’patient
from abservation to observation.(9) Because of the small
diameter yet greatly increased thickness of the erythro-
c&te, hematoerit determinations of the corpuscular volume
and hemoglobin content do ﬁot give true values, i.e., a
low red cell diameter with a normal cell volume and slightly
inecreased content of hemoglobin.(45) The mean corpuscular
hemoglobin concentration of the cells, or the amount of
hemoglobin per unit volume of red cell, is definitely
inereased more so than in any other type of anemia.(2,46)
Haden(47) attributed this spherical shape of the erythro-

eyte to the fact that the diameter of the mean cell was de-
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creased out of proportion to the ehange in volume, so
it was apparent that the thickness of the cell must be
increased. |

The normal mean diameter of reé blood cells is 7.02
to 7.252 microns, and the norm=l mean cornuscular vélune
is 80 to 91.4 cubiec microns. In Vaughn and Goddard?s(46)
study of red cell diameters and red cell measurements,
in cases of hemolytic jaundice, they found that the mean
corpuscular volume varied from 81.08 to 90 cubic microns
and the mean eorpuscular diameter #ﬁried from 5.927 to
6.Glé nicrons. Haden(47) stated that iHaegeli foundAin
11 patients a mean corpuscular volume of 100 cubic microns
(ﬁis normal 88 cubic microns), Von Bofas found a mean of
85 in 8 cases (his normal, 91) and Gansslen found a hean
corpuscular volume of 92, 85, and 111 cubiec microns in 3
cases., Paxton(45) found an average mean corpuscular dia-
meter of 6.41 in a series of acholuric Jaundice children.,
From these results we can conclude that there is a defi-
nite anisoceytosis, shown as microcvytosis, and corpuécles
largef than normal are quite rare; and that the mean
corpuscular volume is variable and is usually at or above
normal. Paxton(45) defined mean corpuscular diameter,
mean corpuscular volume, mean corpuscular hemoglgbin and
mean corpuscular hemoglobin ceoncentration and gave hés

average results in normal children and in children with
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acholurie jaundice as follows: (l)Mean corpuscular dia-
meter (M.C.D.) is the avérage diameter of the red blood
cells. (2)Mean corpusculér volume (M.C.V.) is the average
volume of red corpuséles and is expressed in cubiec miecrons.
(3)Mean corpuscular hemoglobin (M.C.H.) is the average
amounﬁ of hemoglobin by weight in the corpuscle and is
given in micro-micrograms. (4)Mean corpuscular hemo-
globin concentration (M.C;H.C,) given as a percentage
of the amount of hemoglobin per unit volume of red cells.
. C.D. M.C.V. M.C,H, M,C,H.C.
Averages for normal children 78,54 25,17 32.06
Averages acholurie jaundice 6;41 79.08 28.20 35.46
The cell diameter.was less than normal and thércornuscular
volume, hemoglobin and hemoglobin concentration, were some
-greater than ﬁormal. Vaughn and Goddard(46) also found that
the red cells were characteriétically abnormally thick,
with a mean éorpuscular volume greater than the mean dia-
meter, and a mean corpuscular hemoglobin eoncentration
~greater than in normal controls. Vaughn and Goddard(46)
gave the following methods for calculation of the corpus-
cular constants:

Volume of packed red cells

“Mean corpuscular volume (in c.c./1000 c.c. of blood)
(M.C.V. in cu., microns) - TFRed blood cells
(in million per c.m.m,)
: Hemoglobin
Mean corp. hemostebin (grams per 1000 c.c. of blood)
{(M.C.H. in m.m. grams) Red blood cells

(in million per c.m.m.)
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Hemoglobin
Mean corp. hemoglobin (grams per 100 c.c. of blood)
(cone. - M.C.H.C. %) VoI. of packed red cells X 100

(c.c. per c.c. of blood)

In rare exceptions'which have been reported without micré—
cytes ard in those where they disappear after splenec-
tomy, erythropoiesis is evidently not so heavily taxed.(4)
Hawksley and Bailey(9) stated that fluctuations in
mean diameter may in part, be dependent on the number of
- immature red cells present apart from the influence of
splenectomy and transfusions. Masters et al(30) believed
that the diameter of the red cells increased following
splenectomy but Pemberton(27) and others believed that
miorocytosis of the erythrocytes does not diéappear afteri
removal of the spleen.(4,47,57)

According to Griffin and Sanford(48) Ribierre in
1903 was the first to devise a technique to test the frag-
ility of red blood cells. Chauffard and later Buttler(ég)
used this test in the study of hemolytic jaundice, and
found it of practical value as a diagnostic procedure.
The test is now practically universally used,'gnd a'diag-
nosis of hemolytic jaundice is made ohly after an inecreased
fragility is shéwn by this test. The method of testing
decreased resistence of the red cells to hemolyzing agents
or as it is sometimes called the increased fragility test
is by mixing red cells, preferably after separation from

the plasma, with hypotonic solutions of sodium ehloride
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of varying strengths, and noting the point at which hemo-
lysis takes place.(s) According to Griffin and Sanford
(48) most methods of testing fragility of erythrocytes
depeﬁd_on the observation of the breaking up of the cells
iﬁ salt éolutions of various percentage strengths, the
chief difference lying in the method of mekimg the various
solutions, and of reading and reporting end points or
degreeshof hemolysis. Ribierre's method seemed to be

the most satisfactory and simple method of accurately
determining the fragility of red blood cells, so Griffin
and Banford(48) modified his method without al&ering its
‘accuigcy or éimplieity and reported it as follows: "A
stock solution is made bj dissolving 0.5 grams of sodium
chloride (chemically pure and anhydrous) in 100 c.c. of
distilled water. A twelve hole Wassermann rack, with at
least two rows of holes, is filled‘with three-inch by three
eigchths inch tubes. The front row is for the patients test
.the back row for a control. The tubes in the front TOW are
numbered with a glass marking pencil, 25,24,23,22,21,20,
19,18,17,16,15, and 14. In each tube in the front row,

and in the tube in the back row immediately:behind it,

is placed the number of drops of 0.5 per cent solution
indicated by the'figure marked on the tube in the front
row. A capillary pipette drawn from soft glass tubing

is used for putting the drops of salt solution in the
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tubes, with the same pipette distilled water is added
drop by drop to’each tube so that there is a total of 25
drops; for example a tﬁbe mgrked *20' should contain 20
drops of C.5 percent sodium chloride solution and 5 drops
of distilled water, and the tube immediately behind it
(control tube) should contain the same. Venous blood ig
taken with sterilized dry syringe and one drop of blood
should be allowed to fail into each tube of the front
row. The tube should be thoroughly shakgn to make an
immediate corpuséle suspension. The plasma is greatly
diluted and.usually no fibrin is formed. in the back
row (control tubes) should be placed blood obtained in

a similar manner from a normal pérson. - The tubes are
allowed to stand an hour or two at room temperature and
then read."' In case of normal hemoiysis, the tube marked
'20' showing beginning hemolysis readingnconSists as
follows, 20/25 of 0.5 percent sodium ch1orid9 - 0,40 per
cent sodium chloride. Tube mérke@ '16' showing complete
hemolysis contains 16/85 of 0.5 per cent sodium chloride
or 0.32 per cent sodium chloride. Normaily then hemoiysié .
begins at 0.40 per oeﬁt sodium chloride and is'compléte

at 0.32 per cent sodium chloride. According to Tiletson
and Griffin,(si norﬂél hemolysis begins in salt solution
of 0.44 per cent’and is complete at 0.36 per cent, while
in heﬁolytic jaundice, hemolysis may begin at 0.7 per cent

and be complete at 0.5 per cent.
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Increased fracility of the red cells is the most out-
standing and persistent sign of hemolytic jaundice. Follow-
ing splenectomy the increacsed fragility of the eryth£ocytes
persists, where apparently the other signs and symotoms dis-
appear.(52) Jlncreased fragility is almost a constant feat=
ure of hemolytic jaundice, and acecording to Cheney and
Cheney(4), it has been reported in other diseases of the
blood such as psrnicious anemia, post hemorrhagiec anemia,
and various forms of leukemia, which usually show an incre-
ased fragility but never to the same decree as in this
condition. Fatients with hemolytic jaundice occasionally :
may show a normal fragility of the red blood cells.
Ascording to Dawson(7), Gansslen reported that in 10 per
cent of his cases of acholuric jaundice, there was no in-
crease of fragility, and 5 cases of his own series, showed
normal fragility. ZEast(50), in 1935, reported a case of
hemolytic jaundice with & normal fragility. Piney(51) be-
lieved that in all cases of acholuric familial icterus
there was a general‘decrease'of resistence of the red
corpuscles. FOne‘probably can safely séy that an inere-
ased fragility is necessary for an accurate diagnosis of
this disease and those cases showing & normal fragility
of red blood corpuscles, with other clinical.signs of
hemolytic jaundice, probably fall into what is termed

the "waste basket" group of anemias.
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The cause 6f the increased fragility is obscure.
Doan &t al(8), have shown the phenomena of erythroeyvte
fragility to be inherent in the red»cells themselves and
not secondary to any abnormalityvin the plasma. Haden
(47) has shown that the spherocytes of hemolvtic jaund-
ice are similar to the globular‘shape of normal erythro-
cyfes that have been placed in hynotonic salt solution
just before the point of hemolwvsis. For this reason, he
believed there was a direct relation between the increased
thickness of the cells and the increased fragility.
{néreased frégiliﬁy may vary in the same or different pat-
ients(5,7,8). The degree of fragility appears to h-ve
no relationship to the severity of the anemia, or to the
Jaundice, or to the splenqmegaly(5,7,19).

Dawson(7) mentioned, and Thompson(53) reported a
case of hemolytie Jaundice in which the fragility of the
red blood cells increased after splenectoﬁy. Thompson
(5) attributed this increase in fragility to the‘fact
that after splenectomy, moreAfragile eorpuscles may cir-
culate in the blood stream, since thevaill not be re-
moved by the spleen. |

In normal blood, and even more in anenias, it is
. possible to find a number of red corpuscles in which,
with so.called vital staining; certain basophilie

structures can be demonstrated(5l), These red blood
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cells, with basophilic propefities, are called reticulo-
cytes. According to Thayer and Morris(6), Chauffard -first
described the reticulocytes, énd called them "granulo-
retieulo-filamentous”(17). Brilliant cresyl blue is

the most satisfactory stain used to demonstrate this
reticular material in the red blood cells. in normal

" -blood, the reticulocyte count varies from 0.1 to 0.5

per cent of red cell's, and cocunts above 1 per:cent are
considered abnormil. In hemolytie jaundice, the retic-
ulocvte count ususlly runs between 5 to 15 per cent, dHut
mav reach 40 to 6C per oent; no other disease gives such
high findings(S), Higher percentages of reticulocvtes

have been reported. Baty(54) repdrted a case of hem&lytic
jaundice with a reticulocyte count_of 70 per cent. Reynalds .
(55) reported a case who had 95 per cent reticulocvtes, and
Doan, et al(8), reported a casé having 100 per cent reticu-
locytes. It is interesting to note that in these cases,
the fragility of the red blood cells was at or near normal,
Cheney and Cheney(4) stated that when reticulocytes, which
are more resistant, were present in large numbers, the
fragility of the red cells may be within normal limits.
According to Héwksley and Bailey(9), reticulocytes are

also of greater diameter than mature efythrocytes, thus,

a fall in reticuloecytes from a very high level may be

accompanied by a faIl in mean diameter. Thayer and Morris



(6) believed that this phenomena was simply an indication
of active blood regeneration, but there were apparently
few conditions in which the frequency of these granular
corpuscles compared with that in hemolytic jaundice.

This fact seems to give them a real diagnositc value.
Sharpe(5) regarded the-reticulocytes as evidence of

active bone marrow regeneration, in which young cells‘

have reached the c¢ireulation in an immature state.
Haden(47) believed the reticulocytes to be an»expressiﬁn
of an over-stimulated bone marrow in attempnting t6 comp-
ensate for the rapid destruction of ervthrocytes. Ret-
iculocytes may inérease in the same patient from time

to time, coincident with "erises", falling again ﬁo lower
figures during remissions, even below 1 per cent, as in
normal blood(4). It can definitely be stated that during
the period of marked anemia’'in these patients, the number
of reticulated corpuscles is high, but there is, never-
the-less, no strict relationship between the number of these
elements and the degree of anemia, as is shown in some cases
with large numbers of these corpuscles and practically

no anemia(51). Leiis (56) believed that a low reticulo-
cyte count which remained'consisténtiy low, even'though

the patient was in é crisis, probably indicated an aplastic
condition of the bone marrow. Piney(5) believed that vper-

iods of more intense jaundice are accompanied by an increased
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number of reticulocvtes, although: the anemia does not
necessarily increase. He further stated that it can
justly be presumed that any case of jaundice in which
reticuldeytes were not inereased in number was not due
to hemioysis. The reticulocyvtes rapidly return to
‘normal foilawing splenectomy(57).

Polychromasia although not in$énse it mosf marked
during periods of severe anemia(51). It is well known
that staining with simple solutions of methvlene blue
shows slight degrees of polychromasia more distinctly
than does any other method, and if this stain is used
it is possilbe to find some polychromasic red corpuscles
even at times when other stains do not reveal them(51).
In stained smears of the blood, the red cells varybmuch
in size (anisocvtosis)(4). The anisocytosis is a more
constgnt feature of stained blood smears than the polv-
chromasia(51). There is no adequate evidence that poiki-
loeytosis ever occurs(51).

Nucleated red cells (normoblasts) can usually
be found, but. the number seen will, of course, depend
upon the time spent hunting for them; it is rare to
find more thén 1 or‘2 per cent of the erythroblasts(5l).
These nucleated red cells may temporarily increase in
number following splenectomy(53,58). Morris (26) found

nuclear particles in the red blood cells following
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splenectomy. He suggested that there may beAsome rela-
tionship betﬁeen the occurrence of these nuclear part-
icles in the erythrocytes and complete or partial loss
of splenic funetion. Piney(51) believed that nuclear
remnants, such as Joly bodies, were found ju§t abouf as
infrequently as were normoblasts and in some cases were
absent for considerable periods of time. Cabot rings,
“usually found in slightly polychromasic - corpuscles are
found in the red blood cells of a small ﬁumber of these
patients(51). According to Piney(51) these characteristies
must be regarded as evidence of intensified hemgtopoietiec
éctivity,(possibly of a slightly atypical nature.

The leukoeyte blood picture may be normal, or
there may be a considerable leukocvtoéis with a shift
to the left of the neutrophilic series(5). Cheney ahd
Cheney(4) stated ﬁhat the white blood cells were usually
normal but that during a "crisis" and in exceptiénal
cases a white blood count of 20,000 to 30,000 may be
found. Thaver and Morris(6) believed that the diff-
erential count showed nothing remarkable beyond evidence
of increased marrow activity as manifested by a high
pereentage of eosinophiles and the occasional presence
of myelocytes and nucleated red cells. Poynten(35) .
also believed that there was some inerease in the number

of leukocytes, especially during attacks of "crises"”.
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Piney(51) was of the opinion that either a leukocytosis
or a leukopenia may occur, butAusually the number of
white cells was about normal. He also believéd that

it was quite common to find a slight degree of mono-
cytosis and a few myeclocvtes and that during'"érises"
there were often a neutrorhilic leukocvtosis and an
increase of myelocvtes, As the anemia increases the
leucopenia becomes more marked(8). Fron these opinions
we can safely say that the leukocviic bloqd pieture shows
nothing characteristic to this disease aﬁd is only of
value in eliminating other blood dyscrasias,

A”During the course of the disease the platelet count
is normal(5). Cheney and Cheney(4), stated that the
blood plateiets,usually were normal or increased but rarely
were decreased im numbexn, Paxton(45),‘believed_that dur-
ing the disease pracess the platelet count was normal,
but as in all cases in which the spleen was removed a
remarkable increasc in the platelet count to 700,000
or 800,000 per cubic millimeter, occurred and was there-
after followed by a gradual return to normal numbers.,

Gallowav(59), also found an immediate and great in-
crease in number of circulating blood platelets, that
reached their.highest tevel in the eleventh day follow-

ing splenectomy but in his series they still remained

~
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much above the preoperative level even after one year.
Bleeding and clotting . times were normal in hemolytic
jaundice patients(5).

Since jaundice is one of the cardinal symptoms of
the disease, icterus is obviously a very important fea-
ture. The jaundice is usually of moderate degree, vary-
ing from a pade lemon hue to & well marked golden yelloﬁ
(6). According to laboratory methods of diagnosis, an
interic index of above normal is found, but it is rarely
above 30 (5). The normal icteric index values are 4 to 6
either in adults or children (60). “The fan-den-Bergh is
indiréétiy positive and may»reach as hich as 5 to 6 units,
the normal being 0.5‘of‘bne unit(4). Osgood and Haskins(so)
gave normal indirect Van-denéBergh estimations of 0,05 to
0.25.milligrams per 100 cubic centimeters. A direct
reaction indicates abstructive jaﬁndice and is usﬁally
.associated with a high indirect reaction and an increased
icteric index(60). An increased indirect reaction occurs
in all typés of hemolytic iecterus whether latent or
obvious, (60) Osgood and Haskins(so)‘believed thét since
the Van-den=-Bergh. reaction depended upon the concentr-
ation of biiirubin in the blood stream, father than:on
the modevof production of the increase, it added littlé
if any information to that derived from the}icteric index.

Cases of Jaundice are separable, on the basis of
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pathogenesis into two main ty@es(zs). Retention jaund-
ice, which results from an over production 6f bile pig-
ment, usually associated with conditions, (anoxemia, ‘
fever, and immatufity), which tends to rendér the execre-
tory power of the liver subnormal, and leaving enough
bilirubin in the blood to stain the tissues(28). This
form of jaundice is characterized by (a) indirect re-
scting plasma bilirubin, (b) inereased amounts of fecal
urobilin; and (o) urobilinurié(ze). The second, regurgit-
ation jaundice is.caﬁsed by a reflux of whole bile from the
canaiiculi into the blood stream and is charactefized by
(a) direct reacting plasma bilirubin, (b) subnormal amounts
of fecal urobilin, and (¢) the presence of bilirubin and
bile salts in the urine(28).

Retention jaundice in it's pure form, as seén in
hemblytié Jaundice, gives an indirect Van-deh-Bergh re-
action, because the bilirubin of the plasma has never -

- passed through the liver cells and is theréfore not

mixed with the constituents of the bile(28). The stoolé
contain‘an inereased amount of urobilin because of the
increased production of bilirubin. The liver is excreting
more of thé piegment than normally, even though it eannot
excrete enough of the excess to prevent jaundice.(28)

The uriné contains an inefeased amount of urobilin, but

no bilirubin; and it is free from bile salts, because
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bile salts are formed in the liver and aré absent from
the urinerunless they escape into the blood stream(28).

In regurgitation or obstructive'jaundice, the
plasma bilirubin gives the direet Vﬁn—dehRBergh reaction,
because the bile canalicqiiAare altered in such a way
that whoie bile escapes into the blood stream(28). The
stools contain less urodbilin than normal, bacause the
passage of bilirubin into the intestine is hindered,
either by obstruction of the duets, or by neerosis ass-
ociated with rupture of canaliculi, which allows the bile
tc leak into the blood stream(28). The urine contains
bilirubin, since the direct reacting plasma bilirubin esc-
Apes into the urine. Bile salﬁs are usually present in
the urine, because in this form of jaundice, whole bile
finds its way into the blood and urobilinuria may occur,
depending upon the balanée between the amount of pigment
reaching the intestine and the degrée of damage to thé
liver(28).

From the above discussion, it is easy to see that
laboratory findingSvin retention jaundice are quite
the reverse of those found in regurgitation jaundice.
Retention jaundice is commonly known as hemolytic jaun-
dice And regurgitation jaundice is known as obstructive
jaundice. The follwoing table taken from Rick's(28)

report on the pathogenesis of the forms of jaundice,
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will further serve to differentiate these two types of

jaundice:
Urine .
BITirubin Bile salts Uropbilin
Retention jaundice _i ' o +
Regurgitation jaundice + '$
Blood Feces
Van-den-Bergh Urobilin
Retention jaundice Indirect Increased
Regurgitation jaundice o Direct Decreased

In hemolytic jaundice, thére is an excess des- -
truction of red Blood cells, which gives the retention
type of jaundice in this disease. Jaye(6l) stated that the
indirect Van-den=Bergh was simply a-quantitative estim-
atiom of blood biiirubin: He ga&e normal figures as 0.1
to 0.5 milligrams pér 100 cubic centimeters of blood. The
origin of the_bilirubin*is from the broken down red blood
éells. By cataboliém, the hemoglobin content is converted
into globin(protein), and hematin(an iron dontaining comp-
ound) (61). Hematin is then changed by the cells of the
reticulo-endothelial.system to bilifubin; the iron of the
compound being utilized by the bone marrow in the form;
ation of the new red cells(B8l). The liver removes most
of this pigment from the blood and secretes it as-one
of the eonstitﬁents of the bile. If there is no liver
.damage, if can always keep pace with the increased amount

of bilirubin brought by the blood(61). Bilirubin, when it
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reaches the bowel, is changed to urobilin or urobilin-
ogen(61l). Part of the urobilin is reabsorbed and the
remainder is lost in the stools. After a certain conc-
entration is reached in the blood stream,‘urobilin is
excreted by the kidheys. Normally,-tests for urobilin-
ogen are positive in the urine in dilutions up to 1 to
20,(61)., Beyond this dilutioh,'the finding of urobil-
inogen in the urine is pathological and indicates an
increased urobilinogen content in the blood. According
to Joye, (61) fhese findings are to be anticipated in
hemolytie jaundice, since increased blood destruction re-
sults in increased bilirubin content of the blood, ﬁhichv
accounts for the jaundice.' increased bilirubin of the
blood means increased bile pigment fo be excreted by the
liver; +ncrea§ed bile pigment in‘cpntact with.the bowel,
becomes inéreased urobilinogen of the bowel content, and
whén absorbed, it becomes urobilinpgan,bf the blood
stream. Eventually, wﬁen excreted by the kidneys, there
is an exceésive amoﬁnt of urobilinegen in the urine(6l).
According ‘to Cheney ahd Cheney(4), darkening of the
urine is char=cteristic in obstructive jaundice, but in
hemolytic jaundice the urine ié usuallv normal. If the
urine is dark, bile pigment is absent. Minkowski called
the disease "acholuric jaundice" for that reason(4).

Bilirubin may at $imes by found in the urine during
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"orises” (4). Thayer and Morris(6) stated that the ﬁrine
was rather a high color, often brownish or mahogany hue,
but free from bile. 'They;howeve;;agreed with the fsct
. thet urobilin was usually demonstrable in the urine. An
abundance of urobilin in the intestine keeps the feces
their usual color or even darker than normal(4). Sharpe(sj'
also believed that the stools And urine might be highly
-colored owing to the increased urobilin excretion, If
at any time, in the course of chronie hereditary hemo-
lytic jaundige, bile is found in the urine and nbne in
the stools, a complicating obstructive jéurdicé, due to
gallstbnes blocking the common duct, should be smspected(4).
Following splenectomy, the jaundice disappears al-
most‘immediately(7,$6). Freund(62) reported six cases of
hemolytie jaundice in which theAjaundice and other cliniec-
al signs.continued following splenectomy. Glover and
Fargo(52) attributed the persistence of symptoms lelow-
ing spleneetomy to the presence of accescory splenie
tissue in the abdomen, that7may take over the function
of the removed‘spleén.' Elliot(63) reported a case of
hemolytic jaundice that remained jaundiced following
‘splenectomy. He stated that in the absence of choluria
and cholemia, the jaundice was interpreted as being due
to the vital staininge of the tissues, resulting froh

54 vears of continued jaundice. His case remained
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clinically well except for the Jdundice following splen-
ectomy.
Transfusions tend t& increase the jaundice and

cause an anemia as a result of blocking of kidney
‘tubules by masses of hematin pignent(5,7). Hartfall
and Stewart(64) attempted to prepare a case of hemolytic
jauﬁdice for sﬁrgery with blood transfusions. The |
- patient became more deeply jaundiced and died within 24
hours. We can justly say that transfusions are not in-
dicated as a therapeutic procedure in this condition, and
especially as a preoperative treatment where splenectomy
is contemplated.

| Gastric analvsis shows a normal. amount of free
acid in the stomach contents(5).

The spleen is usually enlarged, weighing between

500 to 1500 grams(5). It is usually easily removed at
operation, being relatively free from adhesions(65). Oﬁ
section, the fresh Spleen presents a uniform and fairly
characterisfio appearance(65). The cut surface is relative-
ly dry and it is of dark purplish-red color, hemogeneous
in texture and‘bﬁldging slightly above the capsuie. The
malpigian bodies are not seen(65). Thompson(65) believed
that a diagnosis of hémolytic jaundice may be made from
the microscopic study of the spleen alone. He gave the

following microscopic desceription of the spleens removed
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at 6peration and at autopsy: "The malpigian bodies are
small and»widely separated. The venous sinuses are
enlarged, widely dilated, and frequently empty. The

sinus endothelium is prominent, the outlines of these
cells b&idging into the lumen of the sinuses. The pulp

is a mass of closely packed red cells and this diffuse
infiltration is the most striking feature of the mierosco-
pie appearance. There is no increase Qf connective tissue
and no visible inerease of iron pigment. ‘The so called
iron crustations‘are frequently incountered, being usually
within the trabeculae. There is no visible evidence of
phagocytosis of the red cells and , except for an occ-
asional lymphocyte, oné finds nothing but red cells_d;s-
tending, distorting and dilating the pulp". Thayer and
Morris(6) stated, "that there was a marked congestion of
the épleen especially confined to the‘pulp. This engorg-
ement was a rather striking contrast to the relative em-
ptiness of the sinuses. There were few macrophages in

the splenic pulp and more in the sinuses. The endo-
thelial cells were filled with iron containing pigment".
McNee(13) also pointed out that the spleen of these cases
was seldom enormously enlargéd, but had a most character-
istic histological structure, quite unlike that of any

other form of éplenomegaly. fig stated that by staining
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sections for iron by the Prussian blue method, it was
possible to separate the spleens that were removed dur-
ing an active or inacfive stage of the disease. In
the active stagé, hemosiderin is abundant, 1lyving chief-
ly within the reticulo-endothelial cells of the pulp and
in the large endothelial phagocytic cells lining thé
blood sinuses(13). In the inactive stage of the disease,
stained‘splenic tissue shows bractically'an absence of
iron pigment(13). Vaughn(19) believed that iron was
found as a granularbor a diffvuse impregnation of the
elastic, collogen and reticulum fibers of the spleen.
When considerable iron was found between the impregnated
fibers, densily fibrotic Gandy~éamma nodules were ultim-
ately formed(19). These Gandy-Gamma nodules appeared
to be due to hemolysis, independent of hemorrhage(19).
érossly, the bone marrow presents the appearance
6f a very active state(5). The bone marrow is hyper-
plastie becaﬁse of the demand fo; red célls in this dis-
easé(s); Cheney and Cheney(4) stated that the bone
marrow was simply overworked, but condemned by the heredi-
tary factor to put out fragile erythrocytes. In the stage
of exhaustion, the mérrow becomes more normoblastic and
eventually shows a téndency towards megaloblasts(7). Dud-
ley(66) also showed that the hyperplastic bone marrow

was-chiefly normoblastic in character. Vaughn(1l9) has
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observed megaloblastic changes. Sharpe(5) reported a
case in which a sternal biopsy was done Before, and
. one month after splenectomy. The bone marrow follow-
ing operation was still moderately hyperplastic.

Extra medullary bone marrow has been found in
cases of hemolytic anemia, Dawspn(?) found nodules
of eztopic bone marrow in the costo-vertebral angle of
one of his patients with hemolytic jaundice. Brannon'
(67) reported the occurrence of a large kidney sized
mass of bone marrow tissue in the thorax of a man who
dieé of hemolytic jaundice. The spleen had been removed
sometime before death in this man, XExtra-medullary bone
marrow has also been found in other sites in the body,
such as, the kidneys, suprarenal glands, broad ligaments
and organizing thrombi. Breamnon(67) believed th&t extra
medullary hematopoiesis was a fairly common finding in
certain anemias of infancy and childhood, and large tumor
like growths of hematopoietic tissue particularly occured
in the hilus pf the kidney. This tissue, microscopically,
was composed of all the blood forming cells except the
large mononuclear, transitional or endothelial célls(67).
A few lymphocytes have been found, but these eells have
no conspicious part of the red masses(67). Hartfall and
Stewart(64) deseribed these extra medullarv masses as

foldows: "Heterotopiec tumors show the structure of
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acti&ely erythroblastic bone marrow. The preponderéting
cells.are unquestionably the red blood corpuscies, of
which nucleated and non-nucleated forms are about equally
numerous. Here and there,igroups of very émbryonic nuc-
leated red cells are seen with deeply basophilic ground-
glass cyfoplaam and large vesicular nuclei. They occur
both singly and in small groups. The great majority of
the nucleated red’cells present are, however, normoblasts,
often with small deeply staining pyknotic nuclei. »Celis
of the neutrophilic granular series, both matufe and’im»
mature, are present in large numbers and there are many
eosinophil cells, most of them mononucleated. Typical»
megakaryocytes are .present in small numbers,‘but no mast
celis are seen," The marrow of the bodies and processes
of the vertebrae and the ribs in Hartfall and Stewart's(64)
cases, was of deep red orAmaroon color and somewhat less
‘dark than that of the paravertebral tumors.

Saleeby(68) believed that the occurrence of tissue re-
sembling bone narrow in positions other than in the bqny
cavitieé, was uncommon and was usuélly found associated
with bone, as a result of chronie inflammation, or appear-
ing in some other organ of the hematopoietic system, as
a result of a neéd for more blood cells in the eircul-
ation. Brannon(67) stated that it seemed logical to

assume that, because of insufficient blood production,
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a reversion béek'to foetal type of blood production may
occur., He believed that since we have established evid-
ehce of the normal formation of blood outside the bone
marrow during extra-uterine life, it seemed most pro-
bable that this ofiginal funetion of therliver, spleén,
lyrmph nodes, thymus, and other tissues, may in life, when
adequately stimulated again; assume a part of the load

of blood production. Pauz, qﬁoted by Collins(69), stated
that bone marrow foﬁnd in:his cases in the éupra renal glands
arose from'preexisting bone marrow found there at the time
of birth.

- The liwer may show a slight degree of fatty degen-
eration(lé). Vaughn(19) found granules of iron infiltra-
ting the centers of the heratic columns, with but little
infiltration in the Kupffer cells. Vaughﬁ(lg) also noti-
éed that ervthroblasts and bccasionaly'myelocytes may be
found in thé sinusoids.- Glover and Fargo(52) observed that -
in long standing cases hemosiderosis of the liver, kidneys.
and lymph nodes may be seen. kUsually, however, it is rare
to find any définitelpathologipél abnormalify of the liver
(4) except for the high inéidence of cholelithiasis of
the pigment type, due to the persistent hyperbilirubin-
emia(5). |

The kidneys, lymbh nodes, and other‘organs do not

show any important pathological cechanges, althourh in a
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Tew instances, variable degrees of pigmentation have
been noticed(5). Vaughn(19) stated that the kidneys
may show a variable number of hyaline’and a lesser
number of pigmented casts. | ,

Vaughn(19) gave the following microscopic des-
eription of the ulcers, found usually on the legs of
these patients: "The ulcer is deeﬁ and almost reaches
the subcutaneous fat, the base being formed by a narrow
layer of dermis, which is moderately infiltrated with
neutrophil leucocytes and shows areas of superfical ‘
necrosis, The margin is high and overhanging. The
epidermis extends over the upper one third of the-ulcer;
beneath this it is superfically nécrosed. The dermis
for a considerabde distanée behind the margin is densily
infiltrated with plasma cells and contains numerous
macrophages loaded with granules of iron, whilest its
vessels are greatly engorged. TFor a wide digﬁance be-
hind this all the dermis except a narrow zone’at its
base is replaced by'a.cellular fibullar scar tissue.
There ié no endarteritis.”

A rathgr typical case:of hemolytiec jaundice may
well illustrate the more important of the clinical and
pathological fihdings in these patients. Elsie(70)
reported this case as follows: "The patient, a girl,

12 years of age, was first seen three years before by
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Dr. Russell Keiser in a routine school examination. At
that time Dr. Keiser fourd an enlarged spleen and a red
~cell count varying from 1,620,000 to 2,840,000. The hemo-
gloﬁin was 32 per cent at one time and 35 per cent at an-
other time, and the leukocytes varied from 11,400 to 15,200.
In differential count, the polynuclear ne trophils were
63.6 per cent, lymphocytes‘29.9 per cent, large mononuc-.
lears 1.5 per cent, eosinophils 1l per cent, and myelocvtes
4 per cent. There were’a.few nucleated red cells present.
The patient was again seen at the Elsie c¢linic in

March 1932, at which time she stated that she had been

in good health, had no complaints, but had not gone %o
sehool for three years, being kept out because of her
condition. She stated that her paternal grandfather was
dead and that he had had a large spleen. Her father was
living and well at forty-eigzht reérs of are and also had
a large spleén. No other family histéry of importance
could be obtained.

| Physical examination revealed a well nourished girl
with pale skin. The physical examination was entiiely
negative except for a markedly enlarged spleen and mildly
icteric scléra. The spleen was firm and moveable. The
liver margin was felt at the costal margin, the edge was

sharp and firm. The hemoglobin was 43.6 per cent, 6.91 grams
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red blood cells 2,960,000, color index 0.71, volume index
0,63, icteric index 25, white blood cells 8,800, poly-
nuclear neutrophils 62 per cent, eosinophils 3 per eent,
small lymphocyvtes 23 per cent, monocytes t per cént, and
staff cells 9 per cent. Fragility began at 0.60 and ended
at 0.38, cell volume 15,97, nﬁcleated»red cells 3 per cent
anisocytosis two plus, polychromatophilia two plus, reticu-
looytes 20 per cent, blood platelets 202,000, coagulation
time three minutes and bleeding time three minutes.

On March 21, 1932 a splenectomy was done. The day
following opération her hemoglobin was 100 per cent, red
blood cells 5,490,000, white blood cells 38,000, poly-
nuclear neutrophils_?S per eent, small lymphoeytes 4 per
cent, monocytes 3 per eent, staff cells 20 per cent, anis-
ocytosis one plus. On discharge from the hospital the
blood showed hemoglobin 86.5 per cent, red blood cells
4,620,000, white blcod eells 12,900, polynuclear neutro-
phils 45 per cent, eosinophils 5 per cent, small lymph-
ocytes 47 per oent, monocytés 2 per cent, staff cells 1
per cent, anisocytosis one plus. Fragility began at 0.56
and ended at 0,32,

Df. Karl Martzloff examined the spleen and reported
that it measured 5.5 centimeters by 12 centimeters by 20
centimeters. It weighed 770 grams. It was firm, ﬁhi-

form in consistency and the capsule purple to bluish
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gray in:ceolor. On section it cut with resistence and
presented a dark réd surface with grayish strands. Micro-‘
scopic examination revealed a nearly complete absence of
the malpighian bodies and the normal splenic appearance.
The sinuses were filled with blood., Occasional poly-
nuclear, eosinophils, and -giant cells were present. Lymp-

hocytes were absent.” .
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CONCLUSIONS
l. The etiology of hemolytic jaundice is obscure. Theo-
retrically, the most logical cause of the disease is the
~inherited abnormal red blood cell. 7
2. Hemolytic jaundice is an inherited disease. We prob-
ably can justly say that the more closely hemolytic
jaundice is studied, the more do we doubt, as to whether
in a striet sense; an acquired form of the disease exists.
3. The diagnosis is easy in typicai cases, but the ab-
sence of one or several of the typical signs of the dis-
ease, latent cases, and complications, which are not un-
common, many times meke the diagnosis difficult.
4. The cardinal signs of the disease are jaundice,
splenomegaly, microeytosis, increased fragility and
a hereditary background.
5, Hemolytiec jaundice may be complicated by chole-
lithiasis, bone changes, ulcers of the legs, pregnancy,
éxtraﬁmedullary bone marrow, and "acute hemolytic crises".
6. 8Splenectomy cures most of these patients clinieally,
but a micerocytosis and an increased fragility of the red -
cells persists.
7; Tfansfusions are not indicated and may exaggerate the
conditon or prove fatal in certain cases.
8. The diagnosis of hemol?tic jaundice may bé made from

the microscopic examination of the spleen alone.
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9. There is nothing characteristic pathologically in
the other organs of the body, except for a high incid-
ence of pigment cholelithiasis and iron pigmentation of

some of the organs in chroniec cases.
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