
THE EVENTS IN THE HEMOLYTIC CRISIS OF HEREDITARY

SPHEROCYTOSIS, WITH PARTICULAR REFERENCE TO

THE RETICULOCYTOPENIA, PANCYTOPENIA AND

AN ABNORMAL SPLENIC MECHANISM

By WILLIAM DAMESHEK, M.D. AND MARVIN L. BLOOM, M.D.

H EREDITARY spherocytosis (familial hemolytic jaundice), although a

chronic disease of varying severity, at times takes on the aspects of an acute

illness. The patient, previously in fairly good health, suddenly experiences malaise,

vomiting, fever and nausea. Examination reveals an unusual degree of pallor. In

severe instances, a varying degree of shock is present. For these acute episodes, the

designation of ‘hemolytic crisis” has long been used.

The cause of the crisis has not been determined. If the disease is due simply to

the production of abnormal red cells, i.e., spherocytes, and their removal by an

essentially normal spleen, the crisis would have to be explained by a sudden great

increase in maldevelopment of the bone marrow red cells. This is hardly likely.

Both Doan13 and Heilmeyer2#{176} have postulated that the spleen is largely at fault,

becoming unusually active during the crisis. In a previous report of three cases of

crisis occurring successively in members of the same family, one of us6 noted

a consistent reduction in leukocytes, platelets and reticulocytes. It was speculated

that this might be due to an unusual degree of splenic activity with inhibitory

effects upon blood formation in the bone marrow. In a more recent article, Ow-

ren38 emphasized the pancytopenia and particularly the reticulocytopenia. He sug-

gested that the crisis could not be considered as hemolytic but was actually aplastic

and stated that no proof of the hemolytic nature of the crisis was available. The

possibility that hypersplenic effects might be present was discounted.

Our observations in seven cases of hemolytic crisis have led us to conclude that

the crisis is due to the combination of (i) a marked exaggeration of the usual

hemolytic mechanism with (2.) arrested maturation of red cells in the bone marrow

induced by a pathologically hyperactive spleen. The marrow in crisis shows not

aplasia but rather maturation arrest of the nucleated red cells at the most primitive

or erythrogone level. The dramatic and almost immediate effects of splenectomy,

with the sudden outpouring of red cells, leukocytes and platelets indicate strongly

that the marrow is fundamentally normal but that the spleen has exerted marked

inhibitory effects.

It seems likely that the spleen, primarily a passive organ which removes sphero-

cytes selectively, at times becomes unusually active, thus leading to both excessive
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1382.HEMOLYTIC CRISIS OF HEREDITARY SPHEROCYTOSIS

phagocytosis and to hypersplenic inhibitory effects upon the marrow. The crisis

may become so dangerous to life that emergency splenectomy may be required.

Following splenectomy no further crises develop.

METHODS

Hemoglobin. For the most part, photoelectric colorimeter methods#{176} were used, utilizing the Cenco and

Evelyn instruments. Fifteen and six tenths grams per ioo cc. of blood were considered as the standard

of ‘ ‘ ioo per cent’ ‘ normality.

Serum bilirubin. The method of Malloy and Evelyn27 was used with determination of prompt and

“indirect” types. Values of less than i.o mg. of bilirubin per ioo cc. were considered normal.

Fecal urobilinogen. The average daily urobilinogen output, in a four day stool collection, was deter-

mined by the method of Watson.49

Reticulocyte and platelet counts. These were performed in the same preparations by the method of

Dameshek .�
Free erythrocyte protoporphyrin. This was determined by the method of Grinstein and Watson17 after a

period of observation and practice by one of us (M. B.) in the laboratory of Dr. Cecil J. Watson, Uni-

versity of Minnesota Medical School. The number of extractions performed was in direct relation to the

amount of fluorescence seen.

Plasma or serum iron determinations. The method of Kitzes, Elvehjem and Schuette24 was used.

Immunobematologic studics. Methods for the detection of circulating antibodies, including the use of

bovine albumin as a diluent, were utilized as described by Neber and Dameshek.36 Erythrocyte survival

time studies were determined by a modified Ashby technic.

Hypotonic fragility. The hypotonic fragility was determined in the earlier cases by the method of

Daland and Worthley.9 More recently, particularly in case B. S., the photoelectric method of Suess,

Limentani, Dameshek and Dolloff44 was used.

REPORT OF CASES

In 1941, one of us6 described three cases of hemolytic crisis which occurred within the same family

during a ten day period. These two brothers and a cousin, all of whom lived in the same household, had

in common a seventy year old grandfather who was known to have congenital hemolytic icterus. The

latter’s son, who was the father of the first two patients, also had the disease.

Case i. D. C. M. md, aged ii, had been known to have chronic jaundice, anemia, and splenomegaly

for several years. Mild recurring attacks of fever, weakness, pallor, and increased icterus had occurred

about three times annually. On April 13, 1938, the patient suddenly developed pain and vomiting. On

the following day jaundice and pallor were noted. Physical examination revealed an acutely ill boy, evi-

dently in mild shock, who showed marked pallor and slight icterus of the sclerae and skin. The temper-

ature was 103.5 F., the pulse rate 110-140 per minute. There was moderate splenomegaly, the spleen

being felt 3-4 fingerbreadths below the left costal margin.

Examination of the blood showed hemoglobin, 36 per cent (Sahli); R.B.C., 1.15 M, W.B.C. 3800 per

cu.mm. The red cells showed extreme spherocytosis and the average red cell diameter was 5.63 microns.

On April i6 the red cell count had dropped to i.oi M and an emergency splenectomy was decided upon.

The patient was then given large (probably excessive) amounts of intravenous fluids and blood both

before and during splenectomy. Immediately following operation, he developed pulmonary edema and

expired.

Case 2. R. M. Jr. was a Ii year old boy and the brother of the first patient. Like his brother, he had

been known to have had congenital hemolytic icterus for several years. He too had had several episodes

(in the spring as a rule) of marked pallor and icterus associated with fever and malaise. On April mi, 1938,

he developed fever, malaise, headache, and left sided abdominal pain. On the following day he was dizzy

and weak. Physical examination revealed a temperature of 103.6 F., pulse rate imo/minute, the general

appearance of acute illness, extreme pallor, slight jaundice, splenomegaly, and grave anemia. The hemo.

globin was 30 per cent (Sahli) and the red cell count i.mm M. The white cell count was 3000 per cu.mm.

Extreme spherocytosis was seen and the hypotonic fragility showed beginning hemolysis at 0.64 per
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cent NaCl;hemolysis being complete at 0.34 per cent NaCI. At the height of the crisis, it was noted that

the reticulocytes numbered only 0.4 per cent. Three transfusions at four hourly intervals were given on

April 2.3 with a resultant rise in hemoglobin to 70 per cent and in erythrocyte count to 3.3 M. Although

clinical improvement was noted on the following morning, fifteen hours later, the red cell count had

dropped to m.�6 M. Splenectomy was then performed. The next day, sharp increases in both the hemo-

globin and erythrocyte levels were noted. Upon discharge from the hospital on May 6 the hemoglobin

was 98 per cent and the red cell count 4.46 M. The subsequent course has been uneventful (see table s).

Case 3. Marjorie MeN., aged �, was the cousin of the first two patients and lived in the same house-

hold. Like the others she had been known to have congenital hemolytic jaundice and had had several

episodes of apparent hemolytic crisis. On April 2.2, 1938, she suddenly developed malaise and fever and

complained of lower abdominal pain and headache.

TABLE i.-Hematologic Data, Case 2 (R. M. Jr.)

Examination revealed an acutely ill little girl, with marked pallor and slight icterus. The temperature

was 103 F. and the pulse rate imo per minute. The splenic edge was palpable one fingerbreadth below

the left costal margin.

The hemoglobin was 35 per cent (Sahli). The red cell count was 1.7 M and the white cell count �ooo

per cu.mm. There was marked spherocytosis and the hypotonic fragility test showed beginning hemolysis

at o.8o per cent with complete hemolysis at 0.30 per cent. On the following morning, still at the height

of the crisis, only 0.7 per cent reticulocytes were found.

Two transfusions, of 300 cc. each, were given on April m6 and 2.7, following which splenectomy was

performed. The spleen weighed 350 grams and showed extreme congestion of the pulp. Convalescence

was uneventful. On May 4, the red blood cell count was � M, the hemoglobin 93 per cent and the

white cell count 10,100 per cu.mm. The subsequent course was characterized by a definite increase in the

mean red blood cell diameter and a diminution of spherocytosis, although an abnormal hypotonic

fragility persisted. The subsequent course has been uneventful (see table m).
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rare �. Mary D. S., a 37 year old housewife, was admitted to theJ. H. Pratt Diagnostic Hospital on

April 14, 1944, complaining of marked weakness. Pallor had been noted since December, 5943, and the

patient’s husband had remarked upon the presence of scleral icterus for about a year. She had been asymp-

tomatic, however, until April 8, 1944. At that time she developed malaise, generalized arthralgia and a

shaking chill.

Examination revealed moderate fever, jaundice and slight stupor. The pallor became increasingly

prominent and was associated with increasing weakness. On admission to the hospital there was barely

perceptible icterus, a few petechiac in the region of the uvula and soft palate; and slight lymphadenopathy

in the axillae. The heart showed a forceful apical impulse; and appeared somewhat enlarged to left. A

grade II systolic murmur was heard at the apex and was transmitted to the base of the heart. The liver

edge was tender and palpable 3-4 fingerbreadths below the right costal margin. The splenic edge was felt

3-4 fingerbreadths below the left costal margin. The blood showed hemoglobin, 5.3 Gm. � per cent);

R.B.C. s.� M; W.B.C. 6600; reticulocytes 0.3 per cent.

TABLE m.-Hematologic Data, Case � (M. McN.)

Transfusions totaling 900 cc. were given without reaction and the fever gradually subsided by the

sixth hospital day. The reticulocytes rose to 5.4 per cent on the fifth hospital day. No abnormal circulat-

ing antibodies were found in the serum (salt solution used as the diluent).

Splenectomy was performed on April m�, 1944. This was followed by an uneventful recovery. The

patient was seen last on July 3, 1947, at which time she was in excellent health. Blood studies were

completely normal except for persistent spherocytosis (see table 3). Hemoglobin was 11.9 Gm. (83 per

cent), R.B.C. 4.2.2. M, hematocrit 38 per cent, M.C.V. 90, reticulocytes o.8 per cent, platelets 1.73 M,

and W.B.C. 12,100 per cu.mm. The serum bilirubin was 0.3 mg. per cent (indirect).

Case .#{231}.H. C. a 54 year old white boy noted vague malaise about March so, 1946. He complained of

severe headache and took a patent medicine containing acetanilid with some relief. On March i6 he

suddenly developed sharp pain in the right lower abdominal quadrant, cramp-like in nature, and per-

sisting for several hours. On March 17, the patient felt considerably improved but on March 19 an acute

episode of vomiting occurred. On March mo his physician noted fever of 104 F., a severe nonproductive

cough and marked flushing of the skin. The patient was admitted to the hospital on that day.
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On admission, he was acutely ill, and appeared weak, flushed and slightly cyanotic. He was apathetic

and moderately pale. The oral mucous membranes appeared to be edematdus and spongy. Scattered rales

were heard at the base of the left lung. The heart rate was rapid but there was no evidence of enlargement

and no bruits were heard. Marked tenderness was elicited in the lower quandrants of the abdomen, par-

ticularly on the right. The spleen seemed soft and was palpable four fingerbreadths below the left costal

TABLE 3.-Hematologic Data, Case � (M. D. S.)

TABLE 4.-Hematologic Data, Case � (H. C.)

margin. It was extremely tender and there was some spasm of the overlying abdominal muscles. A ques-

tionable bilateral Kernig reflex was elicited; there was a suggestion of a bilateral Babinski reflex, and

meningismus was present. Blood studies showed hemoglobin, 8.9 Gm.; R.B.C. 3.10 M; W.B.C. 9,2.50.

The question of meningitis was considered seriously on the first day of admission. It was found that

the patient had a rapidly progressive anemia. Penicillin therapy was not attended by improvement. On

March 2.1, generalized lymphadenopathy was found. The nodes were bean-sized and nontender. A few

bleeding areas were noted in the oral mucous membranes, petechiae were present over the anterior chest,
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and a generalized morbilliform eruption had appeared. The spleen was palpable four to six fingerbreadths

below the left costal margin. Icterus was not noted. The blood examination now showed pancytopenia,

i.e. anemia, leukopenia, thrombocytopenia and reticulocytopenia together with an extreme degree of

spherocytosis. Actual blood findings were hemoglobin 6.o Gm.; R.B.C. 2.40 M; W.B.C. 3,850; reticu-

locytes 0., per cent.

On the basis of the above findings, the diagnosis of congenital hemolytic anemia in crisis was made.

�plenectomy was performed after four transfusions had been given (two on the day of admission, one on

TABLE �.-Hematologic Data, Case 6 (P. ON.)

the third day and another just prior to operation). The spleen was greatly enlarged and at least six acces-

sory spleens were present. The course after splenectomy was uneventful: this was particularly striking

in view of the very critical condition of the patient before operation.

Case 6. P. ON. This m6 year old woman was first seen in October, 5945. The patient came from a known

family of familial hemolytic jaundice and represented the fourth generation in which the disease had

been known.45

Intermittent jaundice had been noted first when she was i�. However, she seemed to be in good health

until 1943, a few months after the death of her father of severe hemolytic crisis at the age of �. At that

time she was two months pregnant. She developed chills, fever and became very pale. The question of

malaria was considered but malarial parasites were not found. The pregnancy proceeded uneventfully
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although a persistent yellowish tint of the sclerae continued. She complained of fatigue, recurring dizzi-

ness and some dyspnea on exertion.

Examination at this time during the sixth month of her second pregnancy elicited slight scleral

icterus, moderate splenomegaly, a systolic murmur over the precordium, minimal pitting edema of the

ankles and pretibial regions, and some superficial varicosities of the lower extremities. Examination of

the blood showed R .B.C. � .10 M, hemoglobin 6� per cent, W.B.C. 11,500 and marked spherocytosis with

increased polychromatophilia and reticulocytes. The pregnancy was uncomplicated by any untoward

incidents and a normal child was delivered on Januray 2.3, 1946. There was however continued fatigue

and intermittent exacerbations in the chronic icterus. Slight pallor, icterus and splenomegaly continued

to be the outstanding physical findings. Representative serial laboratory findings are recorded in table �.
Case 7. The present study was initiated as the result of observations in this case and most of the illustra-

tive figures are based on the data obtained.

Beverly S., a 53 year old white female of Portuguese origin, one of nonidentical twins, entered the

J. H. Pratt Diagnostic Hospital on February 2.1, 5947. She complained of fainting spells, weakness, chills

and fever of three days duration. About a week prior to admission she was stated to have contracted a

mild upper respiratory infection. Four days before admission, her mother noted pallor. On the following

day, the patient complained of dizziness, marked weakness and severe headache. The temperature rose to

104 F. that evening. She vomited greenish bitter material and had severe vertigo. Nausea and vomiting

persisted; and on the day of admission she was dizzy and very weak.

About one month before this admission there had been an episode of right lower quadrant pain un-

associated with nausea or vomiting. Although appendicitis was suspected surgery was not performed. A

week before admission another similar episode of abdominal pain occurred shortly after the onset of the

last menstrual period. This subsided quickly. Several days before admission, the local physician remarked

upon the fact that the patient was jaundiced. Neither dark urine nor light stools had been seen.

It was not possible to elicit any history of familial jaundice or anemia, either in the parents, grand-

parents, close relatives or in the five siblings.5

The patient had “always” been noted to be considerably paler than her twin brother. She was a high

school student and gave no history of exposure to chemicals or drug ingestion. Fava beans had been eaten

occasionally by the family but not for about six months. The past history was irrelevant.

Examination on admission revealed an exceedingly well developed and well nourished girl who

appeared very apathetic and critically ill, bordering upon shock. She was drowsy and hardly able to

respond to simple questions. There was marked pallor and slight scleral icterus. The temperature was

,oo F., pulse 520/minute, and blood pressure so�/�o. The examination of the chest was negative. The

spleen was readily palpable two to three fingerbreadths below the costal margin. The liver was not en-

larged and there was no tenderness in the right upper abdominal quadrant. Representative blood findings

are shown in table 6. In brief, at the time of admission they showed hemoglobin 4.0 Gm., (<ms per

cent); R.B.C. 1.3 M/cu.mm. reticulocytes 0.0 per cent (Q, W.B.C. 15,500 per cu.mm.

* Inasmuch as no evidence could be adduced in this case for the diagnosis of familial or hereditary

spherocytosis, the reasons prompting our diagnosis of congenital spherocytosis deserve mention.

Detailed study of the parents, siblings and relatives was difficult because the patient came from a small

town (Provincetown) situated more than soo miles from Boston.

Through the cooperation of the patient’s family physician, Dr. Thomas Perry, of Provincetown, it

was found that her father, twin brother and the other two siblings showed no abnormal physical findings.

Blood smears which were forwarded to us for examination were within normal limits. The mother was

examined carefully but no significant physical or hematologic findings were elicited.

That the disease may be congenital and not familial has been noted, among others, by Wolman54 and

Race.4#{176}The latter observer found one affected child in each of three families although neither the parents

nor the siblings nor the close relatives exhibited any evidence of the disease.

Lack of immune iso-antibodies in the blood serum, excellent clinical response to splenectomy, the

persistence of spherocytosis, the normal survival time of transfused red cells before splenectomy and the

complete lack of any evidence indicating an acquired hemolytic process of well defined etiology tended

to support the initial clinical impression of an hemolytic crisis occurring in the course of congenital

hemolytic jaundice even though evidence of familial disease was entirely lacking.
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1388 HEMOLYTIC CRISIS OF HEREDITARY S?HEROCYTOSIS

J aundice was not a prominent feature during the hospital course. Very slight scleral icterus was noted

during the first two hospital days after which it disappeared. Transfusions of �oo cc., 400 cc., and �oo cc.

of freshly drawn and citrated blood were administered on the first, second, and third hospital days. On

the second hospital day there was slight improvement and following the third transfusion, the patient

felt considerably better. At the outset, microspherocytosis dominated the blood smear. The reticulocytes

were conspicuous by their complete absence during the first four hospital days despite the severity of the

anemia and the hemolytic process. On the fifth hospital day, o.i per cent reticulocytes were found and

then a gradual rise took place to a peak value of ,m.6 per cent on the twelfth hospital day. At no time

during the fourteen days of hospitalization did the red blood cell count or hemoglobin concentration

approach normal values. Nevertheless, when she was discharged on March 7, the patient stated that she

felt as well as she ever had. At that point, the following blood counts were present: R.B.C. 1.76 M; hemo-

globin 8.3 Gm. (� per cent); reticulocytes 10.4 per cent.

The patient was followed at frequent intervals and was then readmitted for splenectomy, which was

performed on April s6, 2947, by Dr. C. Stuart Welch. Just before the operation the blood counts were as

follows: R.B.C. m.6i M; hemoglobin 8.7 Gm. (�6 per cent); reticulocytes 10.4 per cent. The postoperative

course was uneventful.

On June 2.3, 1947, the patient was asymptomatic and appeared to be in excellent general health. At

this time the blood counts were normal (R.B.C. 4.66 M, hemoglobin 54.6 Gm.). When seen on September

�, 1947, the patient was in excellent health and had gained considerable weight. Her mother stated that

she had never been so well (see tables 6-zo; figures 1-8).

ANALYSIS OF DATA

The Blood Picture

In the report#{176}from this laboratory in 1941, the following comment was made:

‘The reduction in leukocytes, thrombocytes and reticulocytes in the cases reported

here appears at first glance somewhat unusual since in the presence of an acute

hemolytic process one would expect to find the evidences of increased regenerative

activity on the part of the bone marrow, that is, leukocytosis, thrombocytosis

and reticulocytosis.” As further observations augment experience with the hemo-

lytic crisis, in our own eases as well as in those reported in the literature, it be-

comes apparent that pancytopenia and reticulocytopenia are usually present.

In case 7, no reticulocytes (figure 5a; table 6) whatever were found at the height

of the crisis. In fact, it was not until the fifth hospital day that the finding of

0.1 per cent reticulocytes was recorded. A gradual reticulocytosis then occurred,

reaching an initial peak of’I2..6 per cent on the thirteenth day of observation.

Thereafter reticulocytosis was sustained until splenectomy was performed on the

fifty-fifth day of observation. At the height of the crisis, there was also a

moderate thrombocytopenia and granulocytopenia (2.3 per cent segmented and 7

per cent band forms) although the total white cell count was I5,5oo per cu.mm.

By the fifth hospital day when reticulocytes were finally seen the thrombocytopcnia

and granulocytopenia had disappeared. Thereafter no significant changes in the

white cells or platelets were noted until the postsplenectomy period when the

expected thrombocytosis and granulocytosis occurred. The platelets have con-

tinued at unusually high levels.

The opportunity for such detailed studies was not afforded in the other cases,

most of whom were seen under less ideal conditions for investigation. In general,

however, these patients pursued a course quite similar to that of the seventh case.

Thus in case I, anemia and leukopenia were present at the height of the crisis.
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Day of
obser-

vation
Date R.B.C. Reticulo-

Platelets
cytes

Remarks

Transfusion

Transfusion

Transfusion

Splenccto my

millions!
Ca. mm.

I m/is/�

m 1/11/47

3 m/m��

s.3

i.8

2..I

4 1/14/47 1.3

5 m/m�/�� 1.5

6 1/16/47 m.6

7 2/2.7/47 2.3

8 1/18/47 2.5

II �3/ 3/47

12. �3/ 4/47

13 �3/ 5/47

‘4 3/ 6/47

2.7

2.5

1.7

m.6

‘5 3/ 7/47 m.8

2.1 3/53/47 2.8

32. 3/2.4/47 1.6

49 4/50/47 3.3

51 4/11/47 1.9

53 4/14/47 3.1

54 4/15/47 3.0

55 4/16/47 m.6

55 4/16/47 3.5

�6 4/17/47 3.6

57 4/18/47 3.4

�8 4/19/47 3.5

59 4/2.0/47 3.4

6o 4/11/47 3.5

6i 4/2.1/47 3.4

62. 4/2.3/47 3.3

63 4/2.4/47 3.3

64 4/2.5/47 3.7

6� 4/2.6/47 3.8

67 4/2�8/47 3.7

68 4/2.9/47 3.8

69 4/30/47 3.6

�4 /5/47 3.6

76 �/ 7/47� 3.7

78 �/ 9/47� 3.7

ico 5/3i/47� 4.4

113 6/13/47 4.7

‘97 9/ 5/4T 4.4

Hgb.

(rn.

4.0

4.6

4.9
6.6

7.4

6.6

6.i

7.4

7.8

8.�

7.5

8.3

8.7

8.7

8.8

9.3
8.8

9,3
8.7

9.3

8.7

8.3

8.7

9.3

9.5

9.5

10.4

10.7

II.0

11.0

10.7

11.0

11.0

10.7

12.1

14.6

13.3

Granulo- Granulo-
\\� B c cytes (seg- cytes

mented (band

forms) forms)

thousands! I-,

Cu. mm. c

15500 2.3 7

8400 36 9

7600 57 11

11500 s6

9900 57 10

ic8co �7 7

9$C0 52. 6

8400 35 7

9600 52. 4

68co 59 3

11300 57 52.

11300 70

14100 68

11100 6m 3

8700

11100 57 8

10100

,o6co 68

Sico 64 5

8ico 6� 4

2.9100

s88co 8� 4

19400 75 8

172.00 75 7

14100 54 8

9100 67 4

8soo 55 4

8�co � 6

8sco 75 2.

6moo 41 3

52.500 59 4

10100 63 2.

9100 62. 1

7700 48

68co 45 3

9600 59 2.

7900 52.

11700 �6

8ioo 57

8moo 51 6

millions,’

cu. mm.

0.35

0.34

0.45

0.50

0.52.

0.50

0.50

0.53

0.48

0.48

o.6�

0.76

2..I

i.8

i.8

2.3

,.8

2.3

1.3

2.7

1.7

2.5

1.9

s.8

1.9

‘.5

2.3

1.I

0.0

0.0

0.0

0.0

0.5

3.6

4.4

4.2.

7.9

12..5

11.6

51.2.

10.4

16.3

14.6

17.2.

2.1.6

Li. I

2.7.6

2.5.0

2.5.0

2.9.3

2.3.8

2.4.2.

11.2.

1.9

3.8

3.9

4.6

3.0

3.1

m.8

0.5

2..I

1.2.

* The first day of observation coincided with the height of the hemolytic crisis. Transfusions

of 500 cc., 400 cc., and �oo cc. of freshly drawn and citrated blood were administered on the first,

second, and third hospital days. Splenectomy was performed on the fifty-fifth day of observation.

WILLIAM DAMSHEK AND MARVIN L. BLOOM

TABLE 6.-Representative Blood Coants. Case � (B. 5. )�

13 l�9

In case 2., anemia, leukopenia and reticulocytopenia (0.4 per cent) were present.

The postoperative period was characterized by a great outpouring of red blood
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1390 HEMOLYTIC CRISIS OF HEREDITARY SPHEROCYTOSIS

cells and platelets; unfortunately, reticulocyte and other blood cell counts were

not available for adequate comparison. In case 3, reticulocytopenia (0.7 per cent),

anemia, and leukopenia were present during the crisis. Following splenectomy the

red blood cell count rose precipitously and leukocytosis occurred but no parallel

reticulocytosis was seen. In case 4, reticulocytopenia (0.3 per cent) was present

during the crisis; in addition there was marked anemia, thrombocytopenia and a

. 0

.
0 0 5

#{149} S..
5#{149}

Os 5#{149}

.#{149}
S

H #{149}#{149}c
p .

S
“5

S

Fso. I. CASE � (B. S.). Peripheral blood at the height of crisis, showing the predominance of micro-

spherocytes.

normal or somewhat leukopenic white cell count of 6,6oo. By the fourth day a

slight reticulocytosis of 5.4 per cent was present and thrombocytosis was develop-

ing.

Splenectomy was followed by a sharp rise in erythrocyte and leukocyte counts;

but the data regarding reticulocytes and platelets are inadequate. In case �, anemia,

leukopenia, and reticulocytopenia (o.i per cent) were present during crisis, and

the blood platelets were definitely reduced on smears. In case 6, during a minor

hemolytic crisis, the reticulocytes were increased to about 7 per cent but there

was a definite leukopenia of between 3300 to 5300.
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WILLIAM DAMESHEK AND MARVIN L. BLOOM 139I

Extreme spherocytosis was an outstanding feature of the crisis in all our cases.

There was very little evidence of the biphasic type of blood cell picture seen when

large polychromatophilic reticulocytes are also present. The picture is strikingly

similar to that seen in the acute hemolytic anemia produced experimentally by

large doses of hemolytic antiserum.

Fio. 2.. CASE � (B. S.). Bone marrow at the height of crisis showing the accumulation of primitive

erythroblasts (pronormoblasts, erythrogones) and lack of maturation. The small mononuclear cells are

lymphocytes.

In case 7, the Price-Jones’ curves (figure 6; table 8) of the red cells at the height

of the crisis (and before transfusion) demonstrated that about �o per cent of the

red blood cells had a diameter of 4.8 micra or less; almost all the red cells had a

diameter of less than 7.0 micra. Seven weeks later and just prior to splenectomy,

37 per cent of the red cells were 6.4 micra in diameter; and i� per cent of the cells

had a diameter of 7.2. to 8.8 micra. Five days after splenectomy, and probably due

to an additional release of reticulocytes into the peripheral blood, there was a

definite secondary peak at 8.o micra. This latter figure represented the diameter of

2.2. per cent of the cells; although over 2.0 per cent still had a diameter of 5.6 micra
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TAnLE 7.---Bel’er[’ S. Spcial Studies

Date l)av of observation lecal urobilinogen Hypotoni( fragility

mg div

2.55

Serum bilirubin

rng.

I. i

I.2.

5.0

3.4

‘.3

0. 700. 40

0.66-0.39

0.69-0.42.

0.64-0.36

0. 72.0. 38

0.72. 0.40

4
6

13

‘5
2.1

32.

34

49

54
6o

6i

64

67

69

74

S

ICC

i 2.3

#{149} I’

#{149}O%#{149}.#{149}S.

S

I

I.

#{149}�
#{149}

S
0

0�#{149}

#{149}.,:�
.

S
S

0
S

Fio. 3. CASE � (B. S.). Peripheral blood five days following the height of the crisis. Demonstrating

the appearance 1)1 increased numbers of larger red blood cells and the relative or absolute decrease in

micr()spherocytcs.

1392. HEMOLYTIC CRISIS OF HEREDITARY SPHEROCYTOSIS

2./2.2./47 .
2.2.4/47.

2.2.6/47

3, 547.
3 -/47

3. 13/47.

3/2.4/47

3/2.6 47.

4. I0’47.

4/1547.

4/2.1/47.

4/12./47.

4 2.5 /47.

4 i84�.

4 30.47 .
5/ 5 ‘47’

5 9 47

5 3’ 47.

6 2.3 47.

35

1.2.

0.8

0.9

41 0.9

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/12/1381/573513/1381.pdf by guest on 19 M

ay 2023



WILLIAM DAMESHEK AND MARVIN L. BLOOM ‘393

or less. Five months after splenectomy the Price-Jones’ curve showed a main peak

� per cent of cells) at 6.4 micra with a wide base due to the persistence of sphero-

cytes.

That the small red cells are truly spherocytes is borne out, not only by their

microcytic character and their abnormally dense appearance in the stained blood

smear, but by their greatly decreased resistance to hypotonic solutions of sodium

Fio. �. CASE � (B. S.). Bone marrow five days following the height of the crisis. Active progressive

maturation of the normoblastic series is demonstrated.

chloride. All our cases of hemolytic crisis showed a greatly increased fragility.

Occasionally, slight hemolysis has even been noted in concentrations of sodium

chloride solution approaching that of normal saline. Extensive studies of hypotonic

fragility were made only in case 7 (tables 1-4, 7; figure 7) in which the determina-

tions were carried out by means of our newly devised photoelectric method.4’

By this method, curves of hemolytic increments, somewhat similar to Price-Jones’

curves, are obtained. These indicate graphically the different types of red cell

population according to their thickness variation.
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1394 HEMOLYTIC CRISIS OF HEREDITARY SPHEROCYTOSIS

The blood picture immediately following splenectomy showed a dramatic in-

crease in all the cellular elements. In fact the rapidity of increase of the red cells,

white cells and platelets suggested a sudden outpouring of these cells from the

marrow to the blood (figure 9).

Bone Marrow Picture

Studies of the marrow by aspirations were performed in cases 2., 3, 4, 6, and 7.

The relative time of marrow aspiration differed in these cases. As already men-

tioned, the conditions for study were ideal only in case 7. However in case 2.,

marrow was obtained at the height of the crisis and showed a maturation arrest

type of erythropoiesis, closely similar to that seen in case 7.

Frequent aspirations of the sternal marrow both during and after crisis were

carried out in case �. At the height of the crisis, when no reticulocytes were found

TABLE 8.-Representative Erythrocyte Diameters in Case � (B. 5,)*

2’2l,47 4,’l4,/47� 4/21/47 9/5/47

I)iameters in micra First smear at height Ts days prior to

of crisis b�efore splenectomy
transfusion

Five days following
splenectomy

Five months following
splenectomy

. -�--�‘ % %

3.2. o.8

4.0 9.6

4.8 39.2.

31.6

0

0

i8.o

2.0.0

0

0

8.4

53.6

o

0.4

9.2.

i8.o

6.4 15.2. 36.8 34.0 38.8

7.2. i.o n..o 2.0.0 58.4

8.o i.6 I2..4 2.1.4 54.8

8.8 o.8 i.6 0.4

* Marked microcytosis during crisis indicating extreme degree of spherocytosis and increase

in size of red cells prior to splenectomy after termination of crisis.

in the peripheral blood, the marrow preparations showed increased cellularity

(figure 2.). Granulocytopoiesis was active and the megakaryocytes were normal

both in number and in platelet production. However, there was a striking abnor-

mality of erythropoiesis, indicated by a complete lack of mature orthochromatic

normoblasts (Normoblasts ‘C”) (figure 2.). The great majority of the nucleated

red blood cells were of the primitive variety i.e. erythrogones or pronormoblasts.

There were only small numbers of basophilic and polychromatophilic normoblasts

(types “A” and “B”) (see table �; figures i and 2.).

From these observations, it was apparent in this case that there was a distinct

maturation arrest of the erythropoietic tissue at or just beyond the erythrogone

(pronormoblast) level. On the fifth day, coincidentally with the appearance of a

few reticulocytes, another sternal puncture was performed. This showed a normo-

blastic erythropoiesis with adequate numbers of polychromatophilic and ortho-

chromatic normoblasts, indicating that the arrested maturation had run its course

(table �; figures 3 and 4). In four subsequent marrow aspirations, erythropoiesis

continued to be hyperactive and no further evidence of maturation arrest was seen.
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WILLIAM DAMESHEK AND MARVIN L. BLOOM 1395

Immunohematologic Findings and Erythrocyte Survival Time

Studies of the serum for immune bodies were performed in cases i tO 4 and in

case 7. In the first four cases, immune bodies were searched for using normal salt

solution as a diluent, but in none of these cases were abnormal agglutinins or

hemolysins discovered in the serum. In cases 6, (P. O’N) and � (B. S.) iso-anti-

bodies were discovered with the use of bovine albumin solution as a diluent,

whereas negative results had been obtained using salt solutions. In case 6, (P. O’N)

an abnormal autohemolysin and isohemolysin, reacting best at 37 C, was discovered

with the use of bovine albumin as a diluent, disappearing following the termina-

tion of the crisis. The survival time of transfused red cells was studied before and

after splenectomy. (Figure 8a). The curve of red cell disappearance before splenec-

tomy was definitely abnormal and exponential in type, indicating that the abnor-

mal antibody present was capable of destroying all types of red cells indiscrimi-

nately, including the patient’s. Following splenectomy the survival time became

normal again, coincidentally with the disappearance of abnormal antibody.

TABLE 9.-Bone Marrow Studies: Differential Count of Nucleated Red Blood Cells in Case � (B. S.)

Date
Granulocyte:

t�rob1�ss)t E th
pr�or��s

Basophilic

noi��ast

Polychromato-
Philic(;r�oblast

Orthochromatk
no�i�,l)ast

2/2.2/47 3:1 79 2.0 I 0

2/2.7/47 ,:�. 3 8 48 41

,:� II 55 2.7

4/17/47 i:�:i 19 6i ii

4/2.5/47 1:5:1 4 8 40 48

9/5/47 i:�:i 4 i6 59 �‘ -�

The blood group of case 7 was B, Rh positive. Almost immediately following

admission she was given a transfusion of �oo cc. of fresh group 0 Rh positive blood

with added A and B group specific substances (Witebsky). On the second hospital

day a transfusion of 400 cc. of fresh group 0, Rh positive blood was given with

added A and B (Witebsky) group specific substances. During the third hospital

day the last transfusion, i.e. of 500 cc. of fresh type B, Rh positive blood, was given.

No reactions occurred with any of the transfusions. The survival time of the trans-

fused Group 0 red blood cells was studied by the Ashby technic36 and found to

be normal, i.e., 12.0 days (figure 8b). No transfusions were given in connection with

the splenectomy and the disappearance of the transfused cells did not appear to be

affected by the splenectomy (see figure 8b). Thus the two cases of hemolytic crisis

differed radically with respect to red cell survival time, perhaps indicating some-

what different mechanisms.

Bilirubin and Urobilinogen

Jaundice was not an outstanding feature of these cases in crisis. The available

data concerning serum bilirubin have been tabulated with the other blood studies

in each case (see tables i and 7).
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1396 HEMOLYTIC CRISIS OF HEREDITARY SPHEROCYTOSIS

Determinations of the fecal urobilinogen were performed only in case 7. Due

to various technical difficulties, this patient’s stools were unfortunately discarded

during the first eight days of her hospital stay. A four day stool collection was

obtained during the succeeding period, when the hemoglobin varied between 7.8

and 8.� grams per ioo cc. At this time the fecal urobilinogen excretion was 2.55

30 � - � -
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Fio. 5a. CASE 7(B. S.). Graphic representation of two hundred day period of observation, showing the

variations in the significant serial studies. The lower graph describes the fluctuations in erythrocyte

protoporphyrin and serum iron values.

milligrams per day. This is a definitely high value when related to the hemoglobin

concentration, corresponding roughly with the excretion in a normal girl of about

500 mgs. per day (normal Ioo-15o mgs. per day). This indicated an approximately

threefold increase in blood destruction at that time. Since the patient was improv-

ing at that time, it seems reasonable to assume that the fecal urobilinogen output

during the first eight days may have been even greater. The two determinations of

fecal urobilinogen obtained during the postsplenectomy period were within normal

limits.
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Erythrocyte Protoporphyrin

The normal range of concentration of free protoporphyrin in the intact circulat-

ing erythrocyte has been determined by Grinstein and Watson17 to be between i�

and 40 gammas per 100 cc. of red blood cells; the usual normal value is in the

vicinity of 30 gammas per cent or lower.
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Fim. 5b. CASE 7 (B. S.). � Close-up ‘ of certain values in the first fifteen days of the clinical course.

Serial determinations of free erythrocyte protoporphyrin (EP) were�obtained

only in case 7 (table 10, figure �). At the height of crisis, at a time when reticulo-

cytes were completely lacking, the EP was 87.8 gammas r�r cent, well above nor-

mal limits. This was perhaps due to an increased erythropoietic activity just prior

to the development of the crisis. As recovery from the crisis progressed and reticulo-

cytes appeared in the blood (coincident with marked marrow erythropoiesis) the

EP concentration rose rapidly, reaching peak levels of 2.92. gammas per ioo cc.

On the twelfth day of observation, the EP gradually decreased until on the sixty-
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1398 HEMOLYTIC CRISIS OF HEREDITARY SPHEROCYTOSIS

eighth day it reached a normal value of 2.5 gammas per cent. Following this, it was

found that a state of hypoferremia had developed. This was mirrored, soon later,

by a definite increase in the EP. Following the administration of ferrous sulfate, the

EP fell again to within normal limits.

0

0

Fin. 6. CASE � (B. S.). Price-Jones’ curves of representative blood smears during the clinical course.

Serum Iron

The concentration of serum or plasma iron and its normal range has been defined

by several investigators31’ � �I 47, 48. 52 as ranging between approximately �o-i8o

gammas per 100 cc. serum or plasma.

In case �, B. S., a serum iron determination at the height of the crisis was 50

gammas per aoo cc. concentration; i.e., at the lowest range of normality (see table

io). The patient was not given iron therapy at this time, her only sources of iron

being through an unrestricted diet and three transfusions. After the transfusions

had been given, a value of 8o gammas per cent was obtained. During the postcrisis
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(presplcnectomy) period, this comparative plateau of serum iron values seemed to

have no correlation with the great fluctuations in free erythrocyte protoporphyrin.

Two methods were used to determine the curves illustrated above. These differed only in detail.

One involves the use of 2.9 tubes containing 2.9 serial saline dilutions from o.8o to 0.0 per cent NaCI. In

each of these the per cent hemolysis was determined, using the Evelyn photoelectric colorimeter. The

other uses only 7 tubes, containing the dilutions which have been found to be most critical: o.8o, o.�6,

0.48, 0.44, 0.40, 0.32. and 0.0 per cent. The graph of the normal fragility shows curves from both of these

methods, the solid line indicating 2.9 dilutions and the dotted line, 7 dilutions. Graphs I, II, 111, and VII

depict 2.9 tube studies; whereas IV, V, and VI show curves from the 7 tube test.

The hemolytic increment means simply the change in degree of hemolysis from tube to tube as hypo-

tonicity increases (from above, downwards). Therefore, at each point of changing saline concentration,

the per cent hemolysis is obtained by the Evelyn photometer; this is compared with the per cent hemolysis

in the previous tube, and the per cent difference, or the “hemolytic increment,” is obtained.

However, two days following splenectomy, a value of �o gammas per cent was

obtained; that this was followed by a sharp drop of the serum iron value to 10

gammas per cent (marked hypoferremia). At this point the EP values had reached
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normal limits and it was predicted that, on the basis of the hypoferremia, the EP

concentration would rise. This actually occurred (table 10; figure 5a).

Ferrous sulfate was then given, and a significant rise in serum iron occurred. It

is possible that the drop of the serum iron value was due to the continued deple-

don of the depot iron stores by the persistent demands of hyperactive erythropoiesis

coupled with menstrual iron loss.

DIscussIoN

The Hemol,ytic Crisis of Hereditary Spherocytosis

Familial spherocytosis is characterized by a chronic hemolytic anemia of variable

severity in which spherocytosis and increased hypotonic fragility are prominent

features.

The chronic course of the disease is often punctuated by minor and major cx-

acerbations in the intensity of the hemolytic process. Minor episodes are charac-

terized by malaise, low grade fever, increased pallor and icterus. These episodes

last a few days or a week, subside spontaneously and quickly, and in fact often go

unrecognized.

The major exacerbations may be so severe as to endanger life. Beginning like an

acute febrile illness, they progress rapidly with the development of abdominal

discomfort, marked pallor, dizziness, nausea and vomiting, chills and fever.

Diarrhea may occur and discharges of bile and grossly bile stained stools may be

present. During the height of the crisis, the patient may go into shock or a shock-

like state; stupor and syncope are common. Examination reveals an extremely sick-

looking person, who is markedly pale but only slightly jaundiced. The pulse is

rapid and feeble and the blood pressure is often low with a low pulse pressure. The

spleen often becomes considerably enlarged, as compared with its previous size,

and is frequently tender.

The management of the crisis has been described in a previous paper.6 The use

of fresh whole blood is of paramount importance. Transfusions not only add red

cells but have a well-defined effect on the blood (and plasma) volume. The sudden

lowering of the red cell count to levels of � M to i.� M may result in the symp-

toms of shock. Therefore, appropriately spaced transfusions may be life-saving.

It should be noted, however, that transfusions probably have little if any effect

on the mechanism of the crisis itself; and may well be overdone. (Overtransfusion

was probably responsible in large part for the fatal determination in case i.)

By the judicious use of transfusions and intravenous fluids, an adequate prepara-

tion of the patient for splenectomy is possible. This type of management results

in a quieter and less “toxic” patient, and thus in a far better surgical risk and a

smoother convalescence.

Another remarkable feature of the hemolytic crisis is its occurrence in rapid suc-

cession in several members of the same family. Scott42 reported in 1935 the serial

onset of “acute blood crises” in an entire family. In Dedichen’s series,’2 reported

in 5937, 13 members of 2. neighboring families living in a small town in Norway

developed crises within a few days of each other. ,One of us6 in 1941 reported

three cases of familial crisis occurring within ten days. In 1945, Home, Lederer,
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Kirkpatrick and Leys2’ reported hemolytic crisis in the mother and four children

of a family of eight; and also in the mother’s cousin who lived nearby. In these

cases, too, the illness developed in rapid succession in one individual after the

other. A few days as a rule elapsed between the onset of the crisis in the various

cases.

The occurrence of the crisis in several members of one family and, in two in-

stances, in neighboring families, has naturally led to investigation for an extrinsic

cause for the crisis. Thus, in Dedichen’s large series,12 it was suspected that some

sort of highly contagious respiratory infection was responsible, at least for initiat-

ing the crisis. This appeared to be substantiated by the development of an acute

febrile illness in one of the siblings who did not have the congenital hemolytic dis-

ease and during the period when the others were having hemolytic crises. Home

et al.2’ placed a ferret in the home of their first family to develop crises in the belief

that a virus infection such as influenza might be the responsible agent. The ferret

was returned to the laboratory and died shortly thereafter, with symptoms of a

nasal discharge and conjunctivitis.

The occurrence of the crisis in families, with ‘ ‘incubation periods’ ‘ of a few days

between cases, is strong presumptive evidence that an infection is responsible for

at least initating or precipitating the crisis. However, since no real proof of an

infectious etiology has been adduced, it is also possible that no infection is present

but that fever, rapid pulse, headache, malaise, nausea and vomiting are the results

of rapid blood destruction alone.

A final feature of the hemolytic crisis is that it occurs only in the presence of a

spleen; i.e., following splenectomy, crises either do not occur or are extremely

unusual. This is another indication of the importance of the spleen in initiating

crisis (cf. below).

Lowe26 who studied a case during crisis, in which the red cells, hemoglobin,

and reticulocytes continued to diminish despite therapy concluded that suppres-

sion of marrow function might be responsible. Unfortunately, studies of the marrow

were not performed. In the cases of Home et al.,2’ mentioned above, in which

complete lack of reticulocytes was reported at the height of the crisis, a marrow

examination was performed in only one case and then on the eleventh day of ill-

ness when the patient was improving. These authors referred, however, to a state-

ment by Josephs,23 who believed, on theoretical grounds, that a depression of

marrow activity might be vital to the pathogenesis of the crisis.

Owren38 in a recent comprehensive article reported crises in six cases of con-

genital hemolytic jaundice and also stressed the occurrence at the height of the

crisis of leukopenia, thrombocytopenia, and reticulocytopenia. He was able to

study one case before, during, and after crisis and obtained serial examinations of

blood and marrow. Owren concluded that there was an erythropoietic “aplasia”

during crisis. He believed that the sudden drop in red cell count occurring in crisis

could be adequately explained on the basis of an “aplastic” reaction on the part

of the erythropoietic tissue and went so far as to deny that the factor of hemolysis

played any role whatever in the crisis. He suggested that the term “hemolytic”

for the crisis be dropped.
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Serial punctures of the marrow in case 7 indicated that the marrow reaction

passes through several distinct stages which could be cotrelated with the reticulo-

cyte picture. During the height of the crisis, when reticulocytes were lacking, the

marrow (figure 2., table 9) showed a nucleated red cell population consisting al-

most entirely of the most primitive cells; i.e., erythrogones (pronormoblasts) and

some basophilic normoblasts. Several days later and simultaneously with a slight

increase of the reticulocytes in the blood, there was a complete reversal (figure �;

table 9) in the marrow picture. Most of the nucleated red cells were of the poly-

chromatophilic (“B”) variety. Later, as the reticulocyte peak had passed and the

TABLE io.-Ser:al Erjrhrocj-te Protoporphyrin and Serum Iron Determinations in Case � (B. S.)

D f ob Erythrocyte

Date aY����00ser. protoporphyrin Serum iron Remarks

gammas per 100 cc. ‘Immas
packed R.B.C. 51 .0

2/2.1/47 I

2/2.3/47 2. 87.8 Period of crisis

2/2.5/47 - - - - 5 83.3

2/2.8/47 8 8o Postcrisis

3/ 3/47 Ii So

3/ 4/47 22. 2.91.0

3/13/47 2.5 537.6 50

3/2.4/47 32. 009.2.

4/54/47 53 6�.o , Splenectomy April i6
4/17/47 �6 90

4/59/47 �8 47.3

4/2.1/47 6o 10

4/2.6/47 6� 44.0

4/2.8/47 67

4/2.9/47 68 2.5.0

�/ 1/47 70 ‘ 30

5/ 3/47 72. 78.5

5/5/47- - 74 50

6/2.3/47 12.3 2.2.5

9,/5/47 597 30.0 ‘ 150

marrow picture was that as ordinarily seen in congenital hemolytic jaundice, most

of the normoblasts (table 9) were of the mature variety. Thus the reticulocytopenia

of the crisis could be explained adequately by a maturation arrest of the nucleated

red cells of the marrow at the erythrogone level, with a resultant lack in the pro-

duction of mature non-nucleated erythrocytes.*

* The large primitive red cells seen in the crisis have been referred to by some observers37 as “megalo-

blasts.” The concept of what a megaloblast is has been confused in the literature; in our laboratory this

term is used for the nucleated red cell series as seen typically in pernicious anemia and related states. The

nucleus of the megaloblastic cell retains a relatively primitive chromatin mesh (which recalls that of the

reticulum cell) until just before pyknosis. The identity of the megaloblastic series has been discussed

by Jones.22 Our studies indicate that the preponderant nucleated red cell-seen in the bone marrow dur-

ing crisis-is not a megaloblast but is a primitive red cell of the erythrogone (pronormoblast) type. What
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The maturation arrest of the nucleated red cells in the bone marrow is apparently

not paralleled by an arrested maturation of the granulocytes, which indeed appear

to be increased in number, both in an absolute as well as a relative fashion. Fur-

thermore, the relative proportions of the different types of granulocytes in the

marrow are within normal limits; suggesting that a maturation defect of these

cells is lacking. These findings in the marrow, in association with the leukopenia

and granulocytopenia of the peripheral blood, might indicate that a “block”

phenomenon is present; i.e., although maturation of the granulocytes is proceed-

ing in a normal fashion, the mechanism controlling their delivery from the bone

marrow to the blood is perhaps defective.

Such a phenomenon occurs typically in various types of splenomegaly in which a

possibly exaggerated activity of the spleen, i.e. “hypersplenism,”#{176} is present.

TABLE I i-Comparison of Blood Counts during G’isis in the Seven Cases

Case R.B.C. Reticulo- Remarks

millions/cu. thousands/cu. �-.
mm. mm.

I. D. C. M. Jr I .2.5 3800 -

II. R. M.Jr 1.2.2. 3000 0.4

III. M. MeN i.�’ �ooo 0.7

IV. MaryD.S � 6600 0.3

V. H.C 2.40 3850 0.,

VI. P. ON 3.2.4 3300 7.6

Minor” hemolytic

VII. B. S i.� 25500 0.0 crisis

30% gran-

ulocytes

This is present in such diverse conditions as portal hypertension (cirrhosis of the

liver); chronic infectious splenomegaly, including malaria, syphilis, tuberculosis,

rheumatoid arthritis and Boeck’s sarcoid; Gaucher’s disease; various primary neo-

plasms of the spleen; and finally in many cases of “idiopathic” splenomegaly.

Leukopenia, neutropenia and thrombocytopenia, i.e. pancytopenia, are present,

although the bone marrow itself is hyperplastic. Occasional cases of ‘hyper-

splenic” hemolytic anemia show low reticulocyte counts with a well-defined

maturation arrest of nucleated red cells at the erythrogone level. In these cases,

and from an analogy with other instances of hypersplenism,’#{176} we have come to

the conclusion that the hemolytic crisis is based on a suddenly developing splenic

disturbance. This, in turn, may be of infectious origin. No definite evidence of

infection has been advanced as yet; but the occurrence of successive cases in the

same family is strong presumptive evidence of this possibility. Doan’3’ 14 contends

that the splenic hemolytic mechanism may be readily unbalanced with the result

that numerous minor crises may develop during an individual’s lifespan. - This

might develop, for example, in the presence of certain acute infectious states.

little maturation occurs beyond this primitive stage is productive of a normoblastic and not of a megalo.

blastic type of erythropoiesis.
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FIG. 8a. CASE 6 (P. ON.). Survival studies (Ashby technic) during crisis and after splenectomy. The

red cell survival time was diminished during crisis, and became normal after splenectomy.
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Fin. 8b. CASE 7 (B. S.). The rate of disappearance of the transfused red blood cells pursues a straight

line course, i.e., normal survival time.

It is possible that the postulated splenic abnormality leads (a) to an increase

in hemolytic activity with resultant extreme spherocytosis and rapidly progressive

anemia, and (b) to various inhibitory “hypersplenic” effects. Such effects upon the
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bone marrow might result in, (a) a ‘ ‘block’ ‘ phenomenon in which granulocytes

are prevented from being delivered normally to the circulating blood, (b) a re-

duced production of platelets from megakaryocytes and, (c) in maturation arrest

of red cells at the erythrogone (pronormoblast) level. These phenomena would

lead to reticulocytopenia, leukopenia, granulocytopenia, and thrombocytopenia.

Thus, the various features of the hemolytic crisis may be conceived of as being due

to an extreme degree of hypersplenism, causing simultaneously both excessive

COMPARATIVE BLOOD COUNTS

BEFORE a AFTER SPLENECTOMY
450 W8C
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FIG. 9. Comparative blood counts before and after splenectomy in cases 3-6, �. The darkened portions

represent the period immediately preceding splenectomy. In the white columns are the values obtained

immediately following splenectomy. Reticulocyte and platelet determinations are included only in case 7.

hemolysis and maturation arrest of the nucleated red cells. This would naturally

lead to an extremely rapid development of anemia (figure io).

The exact mechanisms by which blood becomes destroyed during the hemolytic

crisis remain quite obscure. There is no evidence of intravascular hemolysis as

indicated by hemoglobinemia and hemoglobinuria. The finding of abnormal iso-

antibodies in two of our cases (autohemolysin in case 6; autoagglutinin in small

concentration in case 7) suggests an immune body type of autohemolytic activity,

as described in previous papers.

This is confirmed by an abnormal survival time of transfused red cells in our

case 6. No evidence of erythrophagocytosis is evident in the studies of splenic
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histology. The chief histologic feature of the removed spleen is the great “pooling”

of blood within the pulp which shows large numbers of ghost cells and cells in

various-stages of hemolysis with the sinusoids appearing to be almost empty. It

would appear that the blood has largely left the sinusoids for the pulp where it

is “trapped.” It is possible that an infection may so alter the capillary permeability

of sinusoids that blood “leaks” from them into the pulp where various mechanisms

“Trigger” mechanism (infection?)

-I-
Spleen

Splenic abnormality (hypersplenism)

Increased hemolysis

I
Anemia

Reticulocytopenia

Lcukopcnia

Granulocytopenia

Megakaryocytes

“-
Platelets

�1.

Diminished maturation

and delivery

such as erythrostasis, mechanical trauma, and abnormal antibody activity might

combine in the destruction of excessive numbers of red cells.
We do not believe, as Owren38 maintains, that the events in the hemolytic

crisis can be explained on the basis of a suddenly developing marrow aplasia.

In the first place, the marrow is by no means aplastic. Secondly, the marrow

is evidently capable of an extremely rapid increase in activity when the spleen

has been removed. This is borne out by the sudden rise in red cells, white cells, and

platelets which occurs after splenectomy. This is due, we believe, to the removal

of a highly deleterious organ, having inhibitory and phagocytic effects. Further-

more, Owren’s concept does not explain the extreme degree of spherocytosis which

regularly occurs during crisis and which indicates, according to our investigations,
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a marked degree of hemolytic activity. Studies of the fecal urobilinogen should

settle this problem. These were not carried out by Owren, nor in our own series,

except in case 7, where it was distinctly elevated. Dr. Jonah Li (University of

Oregon Medical School) recently studied a family of five individuals having

hemolytic crises occurring within ten days of each other. All the cases showed

blood pictures similar to those described above, with extremely low reticulocyte

values. In two cases, fecal urobilinogen determinations at the height of the crises,

showed values that averaged approximately i�oo mgs. per day, i.e., about 2.0

times the normal value, taking into account the severe anemia. At the termination

of the crises, the fecal urobilinogen values became very low.

A final indication of the direct relationship of the spleen to the crisis is the com-

plete disappearance of all tendency to crisis following splenectomy. Whereas be-

fore operation the red cell count is subject to well-defined and even to marked

fluctuations, this does not occur following operation. Spherocytosis continues to

be present but the sudden extremes in this abnormality in association with a greatly

increased anemia, do not develop. This is another indication that the spleen has

an active influence in blood destruction and in initiating the various events of the

hemolytic crisis.

The Possible Relation of the Events in the Hemolytic Crisis to the Normal Hemo&tic

Activity

The sudden development of extreme spherocytosis and extreme red cell destruc-

tion in the crisis suggests strongly an extrinsic activity, i.e., a factor outsidethe

marrow resulting in changes affecting the non-nucleated red cell. The theory most

commonly held for the spherocytosis of the familial disease is that it is the product

of an abnormal type of erythropoiesis. Since spherocytosis is most marked in the

crisis, one would expect to find some evidence of this abnormality in the bone

marrow. However, this is by no means the case, either in the chronic form of the

disease or during the crisis. In the chronic form, the marrow shows marked’ery-

throblastic hyperplasia, maturation is orderly, and a gradual reduction in size of

the nucleated red cells occurs as the mature orthochromatic stage is reached. No

evidence for the development of spherocytosis can be seen in the first stages of the

life span of the non-nucleated erythrocyte (i.e., the polychromatophilic red cell)

in which the cells show a diameter greater than normal. The discrepancy between

the relatively large polychromatophilic reticulocytes and the small orthochromatic

spherocytes is quite striking, suggesting that some abnormal mechanism modifies

the rather young circulating erythrocytes making them spherocytes. This is noted,

even more strikingly, in acute acquired hemolytic anemia with abnormal iso-

antibodies and can be reproduced experimentally.

In the extreme degrees of spherocytosis, as seen in the hemolytic crisis, one would

expect, if the theory of a bone marrow abnormality were correct, to find an extreme

degree of spherocytic development in the marrow. Instead the marrow shows very

large primitive cells with an almost complete maturation arrest. We believe that

this can only indicate that the spherocytes become spherocytic outside the marrow

perhaps by some sort of abnormal intravascular mechanism. Since the crisis may
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represent an exaggeration of the normal hemolytic mechanism and since spherocy-

tosis is so marked in the crisis, we believe that the spherocyte does not necessarily

indicate an inherent defect of erythrocyte formation; but rather the end result of

an abnormal type of hemolytic mechanism.

That abnormal iso-antibodies are not found customarily in familial spherocy-

tosis, does not rule out their presence. These antibodies may be of such minor

intensity or adsorbed in some fashion to the red cell surface, as to make their

detection difficult by methods now available. The failure to find abnormal anti-

bodies need not necessarily indicate that they are lacking since methods for their

detection may still be imperfect. In the past two years alone, two new methods

have been introduced : the use of bovine albumin as a diluting medium and the

Coombs’ antiglobulin test. These tests have resulted in the frequent finding of

hemolytic antibodies, undetected by methods previously in use. They suggest

that, with the years, other methods, even more sensitive, may become available.

Similar reasoning holds true for the normal life span of red cells introduced into

the circulation of an individual with the disease. The fact that the “foreign”

red cells are not destroyed more rapidly than normal has led to the widespread

conception that the disorder must therefore be due to an inherent defect of the

individual’s own red cells. This need not necessarily be true since the abnormal

hemolysis may be autospecific (i.e., active only against the individual’s own red

cells). Furthermore, our finding in one case of crisis, of a greatly diminished red

cell survival time (see figure 8a, case 6) might indicate that in crisis the hemolysin

activity may become so outspoken that it will not only cause a rapid destruction

of the individual’s own cells but also result in an exponential type of destruction

of introduced foreign” cells.

SUMMARY

The course of hereditary spherocytosis (congenital or familial hemolytic ane-

mia) is subject to major or minor exacerbations or crises. Pancytopenia, reticulocy-

topenia, and extreme spherocytosis characterize the major crises, during which

hypersplenic effects appear to play a major role. These are characterized by the

combination of (a) an unusual degree of hemolysis with (2.) inhibitory effects upon

maturation and delivery of bone marrow cells. At the height of the crisis, an ex-

treme degree of maturation arrest in erythropoiesis is present. Splenectomy, which

is often urgently necessary, results in a very rapid increase in all the cellular ele-

ments of the blood, confirming the phagocytic and inhibitory effects of the abnor-

mal spleen. Following splenectomy, no further crises occur. The presence of suc-

cessive cases in the same family suggest the possible role of infection as a

precipitating or trigger agent in initiating an abnormal splenic mechanism leading

to crisis. The cause of the hereditary spherocytosis is commented upon and evidence

bearing upon an autopsecific mechanism is discussed.
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