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IN RECENT YEARS, the diverse functions
of the spleen in normal physiology have
become more clearly defined. A natural
accompaniment of this increased under-
standing has been the development of the
concept of "hypersplenism." We are assum-
ing in this study that hypersplenism is a
physiopathologic state in which there is
overactivity of one or more of the normal
functions of the spleen, and its physical
evidence is usually, though not always, the
presence of splenomegaly. The hypersplenic
state is not peculiar to one disease entity,
but is the manifestation of a splenic insta-
bility, either primary or secondary, which
may accompany several clinical syndromes
of widely divergent characteristics.- Never-
theless, a single therapeutic procedure-
splenectomy-is usually indicated in which-
ever clinical situation hypersplenism exists.
Studies of the response to splenectomy in
selected groups of cases in which the hyper-
splenic state has been categorized (for ex-
ample, congenital hemolytic icterus, throm-
bocytopenic purpura, or congestive spleno-
megaly) have yielded valuable informa-
tion regarding prognosis in these condi-
tions. We considered that a five-year fol-
low-up study of unselected, consecutive
splenectomies based on the preoperative
clinical diagnoses might shed further light
on the ultimate outcome of the patient with
hypersplenism. A study of this type allows
evaluation of the preoperative clinical im-
pression in the light of the patient's even-
tual postoperative course. Diagnostic cri-
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teria and pitfalls and operative indications
are brought into bolder relief by retrospec-
tive analysis of unselected cases rather than
by studying those in which the clinical
diagnoses have been definitely established.
We also considered that a review of a series
of patients whose spleens were removed
over a limited period would be more in-
formative than a large series of patients
who underwent operation over a long
span during which operative indications
were less homogeneous. Thus, the rec-
ords of 140 consecutive patients who had
undergone splenectomy at the Mayo Clinic
during the three-year period, 1942 to 1944
inclusive, were studied. Cases in which the
spleen was removed as a secondary proce-
dure (as in total gastrectomy for carci-
noma) or in which splenectomy was per-
formed for traumatic splenic rupture, were
not included. By means of personal inter-
views at the clinic, questionnaires, and let-
ters from relatives and local physicians, we
are able to report on the outcome of a ma-
jority of these patients during a five-year
period since their operations.

CONGENITAL HEMOLYTIC ICTERUS

Of the 140 patients who underwent
splenectomy, 38 (27.1 per cent) were diag-
nosed preoperatively as having congenital
hemolytic icterus.

Accessory Spleens. Accessory spleens
were noted and removed at operation in
five cases (13.2 per cent). All were ob-
served in the region of the hilus of the
spleen. Two accessory spleens were noted
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in two cases, and one in each of the other
three. All were 2.5 cm. or less in diameter.
In all cases, the diagnosis of accessory

splenic tissue was confirmed microscop-
ically.

Hospital Mortality Rate. There was one

hospital death in this group of splenec-
tomies, a mortality rate of 2.6 per cent.
This death occurred in the case of a woman

56 years old who was thought to be in
crisis preoperatively. Splenectomy was

performed as an emergency measure. Pre-
operative blood transfusion was considered
to be contraindicated. The operation was

rendered difficult by much perisplenitis.
The patient went into shock postoper-
atively, and when the abdomen was re-

opened, she was found to be bleeding from
one of the vasa brevia, which was ligated.
The patient died despite blood transfusions
after the second operation. Necropsy re-

vealed that death was due to intraperi-
toneal hemorrhage from the splenic bed.

Follow-up Study. Information was ob-
tained concerning the postoperative courses

of 29 (78.4 per cent) of the 37 survivors of
splenectomy. At the date of this study all
of these patients had survived for five years,

all were well, and none had had recur-

rences of their preoperative symptoms.

THROMBOCYTOPENIC PURPURA

In 47 cases (33.6 per cent), the preop-

erative diagnosis was essential thrombocy-
topenic purpura.

Accessory Spleens. Accessory spleens
were observed and extirpated in seven

cases (14.9 per cent). In all instances, the
accessory splenic tissue was found in the
vicinity of the spleen, either at the hilus, the
gastrolienal, or the gastrocolic ligaments.
In two cases, three accessory spleens were

found; in one case, two were found, and in
the others, they were single. All were 1 cm.

or less in diameter with the exception of
one which was 2 cm. in diameter.

Hospital Mortality Rate. One hospital
death (2.1 per cent) occurred following
splenectomy for thrombocytopenia. The
patient was a girl of two years who had
a one-year history of ecchymosis, six
months of frequent severe epistaxis, and a
recent episode of hematemesis. On admis-
sion, the platelet count was 46,000 per cu.
mm. of blood (normal: 125,000 to 300,000).
No immature cells were observed in the
blood smear. No megakaryocytes were
noted in the sternal marrow specimen,
which, however, was considered to be a
poor specimen. There were no signs of
leukemia. No accessory spleens were noted
at operation. In spite of multiple transfu-
sions of fresh blood postoperatively, the
platelet count remained in the vicinity of
55,000 per cubic millimeter of blood. Post-
operatively, the patient continued to ex-

hibit petechiae, and experienced frequent
epistaxis. Two and one-half months after
splenectomy she died of a cerebral hemor-
rhage.

Follow-up Study. Follow-up reports of
35 (76.1 per cent) of the 46 survivors were
obtained. There were 32 of these patients
(91.4 per cent) who were alive and well
five years after splenectomy. Four of these
32 patients (12.5 per cent) gave a history
of further episodes of either epistaxis or

petechiae after operation, but in no instance
were these symptoms severe or protracted.

One of the 3 patients who died was a woman

of 31 years with a history of purpura, epistaxis,
bleeding gums, and menometrorrhagia of 5 months'
duration. On admission, neither the spleen nor the
liver was palpable. There were mild anemia and a

leukocyte count of 6,200 per cubic millimeter of
blood. The platelets numbered 57,000 per cubic
millimeter of blood. The sternal marrow speci-
men failed to reveal an adequate number of nor-

mal megakaryocytes. The bleeding time was 3

minutes (normal: 3 minutes or less), the coagula-
tion time was 8 minutes (normal: 6 to 10 min-
utes), and clot retraction was complete at the
end of 2 hours (normal: complete in 1 to 2

hours). At operation, a spleen weighing 270 Gm.
was removed along with one accessory spleen
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1 cm. in diameter situated in the gastrocolic
omentum. The results of microscopic examination
of the splenic tissue were not remarkable. Post-
operatively, there was a good sustained platelet re-
sponse to splenectomy. The patient returned 2
years after splenectomy complaining of an 8-

month history of recurrent episodes of edema of
the face and hands which was relieved by blood
transfusions. She also complhined of pain in the
right upper quadrant of the abdomen extending
to the right shoulder. There was marked hepato-
megaly. Roentgenograms showed increased den-
sity of all bones, and the diagnosis of osteopetrosis
was made. At this time, the blood hemoglobin
was 10.8 Gm. per 100 cc., the leukocyte count
8800 per cubic millimeter of blood and the plite-
lets 22,900 per cubic millimeter of blood. The
blood smear exhibited increased regeneration, and
occasional myeloid immaturity to the promyelocyte
level. Adequate sternal puncture was not possible
because of the dense cortical bone. The blood
calcium was 7.8 mg. per 100 cc. (normal: 9 to 11
mg.), the phosphorus 3.4 mg. per 100 cc. (normal:
2.5 to 4.0 mg.), and the Bodansky alkaline phos-
phatase 2.9 units (normal: 5 units or less). The
total serum proteins were 4.9 Gm. per 100 cc.
(normal: 6.4 to 7.8 Gm.). It was thought that the
patient was suffering from Albers-Schonberg dis-
ease with myeloid metaplasia. The patient died
two and a half years after splenectomy.

The second patient was a boy of 12 years
who had complained of frequent epistaxis for 4
years before admission. On physical examination
the spleen was enlarged 2 fingerbreadths below
the left costal border. There was a macrocytic
anemia, and leukocytes numbered 12,500 per
cubic millimeter of blood. The platelets were
28,000 per cubic millimeter of blood. The reticu-
locyte count was 6.9 per cent (normal: 0.5 to 2.5
per cent). Blood smears revealed some imma-
turity. The sternal marrow specimen exhibited a
myeloid left shift, a marked increase in erythro-
cyte regeneration, and a reduction in megakar-
yocytes. The bleeding time was 10 minutes, and
clot retraction was complete at the end of 2 hours.
The possibility of a chronic myelogenous leu-
kemia was entertained before operation, but the
4-year history seemed more consistent with the
diagnosis of an essential thrombocytopenia. At
operation, a spleen weighing 204 Gm. was re-
moved. Two months postoperatively, the patient
continued to have purpura, and the blood smear
at that time was consistent with the diagnosis of
chronic myelogenous leukemia. The patient suc-
cumbed to this disease two and a half months
after splenectomy.

The third patient of those traced who died
within the 5-year period after splenectomy was a
woman of 44 years who had complained of re-

current purpura and bleeding gums occurring each
spring for 16 years. The platelet count was 54,000
per cubic millimeter of blood and the results of
all other tests Were compatible with the diagnosis
of essential thrombocytopenic purpura. The sternal
marrow revealed a normal number of megakarvo-
cytes. The platelet count responded well to
splenectomy. When the patient returned to the
clinic for her 6-months' postoperative check-up she
was feeling well, the platelets were 130,000 per
cubic millimeter of blood, the bleeding time 3
minutes, and clot retraction was complete at the
end of 2 hours. We were informed by letter that
the patient had died a year and a half after
splenectomy. The cause of death was not specified.

CONGESTIVE SPLENOMEGALY

The preoperative diagnosis was "Banti's
disease" or "congestive splenomegaly" in
45 (32.1 per cent) of the 140 cases in this
series.

Accessory Spleens. Accessory spleens
were removed and identified microscop-
ically in 13 (28.9 per cent) of the cases.
The accessory splenic tissue was usually
located in the gastrocolic or gastrosplenic
ligament. The accessory spleens ranged in
size from 0.5 to 3.0 cm. in diameter. In one
case, seven accessory spleens were found at
the hilus of the spleen.

Hospital Mortality Rate. In this group,
there were four hospital deaths (8.9 per
cent). In two cases death was due to intra-
peritoneal hemorrhage, occurring in one in-
stance on the twelfth postoperative day,
and in the second case on the nineteenth
postoperative day. The third patient, a man
of 60 years, continued to have hemate-
mesis postoperatively. In spite of multiple
blood transfusions the patient became com-
atose and died on the twenty-fifth day after
operation. Postmortem examination re-
vealed cirrhosis of the liver, thrombosis of
the splenic, superior mesenteric, and portal
veins, infarction of the upper part of the
ileum, fat necrosis of the pancreas, eso-
phageal varices with rupture and gastro-in-
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testinal hemorrhage, thrombosis of the left
gastric veins, bronchopneumonia, and
mural thrombosis of the left pulmonary ar-
tery. The fourth patient who died in the
immediate postoperative period was a man
of 21 years who experienced a stormy
febrile postoperative course with a left
diaphragmatic pleurisy and effusion. One
month after splenectomy he began to have
severe hematemesis, and, clespite many
blood transfusions, the patient died five
weeks after operation. The findings at ne-

cropsy were cirrhosis of the liver, ruptured
esophageal varices with hemorrhage, and
organized thrombosis of the superior mes-

enteric artery and the splenic, superior
mesenteric, and portal veins.

Follow-up Study. Thirty-three (80.5
per cent) of the 41 survivors of splenec-
tomy for congestive splenomegaly have
been traced during a five-year period. Sev-
enteen (51.5 per cent) of these patients
have survived for five or more years. Seven
of the latter have experienced further epi-
sodes of hematemesis. Thus, only ten (30.3
per cent) of those traced have been com-

pletely well for five years.
Whenever it was possible to ascertain

the immediate cause of death, it was found
to be due to massive gastro-intestinal hem-
orrhage. More than half (56.3 per cent) of
those who died failed to survive three years
after splenectomy.

ACQUIRED HE.MOLYTIC ANEMIA

Five patients (3.6 per cent) had preop-

erative diagnoses of "acquired hemolytic
anemia.

Accessory Spleens. In no instance was

accessory splenic tissue apparent at lapa-
rotomy.

Hospital Mortality Rate. There were no

deaths in the immediate postoperative
period.

Follow-up Study. Four of the five pa-

tients were alive at the date of this study
more than five years after splenectomy. In

two of these cases the patients were well
with no recurrence of former symptoms
(jaundice or weakness). One patient had
lymphosarcoma for which he had received
much roentgen therapy with no evident
sustained improvement. The fourth patient
continued to have recurrences of extreme
icterus and was in a poor state of health.

The patient who died was a man of 58
years who complained of left sciatica and
frequent dull nocturnal epigastric distress
of a year and a half's duration. There was

no family history suggestive of blood dys-
crasia. His work-up revealed splenomeg-
aly, a herniated intervertebral disk at the
fourth lumbar vertebra, microcytic anemia,
leukocytes numbering 16,800 per cubic
millimeter of blood with a normal differen-
tial count, and a reticulocytosis of 8.9 per
cent. The erythrocytes showed increased
fragility in hypotonic saline solution, and
the serum bilirubin was 5.9 mg. per 100 cc.

with an indirect reaction. Sternal marrow

examination was not performed. The extir-
plated spleen weighed 380 Gm. When the
patient returned for a check-up one year
after operation, a generalized lymphaden-
opathy was noted. There was anemia, and
the leukocyte count was 126,000 per cubic
millimeter of blood. Blood smears and
sternal puncture confirmed the diagnosis of
chronic myelogenous leukemia. The patient
died four years after splenectomy.

In summary, in only 40 per cent of
these cases of acquired hemolytic anemia
have the results of splenectomy been
gratifying.

INDETERMINATE SPLENOMEGALY

Splenectomy was performed for "inde-
terminate splenomegaly" in five cases (3.6
per cent). Microscopic examination of the
extirpated spleens suggested the diagnoses
in four cases as follows: "Hodgkin's sar-

coma," "reticulo-endothelial hyperplasia,"
"regressing hemangioma of the spleen," and
"Banti's disease." In the fifth case the
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spleen demonstrated a myeloid metaplasia
and the pathologist suggested that "the pa-
tient should be followed for the develop-
ment of myelogenous leukemia" (see para-
graph on "Follow-up Study").

Accessory Spleens. There were no ac-
cessory spleens in this group.

Hospital Mortality Rate. No hospital
deaths occurred.

Follow-up Study. All of the patients
have been traced. The patient with the
reticulo-endothelial hyperplasia died "soon
after" dismissal from the hospital. The pa-
tient with Hodgkin's sarcoma died one
month after leaving the hospital. The pa-
tient who had a hemangioma of the spleen
was alive and well at the date of this study.
The fourth case deserves special comment.
The patient, a woman of 29 years, pre-
sented a history of chronic ulcerative jeju-
nitis for which a resection of the upper part
of the jejunum had been performed at the
clinic in March, 1943. She continued to
suffer from recurrent generalized abdom-
inal pain with nausea, vomiting and fever
for a year and a half. On physical examina-
tion there was marked splenomegaly but no
hepatomegaly. Aside from a normocytic
anemia, laboratory findings were not re-
markable. At operation in November, 1944,
a spleen weighing 600 Gm. was removed.
There was much perisplenitis and increased
vascularity of the splenic pedicle. It was
the surgeon's impression that this was a
true congestive splenomegaly, probably on
the basis of thrombophlebitis of the portal
or splenic vein. At the date of this study
the patient reported that she was well and
active five years after splenectomy. In the
fifth case the patient died almost six years
postoperatively of chronic myelogenous
leukemia.

COMMENT

Splenectomy can be performed for any

of the conditions associated with hyper-
splenism with a reasonably low mortality

rate. An occasional exception to this state-
ment is congestive splenomegaly, in which
the operation carries a higher mortality rate
than when it is performed for the blood
dyscrasias. In our series of 140 consecutive
splenectomies there were six hospital
deaths, constituting a mortality rate of 4.3
per cent. One death occurred after splenec-
tomy for congenital hemolytic icterus, a
second after splenectomy for thrombocyto-
penic purpura, -and four hospital deaths fol-
lowed splenectomy for congestive spleno-
megaly. Cole, Walter and Limarzi4 re-

ported seven hospital deaths in a series of
87 splenectomies, an operative mortality
rate of 8.0 per cent. However, five of the
seven deaths followed splenectomy for so-
called Banti's disease. A contributing fac-
tor to the increased risk in these patients is
the presence of extensive perisplenitis and
the high degree of vascularity in the splenic
area due to the many venous collaterals.
Four of the five hospital deaths in Cole and
associates' series of patients with congestive
splenomegaly were due to postoperative
hemorrhage, as were two of the- four in our
series. An interesting postmortem finding
in the two additional patients in this cate-
gory in our series was extensive thrombosis
of the portal vessels with gangrene of the
small intestine. Quan and Castleman8 have
emphasized the frequency of portal vein
thrombosis in patients who had succumbed
following transthoracic gastrectomy and in-
cidental splenectomy. Allen, Barker and
Hines1 found that postoperative thrombo-
phlebitis and pulmonary embolism occurred
in 5.12 per cent of 391 patients undergoing
splenectomy, an incidence higher than that
occurring after any other type of operation.
In view of the foregoing facts, more liberal
prophylactic use of the anticoagulants may
be indicated after splenectomy even when
the operation has been performed for con-
gestive splenomegaly.

The success of splenectomy for hyper-
splenic disorders frequently will depend
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upon whether accessory spleens have been
found and removed. In the event of a re-
currence of symptoms, especially in throm-
bocytopenic purpura, "the uncertainty of
finding splenic tissue at [the second]* op-
eration makes a surgical procedure pro-
hibitively dangerous."7 In the series herein
reported, accessory spleens were found and
extirpated in 25 cases, or 18 per cent. Movitz
and Curtis6 reported the presence of acces-
sory splenic tissue in 56 (31.4 per cent) of
174 consecutive patients undergoing sple-
nectomy and four additional patients on
whom laparotomy was performed. The fre-
quency of accessory spleens in these two
series plus the fact that they are often mul-
tiple emphasizes the necessity for careful
search throughout the entire peritoneal
cavity.

The two hypersplenic conditions for
which splenectomy has been most consist-
ently valuable as a therapeutic measure are
congenital hemolytic icterus and primary
thrombocytopenic purpura. The- results of
our study add further support to this con-
tention. At the date of the study, all of the
29 traced patients who had been correctly
diagnosed preoperatively as having con-
genital hemolytic icterus were alive and
well at least five years after splenectomy.
This finding agrees with those reported in
two recent series.4 9 Of 32 traced patients
with an established diagnosis of primary
thrombocytopenic purpura, 87.5 per cent
reported a complete and sustained remis-
sion. The resuits are classified as only fair
to good in the remaining 12.5 per cent
since there have been further mild episodes
of epistaxis or purpura. However, all of
these patients are alive and carrying out
normal activities after splenectomy. Welch
and Dameshek9 reported excellent results
in 61 per cent and good results in 19 per
cent. In the series of Cole and associates,4
the results were good to excellent in 23 of

26 cases and fair to good in the remaining
three cases.

Hemolytic anemias of the acquired type
respond less favorably to splenectomy. In
five of the cases in our series the disease
was diagnosed as acquired hemolytic
anemia. In one case the anemia proved to
be secondary to a chronic myelogenous
leukemia, of which disease the patient sub-
sequently died. In another instance
lymphosarcoma was later discovered to be
the basis of the anemia, and splenectomy
has been of little or no benefit. The three
remaining cases were considered to be of
the primary or idiopathic type of acquired
hemolytic anemia; results have been excel-
lent in two while the third patient remains
severely anemic with recurrent jaunidice.
Welch and Dameshek reported excellent
results in 50 per cent of patients with pri-
mary acquired hemolytic anemia, whereas
only a third of patients with the secondary
type were benefited by operation.

The hypersplenism which is secondary
to congestive splenomegaly is rarely a
major factor in the patient's ultimate poor
prognosis. The majority of patients with
so-called Banti's disease succumb to hemor-
rhage from ruptured esophageal varices.
The hypothesis that splenectomy removes
enough circulating blood volume from the
portal circulation to reduce portal hyper-
tension effectively has declined in favor in
recent years. There is also some question as
to whether splenectomy diminishes the as-
sociated pancytopenia consistently and
completely enough to make it justifiable as
even a palliative procedure. Of the pa-
tients on whom data are here reported who
underwent splenectomy for congestive
splenomegaly, 80.5 per cent have been
traced during a five-year period. Only
one half (51.5 per cent) of these patients
have survived for five or more years. Re-
current episodes of hematemesis have oc-
curred in 41.2 per cent of the foregoing
survivors. Thus, of those traced, only 30.3
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per cent have had satisfactory long-term
results. This discouraging figure casts
serious doubt on the justifiability of splenec-
tomy alone as a curative procedure in con-
gestive splenomegaly; on the other hand, it
should stimulate further investigation along
other therapeutic lines such as total gastrec-
tomy2 or the various venous shunts.3' 6

Discounting the five cases with "inde-
terminate splenomegaly" as a preoperative
diagnosis, the preoperative impressions
about five of the 107 traced patients proved
to be erroneous. In two of these cases
(one diagnosed as primary acquired
hemolytic anemia and the other as essential
purpura) the patients died of chronic mye-
logenous leukemia. In the third instance
(diagnosed as essential thrombocytopenic
purpura preoperatively), osteopetrosis with
myeloid metaplasia was the final diagnosis.
In these three cases splenectomy might
have been avoided by a higher index of
suspicion with greater emphasis on the
bone marrow studies. In the first case ster-
nal puncture was not performed preopera-
tively. In the second instance a preoper-
ative sternal marrow specimen showed a
myeloid left shift and a reduction in mega-
karyocytes; the clot retraction time was
normal. In the case of myeloid metaplasia,
megakaryocytes were reduced in number
and abnormal in appearance.

CONCLUSIONS

1. Splenectomy is indicated in all in-
stances of primary hypersplenism; in care-
fully individualized cases of secondary
hypersplenism splenectomy may provide
effective palliation.

2. Splenectomy will be curative in the
great majority of cases of congenital hemo-
lytic icterus and primary thrombocytopenic
purpura.

3. In about half of the cases of acquired
hemolytic anemia of the primary type,
splenectomy produces sustained remissions.

4. Splenectomy is justifiable as a diag-
nostic measure in the presence of spleno-
megaly when the presence of agnogenic
myeloid metaplasia has been excluded by
means of bone marrow studies.

5. The discouraging results of splenec-
tomy in the great majority of cases of con-
gestive splenomegaly should stimulate fur-
ther investigation for a procedure of cura-
tive value.

6. The high incidence of accessory
splenic tissue demands careful exploration
of the entire peritoneal cavity at lapa-
rotomy.

7. Greater emphasis on preoperative
bone marrow studies will clarify the indi-
cations for and contraindications to oper-
ative intervention.
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