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BACKGROUND: To assess the mortality (mostly
long-term sequelae) of patients undergoing sple-
nectomy, we carried out a population-based
study in Sweden.

METHODS: Using the unique personal identification
number assigned to each Swedish resident, we
linked centralized hospitalization records with na-
tionwide mortality data. After initially assessing risks
within the first 12 months after splenectomy, we ex-
cluded deaths during the first year and computed
standardized mortality ratios (SMRs) for 1,297 pa-
tients splenectomized for external trauma and 991
surgically treated for nonmalignant conditions of ad-
jacent organs who were alive at 12 months following
surgery. The general Swedish population was used
as the comparison.

RESULTS: Both men and women undergoing sple-
nectomy for external trauma had a 1.6-fold (SMR
= 1.6) significantly elevated mortality risk, due
mainly to circulatory diseases (particularly throm-
boembolism), alcoholism, digestive disorders.
and external causes. Men also had a 28-fold in-
creased mortality from septicemia and an excess
of liver cirrhosis (mostly alcohol-related). Patients
of both genders splenectomized for nonmalig-
nant conditions had small but significantly ele-
vated mortality overall (SMR = 1.4 to 1.5) reflect-
ing excess risks for malignancies, diseases of
blood-forming organs, external causes, and cir-
culatory, respiratory, and digestive disorders. In
addition, men had increased mortality from
thromboembolism and pneumonia while women
experienced elevated risks from septicemia.

coNcLusioN: The excess mortality resulted from
functional postsplenectomy defects (including
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sepsis and thromboembolism), behaviors in-
creasing risk of traumatic splenic injury (eg, alco-
holism}), damage to other organs from the exter-
nal trauma (eg, traumatic injury to the central
nervous system/spinal cord), or the same or re-
current nonmalignant conditions for which sur-
gery was performed (eg, gastric and duodenal ui-
cers). Am J Surg. 1996;172:320-323.

ening blood loss or prevent iatrogenic injury during

complicated surgery involving adjacent organs, but
conservation of splenic tissue has been an important objec-
tive due to increasing recognition of the spleen's functional
importance." Overwhelming sepsis is an unusual though
well-described complication that has been quantified in
only nine population-based studies, ™" while quantification
of risks for chronic diseases has been limited to two of these
investigations,™° one restricted to cancer outcomes only.'?
We used the centralized Swedish hospitalization inpatient
registry to assess morrality risks following splenectomy,
mostly focusing on long-term sequelae.

: ;plenectumy may be necessary to reduce life-threat-

METHODS

The study urilized a computerized linkage of the Swedish
Inpatient Registry (or IPR, containing centralized hospitaliza-
tion data reported annually), the Total Population Registry
(yearly recording of all Swedish residents), and the nationwide
Causes of Death Registry (a continuously updated listing of
all deaths). From the IPR we identified all admission records

of patients undergoing splenectomy (Swedish Classification of |

Operations and Major Procedures, codes 5610, 5611) during
1965 to 1983, reviewed concomitant diagnoses and surgical
procedures, and assigned patients to groups by reason for sple-
nectomy. We limited the study population to patients sple-
nectomized for external trauma or for surgical treatment of
nonmalignant conditions of adjacent organs and initially cal-
culated mortality risks within the first 12 months after sple-
nectomy for each group.

The major emphasis of the study was on risks subsequent to
the first year after splenectomy to further understanding of
long-term sequelae and to minimize selection bias (eg, o elim-
inate the effect of any condition that would have been the
indication for splenectomy). To this end, we excluded deaths
within the first year of splenectomy and identified 1,297 pa-
tients in the external trauma group and 991 patients (602
treated for peptic ulcer) in the surgical accompaniment group

who were alive at | year following surgery.
b
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TABLE |

IMORTAUTY RISK AFTER SPLENECTOMY/LINET ET AL

Characteristics of Patients Undergoing Splenectomy in Sweden by Reason for Splenectomy and Gender, 1965-1983 .

Splenectomy Due to External Trauma

Splenectomy Accompanying Surgery
for Nonmalignant Conditions

Characteristic Men Women Both Men Women Both
Mortality follow-up*
Number of patients 899 398 1,297 574 417 991
Mean age at entry, years 29 31 29 55 56 56
Mean calendar-year at entry 1977 1976 1977 1977 1978 1977
Mean number years of

follow-up 12 12 12 10 10 10
Total number of person-years

at risk 9,806 4,617 14,517 5,280 3,888 9,168
Mean age at death 56 63 58 70 72 71
Number of deaths during

follow-up™ 89 37 126 203 120 323

" Excluding deaths within the first year after splenectomy.

We then ascertained person-years beginning 12 months
subsequent to the discharge date for splenectomy until
death, emigration, or the end of the observation period ( De-
cember 31, 1989), whichever came first. The expected mor-
tality rates were calculated using Swedish national sex-,
age-, calendar-year—, and cause-specific mortality rates in
5-year age and time intervals. Standardized mortality ratios
(SMRs) were calculated as the ratios of observed to the
expected number of deaths and presented with their 95%
confidence intervals (CI).

RESULTS

Patients splenectomized for external trauma were substan-
tially younger (18.8% were under age 15 and 60.9% under
age 30 at surgery) than those undergoing splenectomy for
nonmalignant disorders of adjacent organs (only 0.4% were
under age 15 and 3.7% under age 30; Table I). Since there
was little gender difference in the mean age at entry or
length of follow-up in either cohort (Table 1), data are
shown for both genders combined.

During the first 12 months after surgery, patients splenec-
tomized for external trauma had a 5.2-fold morrtality in-
crease (95% CI = 3.5 t0 7.5, based on 30 deaths) compared
with the general population, mostly owing to a remarkably
elevated mortality from external injuries (SMR = 23.0, 18
deaths). Within a year of splenectomy accompanying non-
malignant disease of adjacent organs patients had 2.2-fold
(95% CI = 1.5 to 3.0, 35 deaths) overall risk, primarily
resulting from a notable excess of digestive disorders (SMR
= 16.2, 10 deaths), in contrast. The remainder of this re-
port focuses on longer-term mortality (from 12 months to
25 vears following splenectomy).

The long-term sequelae among both male and female pa-
tients splenectomized for external trauma were character-
ized by much smaller although significant increases in all-
cause mortality (SMR = 1.6) due to alcoholism, circulatory
diseases (particularly thromboembolism), digestive disor-
ders, and external causes, especially central nervous system
or spinal cord trauma (Table 11). Men also experienced a
28.0-fold increase of septicemia, based on 3 deaths all before
1980, and a 5.0-fold elevation of liver cirrhosis, primarily

alcohol-related. Total mortality among the external trauma
cohort declined significantly with increasing age at sple-
nectomy (SMRs = 2.9, 1.8, and 1.1 at age less than 30, 30
to 59, and 60 or more years, reflecting 24, 57, and 45 deaths,
respectively). There were no significant trends in mortality
according to the length of the interval after splenectomy,
nor in calendar year (eg, the time period during which the
splenectomy was performed; data not shown).

Risks for long-term sequelae among both genders splenec-
tomized in accompaniment with nonmalignant conditions
were similarly lower than short-term risks, though still sig-
nificantly increased compared with the mortality in the
general population (SMR = 1.4 for men, SMR = 1.5 for
women ), due to elevated risks for malignancy (mostly lung,
stomach, and other digestive cancers), diseases of blood-
forming organs, circulatory diseases (mainly cerebrovascular
disease), emphysema, digestive disorders, and external
causes (particularly central nervous system or spinal cord
trauma and toxicity related to alcohol or drugs; Table I11).
In addition, men had increased mortality from thrombo-
embolism, respiratory diseases, and gastric and duodenal ul-
cers, whereas women experienced elevated mortality from
septicemia, liver cirrhosis (nonsignificant, and confined to
patients with alcoholism), and mental and nervous system
disorders. Total mortality in those splenectomized for non-
malignant disorders declined significantly with increasing
age at operation, but remained elevared during each cal-
endar period of follow-up, except for a decline in deaths
from septicemia and diseases of blood-forming organs fol-
lowing splenectomy in 1980 or later (data not shown).

COMMENTS

Fulminant postsplenectomy sepsis, documented since the
early 1950s among children® and since the 1970s among
immunocompromised and healthy adults,® has been exten-
sively studied in the first year postoperation, during which
risks have been generally highest among infants and pa-
tients with malignant disease,” but usually low among those
splenectomized for external trauma or benign disease. Al-
though risks may remain elevated for many years after sple-
nectomy, long-term sequelae have not been evaluated as
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TABLE I can servicemen splenectomized for ex-
Mortality Risks among 1,297 Patients Undergc_ping Splenef:tomy in Sv_vedelj ternal trauma during World War I1 and
Subsequent to External Trauma, All Latency Periods Combined Excluding First flioaad h h 1974 lity.*
12 Months following Splenectomy, 1965-1989 T B K IMAMEAILY
and a nationwide study of Danish pa-
Cikios bl aaii 0':’::1::'9 SMR e tients 5p1enccmmized during 1977 to
1989 for traumatic rupture (n = 1,103)
All causes of .death 126 1.6 1.3-18 or for ather reasons (n = 5,212) and fol-
s o . e L - Dot lowed up for cancer incidence only.'" An
All infectious and parasitic conditions 5 9.7 3.1-22.7 Increaseiin R
Septicemia 3 18.8 3.8-54.9 se in pneumonia characterizing the
Tibetotiosis 1 6.2 0.1-348 American servicemen was not observed
Mental disorders 5 41 1.3-9.6 among the Swedish patients, perhaps due
Alcoholism 4 58 1.6-14.8 to improvements in antibiotic therapy
Diseases of circulatory system 50 13 1.0-1.7 between the American (1946 o 1974)
Arteriosclerotic heart disease 27 1.1 0.7-1.6 and Swedish (1965 to 1989) investiga-
Cerebrovascular disease 6 0.9 0.3-2.0 tions. The excesses of cerebrovascular
Venous anc‘i thromboembolic diseases 4 4.8 1.3-12.3 and thromboembolic disorders in our sur-
Respiratory ‘dlseases 3 0.7 0.1-1.9 vey were consistent with the elevated
Do ; . -~ i ischemic heart disease among the Amer-
Digeative systen dinssnes 1% 44 gl ican servicemen, both potentially linked
Gastric and duodenal ulcers 2 4.1 0.5-14.7 e g P Y
Clrhasls of lkvar 4 39 1.0-9.9 “Iflth splenectomy-relared thmmblocyto—
All external causes of death 28 3.0 2.0-4.3 sis. A related postsplenectomy circula-
Trauma to CNS/spinal cord 14 4.2 23-7.0 | tory disorder is thrombosis of the mes-
Toxic effects 3 2.1 0.4-6.2 enteric or portal veins, which may
_ present with symptoms of a serious di-
SMR = standardized mortality ratio; 85% CI = 95% confidence interval; CNS = central nervous system. gestive disorder." Another similarity was

among American and Swedish men sple-
nectomized for external trauma was an

TABLE I increase in liver cirrhosis, which was
Mortality Risks among 991 Patients Undergoiﬂg Spion&ctomy in Sweden conﬁned o l‘hose Swed]sh patients with
Associated with Upper Abdominal or Lower Thoracic Surgical Procedures, All

: 3 a hospital discharge diagnosis of alcohol-
Latency Periods Combined Excluding the First 12 Months, 1965-1989

ism. The increase in liver cirrhosis

Observed among the American servicemen may
Cause of Death Number SMR 95% Cl also have been alcohol-related or asso-
All causes of death 323 1.6 1.3-1.6 ciated with heparitis B or C infections
All malignancies 66 1.3 1.0-1.7 transmitted as a result of transfusions to
Allsinftatgtiou_s and parasitic conditions ; ii 32_5540 compensate for blood loss associated
epticemia 3 ; .5-16. . i s
Diseases of blood-forming organs 3 7.2 1.4-21.0 w1th‘s;_31emt n"n; o ¢ 1
Diseases of circulatory system 159 13 1.1-15 Despite the advantages of our popula-
Arteriosclerotic heart disease 84 1.1 0.9-1.3 tion-based linked-registry study of sple-
Cerebrovascular disease 37 17 19-23 nectomized patients, a major limitation
Venous and thromboembolic diseases 8 3.0 1.3-5.8 was lack of information on medications,
Respiratory diseases 25 1.7 1.1-25 other treatments, behavioral character-
Pneumonia 15 1.7 1.0-2.8 istics (eg, patients splenectomized for ex-
Emphysema 6 53 1.9-115 | ternal trauma may have been more ac-
Digestive system diseases 26 3.7 2.4-54 cident-prone) or other potential
g?:;::i:r::fl Evu;denal ulcers 3 g gg {2)‘2_;02;3 confounding exposures such as cigarette
All external causes of death 23 25 1.6-3.7 sér(r:;l:nff tl(::deleilal:;l}):'no:; Ti:m;ug:;
Trauma to CNS/spinal cord 6 23 0.8-4.9 : i ;
Toxlsaisote 5 49 16-11.4 | study population was associated with
functional postsplenectomy defects, in-
* Cause of septicemia not specified. cluding sepsis and thromboembolism.

' Three-fourths due to aicoholism.

: : Notable in this regard was the absence of
SMR = standardized mortality ratio; 95% CI = 95% confidence interval; CNS = central nervous system,

increased mortality from sepsis among
those splenectomized in 1980 or later,
when prophylactic vaccination against
intensively, particularly in population-based studies.” Streptococcus pneumoniae was introduced in Sweden. Pro-
Based on our data, the excess mortality due ro sepsis (eg, | phylactic pneumocaccal vaccine and judicious use of anti-
the observed rate in the splenectomized Swedish patients | biotics!? are already widely recommended, and small doses
minus the rate occurring in the general Swedish popula- | of aspirin have been suggested to prevent thrombosis and
tion) was 0.2 per 1,000 person-years in both cohorts. related circulatory disorders.!" Excess mortality also resulted

Only two earlier population-based investigations evalu- | from fatal injury to other organ systems (particularly brain
ated other long-term sequelae. These were 740 male Ameri- | and spinal cord) in conjunction with external trauma se-

o
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vere enough to rupture or damage the spleen. In addition,
the elevated deaths from alcoholism among the external
trauma cohort probably indicate a predisposition of alco-
holics to traumatic injury. Similarly, an increase in deaths
appeared to result from the same or recurrent nonmalignant
conditions (eg, gastric and duodenal ulcers) necessitating
splenectomy in conjunction with surgical procedures in-
volving adjacent organs. Historical comparisons of long-
term sequelae subsequent to spleen-sparing procedures ver-
sus total splenectomy will require the passage of time.
However, epidemiologic, laboratory, and medical record re-
view studies of incident cases of sepsis and circulatory dis-
eases following splenectomy or other patient subsets may
be useful to clarify the host and environmental determi-
nants of long-term sequelae, the mechanisms involved, and
potential preventive measures for late complications after
splenectomy.
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