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Abstract

Introduction The spleen provides a unique immune function in its production of opsins directed against encapsulated
bacteria. Splenectomy, therefore, increases the risk of infections in patients as well as post-operative complications. This
study aims to assess the risk of post-operative complications within 5 years of splenectomy by indication for splenectomy:
trauma, disease, or in association with a distal pancreatectomy for pancreatic disease. The relationship between vaccination
and infectious outcomes was also investigated.

Methods This study is a review of splenectomy cases between June 2005 and June 2015 at a single institution. Infection,
splenectomy indication, and vaccination history were identified from electronic medical records and lab test confirmations.
Data was analyzed using Student’s ¢ test for continuous variables, the Mann—Whitney U test for ordinal variables, and a
Chi-square/Fisher exact test for categorical variables.

Results A total of 106 splenectomy patients were included: 35 traumatic (74% male) and 71 non-traumatic causes (42%
male) with no significant difference in age. There were no statistical differences in complications during splenectomy and
vaccination administration between the splenectomy indication groups: trauma, disease, and with distal pancreatectomy.
There was a statistically significant higher infection rate within 5 years post-splenectomy in the non-traumatic vs traumatic
group (42% vs 14.0%, p=0.0040) with majority gastrointestinal (7/38) and respiratory (5/38) and surgical wound infections
(3/38) observed in non-traumatic versus traumatic, respectively.

Conclusion Results from data analysis show a statistically significant difference in rates of infection within 5 years post-
operatively between traumatic versus non-traumatic indications for splenectomies, with the non-traumatic group experienc-
ing a higher rate of infectious outcomes. The non-traumatic group included patients with disease and distal pancreatectomy
indications. This suggests that patients who have non-traumatic causes may be at a higher risk of developing infections
following splenectomy procedure. Additionally, vaccinations did not appear to have a protective effect.
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OPSI  Overwhelming post-splenectomy infection splenomegaly with and without associated hypersplenism

[2]. For trauma, although a variety of splenic preservation
techniques are available, splenectomy is still life-saving in
severe injury [3]. Lastly, for anatomical reasons, the spleen
is frequently resected en bloc with the distal pancreas for
pancreatic disease involving the body and tail of the pan-
creas [4]. Splenectomy may be done through an open mid-
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While it is not an organ essential for life, the spleen, nev-
ertheless, has a unique immune function. It provides antigen-
presenting cells (APCs) to facilitate B lymphocyte responses
against blood-borne antigens [8]. Its structure allows for the
filtration of blood pathogens and abnormal cells. Patients
without a spleen may lack immunity due to the absence of
these unique APCs and have impaired filtration ability. As
such, post-splenectomy patients are at risk for a variety of
long-term adverse events [9], the most devastating being
overwhelming post-splenectomy infection (OPSI) [10]. This
is due to polysaccharide encapsulated bacteria, which are
otherwise neutralized by spleen [11]. A review study by Sin-
war reports an overall 5% lifetime risk for OPSI in asplenic
patients [10]. The mortality rate associated with this infec-
tion is reported to be between 38 and 70% on average, but
can be as low as 10% [10]. In addition, asplenic patients are
further at risk for other bacterial and viral infections as a
result of immunosuppression [9].

Because of the deleterious effects of splenectomy, a vari-
ety of splenic preservation techniques have been develop-
ment for splenic trauma [12], resection of splenic cysts [13],
and distal pancreatectomy [14]. Nevertheless, despite these
efforts, there may be no alternatives to a total splenectomy.
Therefore, to address the immunological consequences of
splenectomy, vaccination has become standard. Clinical
guidelines for splenectomy recommend vaccinating patients
against the S. pneumoniae, N. meningitidis, H. influenzae
type b and influenza virus at least two weeks prior to surgery
in elective cases or two weeks post-operatively for emergent
splenectomies [15].

Although splenectomy patients are preventatively vac-
cinated for OPSI, they are still at risk of developing non-
OPSI infections. A systematic review by Rodeghiero and
Ruggeri [16] found the risk of post-splenectomy infection
was highest within the first 90 days after splenectomy, but
persistent at a much lower rate even after one year. They
also determined that the risk of infection was related to the
indication for splenectomy, whether for disease or trauma.
However, they did not assess splenectomy in association
with distal pancreatectomy for pancreatic disease. There-
fore, a better understanding of infection occurrence after
the immediate post-operative period is needed. The primary
aim of this study is to determine if there is any difference
in infectious events within 5 years of the splenectomy by
indication for splenectomy: trauma, disease, or in association
with a distal pancreatectomy for pancreatic disease. Second-
ary aims are to assess variation in vaccine administration and
to determine if this variation was associated with infectious
outcomes.
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Methods

This study was approved by the institutional review boards
of the University of South Florida and Tampa General
Hospital.

The electronic medical records of patients who underwent
a splenectomy for trauma, disease, or in association with a
distal pancreatectomy at Tampa General Hospital between
June 1, 2005, and June 31, 2015, to allow for a minimum of
5 year follow were accessed. Inclusion criteria were sple-
nectomy patients > 18 years old for any indication, whether
planned or unplanned. Patients were excluded if they met
any of the following criteria: <17 years old; underwent sple-
nectomy outside of the given timeframe; if there was any
splenic preservation; subject was involved in ongoing medi-
cal litigation; or subject was incarcerated. The definition of
splenectomy for trauma was any splenic injury caused by
blunt or penetrating force, in addition to intra-operative or
procedural-related iatrogenic injury. Splenectomy for disease
was defined as any indication for the treatment of benign
or malignant hematologic or lymphatic system disease. The
definition of splenectomy in association with a distal pan-
createctomy was any time the spleen was resected en bloc
with the distal pancreas for benign or malignant disease,
regardless of splenic involvement.

Data gleaned from the records were as follows: patient
age, patient sex, name of the attending physician, diagnosis
at admission, presenting symptoms, indication for splenec-
tomy, grade of splenic injury for trauma as determined by
computed tomographic scanning or intra-operative assess-
ment, date of splenectomy, splenectomy approach (open
vs laparoscopic), intra- and post-operative complications,
length of stay, vaccination administration and timing, infec-
tion within five years, length of time between splenectomy
and infection. After the data was collected on a limited
access Excel document, it was transferred over to REDCap,
a secure web application for building and managing research
databases.

Statistical analysis

Data was analyzed using descriptive statistics, Student’s ¢
test for normally distributed continuous variables (presented
as means with standard deviations), the Mann—Whitney U
test for non-normally distributed variables (presented as
medians with interquartile ranges), Fisher exact test for 2x2
categorical variables containing cells <5, and Chi-squared
test for greater than 2 X2 categorical variables. A p value
of £0.05 was considered statistically significant.
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Results Table 2 Disease and injury distribution

. . Indication for non-trauma splenectomy Grade of splenic Injury
Demographics comparing trauma and non-trauma
splenectomy groups Splenectomy only (n= 37):' 1: 2 (6%)

Splenomegaly/hypersplenism: 13 (18%) 1II: 5 (14%)
. . Immune thrombocytopenic purpura: 12 III: 7 (20%)

A total of 106 patients underwent splenectomy in the 17%) 1V: 9 (28%)
defined timed period and met the inclusion criteria for the Splenic vein thrombosis: 2 (3%) V: 12 (34%)

study. We had a 5-year follow-up on 79 (75%) patients.
Table 1 presents the data comparing patients undergoing
splenectomy for trauma and non-trauma indications. For
the trauma patients, 25 (71%) were due to blunt or pen-
etrating trauma, with the mechanisms of splenic injury
including motor vehicle collision, automobile-pedestrian
accidents, and physical assaults, while 10 (29%) were iat-
rogenic. Table 2 presents the indications for non-trauma
splenectomy and grade distribution of splenic injury.
There was a higher frequency of male patients in the
trauma category, compared to the non-trauma category
(Table 1). There was no difference in age between the
groups (Table 1). All of the trauma splenectomies were
done via an open laparotomy, while there was an even
distribution between laparoscopic and open operations in
the non-trauma group. Overall length of stay was longer
for the trauma group. Twelve different attending surgeons
were involved in the operations of the trauma group, while
11 different surgeons were involved in the non-trauma

group.

Table 1 Patient characteristics

Splenectomy indication: Trauma Non-trauma p value
(n=35) (n=171)
Age, mean +SD 50+19 53+16 NS
[range] [18-89] [19-80]
Gender
Male 26 (74%) 30 (42%) 0.0019
Female 9 (26%) 41 (58%)
Surgical approach
Open 35 (100%) 36 (51%) 0.0001
Laparoscopic 35 (49%)
Length of stay, days, median with 12 (6-27) 8 (4-13) 0.0039
interquartile range
Complications during procedure 3 (9%) 5(7%) NS
Complications following proce- 16 (46%) 14 (20%) 0.0052
dure
Vaccinations administered:
None 720%) 21 (30%) 0.0002
Preoperatively 1 (3%) 25 (35%)
Post-operatively 22 (63%) 20 (28%)
Unknown 5 (14%) 5 (7%)
Infection within 5 years 5 (14%) 30 (42%) 0.0040

Splenic abscess: 2 (3%)
Splenic infarction: 2(3%)
Acute aortic dissection (splenic ischemia):
1 (1%)
Autoimmune hemolytic anemia: 1 (1%)
Splenic lymphoma: 2 (1%)
Splenic artery aneurysm: 1 (1%)
Spontaneous bleeding due to cirrhosis: 1%
(1%)
Splenectomy with distal pancreatectomy
(n=34):
Pancreatic neoplasm/mass: 28 (39%)
Chronic pancreatitis: 5 (7%)
Acute necrotizing pancreatitis: 1 (1%)

Demographics comparing non-trauma splenectomy
only and distal pancreatectomy/splenectomy
groups

Table 3 presents the demographic data between patients
undergoing splenectomy for disease only compared to
patients undergoing splenectomy with distal pancreatec-
tomy for pancreatic disease. There was no difference in the
sex distribution between groups, but patients in the distal
pancreatectomy/splenectomy group were older and had a
longer length of stay (Table 3). There were 7 different sur-
geons involved in the splenectomy only group and 8 different
surgeons in the distal pancreatectomy/splenectomy group.

Intra- and post-operative complications

Tables 1 and 3 present the frequency of intra-operative and
post-operative complications in the study groups. Most of
the complications in the trauma group occurred post-oper-
atively. In the splenectomy-only group, there were three
intra-operative complications: bleeding from the splenic
hilum and need for transfusion, injury to the spleen causing
excessive bleeding and need for transfusion, as well as mes-
enteric ischemia in a patient with an acute aortic dissection.
In the distal pancreatectomy/splenectomy group, there were
2 intra-operative complications: excessive bleeding from the
splenic hilum requiring transfusion and injury to the supe-
rior mesenteric artery.

Post-operative complications were more common in
the trauma group, compared to the non-traumatic group
(Table 1). Complications were also more common in the
pancreatectomy/splenectomy group compared to the sple-
nectomy-only group (Table 3). In the traumatic group,
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Table 3 Comparison of non-

. Splenectomy only Splenectomy with distal ~ p value
trauma splenectomy only W.lth (n=37) pancreatectomy
nf)n-trauma splenectomy with (n=34)
distal pancreatectomy
Age, mean + SD, years 47+ 16 59+12 0.0056
[range] [19-79] [39-80]
Gender
Male (%) 14 (38%) 16 (47%) NS
Female (%) 23 (62%) 18 (53%)
Surgical approach
Open (%) 17 (46%) 19 (56%) NS
Laparoscopic (%) 20 (54%) 15 (44%)
Length of stay, days, median with inter- 53-9) 11 (6-17) 0.0003
quartile range
Complications during procedure (%) 3 (8%) 2 (6%) NS
Complications following procedure 4 (11%) 10 (29%) 0.0491
Vaccinations administered:
None 5 (14%) 16 (47%) <0.0001
Preoperatively 22 (59%) 3 (9%)
Post-operatively 7 (19%) 13 (38%)
Unknown 3 (8%) 2 (6%)
Infection within 5 years 17 (46%) 13 (38%) NS

there were 6 deaths, 3 patients with leukocytosis, 2 surgi-
cal wound complications, and one of each of the following:
deep venous thrombosis, acute respiratory failure, paraple-
gia (most likely related to the inciting trauma), and anasto-
motic leak. In the splenectomy-only group, post-operative
complications included one of each of the following: death
(due to an acute aortic dissection), pulmonary embolism,
acute respiratory distress syndrome, and thrombocytope-
nia. In the distal pancreatectomy/splenectomy group, there
were 2 of each of the following compilations: death and
hospital-acquired pneumonia, empyema, atrial fibrillation,
stroke, surgical wound complication, hypoglycemia, and
hyperamylasemia.

Vaccination administration

Tables 1 and 3 present the vaccination administration data.
There were significant differences in vaccine administration
between the trauma and non-trauma groups and between the
splenectomy-only and distal pancreatectomy/splenectomy
groups.

Post-splenectomy infections within 5 years

Table 1 presents the post-splenectomy infection rate for
trauma and non-trauma splenectomy. Of these infections,
30 (86%) occurred after discharge, while 5 (14%) prior
to discharge. There was a statistically significant higher
rate of infectious outcomes in the non-trauma compared
to the trauma group. Table 3 presents the infection rates of
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the splenectomy-only and distal pancreatectomy/splenec-
tomy groups. There was no difference in the rate of infec-
tious occurrences between the groups. However, when
compared to the trauma group, both the splenectomy only
group (p =0.0036) and distal pancreatectomy/splenectomy
group (p =0.0235) had statistically significant higher rates
of infectious outcomes. We also found that there was no
difference in age between those without and those with an
infectious outcome (51 + 18 years vs 52 + 14 years, respec-
tively, p =NS), nor sex distribution (male 54%:female 46%
vs male 51%:female 49%, respectively, p =NS). Table 4

Table 4 Distribution of post-operative infections within 5 years

Infection Non-trauma Trauma
Bacteremia/septicemia 2 (3%)

Septic shock 1 (1%) 1 (3%)
Surgical site infection 4 (6%) 2 (6%)
Leukocytosis (presumed infection) 3 (4%) 1 (3%)
Pneumonia/respiratory 4 (6%)

Urinary tract infection 7 (10%)

Pyelonephritis 1 (1%)

Intra-abdominal abscess 3 (4%)

Pancreatitis 1 (1%)

Cholecystitis 1 (1%)

Clositrium difficile colitis 1 (1%)

Human metapneumovirus 1 (1%)

SARS CoV-2 1 (1%)

Osteomyelitis 1 (1%)
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Table 5 Distribution of microbial organisms

Organism Distribution (%)

Gram positive organisms

Staphylococcus aureus 4 (14%)
Staphylococcus epidermidis 2 (7%)
Streptococcus faecalis 3(11%)
Streptococcus viridans 3(11%)
Streptococcus pneumonia 1 (4%)
Streptococcus mitis 1 (4%)
Diphtheroid bacilli 1 (4%)
Clostridium difficile 1 (4%)
Gram negative organisms
Escherichia coli 4 (14%)
Klebsiella pneumoniae 2 (7%)
Haemophilus influenza 1 (4%)
Prevotella buccae 1 (4%)
Psuedomonas aeruginosa 1 (4%)
Yeast
Candida albicans 2 (7%)
Candida tropicalis 1 (4%)

shows the distribution of infectious occurrences. These
included bacterial and viral infections distributed over a
wide range of organ systems. Table 5 shows the distri-
bution of microorganisms causing the infections, which
include encapsulated and non-encapsulated bacteria as
well as yeasts. The median time to infection was 4 months
(range: 1 to 48 months).

Table 6 shows the occurrence of infectious outcomes by
vaccination status. There were no statistically significant
differences among the vaccination status groups overall
or by splenectomy type. Table 7 shows the occurrence of
infectious outcomes by splenic injury grade. All infectious

outcomes occurred in the grades I to III group and this was
a statistically higher rate than the grades VI and V group.

Discussion

Splenectomy is performed to treat a wide variety of condi-
tions. The spleen is not required for life but still plays a
role in blood filtration and immune response. Consequently,
asplenic patients are more prone to a variety of adverse
events [9]. The most feared infection that is unique to sple-
nectomy patients is OPSI [17]. Patients without a spleen
have a greater risk of death by approximately 200-fold, from
septicemia compared to those with a normally functioning
spleen [18]. What we have shown is that infectious outcomes
occur more often in patients undergoing splenectomy for
disease or in conjunction with a distal pancreatectomy com-
pared to splenectomy for trauma. There did not seem to be
a particular pattern as to the types of infections, nor did
vaccine administration or timing confer a protective effect.

Prima facie, the fact that vaccination administration did
not seem to affect infectious outcomes is puzzling. However,
this may simply be that the present vaccination regimen is
designed for encapsulated organisms [19] and these infec-
tions may be from other microbes. This will require addi-
tional research.

It has generally been accepted that age and chronic
disease has a more significant impact on developing an
infection post-splenectomy. The effects of aging on the
immune system can be profound. There is a decrease in
the production of new adaptive immune cells such as lym-
phocytes, as well as an age-associated decline in certain
subsets of protective CD4 + T cells and B cells in the thy-
mus gland or bone marrow [20, 21]. Because of this, age
was suspected to be a noteworthy risk factor in influencing

Table 6 Comparison of late-

. : Vaccination administration ~ Overall Splenec-  Splenectomy with Trauma
term infections (<3 years from #infections/total (%) tomy only distal pancreatectomy #infections/total
splenectomy) by vaccination #infec-  #infections/total
administration tions/total
None 8/28 (29%) 2/5 6/16 0/7
Preoperatively 12/26 (46%) 9/22 2/3 171
Post-operatively 11/41 (27%) 5/7 4/13 2/22
Unknown 4/11 (36%) 1/3 12 2/5
p value NS NS NS NS
Table 7 Comparison of late- 1 I 11 v v Unknown
term infections (<5 years from
splenectomy) by splenic injury Infection/total 02 1/5 2/5 0/9 0/11 12
grade Infection/total 3/12 (25%) 0/20 (0%)
p value 0.0444
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infection rates. It is also known that aging is strongly asso-
ciated with the development of chronic conditions such as
hypertension, diabetes, and cardiovascular disease [22].
A hallmark feature of these chronic conditions is changes
in the patient’s innate and adaptive immune function [23].
This further exacerbates their ability to clear pathogens
and resolve tissue damage due to age-related changes in
immune cells such as monocytes and macrophages [21].
Nevertheless, we could not establish that age by itself, was
associated with higher infectious outcomes.

When determining which factors could explain differ-
ences in post-splenectomy infections, patient sex was also
explored. It was previously suggested that males are more
susceptible to infection, sepsis, multiple organ failure
and mortality after traumatic injury [24], in addition to
the male gender being identified as an independent risk
factor for postsurgical infections. More specifically, sex
hormones such as estrogen have an immuno-protective
effect by reducing the production of pro-inflammatory
cytokines [24]. Current literature also suggests that aging
is associated with changes in sex hormones which have
a greater impact on postsurgical outcomes. Older males
have a greater decrease in the total amount of T and B cells
than older females [21]. Although menopaused women
also experience a decrease in T and B cells, treatment
with hormone replacement therapies which are largely
estrogen-based has shown to improve immune function
by increasing circulating B cells and balancing levels of
pro-inflammatory cytokines [21]. However, we found no
difference in sex distribution between those who suffered
an infectious outcome and those who did not.

Interestingly, we found that only patients with relatively
low-grade splenic injuries developed post-splenectomy
infection. It is well known that splenic injury leads to sple-
nosis [25] and speculated that more severe injuries have
higher amounts of splenosis. If splenosis does occur, it is
not a foregone conclusion that these splenic implants will
develop into robust immunological organs. [26].

It is well known that operative trauma from an open lapa-
rotomy can lead to a certain degree of immunosuppresion
[27]. Laparoscopy has been shown to attenuate this immuno-
suppresion [28]. Therefore, it may be likely that laparoscopic
splenectomy may be associated with better immunological
response that open splenectomy. Although laparoscopic
splenectomy for non-trauma conditions is quite common,
for trauma, it is not norm. However, the TraumaLap Study
Group has shown that laparoscopy for splenic injury is use-
ful in the diagnosis of associated injuries concomitant with
the splenic injury and may be the definitive management of
high-grade splenic injuries which have failed non-operative
management, with the potential for fewer adverse post-oper-
ative events [29, 30]. Certainly, trauma surgeons should con-
sider laparoscopy as an operative option.

@ Springer

The limitations with this study are recognized among
all retrospective chart reviews in that there is potential for
incomplete or incorrect documentation which could have
impacted the quality of data collected. Furthermore, the ret-
rospective nature of the study makes temporal and causal
relationships harder to deduce. This retrospective chart
review was non-blinded which could in part cause subjec-
tive bias. To address this, data abstractors were monitored
throughout the data collection process. Their work was
reviewed by the designated research coordinators and finally
by the data analyst. Our sample size is relatively small and
only included patients who received care at a single hospi-
tal. A larger study population across multiple sites would
allow for improved generalizability. Lastly, we had 25% of
our patients lost to follow-up and, therefore, they may have
been treated at another institution for an infection of which
we were not aware.

Conclusion

In conclusion, this study evaluated the rates of infections
between traumatic and non-traumatic splenectomy patients.
The results showed subjects in the non-traumatic category
experienced a higher rate of infectious outcomes. This
included patients undergoing splenectomy for disease and
with a distal pancreatectomy. Vaccinations did not seem to
provide a protective effect.
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