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a b s t r a c t

Objectives: To determine the long-term impact of vaccination on any postoperative infection in adults
who underwent splenectomy.
Methods: All adults (�18 years) who underwent splenectomy from 1965 to 2011 in Olmsted County, MN
were identified using the Rochester Epidemiology Project. Descriptive statistics, Kaplan-Meier estimates,
and Cox proportional hazard ratios were performed.
Results: There were 724 patients who underwent splenectomy; 47% were female with a median age of 55
(35e69) years. Overall vaccination rate (pneumococcal, H influenza, meningococcal) was 62% (n ¼ 449).
There were 268 (36%) patients who developed a post-splenectomy infection; most presented with sepsis
148 (55%). The 3 most common infections included pneumonia (124, 17%), bloodstream (67, 9%), and
urinary tract infection (49, 7%). Median time to infection was quicker in non-vaccinated compared with
vaccinated patients (1.5 [0.1e4.3] vs 3.3 [1.9e9.8] years, P ¼ .01).
Conclusion: In this population-based study, the highest risk of infection after splenectomy was in pa-
tients who did not receive complete vaccination. Lack of complete vaccination was associated with a
reduced time to infection and increased rates of bloodstream infections at 5 years. Infectious compli-
cation risk reduced as vaccination protocols improved for all indications except for malignancy. Adults
who underwent a splenectomy should continue to receive booster vaccines.

© 2019 Elsevier Inc. All rights reserved.
Introduction Owing to the need for large populations to determine the correla-
The spleen provides immunologic and hematopoietic function
and has a pulverulent texture, which receives considerable cardiac
output.1 Asplenia can result in loss of adaptive immunity and al-
terations in several serum immunologic factors, which can increase
the risk of infection.2e4 Morris and Bullock demonstrated this
vulnerability5 that was rendered more conclusive by King and
Schumacker in their description of overwhelming post-
splenectomy infection (OPSI) in children and its high mortality.6

As a result of the increased susceptibility to encapsulated organ-
ism infection from asplenia, notably pneumococcus, meningo-
coccus, and Haemophilus influenzae b (Hib), preventative measures
like vaccination may lower the risk of post-splenectomy infection.
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tion between immunizations and the risk of long-term post-sple-
nectomy infections, we used the Rochester Epidemiology Project
(REP), an exclusive epidemiologic project that compiles medical
record data for all Olmsted County residents and allows for accurate
identification and tracking of health care. We have previously used
the REP to determine the rates of postsplenectomy sepsis in chil-
dren because the spleen plays a critical role in antibody response to
polysaccharide antigens contained on bacterial cell wall during
childhood. This role is more mature in adult patients, making the
role of vaccinations in the long term less clear.7 Therefore, the REP
was used to enumerate in adult patients the long-term incidence
and outcomes of postsplenectomy infection residing in Olmsted
County, Minnesota.

Methods

Cohort

Within Olmsted County, at both Mayo Clinic and Olmsted
Medical Center, institutional review board approval was obtained.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:zielinski.martin@mayo.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.surg.2019.04.046&domain=pdf
www.sciencedirect.com/science/journal/00396060
http://www.elsevier.com/locate/surg
https://doi.org/10.1016/j.surg.2019.04.046
https://doi.org/10.1016/j.surg.2019.04.046
https://doi.org/10.1016/j.surg.2019.04.046


Table I
Summary of features for adult patients, N ¼ 724

Feature Median (IQR; range)

Age at surgery in years 55 (34.5e69; 18e102)
Sex N (%)
Female 340 (47)
Male 384 (53)

Year of surgery
1966e1969 39 (5)
1970e1974 85 (12)
1975e1979 114 (16)
1980e1984 91 (13)
1985e1989 70 (10)
1990e1994 68 (9)
1995e1999 62 (90)
2000e2004 82 (11)
2005e2009 75 (10)
2010e2011 38 (5)

Indication for splenectomy
Trauma 139 (19)
Malignancy 256 (35)
Benign hematologic disease 83 (11)
Intraoperative iatrogenic injury 90 (12)
Other 156 (22)

Type of malignancy (N ¼ 256)
Hodgkin’s lymphoma 51 (20)
Non-Hodgkin’s lymphoma 30 (12)
Hairy cell leukemia 11 (4)
Chronic lymphocytic leukemia 17 (7)
Chronic myelogenous leukemia 3 (1)
Non-hematologic tumor of the spleen 3 (1)
Other 141 (55)

Type of hematologic disease (N ¼ 83)
Idiopathic thrombocytopenic purpura 55 (66)
Spherocytosis 6 (7)
Hemolytic anemia 16 (19)
Other 6 (7)

Type of splenectomy
Elective 509 (70)
Emergent 215 (30)

Technical approach
Open 666 (92)
Laparoscopic converted to open 17 (2)
Laparoscopic 41 (6)

Pancreatectomy performed 48 (7)
Gastrectomy performed 48 (7)
Other procedure performed 332 (46)
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Within southeastern Minnesota, Olmsted County is remote from
other medical centers and this permitted study of the long-term
outcomes after splenectomy. Based on results that evaluated the
natural course after splenectomy in children,7 the REP was used to
perform a similar study in adults. Briefly, the REP maintains pooled
patient-specific medical record data for consented community
members for epidemiologic and historical cohort research. Data
specialists continuously update the population-based project
through classification of historical patient data.8 Beginning in 1965,
the REP encompasses medical treatment for most citizens within
Olmsted County.9 The REP is able to unify patient identification
with the complete medical record for patients who underwent care
at either institution. Patient care is codified and routinely updated.
These include outpatient and inpatient visits. Data maintained
within the REP accurately follow the care for most Olmsted County
residents.10 When patients die or leave Olmsted County and no
longer receive care by a participating REP provider, these were
considered as data attrition. Despite this, individuals who have
migrated out of Olmsted County are tracked using patient identi-
fiers when consulting with another health care provider. Further,
when patients continue to receive care at centers that participate
within the REP, these data are maintained and updated within the
REP database. The highest rates of attrition are in those aged 15 to
26 years.10 Recent data assessing the integrity of the REP demon-
strated that about 20% of the entire population has undergone
attrition.10

Using diagnosis and procedure codes, Olmsted County residents
who underwent splenectomy were identified using procedural
codes. These codes included International Classification of Diseases,
Ninth Edition code 41.5 (total splenectomy) or Current Procedural
Terminology codes (38100 excision procedures on the spleen; 38102
total excision of the spleen, in conjunctionwith another procedure;
38120 laparoscopic procedures on the spleen). Receipt of vaccine of
the following encapsulated organisms (S pneumonia, H influenza,
and N meningitidis) was obtained. All patients were followed until
death, migration from Olmsted county, or last follow-up. REDCap
electronic software hosted at the study institution were used to
maintain the database.11

Definitions

In patients with asplenia, the phenomenon of OPSI can occur.
After infection with encapsulated bacteria, rapid and fulminant
progression of the infection is considered OPSI. In patients who
underwent splenectomy, the hospital charts were reviewed for
infections including pneumonia, urinary tract infection, acute otitis
media, meningitis, nonsurgical abscess, bloodstream infection, or
peritonitis. Among those with an infection, the severity of the
infection was assigned and culture data were assessed to identify
the infectious vector. Infection severity was graded based previ-
ously described sepsis definitions.12 OPSI-related death was due to
infection with encapsulated bacteria during hospitalization.

Data analysis

To estimate survival, the Kaplan-Meier method was used. Both
survival free of infection and survival free of OPSI were calculated. A
competing risks approach was used. This was used to justify the
risk of death in patients without infection. To determine associa-
tions with duration to any infection or OPSI, Cox proportional
hazards regression was used and expressed as hazard ratios (HRs)
and 95% confidence intervals [CIs]. These were stratified by year of
surgery to adjust for practice changes and outcomes throughout
the study period. Associations with the cumulative incidence of
infection after accounting for the competing risk of death without
infection were evaluated using the proportional sub-distribution
model.13 To calculate incidence rates, the number of incident
cases was considered the numerator and age- and sex-specific
Olmsted County population counts were the denominators. The
denominators were obtained from a complete enumeration of the
Olmsted County population provided by the REP.14 Because Olms-
ted County contains a predominantly white population, incidence
rates were directly age- and sex-adjusted to the structure of the
2010 US white population. Using SAS procedure GENMOD, re-
lationships were assessed with incidence rates by fitting Poisson
regression models for the variables of age, sex, and timing of
splenectomy. Statistical analyses were performed using version 9.3
of the SAS software package (SAS Institute, Cary, NC). All tests were
2-sided and P values <.05 were considered statistically significant.

Results

There were 724 patients who underwent splenectomy. Among
these, 709 patients (97%) were from Mayo Clinic and 15 patients
(3%) were from Olmsted Medical Center. Forty-seven percent were
female and the median cohort age was 55 (35-69) years. The fea-
tures collected for the 724 adult patients are summarized in Table I.
At last follow-up, 429 patients had died at a median of 2.6 years
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after surgery (interquartile range [IQR] 0.5e11.0; range 0 days to
40.3 years). Among the 295 patients alive at last follow-up, the
median duration of follow-up was 11.1 years (IQR 4.4e25.9; range 9
days to 46.6 years). The 724 adult patients in the study contributed
a total of 7,653 person-years of follow-up.

Overall, the age- and sex-adjusted incidence of splenectomywas
23.3 per 100,000 person-years. Incidence rates by age at splenec-
tomy are illustrated in Fig 1. For all age groups, incidence rates were
higher for men than for women, particularly for ages 18 to 29
(P ¼ .004) and for ages 60 and older (P < .001). For both men and
women, incidence rates increased significantly with age (P < .001
for both). Incidence rates by year of splenectomy are illustrated in
Fig 1. For women, incidence rates decreased over time (P¼ .011). For
men, incidence rates increased between 1966 and 1979 (P <.001),
decreased until 1994 (P < .001), and then remained fairly constant
(P ¼ .88).

In those who were traumatically injured, incidence rates of
splenectomy peaked in 1975 to 1979 but were relatively constant
thereafter (Fig 1). For cases of malignancy, incidence rates of sple-
nectomy increased between 1966 and 1979, steadied, and then
decreased through the end of the study period (P¼ .009). Incidence
rates of splenectomy for benign hematologic diseases did not
change significantly over time. Incidence rates of splenectomy for
intraoperative iatrogenic injury peaked in 1970 to 1974, decreased
until 1989, and then remained constant. Similarly, incidence rates
of splenectomy for other indications peaked in 1970 to 1974,
decreased until 1989, and then remained fairly constant.
Fig 1. Incidence rates of splenectomy by
Most patients underwent an open splenectomy (666, 92%), 41
underwent laparoscopy (6%), and 17 underwent laparoscopy con-
verted to an open procedure (2%). Most patients underwent elec-
tive splenectomy (509, 70%) compared with an emergency (215,
30%) (Table I). During the procedure, most patients underwent only
splenectomy (312, 42%) whereas 48 patients underwent splenec-
tomy and pancreatectomy (7%), 48 patients underwent splenec-
tomy and gastrectomy (7%), and 316 patients underwent
splenectomy with another concomitant procedure (44%).

After splenectomy, the overall vaccination rate during the entire
study period (receipt of all 3 vaccines: pneumococcal, meningo-
coccal, and Hib) was 62% (n¼ 449). During the study period, receipt
of all 3 vaccines improved each decade (Fig 2). Complete vaccina-
tion rates were highest in contemporary patients wherein the final
decade approached vaccination rates of nearly 100%. Booster vac-
cines were administered to 232 patients (32%), and the type
administered varied. Among the patients who received booster
vaccines, the rate for each vaccine type was (30.8%) for strepto-
coccal, (4.4%) for meningococcal, and (1.9%) for Hib. Booster vac-
cines were administered at amedian of 8 (interquartile range 5e18)
months since the time of splenectomy. The complete (receipt of all
3 booster vaccines) booster vaccination ratewas 0.8%. Multivariable
associations with infectious-related mortality included age >65
years (HR 2.1, 1.7e2.6), malignant disease (HR 2.7, 1.9e3.8), emer-
gency splenectomy (HR 1.3 1.1e1.7), not receiving all 3 vaccines (HR
1.7, 1.4e1.9), and no receipt of booster vaccine (HR 1.9, 1.6e2.4) but
not male sex (HR 1.2, 0.8e1.4) or open technique (HR 1.1, 0.7e1.4).
(A) age, (B) year, and (C) indication.



Fig 2. Improvement of receipt of all 3 vaccines each decade.

Table III
Summary of infection-related outcomes and organisms

Culture available 208 (78)
Type of culture available (N ¼ 208)*
Blood 128 (62)
Secretion 56 (27)
Tissue 31 (15)
Other 60 (29)

Organism (N ¼ 186)*
E coli 32 (17)
Pseudomonas aeruginosa 25 (13)
Staphylococcus aureus 24 (13)
Streptococcus pneumonia 16 (9)
Enterobacter 13 (7)
Klebsiella pneumonia 13 (7)
Enterococcus 11 (6)
Staphylococcus epidermidis 11 (6)
Candida albicans 10 (5)
No growth 10 (5)
Streptococcus viridans 8 (4)
Group B streptococcus 6 (3)
Bacteroides fragilis 5 (3)
Group D streptococcus 5 (3)
Mixed flora 4 (2)
Proteus 4 (2)
Clostridium difficile 3 (2)
Aspergillosis 3 (2)
Hemophilus 3 (2)
Meningococcus 2 (1)
Serratia 2 (1)
Yeast 1 (1)
Aeromonas 1 (1)
Bacillus cereus 1 (1)
CMV 1 (1)
Candida krusei 1 (1)
Citrobacter 1 (1)
Cryptococcus 1 (1)
Group A streptococcus 1 (1)
Group G streptococcus 1 (1)
Klebsiella oxytoca 1 (1)
Listeria monocytogenes 1 (1)
Mycobacterium kansasii 1 (1)
PCP 1 (1)
Salmonella typhi 1 (1)
Stenotrophomonas maltophilia 1 (1)
Streptococcus agalactiae 1 (1)
Enterobacter cloacea 1 (1)
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At last follow-up, 268 patients developed infection. After sple-
nectomy, this occurred at a median of 2.0 years (IQR 0.3e9.1 years;
range 0 days to 40.3 years), including 3 patients who developed
infection on the same day as the surgery. Most presented with
sepsis 148 (55%). The most common infections were pneumonia
(124, 17%), bloodstream (67, 9%), and urinary tract infection (49,
7%). Median time to infection was quicker in non-vaccinated
compared with vaccinated patients (1.5 [0.1-4.3] vs 3.3 [1.9-9.8]
years, P ¼ .01). In patients with postsplenectomy infection, 74
(27%) died; of these, 52 (70%) were due to the infection. These
patients died predominantly from sepsis, and among these, 32 died
owing to OPSI. The median duration of follow-up for the 456 pa-
tients who did not develop infection was 4.9 years (IQR 1.0-15.8
years; range 0 days to 46.6 years); there were 13 patients who died
on the same day as surgery. Features of the 268 patients with
infection are summarized in Tables II and III.

After splenectomy, the estimated rates of survival free of
infection and survival free of infectionwith competing risk of death
are presented in Table IV. This accounted for competing risks of
death without infection. Associations with duration to infection are
summarized in Table V. The multivariable model that accounted for
competing risk of death without infection was evaluated and the
results were similar, although the HRs for age, sex, and indication
for splenectomy were somewhat attenuated. The HR for the
Table II
Summary of adult patients with infection of any type, N ¼ 268

Feature N (%)

Number of admissions for infection (N ¼ 267)
1 166 (62)
2 55 (21)
3 31 (12)
4 8 (3)
5 4 (2)
7 1 (<1)
9 1 (<1)
10 1 (<1)

Type of infection
Pneumonia 124 (46)
Urinary tract infection 49 (18)
Otitis media 1 (<1)
Superficial surgical site infection 8 (3)
Deep surgical site infection 26 (10)
Meningitis 8 (3)
Abscess (nonsurgical site) 14 (5)
Peritonitis 4 (1)
Bloodstream 67 (25)
Other 31 (12)

Severity of infection (N ¼ 194)
Sepsis 140 (72)
Severe sepsis 37 (19)
Septic shock 17 (9)

Aspergillus fumigatus 1 (1)
Klebsiella oxytoca 1 (1)
Peptostreptococcus 1 (1)

Multiple organisms on culture (N ¼ 186) 48 (26)
OPSI (N ¼ 186) 32 (17)
In-hospital death 74 (28)
In-hospital death from sepsis 52 (19)

CMV, cytomegalovirus; PCP, Pneumocystis pneumonia.
* Patients can be listed in more than 1 group.
association of age (10-year increase) with the cumulative incidence
of infection was 1.17 (95% CI 1.09e1.26; P < .001); the HR for male
was 1.14 (95% CI 0.89e1.46; P ¼ .31); the HRs for the indications of
malignancy, benign hematologic disease, intraoperative iatrogenic
injury, and any other indication were 1.88 (95% CI 1.06e3.34;
P ¼ .031), 1.64 (95% CI 0.85e3.18; P ¼ .14), 1.24 (95% CI 0.64e2.42;
P ¼ .52), and 2.16 (95% CI 1.27e3.68; P ¼ .005), respectively.

Sixty patients who did not have a culture available and 22 pa-
tients with a culture but no record of a specific organism were
excluded from the assessment of survival free of OPSI. At last
follow-up, 32 of the remaining 642 patients developed OPSI at a
median of 2.4 years after surgery (IQR 0.2e8.8 years; range 1 day to
31.0 years). Features of the 32 patients with OPSI are summarized in
Table VI. After splenectomy, estimated rates of survival free of OPSI
and OPSI after accounting for the competing risk of death without
OPSI are seen in Table VII. Univariable associations with time to
OPSI are summarized in Table VIII. A multivariable model was built



Table IV
Estimated rates of survival free of infection

Time point (year) Survival free of infection (95% CI; number
still at risk)

Survival free of infection with competing
risk of death (rate)

1 84% (81e87, 500) 85%
2 79% (76e82, 433) 81%
3 76% (73e80, 395) 79%
4 74% (71e78, 356) 78%
5 73% (69e76, 329) 76%
10 62% (58e66, 222) 69%
15 56% (51e61, 159) 65%
20 52% (47e57, 122) 62%
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using stepwise selection with the P value for a feature to enter or
leave the model set to .05. After adjusting for age, no other feature
was statistically significantly associated with time to OPSI in a
multivariable setting. However, after accounting for the competing
risk of death without OPSI, the association of age with the cumu-
lative incidence of OPSI no longer reached statistical significance
(hazard ratio for a 10-year increase of 1.14; 95% CI 0.96e1.35;
P ¼ .14).
Discussion

The main finding in this population-based study is that after
splenectomy, a considerable ongoing risk of infectious morbidity
and mortality continues to exist. The incidence of splenectomy
varied between men and women and the indications changed over
time. The most common infection was pneumonia, and Escherichia
coliwas identified in 17% of cultures. Age, malignant diagnosis, and
male sex were strong predictors in time to infection, and in those
patients who died from infection, increasing age, malignant dis-
ease, and lack of receipt of complete vaccination or booster were
associated. Vaccination rates improved with time, and the overall
rate of complete recommend vaccines was 62%, similar to prior
studies.15e17 Nearly all patients who underwent splenectomy in the
last 2 decades received complete vaccination. Despite the high rates
of vaccination toward the end of the study period, only 32%
received some form of booster vaccine, which represents a mod-
erate rate of booster vaccination.18,19 Finally, the overall OPSI rate
Table V
Univariable and multivariable associations with time to infe

Feature Univariable

Hazard Ratio (95%

Age at surgery in years* 1.45 (1.35e1.56)
Sex
Female 1.0 (reference)
Male 1.16 (0.91e1.48)

Indication for splenectomy
Trauma 1.0 (reference)
Malignancy 3.42 (2.21e5.29)
Benign hematologic disease 2.34 (1.39e3.94)
Intraoperative iatrogenic injury 3.26 (1.92e5.55)
Other 2.81 (1.80e4.38)

Type of splenectomy
Elective 1.0 (reference)
Emergent 0.58 (0.44e0.79)

Technical approach
Open 1.0 (reference)
Laparoscopic converted to open 0.86 (0.34e2.17)
Laparoscopic 0.84 (0.48e1.49)

Pancreatectomy performed 0.94 (0.57e1.55)
Gastrectomy performed 1.92 (1.16e3.16)
Other procedure performed 1.24 (0.97e1.59)

* Hazard ratio and 95% CI represent a 10-year increase in
was 4.4%, which is representative of the infrequency of this
phenomenon.

In the present study, patients with the highest risk of infection
after splenectomy were those with malignant diagnoses. Over a
similar time frame, Edgren et al determined that risk of hospital
admission for sepsis was nearly 6-fold higher in patients who un-
derwent splenectomy compared with the background population
and that indication for splenectomy affected this outcome.20 Edg-
ren’s study showed that rates of sepsis varied after splenectomy
specifically for malignant and nonmalignant hematologic disease.
Edgren et al also demonstrated that in patients with malignant or
benign hematologic diseases, the time to infection was quicker,
suggesting that this population may require heightened surveil-
lance.20 Themechanism is unclear but may be due to vaccine failure
with underlying hematologic disorders.

Vaccination after splenectomy affects patient outcomes. Ejstrud
reported on a predominantly adult population with a vaccination
rate of 59% and described bacteremia in 40 adults, with nearly half
occurring less than 30 days postoperatively.21 The authors also
found that vaccinated patients have a reduced risk of late (>30
days) bacteremia. In the present study, the overall vaccination rate
was similar and in patients who were not vaccinated, the time to
infection was quicker in comparison to patients who were vacci-
nated. Further, no receipt of vaccination or booster vaccination was
associated with an increased risk of mortality due to infection on
regression. Moreover, the present study had a similar preponder-
ance of infection due to enteric gram-negative rods, meaning that
vaccination was effective at reducing encapsulated organism
ction for adult patients

Multivariable

CI) P value Hazard Ratio (95% CI) P value

<.001 1.43 (1.32e1.55) <.001

.24 1.0 (reference) .029
1.33 (1.03e1.71)

<.001 1.0 (reference) .009
.002 2.20 (1.23e4.02) .062
<.001 1.90 (0.97e3.71) .20
<.001 1.51 (0.80e2.87) .005

2.19 (1.27e3.76)

<.001 1.0 (reference) .96
0.99 (0.66e1.49)

.76 1.0 (reference) .21

.56 0.55 (0.22e1.40) .25
0.70 (0.38e1.28)

.81 0.83 (0.48e1.42) .49

.011 1.04 (0.60e1.80) .90

.088 1.18 (0.89e1.57) .24

age.



Table VI
Summary of adult patients with OPSI, N ¼ 32

Feature N (%)

Number of admissions for infection
1 15 (47)
2 8 (25)
3 8 (25)
4 1 (3)

Type of infection*
Pneumonia 20 (63)
Urinary tract infection 6 (19)
Otitis media 0
Superficial surgical site infection 0
Deep surgical site infection 3 (9)
Meningitis 3 (9)
Abscess (nonsurgical site) 2 (6)
Peritonitis 0
Bloodstream 5 (16)
Other 1 (3)

Severity of infection (N ¼ 20)
Sepsis 13 (65)
Severe sepsis 5 (25)
Septic shock 2 (10)

Type of culture available*
Blood 15 (47)
Secretion 14 (44)
Tissue 4 (13)
Other 10 (31)

Organism*
Streptococcus pneumonia 15 (47)
Klebsiella pneumonia 12 (38)
Hemophilus 3 (9)
Meningococcus 3 (9)
E coli 2 (6)
Enterococcus 2 (6)
Staphylococcus aureus 2 (6)
Bacteroides fragilis 1 (3)
Candida krusei 1 (3)
Pseudomonas aeruginosa 1 (3)
Staphylococcus epidermidis 1 (3)
Streptococcus viridans 1 (3)
Clostridium difficile 1 (3)
Klebsiella oxytoca 1 (3)

Multiple organisms on culture 12 (38)
In-hospital death 7 (22)
In-hospital death from sepsis 6 (19)

* Patients can be listed in more than 1 group.

Table VIII
Univariable associations with time to OPSI for adult patients

Feature Hazard ratio (95% CI) P value

Age at surgery in years* 1.42 (1.14e1.75) .001
Sex
Female 1.0 (reference) .21
Male 0.63 (0.30e1.29)

Indication for splenectomy
Trauma 1.0 (reference) .043
Malignancy 3.84 (1.05e14.13) .18
Benign hematologic disease 2.79 (0.62e12.63) .072
Intraoperative iatrogenic injury 4.05 (0.88e18.58) .061
Other 3.50 (0.94e13.04)

Type of splenectomy
Elective 1.0 (reference) .24
Emergent 0.61 (0.27e1.38)

Technical approachy

Open 1.0 (reference) .26
Laparoscopic converted to open or
laparoscopic

0.31 (0.04e2.41)

Pancreatectomy performed 0.86 (0.20e3.66) .84
Gastrectomy performed 1.90 (0.44e8.30) .39
Other procedure performed 1.08 (0.53e2.21) .83

* Hazard ratio and 95% CI represent a 10-year increase in age.
y No patient with laparoscopic converted to open experienced OPSI, so laparo-

scopic converted to open was combined with laparoscopic for analysis.
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infections. These findings suggest the importance of vaccination
prophylaxis and underscore the need for up-to-date databases to
improve vaccine adherence.

Surgeons and health-care providers need to remain vigilant to
identify infection in patients during prolonged follow-up after
splenectomy. In a long-term population analysis evaluating the risk
of infection and OPSI by Theilacker et al, pneumonia was found to
be the most common etiology for OPSI, even at points greater than
2 years.21 In the present study, pneumonia was also the most
common infection but also bloodstream, urinary tract, and surgical
site infections were frequent. Moreover, nearly one-third of
Table VII
Estimated rates of survival free of OPSI

Time point (year) Survival free of OPSI (95% CI; number sti
risk)

1 98% (97e100, 450)
2 97% (95e98, 392)
3 97% (95e98, 355)
4 97% (95e98, 320)
5 96% (94e98, 296)
10 93% (91e96, 206)
15 91% (88e94, 147)
20 90% (87e94, 115)
patient’s presented with infection more than once during follow-
up, which underscores the need to rule out life-threatening in-
fections in this patient population. Theilacker’s findings highlight
the importance of the present study’s resultsdpatients still are
continuously at risk for infection long after splenectomy.22 Not
surprisingly, the few instances of OPSI attenuated the ability to
determine predictive risk factors; however, efforts to educate pa-
tients about persistent infection risk should be provided
throughout follow up.

Finally, the Centers for Disease Control recommends a series of
vaccinations and boosters in patients with asplenia and or hypo-
splenia.23 We recommend the vaccination strategy according to
these guidelines. These are comprehensive recommendations but
omit recommendations for booster vaccination. Because nearly
one-third of patients received a booster Pneumococcal vaccine, we
recommend this booster to patients who have had a splenectomy.
Because most patients did not receive booster vaccines for Menin-
gococcal or Hib, we cannot recommend these routinely, especially
because a paucity of data exists.

This study has limitations; specifically, those infectious-related
outcomes after splenectomy were not compared relative to the
background population, meaning that we could not determine
whether infection rates were higher in comparison to those who
have not undergone splenectomy. Further, there were missing data
regarding splenectomy indication. Despite similar rates of vacci-
nation compared with prior studies, the associations of reduced
infection rates may be overestimated owing to lack of information
regarding the timing of vaccines and the booster. Analysis
ll at Survival free of infection with competing risk of
death (rate)
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regarding risk factors for OPSI was not feasible owing to low sample
size. The duration of the study period also reflects considerable
changes in the administration of health care, anesthesia, intensive
care, antibiotic availability, and vaccination availability and efficacy.

In conclusion, our study highlights that after splenectomy, the
risk of infection and OPSI persists throughout the 20-year follow-
up period. Patients who were not administered vaccines dis-
played quicker times to infection and infectious-related mortality.
Despite efforts to vaccinate against common encapsulated organ-
isms, the most common microorganisms encountered were gram-
negative rods. Efforts to improve vaccination surveillance appear to
be warranted to minimize infection and mortality risk.
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Dr Akpofure Peter Ekeh (Dayton, OH): Good afternoon. Thank I have the following questions for you:

you, Dr. Hernandez, for a very nice study and presentation. You and
your colleagues embarked on this interesting study using the
Rochester Epidemiology Project data compiled over a 47-year
period. Using data from patients linking them to their hospital
records, you determined the rates of post-splenectomy vaccination
and the relationship to infection in a single county in Minnesota.
This project covered about 97% of the population in Olmsted
County, which is quite impressive.

You are to be commended for using a large database to
explore important questions that are pertinent to both emer-
gency and elective splenic procedures. You looked at, alto-
gether, 724 patients who had undergone splenectomies for
various indications, and you demonstrated a higher risk of
infection in patients who did not complete their vaccination.
Also, you found patient’s infectious risks were also reduced in
patients that had complete vaccinations as well as those that
had booster vaccines.
1. Do you have any specific information regarding the timing of the
vaccines in those patients that received them? Since most of
your patients that received splenectomies for malignant in-
dications, many times they do receive vaccinations prior to
surgery. Do you have that information from this database and
did it make any difference?

2. The vast majority of cultures that you obtained in the patients
that you reported in your study were from non-capsulated or-
ganisms, as noted in one of your tables. Do you have an expla-
nation for this? The vaccinations are specifically targeted at the
3 common capsulated bacterial infectionsdstrep, pneumoniae,
N meningitides, H influenza.

3. As acknowledged by the authors, medical care and knowledge
has drastically evolved between 1965 and 2011, including the
efficacy of antibiotics and the early recognition of sepsis. Did you
note a difference over time in the rates of postop infections,
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particularly overwhelming post-splenectomy infections? Is that
really a rare entity currently, or were most of your infections
early on in the study?

4. You demonstrate in one of your figures that in the last decade of
your study, which was in the 2000s, there was almost 100%
vaccination rate compared to the 1960s when the vaccination
rate was less than 25%. So with such high vaccination rates
currently, I would ask what is the relevance of the study since
everybody seems to be getting vaccinated? Thank you. I enjoyed
your paper.

Dr Matthew Hernandez: I’ll answer your last question first. We
undertook this study because of the antivaccination movement. I
think as surgeons, we need to be on top of simple but effective
measures to adjust patient outcomes. Anecdotally, on a rotation in a
community setting that I’m on right now, I have 2 patients that
showed up for trauma and they hadn’t been vaccinated in 20 years
and hadn’t received any information about what they should be
doing after their splenectomy.

Additionally, current events in the news show a dramatic push
to reduce that type of misinformation. I think we should be loud
speakers in the care of these patients, so that’s how this study is
relevant.

With regard to the timing of vaccination, I do have that data, and
I’ll add that to the key sentences in the results.

Regarding culture data, a vast majority of the patients in this
cohort actually had more than just a splenectomy. They had mul-
tivisceral organ resections. So I’m attributing the preponderance of
gram-negative infections due to that.

And then, I guess the efficacy question, so, yes, therewas an OPSI
case in 2008. I can provide that data in the manuscript to further
clarify as to the timing of infections. I don’t think that the estimated
survival curve for the OPSI is not quite that dramatic, but I think for
patients to develop any infection, it still is dramatic because you
still should be ruling that out as a potential source for infection and
morbidity after splenectomy.

Dr Chris McHenry (Cleveland, OH): I have a comment and 2
questions for you. First of all, I think the long-term follow-up that
you have for this group of patients is remarkable. My first question
is: Can you clarify what the actual incidence of overwhelming post-
splenectomy infection was in your cohort?

Secondly, will you please clarify for us when a patient should get
a booster?

Dr Matthew Hernandez: The overall rate was 4.4%.
Regarding boosters, in the actual dataset, the booster timing

varied. It almost seemed like when people showed up for a primary
care visit, around 65, that’s when they were getting their boosters.
It does not seem that there was a protocol saying you need a
booster at 5, 10, 15, or 20 years after splenectomy.

Dr Christopher McHenry: Are there recommendations?
Dr Matthew Hernandez: That I don’t know offhand.
Dr Michael Ujiki (Evanston, IL): Very good use of that data,

which is important for us, because splenectomy is not the most
common operation, so there are not that many databases out there
that large that can tell us that.

I’m a little bit worried that the risk of the post-splenectomy
sepsis lasts as long as it does, because I do think that’s going to be
harder for surgeons to really make an improvement on. We
generally are not going to follow people out that long.

I’m wondering if surgeons can maybe effect in a more positive
way by finding ways to limit how many times we do splenectomy.
In your data, you do show that splenectomy rates are going down.
That can be a combination of, for example, better medical treat-
ment of ITP [idiopathic thrombocytopenic purpura]. But in your
database, can you get at how many times the spleen was operated
on but didn’t have a splenectomy? For example, splenic cysts are a
common referral to us, and I’m not 100% sure that we know when
we should be operating on cysts that look like they are benign and
asymptomatic. There’s dogma out there about those cysts turning
into cancer, and sometimes I see spleens removed that maybe don’t
need to be. Maybe splenic preserving splenectomies, or in trauma,
for example, paying more attention at ways to stop bleeding versus
just removing the spleen.

Can you get at that data? Because if you could, that would be
interesting to see if we could actually see those rates increase,
because I think that’s where surgeons can make an effect.

DrMatthewHernandez: For the study, wewere only allowed to
take information from patients who had a splenectomy. But splenic
preservation, splenic defenestration, spleen preserving procedures
like an embolization, those are all separate ICD-9 [International
Classification of Diseases, Ninth Revision] codes and we could
feasibly obtain those and redo the study.

DrMichael Ujiki (Evanston, IL): I don’t know if you need to redo
it, but that might be a good follow-up study.

Dr Mark Malangoni (Bryn Mawr, PA): I echo the praise that the
previous commenters made about your report. It’s very well done,
and it’s nice to have that long perspective.

Thirty-three years ago, we published a similar study looking at
only early infection after splenectomy regardless of cause, much
like your study, but only tracked patients’ infections during their
hospitalization. I was fascinated by how similar your data were to
ours, at least as far as the organisms that were involved. I wonder if
these infections are all early infections that are in the postoperative
period after the splenectomy is done or if they occurred later. If you
could give us a sense of the percentage that are postop, it would be
interesting.

The other comment I would make is that the whole vaccination
milieu has changed since our earlier report. There was no menin-
gococcal vaccine. H flu vaccine was just out. Pneumococcal vaccine
at that time was a single dose that was effective against a more
limited number of strains. Now we have a 2-vaccine system that’s
used, and is recommended for the elderly, but may fit for your
population as well. I wonder if you would comment on both of
those points.

Thank you.
Dr Matthew Hernandez: For the infection, I cannot comment

without staring at the data regarding the postoperative timing
whether it’s 1 week, 2 weeks, 3 weeks in the hospital, but that can
be easily added to the manuscript to further clarify that.

Then for the vaccines, yes, I think that, obviously, made a huge
change inefficacy. Thereareevenstudies that showthat somepatients
don’t even respond to vaccine despite even administering it. So I think
that’s some further work to be done, and possibly in a surveillance
kind of database that this one might be able to generate. Thank you.
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