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Abstract: We aimed to assess the magnitude and duration of risk of

acute coronary syndrome (ACS) associated with splenectomy for

splenic injury.

We identified 5139 splenectomized patients (the splenectomy

cohort) to compare with 2 other cohorts for assessing the magnitude

and risk of ACS: the first cohort comprising subjects without splenic

injury and without splenectomy (control cohort), and the second cohort

comprising nonsplenectomized patients with splenic injury (nonsple-

nectomy cohort; n¼ 6391). For each splenic injury patient (n¼ 11530),

4 control comparisons were frequency-matched by the year of index

date, age, and sex (n¼ 46120).

The adjusted risk of ACS was significantly higher in the

splenectomy group than in the control group (2.08 vs 1.68 per 1000

person-years; adjusted hazard ratio [HR], 1.30; 95% confidence interval

[CI], 1.01–1.68). The sex-specific data showed that the adjusted HR for
Chou, MD, Hong- ,
MSc, and Chia-Hung Kao, MD

adjusted HR of ACS in the splenectomized patients in any age

subgroup, compared with their counterparts in the control group.

Furthermore, no difference in the risk of ACS was detected between

the splenectomy and nonsplenectomy cohorts within the splenic injury

patients.

In comparison with the control cohort, patients undergoing sple-

nectomy for splenic injury exhibited an elevated risk of ACS.

(Medicine 94(9):e610)

Abbreviations: ACS = acute coronary syndrome, CI = confidence

interval, COPD = chronic obstructive pulmonary disease, HR =

hazard ratio, ICD-9-CM = International Classification of Diseases,

Ninth Revision, Clinical Modification, NHIRD = National Health

Insurance Research Database.

INTRODUCTION

T he spleen, histologically divided into white pulp and red
pulp, serves crucial hematological and immunological func-

tions, such as the elimination of blood-borne pathogens and
filtration of blood through splenic sinusoids. Splenectomy is
associated with an increase in platelet count,1–4 hemoglobin
concentration,3,5 white blood cell count,4 plasma cholesterol,6,7

and risk of infections.8–11 All these factors are associated with
prothrombotic states and increased risks of arteriothrombo-
sis.12–16

The risk of thromboembolic diseases after splenectomy
varies greatly, depending on the indication for splenectomy.
The risk is also related to the patient’s genetic and environ-
mental risk factors. For example, thromboembolic events are
mostly reported in splenectomized patients with thalassemia
intermedia,17 which is a characteristic of marked intravascular
hemolysis. Splenectomy for other hematological diseases is also
associated with various vascular complications.18

The association between splenectomy and thromboem-
bolic events, particularly acute coronary syndrome (ACS),
remains debatable. An early study concluded that splenectomy
for trauma is associated with a significant excess mortality from
pneumonia and ischemic heart disease.19 Conversely, an animal
study demonstrated that splenectomy effectively blocked myo-
cardial infarction-induced atherosclerosis.20 Moreover, myo-
cardial infarction and ACS have rarely been reported in
thalassemia or in any other hemolytic disorders after splenect-
omy.18

Given that trauma remains the primary indication for
splenectomy,21 determining whether splenectomy in patients
with splenic injury is associated with an elevated risk of ACS is
essential. Therefore, we conducted this 13-year follow-up study
representative population-based cohort
al Health Insurance Research Database
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METHODS

Data Source
The National Health Insurance (NHI) program is a

government-operated single-payer health insurance program,
which was established in 1995. It covered approximately 99%
of the 23.72 million residents of Taiwan by 2009 (http://
www.nhi.gov.tw/english/index.aspx). The National Health
Research Institutes (NHRI) maintains the claims data of the
NHI program. NHRI established the NHIRD and releases it
annually to the public for research purposes. All the data related
to personal identification are encrypted by the Bureau of
National Health Insurance before the dataset is released. Data
files are linked with scrambled patient identification numbers to
protect the privacy of the patients. The diagnostic codes in the
NHIRD are in the format of the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
This study was approved by the Ethics Review Board of China
Medical University (CMU-REC-101–012).

Sampled Participants
We used data from the NHIRD to identify inpatients

between 1998 and 2010 who were diagnosed with splenic injury
(ICD-9-CM 865). Patients older than 20 years with splenic
injury who underwent splenectomy (ICD-9-OP 41.5) were
considered as the splenectomy group, and patients with splenic
injury who did not undergo splenectomy were considered as the
nonsplenectomy group. The index date was the date on which
the splenic injury occurred. The exclusion criteria were: age
<20 years (n¼ 3560), a history of ACS (ICD-9-CM 410, 411.1,
411.8) at any time before the index date (n¼ 106), or missing
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data regarding date of birth or sex (n¼ 240). For each splenic
injury patient, 4 comparisons were randomly selected from the
pool of participants without splenic injury and ACS at the

A cohor from people enrolle
insurance p

n = 23,74

Newly diagnosed splenic injury
in 1998-2010 (n = 15,436)

Splenic injury cases without in
ACS at baseline (n = 11530)

Subjects without
splenectomy

(n = 6,391)

Subjects with
splenectomy

(n = 5,139)

Total 57,650 splenic injury cases a
study cohort. Follow-up intil diag
of subjects was censored, death,

Excluded patients with ACS before index
date (n = 106), under 20 years of age
(n = 3,560) and missing information abo
age or sex (n = 240)

FIGURE 1. Flow diagram of study subjects.
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baseline, frequency-matched by the year of index date, age
(every 5-year span), and sex. The workflow of patient selection
was summarized as Figure 1, and the patients’ age distribution
was described in supplementary Table 1, http://links.lww.com/
MD/A223.

Outcome and Comorbidities
The outcome of interest was a new diagnosis of ACS

between 1998 and 2011, the data of which were obtained from
hospital records. All the participants were followed up from the
index date until the date of the diagnosis of ACS, the date of
withdrawal from the database, or the date of the end of follow-up
(December 31, 2011), whichever occurred first. Similar to the
analyses in our published articles,22–24 we adjusted several well-
known risk factors or confounders of ACS risk in the present
study, such as hypertension (ICD-9-CM 401–405), diabetes
(ICD-9-CM 250), hyperlipidemia (ICD-9-CM 272), stroke
(ICD-9-CM 430–438), chronic obstructive pulmonary disease
(COPD) (ICD-9-CM 490–496), heart failure (ICD-9-CM 428),
ischemic heart disease (ICD-9-CM 410–414, except 410, 411.1,
411.8), and menopause (ICD-9-CM V49.81, 627.2, 627.8, and
627.9).25,26 All these comorbidities were determined from inpa-
tient claims data for each participant and defined as preexisting
comorbidities if they were claimed before the index date.

Statistical Analysis
We compared the distribution of demographic factors and

the proportions of comorbidities between the splenectomy,
nonsplenectomy, and control groups by using a chi-square test,
Fisher exact test, and Student t test. The incidence density rate
of ACS in the 3 groups was calculated in the follow-up period
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until the end of the study (2011). The univariable and multi-
variable Cox proportional hazards regression models were used
to determine the risk of developing ACS. The multivariate

d in the national health
rogram
0,000

Subjects without splenic injury

Finally 46,120 controls were
selected

nd control subjstcs in the
nosis of ACS or the time

 or up to the end of 2011

ut

Using the same
exclusion criteria as
the splenic injury
cohort and 1:4
randomly frequency
matched with age-,
sex-, and index
year
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TABLE 1. Comparison of Demographics and Comorbidity Between Patients With Splenic Injury and Controls

splenic injury

Control (N¼ 46120)
Without splenectomy

(N¼ 6391)
With splenectomy

(N¼ 5139) Total (N¼ 11530)
n (%) n (%) n (%) n (%) P

Age (year) 0.99
� 49 32012 (69.4) 4483 (70.2) 3520 (68.5) 8003 (69.4)
50–65 8536 (18.5) 1204 (18.8) 930 (18.1) 2134 (18.5)
�65 5572 (12.1) 704 (11.0) 689 (13.4) 1393 (12.1)

Mean (SD)
�

42.1 (16.8) 41.9 (16.3) 42.9 (17.0) 42.3 (16.6) 0.22
Sex 0.99

Female 13396 (29.0) 1901 (29.7) 1448 (28.2) 3349 (71.0)
Male 32724 (71.0) 4490 (70.3) 3691 (71.8) 8181 (71.0)

Comorbidity
Hypertension 1941 (4.21) 376 (5.88) 301 (5.86) 677 (5.87) <0.001
Diabetes 1189 (2.58) 266 (4.16) 211 (4.11) 477 (4.14) <0.001
Hyperlipidemia 546 (1.18) 179 (2.80) 112 (2.18) 291 (2.52) <0.001
Stroke 870 (1.89) 165 (2.58) 122 (2.37) 287 (2.49) <0.001
COPD 477 (1.03) 104 (1.63) 102 (1.98) 206 (1.79) <0.001
Ischemic heart disease 702 (1.52) 135 (2.11) 115 (2.24) 250 (2.17) <0.001
Heart failure 224 (0.49) 61 (0.95) 45 (0.88) 106 (0.92) <0.001
Menopausey 10 (0.02) 2 (0.03) 1 (0.02) 3 (0.03) 0.73

COPD¼ chronic obstructive pulmonary disease.�
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models were adjusted for age, sex, and comorbidities of hyper-
tension, diabetes, hyperlipidemia, stroke, COPD, heart failure,
ischemic heart disease, and menopause. The related hazard ratio
(HR) and 95% confidence interval (CI) were estimated in the

Two sample t test.
Chi-square test and yFisher exact test compared with total gallstone.
Cox model.
We estimated the group-specific cumulative incidences by

Kaplan–Meier survival curves for unadjusted and adjusted

TABLE 2. Hazard Ratios of ACS Between Splenic Injury Without Sp
Splenectomy and Control Subjects Stratified by Demographics a

Control
(N¼ 46120)

Without
Splenectomy
(N¼ 6391)

Crude HR
(95% CI)

A

Case PY Ratez Case PY Ratez (

All 520 309677 1.68 66 38875 1.70 1.01 (0.93, 1.10) 1.11
Sex

Female 111 88860 1.25 11 11727 0.94 0.75 (0.62, 0.90)
��

0.87
Men 409 220818 1.85 55 27148 2.03 1.09 (0.99, 1.21) 1.18

Age
� 49 153 22523 0.69 20 28919 0.69 1.01 (0.90, 1.12) 0.91
50–65 157 55283 2.84 22 6743 3.26 1.15 (0.96, 1.38) 1.04
�65 210 31871 6.59 24 3213 7.47 1.13 (0.90, 1.42) 1.09

Comorbidity
No 354 292983 1.21 37 35571 1.04 0.86 (0.78, 0.95)

��
1.00

Yes 166 16694 9.94 29 3303 8.78 0.88 (0.70, 1.12) 1.10

ACS¼ acute coronary syndrome; CI¼ confidence interval; Crude HR¼�
P< 0.05��
P< 0.01���
P< 0.001.

yAdjusted HR: multiple analysis including age, sex, and co-morbidities
ischemic heart disease and menopause.
zRate, incidence rate, per 1000 person-years.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
functions by considering age, sex, and the aforementioned
comorbidities in the Cox model. The difference in cumulative
incidence curves between the splenectomy and control groups
was tested using the log-rank test and likelihood-ratio test,

respectively. All statistical analyses were performed using
SAS software Version 9.3 (SAS Institute, Inc, Cary, NC,
USA). P< 0.05 was considered statistically significant.

lenectomy and Control Subjects as well as Splenic Injury With
nd Comorbidity

djusted
HR

y

With
Splenectomy
(N¼ 5139)

Crude HR
(95% CI)

Adjusted
HR

y

95% CI) Case PY Ratez (95% CI)

(0.86, 1.43) 67 32182 2.08 1.24 (1.14, 1.35)
���

1.30 (1.01, 1.68)
�

(0.47, 1.62) 15 9135 1.64 1.31 (1.12, 1.54)
���

1.36 (0.79, 2.33)
(0.89, 1.57) 52 23046 2.26 1.22 (1.10, 1.35)

���
1.29 (0.97, 1.73)

(0.57, 1.46) 17 23933 0.71 1.03 (0.92, 1.16) 0.90 (0.54, 1.49)
(0.66, 1.64) 23 5348 4.30 1.51 (1.26, 1.81)

���
1.29 (0.83, 2.01)

(0.71, 1.66) 27 2901 9.31 1.41 (1.14, 1.75)
��

1.41 (0.94, 2.10)

(0.72, 1.41) 38 29586 1.28 1.06 (0.96, 1.17) 1.14 (0.82, 1.60)
(0.74, 1.64) 29 2596 11.2 1.12 (0.89, 1.42) 1.33 (0.89, 1.98)

relative hazard ratio; PY¼ person-years.

of hypertension, diabetes, hyperlipidemia, stroke, COPD, heart failure,
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FIGURE 2. The unadjusted (A) and adjusted (B) cumulative inci-
dence curves of ACS between the splenic injury patients with
splenectomy (dotted line), the splenic injury patients without
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RESULTS
We identified 11530 patients with splenic injury (6391

subjects without splenectomy [nonsplenectomy group] and
5139 subjects with splenectomy [splenectomy group]) from
the NHIRD. The control group consisted of 46120 subjects.
The baseline characteristics of the patients in the 3 groups are
presented in Table 1. Patients with splenic injury had higher
prevalence of all comorbidities than the control group, except
menopause. Because road accident is the main cause of major
trauma, it is not surprising that the patients in the 3 groups were
relatively young. The majority of patients were 49 years or
younger (70.2%, 68.5%, and 69.4% in the nonsplenectomy,
splenectomy, and control groups, respectively). Men accounted
for approximately 70% of the patients in each group (70.3% in
the nonsplenectomy group, 71.0% in the splenectomy group,
and 71.0% in the control group).

The mean follow-up duration for the control group was
6.71 years, approximately 1 year more than that for the non-
splenectomy (6.08 years) and splenectomy (6.28 years) groups.
During follow-up, the incidences of ACS were 2.08, 1.70, and
1.68 per 1000 person-years in the splenectomy, nonsplenect-
omy, and control groups respectively (Table 2). Compared with
the control group, the patients who underwent splenectomy had
a significantly higher risk of developing ACS (unadjusted HR,
1.24; 95% CI, 1.14–1.35 and adjusted HR, 1.30; 95% CI, 1.01–
1.68) (Table 2). The sex- and age-specific analyses failed to
demonstrate a significantly higher adjusted HR of ACS in the
splenectomized patients in men, women, or any age subgroup,
compared with their counterparts in the control group (Table 2).

Figure 2 presents the 14-year cumulative incidence curves
of ACS in the splenectomy and control groups without any
adjustment (Figure 2A), and with adjustment for age, sex, and
comorbidities of hypertension, diabetes, hyperlipidemia, stroke,
COPD, heart failure, ischemic heart disease, and menopause
(Figure 2B). The difference in the cumulative incidence curves
of ACS was higher in the splenectomy group than in the control
group in unadjusted (P< 0.001) and the adjusted curves
(P¼ 0.01). It should also be noted that the unadjusted and
adjusted cumulative incidences of ACS between splenectomy
and control groups became more and more divergent over the
follow-up period (Figure 2). However, the overall risk of ACS
was not significantly different between the splenectomy and
nonsplenectomy groups (adjusted HR, 1.19; 95% CI, 0.84–
1.67) (Table 3).

Trauma-associated hemodynamic instability and emotional
reactions, such as fear and stress, may trigger myocardial ische-
mia, cardiac dysrhythmia, and thrombosis formation.27,28

Usually, these factors only exist temporarily. More than two-
thirds of patients who had posttraumatic syndrome after vehicle
accidents would experience improvement within 1 year.29 We
therefore further explored the temporal relationship between risk
of ACS and splenic injury/splenectomy, by using 1 year after
splenic injury as a cutoff point. As shown in Table 4, we found
that during the first year of follow-up, the nonsplenectomy group
exhibited higher risk of ACS than the control group (adjusted HR,
2.43; 95% CI, 1.30–4.21) (Table 4). However, patients in the
splenectomy group did not exhibit higher risk of ACS than
subjects in the control group either within 1 year or a year after
splenic injury/splenectomy (Table 4).

Tsai et al
DISCUSSION
This nationwide cohort study provided strong evidence of

an elevated long-term risk of ACS in patients who underwent

4 | www.md-journal.com
splenectomy for splenic injury (splenectomy group). Our results
demonstrated that this group exhibited an adjusted HR of 1.34
(95% CI, 1.04–1.73) for ACS compared with the control group,
after accounting for mortality as the competing cause of risk and
adjusting for multiple known confounding factors. However, no
significant difference in risk of ACS was observed between the
control and nonsplenectomy groups or between the splenect-
omy and nonsplenectomy groups. These results suggested that
the elevated risk of ACS cannot be attributed to splenectomy
alone, and that some of the risk may be attributable to the
splenic injury. Therefore, elevated risks of ACS indicate a
crucial concern that could be neglected in managing this group
of patients. Additional clinical and basic studies investigating
the underlying pathophysiological association are warranted.

splenectomy (solid line) and comparison subjects (dashed line).
ACS¼ acute coronary syndrome.
Trauma and surgery are known to increase risk of ACS.30

Therefore, it is not surprising that the patients with splenic
injury but not splenectomy exhibited an elevated ACS risk

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Hazard Ratios of ACS Between all Splenic Injury Patients With and Without Splenectomy Stratified by Demographic
Characteristics and Comorbidity

Splenectomy

No Yes

Crude HR (95% CI) Adjusted HRy (95% CI) Crude HR (95% CI) Adjusted HRy (95% CI)

All 1(Reference) 1(Reference) 1.23 (1.09, 1.38)
���

1.19 (0.84, 1.67)
Sex

Female 1(Reference) 1(Reference) 1.75 (1.40, 2.19)
���

1.66 (0.75, 3.70)
Men 1(Reference) 1(Reference) 1.11 (0.97, 1.28) 1.10 (0.75, 1.62)

Age
� 49 1(Reference) 1(Reference) 1.03 (0.88, 1.19) 0.96 (0.50, 1.84)
50–65 1(Reference) 1(Reference) 1.32 (1.02, 1.70)

�
1.25 (0.69, 2.26)

�65 1(Reference) 1(Reference) 1.25 (0.93, 1.67) 1.29 (0.74, 2.25)
Comorbidity

No 1(Reference) 1(Reference) 1.23 (1.09, 1.40)
��

1.12 (0.71, 1.76)
Yes 1(Reference) 1(Reference) 1.27 (0.94, 1.72) 1.21 (0.72, 2.03)

ACS¼ acute coronary syndrome; CI¼ confidence interval; Crude HR¼ relative hazard ratio.�
P< 0.05��
P< 0.01���
P< 0.001.

ies
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within 1 year after splenic injury (Table 4). We also observed
the excessive ACS risk no longer existed during the long-term
follow up (>1 year after injury). Our finding suggested that a
temporarily elevated risk of ACS in nonsplenectomy group was
likely due to perioperative complications or the trauma event
itself, as reported previously.31,32 The temporal relationship
implied that the trauma-associated excessive ACS risk was
possibly related to some reversible factors, such as bleeding27

and emotional stress.28 As these physiological and psychologi-
cal conditions improved over time, the patients with splenic
injury, but not splenectomy, were not associated with an
elevated ACS risk 1 year after trauma.

Splenectomy has been associated with increased arterio-
thrombotic risks in various hematological diseases, such as
thalassemia,17 sickle-cell diseases,33 and hereditary spherocy-

yAdjusted HR: multiple analysis including age, sex, and co-morbidit
ischemic heart disease and menopause.
tosis.34 However, patients with these hematological diseases
exhibited risks of arteriothrombosis that were different from
those in the general population. For example, hereditary

TABLE 4. Trends of ACS Risks by Stratified Follow-up Years

Control
(N¼ 46120)

Without
Splenectomy
(N¼ 6391)

Follow-up
Time, y Case Ratey Case Ratey

Crude HR
(95% CI)

Adju
(9

�1 46 1.01 15 2.49 2.43 (1.30, 4.21)
��

2.77 (1
>1 474 1.79 51 1.55 0.96 (0.72, 1.28) 1.01 (0

ACS¼ acute coronary syndrome; CI¼ confidence interval; Crude HR¼��
P< 0.01���
P< 0.001.

yRate, incidence rate, per 1000 person-years.
zAdjusted HR: multiple analysis including age, sex, and co-morbidities

ischemic heart disease and menopause.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
spherocytosis patients with a spleen have significantly fewer
adverse vascular events than their unaffected family mem-
bers.35 Conversely, patients with sickle cell diseases have
higher risks of stroke.33 Thalassemia intermedia is related to
pulmonary hypertension and congestive heart failure.36 The
present study also showed that splenectomy for splenic injury is
associated with increased risks of ACS in patients without
underlying hematological diseases.

The exact mechanisms underlying the association between
splenectomy and ACS are not completely clear. Infection might
be a common pathway contributing to ACS in splenectomized
patients without underlying hematological diseases. Several
studies have shown that risk of ACS is elevated in various
infections, such as cholangitis,37 periodontal infection,38 and
chlamydial infection.39 A previous group study comparing

of hypertension, diabetes, hyperlipidemia, stroke, COPD, heart failure,
patients who underwent splenectomy for trauma with those
who underwent laparotomy without splenectomy showed that
splenectomized patients had a greater likelihood of early

With
Splenectomy
(N¼ 5139)

sted HRz

5% CI) Case Ratey
Crude HR
(95% CI)

Adjusted HRz

(95% CI)

.54, 4.97)
���

7 1.53 1.52 (1.36, 1.69)
���

1.53 (0.69, 3.39)
.76, 1.36) 60 2.17 1.21 (1.11, 1.32)

���
1.28 (0.98, 1.67)

relative hazard ratio.

of hypertension, diabetes, hyperlipidemia, stroke, COPD, heart failure,

www.md-journal.com | 5



postoperative infection, particularly pneumonia.40 Moreover,
the increased risk of infection seemed to persist even a year after
splenectomy.9 In Taiwan, pneumococcal vaccination after
splenectomy is uncommon. From the NHIRD, we could not
accurately estimate the percentage of patients receiving
vaccination, because vaccination is not completely covered
by the NHI. On the basis of the findings in the present study,
further investigation is warranted to determine whether vacci-
nation can decrease the risks of not only infections but
also ACS.

Controversy, however, remains regarding the association
between splenectomy and the metabolic syndrome, which is
diagnosed when patients present with �3 of the following
indicators: obesity, hyperglycemia, hypertension, low high-
density lipoprotein cholesterol levels, or hypertriglyceride-
mia.41,42 Splenectomy has been associated with altered lipid
profiles.6,7 Moreover, it has been shown that splenectomy may
accelerate the development of steatohepatitis in animals fed
with a high-fat diet.43 However, direct evidence that splenect-
omy predisposes a patient to diabetes and/or hyperglycemia is
lacking. For treating chronic pancreatitis, spleen-preserving
distal pancreatectomy might delay the onset of postoperative
diabetes, in comparison with splenectomy groups.44 The inci-
dence of conventional cardiovascular risk factors should be
further studied in splenectomized patients.

This nationwide observational study demonstrated the
elevated risk of ACS in patients who underwent splenectomy
for splenic injury. Based on the completeness of the NHIRD,
we were able to adjust and control several confounding factors.
However, some important limitations should be addressed
here. First, we could not obtain some detailed information
regarding tobacco use, alcohol consumption, physical activity
level, obesity, socioeconomic status, or family history, all
of which are potential confounding factors. Especially, lack
of information regarding trauma severity and mechanisms
might have biased the results. Second, we analyzed the
incidence of ACS by investigating only the hospitalized
patients. It is therefore possible that we neglected too severe
or mild patients who could not or did not seek hospital care.
Finally, we could not confirm the diagnoses of splenic injury
and ACS by chart review. However, we were confident of
the accuracy of these diagnoses because patient diagnoses
are strictly audited for the purpose of reimbursement. Despite
the existence of these limitations, they should not bias the
results of the present study because of the high accessibility
and nearly 100% coverage rate of the health insurance in
Taiwan.45

In summary, this study demonstrates that splenectomized
patients have a greater risk of developing ACS than the general
population, but not those who experience splenic trauma but do
not receive splenectomy. The results of the present study not
only support the current principle of spleen preservation in
patients of splenic injury, but also raise the neglected issue of
ACS risk in splenctomized patients.

ACKNOWLEDGMENTS

None.

REFERENCES

1. Boxer MA, Braun J, Ellman L. Thromboembolic risk of postsple-

Tsai et al
nectomy thrombocytosis. Arch Surg. 1978;113:808–809.

2. Visudhiphan S, Ketsa-Ard K, Piankijagum A, et al. Blood coagula-

tion and platelet profiles in persistent post-splenectomy thrombocy-

6 | www.md-journal.com
tosis. The relationship to thromboembolism. Biomed Pharmacother.

1985;39:264–271.

3. Troendle SB, Adix L, Crary SE, et al. Laboratory markers of

thrombosis risk in children with hereditary spherocytosis. Pediatr

Blood Cancer. 2007;49:781–785.

4. Jansen J, Hermans J. Splenectomy in hairy cell leukemia: a

retrospective multicenter analysis. Cancer. 1981;47:2066–2076.

5. Schilling RF. Hereditary spherocytosis: a study of splenectomized

persons. Semin Hematol. 1976;13:169–176.

6. Asai K, Kuzuya M, Naito M, et al. Effects of splenectomy on serum

lipids and experimental atherosclerosis. Angiology. 1988;39:497–504.

7. Aviram M, Brook J, Tatarsky I, et al. Increased low-density

lipoprotein levels after splenectomy: a role for the spleen in

cholesterol metabolism in myeloproliferative disorders. Am J Med

Sci. 1986;291:25–28.

8. Kyaw MH, Holmes EM, Toolis F, et al. Evaluation of severe

infection and survival after splenectomy. Am J Med.

2006;119:276e1–276e7.

9. Thomsen RW, Schoonen WM, Farkas DK, et al. Risk for hospital

contact with infection in patients with splenectomy: a population-

based cohort study. Ann Intern Med. 2009;151:546–555.

10. Deodhar H, Marshall R, Barnes J. Increased risk of sepsis after

splenectomy. Br Med J. 1993;307:1408.

11. Schwartz PE, Sterioff S, Mucha P, et al. Postsplenectomy sepsis and

mortality in adults. JAMA. 1982;248:2279–2283.

12. Sabatine MS, Morrow DA, Giugliano RP, et al. Association of

hemoglobin levels with clinical outcomes in acute coronary syn-

dromes. Circulation. 2005;111:2042–2049.

13. Wilson PW, D’Agostino RB, Levy D, et al. Prediction of coronary

heart disease using risk factor categories. Circulation. 1998;97:1837–

1847.

14. Scheffer MG, Michiels JJ, Simoons ML, et al. Thrombocythemia

and coronary artery disease. Am Heart J. 1991;122:573–576.

15. Gulec S, Ozdemir AO, Maradit-Kremers H, et al. Elevated levels of

C-reactive protein are associated with impaired coronary collateral

development. Eur J Clin Invest. 2006;36:369–375.

16. Verma S, Kuliszewski MA, Li SH, et al. C-reactive protein

attenuates endothelial progenitor cell survival, differentiation, and

function: further evidence of a mechanistic link between C-reactive

protein and cardiovascular disease. Circulation. 2004;109:2058–

2067.

17. Taher A, Isma eel H, Mehio G, et al. Prevalence of thromboembolic

events among 8,860 patients with thalassaemia major and intermedia

in the Mediterranean area and Iran. Thromb Haemost. 2006;96:488.

18. Crary SE, Buchanan GR. Vascular complications after splenectomy

for hematologic disorders. Blood. 2009;114:2861–2868.

19. Robinette CD, Fraumeni JF Jr. Splenectomy and subsequent

mortality in veterans of the 1939–45 war. Lancet. 1977;2:127–129.

20. Dutta P, Courties G, Wei Y, et al. Myocardial infarction accelerates

atherosclerosis. Nature. 2012;487:325–329.

21. Kraus MD, Fleming MD, Vonderheide RH. The spleen as a

diagnostic specimen. Cancer. 2001;91:2001–2009.

22. Tsai MS, Hsu YC, Yu PC, et al. Long-term risk of acute coronary

syndrome in hepatitis C virus infected patients without antiviral

treatment: a cohort study from an endemic area. Int J Cardiol.

2014;181C:27–29.

23. Tsai MS, Li YF, Lin CL, et al. Long-term risk of acute coronary

syndrome in patients with cholangitis: a 13-year nationwide cohort

Medicine � Volume 94, Number 9, March 2015
study. Eur J Intern Med. 2014;25:444–448.

24. Tsai MS, Lin CL, Chen HP, et al. Long-term risk of acute coronary

syndrome in patients with inflammatory bowel disease: a 13-year

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



nationwide cohort study in an Asian population. Inflamm Bowel Dis.

2014;20:502–507.

25. Lichtman JH, Froelicher ES, Blumenthal JA, et al. Depression as a

risk factor for poor prognosis among patients with acute coronary

syndrome: systematic review and recommendations: a scientific

statement from the American Heart Association. Circulation.

2014;129:1350–1369.

26. Choi J, Daskalopoulou SS, Thanassoulis G, et al. Sex- and gender-

related risk factor burden in patients with premature acute coronary

syndrome. Can J Cardiol. 2014;30:109–117.

27. Manoukian SV, Feit F, Mehran R, et al. Impact of major bleeding

on 30-day mortality and clinical outcomes in patients with acute

coronary syndromes: an analysis from the ACUITY Trial. J Am Coll

Cardiol. 2007;49:1362–1368.

28. Bhattacharyya MR, Steptoe A. Emotional triggers of acute coronary

syndromes: strength of evidence, biological processes, and clinical

implications. Prog Cardiovasc Dis. 2007;49:353–365.

29. Blanchard EB, Hickling EJ, Barton KA, et al. One-year prospective

follow-up of motor vehicle accident victims. Behav Res Ther.

1996;34:775–786.

30. Adams JE, Sicard GA, Allen BT, et al. Diagnosis of perioperative

myocardial infarction with measurement of cardiac troponin I. N

Engl J Med. 1994;330:670–674.

31. Pringle S, Davidson K. Myocardial infarction caused by coronary

artery damage from blunt chest injury. Br Heart J. 1987;57:375–376.

32. Marcum JL, Booth DC, Sapin PM. Acute myocardial infarction

caused by blunt chest trauma: successful treatment by direct

coronary angioplasty. Am Heart J. 1996;132:1275–1277.

33. Ohene-Frempong K, Weiner SJ, Sleeper LA, et al. Cerebrovascular

accidents in sickle cell disease: rates and risk factors. Blood.

Medicine � Volume 94, Number 9, March 2015
34. Perrotta S, Gallagher PG, Mohandas N. Hereditary spherocytosis.

Lancet. 2008;372:1411–1426.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
35. Schilling RF. Risks and benefits of splenectomy versus no splenect-

omy for hereditary spherocytosis–a personal view. Br J Haematol.

2009;145:728–732.

36. Aessopos A, Farmakis D, Karagiorga M, et al. Cardiac involvement

in thalassemia intermedia: a multicenter study. Blood.

2001;97:3411–3416.

37. Tsai M-S, Li Y-F, Lin C-L, et al. Long-term risk of acute coronary

syndrome in patients with cholangitis: a 13-year nationwide cohort

study. Eur J Intern Med. 2014;25:444–448.

38. Gotsman I, Lotan C, Soskolne WA, et al. Periodontal destruction is

associated with coronary artery disease and periodontal infection

with acute coronary syndrome. J Periodontol. 2007;78:849–858.

39. Thom DH, Grayston JT, Siscovick DS, et al. Association of prior

infection with Chlamydia pneumoniae and angiographically demon-

strated coronary artery disease. JAMA. 1992;268:68–72.

40. Wiseman J, Brown CV, Weng J, et al. Splenectomy for trauma

increases the rate of early postoperative infections. Am Surg.

2006;72:947–950.

41. Ferrannini E, Haffner SM, Mitchell BD, et al. Hyperinsulinaemia:

the key feature of a cardiovascular and metabolic syndrome.

Diabetologia. 1991;34:416–422.

42. Gray RS, Fabsitz RR, Cowan LD, et al. Risk factor clustering in the

insulin resistance syndrome. The Strong Heart Study. Am J

Epidemiol. 1998;148:869–878.

43. Inoue M, Gotoh K, Seike M, et al. Involvement of remnant spleen

volume on the progression of steatohepatitis in diet-induced obese

rats after a splenectomy. Hepatol Res. 2012;42:203–212.

44. Govil S, Imrie C. Value of splenic preservation during distal

pancreatectomy for chronic pancreatitis. Br J Surg. 1999;86:895–

898.

Acute Coronary Syndrome in Splenectomized Patients
1998;91:288–294.
 45. Wen CP, Tsai SP, Chung WS. A 10-year experience with universal

health insurance in Taiwan: measuring changes in health and health

disparity. Ann Intern Med. 2008;148:258–267.

www.md-journal.com | 7


	Long-Term Risk of Acute Coronary Syndrome in Splenectomized Patients Due to Splenic™Injury
	INTRODUCTION
	METHODS
	Data Source
	Sampled Participants
	Outcome and Comorbidities
	Statistical Analysis

	RESULTS
	DISCUSSION
	Acknowledgments


