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Abstract: The clinical utility of leukocytosis in risk assessment for

ST-elevation myocardial infarction (STEMI) is still unclear. We aim to

demonstrate the prognostic value of leukocyte counts independent from

traditional risk factors and the TIMI risk score (TRS) for STEMI and to

propose a practical model comprising leukocyte count for early triage in

STEMI undergoing primary angioplasty.

A prospective database (n¼ 796) of consecutive STEMI cases

receiving primary angioplasty at a tertiary medical center was retro-

spectively analyzed in the period from February 1, 2007 through

December 31, 2012. Primary endpoints were 30-day and 1-year

mortality. Propensity score-adjusted Cox regression models and sub-

division analysis were performed.

Leukocytosis group (n¼ 306) had higher 30-day mortality (5.9%

vs 3.1%, P¼ 0.048) and 1-year mortality (9.2% vs 5.1%, P¼ 0.022).

After adjustment by propensity score and TRS, leukocyte count (per

103/mL) was an independent predictor of 1-year mortality (HR: 1.086,

95% CI: 1.034–1.140, P¼ 0.001). Subdivision analysis demonstrated

the correlation between leukocytosis and higher 1-year mortality

within both high and low TRS strata (divided by 4, the median of

TRS). Additionally, 24% (191 out of 796) of patients were charac-

terized by nonleukocytosis and TRS< 4, having 0% of mortality rate
ien Li, MD, PhD, MD, MS,
Chih Liao, MD, and Yen-Wen Wu, MD, PhD

in conjunction with TRS< 4 identifies a large patient group at

extremely low risk and thus provides rapid early triage for STEMI

patients undergoing primary PCI. This finding is worth validation in

the future.

(Medicine 95(7):e2857)

Abbreviations: ACS = acute coronary syndrome, ED = emergency

department, PCI = percutaneous coronary intervention, SIRS =

systemic inflammatory response syndrome, STEMI = ST-elevation

myocardial infarction, TIMI = Thrombolysis in Myocardial

Infarction, TRS = TIMI risk score.

INTRODUCTION

N umerous studies have documented the important role of
inflammation in atherosclerotic diseases.1–3 Inflammatory

processes promote the initiation and evolution of atheroma,
contribute to acute thrombosis, and take part in the pathophy-
siology of acute coronary syndrome (ACS).3,4 Elevation of
several inflammatory markers, such as C-reactive protein,
serum amyloid A, interleukin-6, and interleukin-1 receptor
antagonist has been associated with unfavorable outcomes in
patients with ACS.3,5 Leukocyte count is a widely implicated
and convenient indicator of inflammation in clinical practice,
and the key role that leukocytes play in ACS has already been
demonstrated.6 The correlation of leukocyte count with cardi-
ovascular risk factors and acute myocardial infarction has been
reported in several studies.7–10 In patients with ST-elevation
myocardial infarction (STEMI), the most fulminant manifes-
tation of coronary atherosclerotic disease, leukocyte count also
plays a role in predicting prognosis. Many studies have shown
an association between elevated admission leukocyte count and
poor outcomes, including larger infarct, worse left ventricular
function, and increased long-term mortality.11–17 However, the
clinical utility of the above findings is still unclear because the
usefulness of a new biomarker depends on the ability to
demonstrate that it adds incremental value to prognostic models
traditionally used in clinical practice.18 One widely utilized and
validated prognostic model is the Thrombolysis in Myocardial
Infarction (TIMI) risk score for STEMI. Comprising age,
coronary risk factors, body weight, vital signs, Killip classifi-
cation, the culprit vessel, and symptom-to-balloon time, the
TIMI risk score (TRS) for STEMI is easily accessible and able
0-day and 1-year mortality.19 Whether
s independent prognostic value beyond
nal risk prediction tool is unknown. We
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intended to use a widely acknowledged cutoff point of leu-
kocyte count to define leukocytosis. According to the defi-
nition of systemic inflammatory response syndrome (SIRS)
used in daily practice, a leukocyte count �12,000/mL is
generally accepted to indicate an inflammatory process.20

Our study’s purpose was to clarify whether elevated leukocyte
count brings independent prognostic value to the traditional
TRS for STEMI and to propose a practical and simple model
to integrate leukocyte count into clinical risk stratification
in STEMI.

METHODS

Ethics Statement
This study was a retrospective analysis of a prospective

database approved by the Institutional Review Board of Far
Eastern Memorial Hospital. All data were stored in the hospital
database and used only for academic research.

Study Population
The database enrolled consecutive patients of STEMI

diagnosed at the emergency department (ED) who had the
onset of chest pain within 12 hours before presentation and
underwent primary percutaneous coronary intervention (PCI) at
Far Eastern Memorial Hospital, the only tertiary medical center
in New Taipei City, which is an administrative region with more
than 3 million residents in northern Taiwan. Patients receiving
coronary artery bypass grafting during the admission were not
registered to the database.

We analyzed the data collected in the period from February
1, 2007 through December 31, 2012, and excluded those with-
out available TRS for STEMI. The registry used the electro-
cardiographic criteria for STEMI: either �0.2 mV (anterior
myocardial infarction) or 0.1 mV (nonanterior myocardial
infarction) of ST elevation in 2 contiguous electrocardiographic
leads or left bundle branch block that was new or presumed to
be new.

Treatment Protocol
Loading doses of oral dual-antiplatelet therapy and intra-

venous heparin were administered at the ED. Our hospital is a
PCI center performing elective PCI for more than 1000 cases
per year and primary PCI for more than 100 cases per year.
Cardiac catheterization was performed routinely via right
femoral artery. The decision to use glycoprotein IIb/IIIa inhibi-
tors was left to the discretion of the interventionists. Balloon
angioplasty and stenting if feasible were performed in the
culprit vessel. Postangioplasty care was given in standard
fashion according to contemporary guidelines.21 Treatment
with oral beta blockers, statins, angiotensin-converting enzyme
inhibitors, or angiotensin receptor blockers was initiated
during admission.

Data Collection
Plasma leukocyte counts were measured in venous blood

drawn on admission before angiography, and we divided the
patients into a leukocytosis group and a nonleukocytosis
group using the cutoff point of 12,000/mL. Mortality data
were collected from the registration data of Department of

Yeh et al
Health and phone interview. All patients were followed for 1
year, and there was no loss of follow-up at 1 year. TRS was
calculated by summation of the following: 1 point for

2 | www.md-journal.com
anterior myocardial infarction, 1 point for history of diabetes
mellitus, hypertension or angina pectoris, 1 point for body
weight< 67 kg, 1 point for symptom to treatment time -
> 4 hours, 2 points for Killip II–IV, 2 points for heart
rate> 100 beats per minute, 2 points for age of 65 to 74
years, 3 points for systolic blood pressure< 100 mmHg and 3
points for age� 75 years.19

Endpoints and Statistical Analysis
The primary study endpoints were 30-day and 1-year

mortality. Categorical variables are expressed as numbers
and percentage and compared using a Chi-square test. Con-
tinuous variables are presented as medians and interquartile
ranges and were compared using the Mann–Whitney U test.
Thirty-day and 1-year mortality were compared using Kaplan–
Meier estimate with generalized Wilcoxon test. All P values
were 2-tailed, and P< 0.05 was considered statistically sig-
nificant. All statistical analyses were reviewed and revised by a
professional statistical consultant of our hospital and were
performed using SPSS statistical software version 19.0
(IBM Corp., Armonk, NY).

Propensity-Score Adjustment
We constructed 2 propensity-score models. In model A, a

propensity score was created for each patient by a logistic
regression model comprising all potential predictors or con-
founders of 1-year mortality as covariates, including age,
gender, body mass index, history of cardiovascular risk factors
(diabetes mellitus, hypertension, hyperlipidemia, former or
current smokers, previous myocardial infarction, and previous
ischemic stroke), laboratory data on admission (creatinine and
hemoglobin levels) and presentation factors (Killip classifi-
cation, anterior myocardial infarction, multivessel diseases,
and door-to-balloon time). Leukocyte count was then entered
into the propensity score-adjusted Cox-proportional hazard
regression analysis (by including the propensity score as a
covariate) for prediction of 1-year mortality. In model B, a
new propensity score was created for each patient the same as in
model A except the exclusion of covariates involved in calcu-
lation of TRS (age, body mass index, diabetes mellitus, hyper-
tension, Killip classification, anterior myocardial infarction,
and door-to-balloon time). The propensity score-adjusted
Cox regression analysis (by including the new propensity score
as a covariate) containing both leukocyte count and TRS
was performed.

Subdivision Analysis
We subdivided patients into nonleukocytosis and leuko-

cytosis respectively within strata of high and low TRS (using
the median of TRS as a cutoff point) to investigate the
interplay between leukocyte count and TRS and predictive
performance after combining both. In both strata, Kaplan–
Meier method with generalized Wilcoxon test was used to
compare 1-year mortality of nonleukocytosis and leukocy-
tosis groups.

RESULTS

Characteristics of Study Subjects

Medicine � Volume 95, Number 7, February 2016
From February 2007 to December 2012, our database
included 847 patients, but 51 of them did not have an available
TRS. Among 796 analyzable patients, 306 had a leukocyte
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TABLE 2. Angiographic, Procedural, and Pharmacological
Baseline Data of the Study Population

Variable
Nonleukocytosis

(N¼ 490)
Leukocytosis

(N¼ 306) P

One-vessel disease 125 (25.5%) 92 (30.1%) 0.160
Culprit lesions in

LAD
269 (54.9%) 166 (54.2%) 0.858

Door-to-balloon
time, min

74 (56–115) 72 (55–99) 0.128

Use of glycoprotein
IIb/IIIa inhibitor

284 (58.1%) 192 (63.2%) 0.156

Stent type 0.379
Bare metal stents 402 (82.0%) 238 (77.8%)
Drug-eluting 46 (9.4%) 33 (10.8%)

Rapid Triage by Leukocytosis for STEMI
count on admission �12,000/mL (the leukocytosis group), and
the other 490 patients had a leukocyte count <12,000/mL (the
nonleukocytosis group).

Leukocytosis on admission was associated with younger
age, male gender, less extensive history of hypertension or
dyslipidemia, current or former smoker status, elevated hemo-
globin levels, higher triglyceride levels, and lower TRS
(Table 1). Angiographic, procedural, and pharmacological data
are demonstrated in Table 2.

Primary Endpoints and Propensity-Score
Adjustment

Compared with nonleukocytosis patients, those with leu-
kocytosis had higher 30-day mortality (5.9% vs 3.1%,
P¼ 0.048) and 1-year mortality (9.2% vs 5.1%, P¼ 0.022)
(Table 3). In addition, enzymatic infarct sizes were also sig-
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nificantly larger in the leukocytosis group. After performing
propensity-score analysis by model A, we found leukocyte
count (per 103/mL) an independent predictor of 1-year mortality

TABLE 1. Baseline Clinical Characteristics of the Study
Population

Variable
Nonleukocytosis

(N¼ 490)
Leukocytosis

(N¼ 306) P

Age, y 59 (51–69) 54 (47–63) <0.001
Male 418 (85.3%) 281 (91.8%) 0.006
Body mass index,

kg/m2
25.0 (22.6–27.8) 25.6 (22.9–27.3) 0.798

Diabetes mellitus 125 (25.5%) 74 (24.2%) 0.737
Hypertension 309 (63.1%) 163 (53.3%) 0.006
Previous myocardial

infarction
27 (5.6%) 12 (3.9%) 0.290

Dyslipidemia 133 (27.1%) 55 (18.0%) 0.003
Current or ex-

smoker
306 (62.4%) 221 (72.5%) 0.004

Previous ischemic
stroke

34 (6.9%) 20 (6.5%) 0.826

Creatinine, mg/dL 0.92 (0.78–1.14) 0.95 (0.78–1.20) 0.410
Hemoglobin, g/dL 14.8 (13.3–16.0) 15.1 (13.7–16.3) 0.029
Leukocyte counts,

103/mL
9.340
(7.760–10.450)

14.200
(13.045–16.620)

<0.001

Low-density
lipoprotein, mg/
dL

116 (93–146) 123 (93–150) 0.259

Triglycerides, mg/dL 102 (65–152) 113.5 (76–171) 0.011
High-density

lipoprotein, mg/
dL

41 (34–48) 40 (34–49) 0.910

Killip class 0.160
I 269 (54.9%) 162 (52.9%)
II 147 (30.0%) 80 (26.1%)
III 23 (4.7%) 23 (7.5%)
IV 51 (10.4%) 41 (13.4%)

TIMI risk score 4 (3–6) 3 (2–6) 0.003

Categorical variables are expressed as numbers (percentage), and
continuous variables are presented as medians (interquartile ranges).

PCI¼ percutaneous coronary intervention, STEMI¼ST-elevation
myocardial infarction, TIMI risk score¼Thrombolysis in Myocardial
Infarction risk score.

stents
No stenting 42 (8.6%) 35 (11.4%)

Medications at discharge
Aspirin 481 (98.2%) 301 (98.4%) 0.832
Clopidogrel 489 (99.8%) 306 (100%) 0.429
ACE inhibitor or
ARB

403 (82.2%) 248 (81.0%) 0.670

Beta blocker 399 (81.4%) 249 (81.4%) 0.984
Statin 395 (81.3%) 257 (84.5%) 0.240

Categorical variables are expressed as numbers (percentage), and
continuous variables are presented as medians (interquartile ranges).

ACE¼ angiotensin-converting enzyme, ARB¼ angiotensin receptor
blocker, LAD¼ left anterior descending artery, PCI¼ percutaneous

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
(HR: 1.100, 95% CI: 1.046–1.157, P< 0.001) (Table 4). In
model B, leukocyte count (per 103/mL) remained an indepen-
dent predictor of 1-year mortality (HR: 1.086, 95% CI: 1.034–
1.140, P¼ 0.001) after adjustment by the propensity score and
TRS (Table 4). In addition, the combination with leukocyte
count resulted in an increase in C-statistics of TRS from 0.774
to 0.805.

Subdivision Analysis
The median of TRS was 4, by which stratification of high

coronary intervention, STEMI¼ST-elevation myocardial infarction.
nd low TRS was made. Further subdivision by leukocytosis or
ot showed significant difference in 1-year mortality between
onleukocytosis and leukocytosis groups within both strata

ABLE 3. Enzymatic Infarct Sizes and Crude Mortality of
onleukocytosis and Leukocytosis Groups

ariable
Nonleukocytosis

(N¼ 490)
Leukocytosis

(N¼ 306) P

eak CPK, U/L 1977 (880–3706) 3347 (1606–5720) <0.001
0-day mortality 15 (3.1%) 18 (5.9%) 0.048
-year mortality 25 (5.1%) 28 (9.2%) 0.022
a
n
n

T
N

V

P
3
1

Categorical variables are expressed as numbers (percentage), and
continuous variables are presented as medians (interquartile ranges).

CPK¼ creatine phosphokinase, PCI¼ percutaneous coronary inter-
vention, STEMI¼ST-elevation myocardial infarction.
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TABLE 4. Propensity Score-Adjusted Cox Regression Models
Including Leukocyte Count and TIMI Risk Score for Predicting
1-Year Mortality

Hazard Ratio (95% CI) P

Model A
Leukocyte count, per 103/mL 1.100 (1.046–1.157) <0.001

Model B
Leukocyte count, per 103/mL 1.086 (1.034–1.140) 0.001
TIMI risk score 1.274 (1.150–1.410) <0.001

CI¼ confidence interval, PCI¼ percutaneous coronary intervention,
STEMI¼ST-elevation myocardial infarction, TIMI risk score¼

Yeh et al
(0% vs 2.6%, P¼ 0.026 within low TRS and 8.3% vs 15.9%,
P¼ 0.012 within high TRS, respectively) (Figure 1).

DISCUSSION
Our study’s novel finding is that leukocyte count of

STEMI patients on admission not only predict 1-year mortality
independently of all known traditional risk factors but also has
prognostic value beyond the well-validated, widely accepted
risk-prediction tool—in this case, the TRS for STEMI. To our
knowledge, this is the first study to demonstrate the independent
prognostic value of elevated leukocyte count beyond the TRS
and introduce a practical tool, as discussed later, integrating
leukocyte count and traditional risk assessment for STEMI
patients undergoing primary PCI.

Compared with the nonleukocytosis group, patients with

Thrombolysis in Myocardial Infarction risk score.
leukocytosis tended to be younger, more often male and current
or former smokers. They also have higher hemoglobin levels,
higher triglyceride levels and lower TRS. Leukocytosis was

FIGURE 1. Subdivision analysis. Leukocytosis was correlated with
significantly higher 1-year mortality within high and low TRS stata.
Nonleukocytosis along with TRS<4 identified a low-risk group
having literally 0% risk of death at 1-year follow-up. Oppositely,
leukocytosis with TRS�4 predicted grave prognosis.
TRS¼Thrombolysis in Myocardial Infarction (TIMI) risk score.
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inversely correlated with the number of coronary risk factors.
These baseline characteristics were similar to those described in
previous studies, including one of the largest-scale studies by
Palmerini et al.16 Although all the above features had been
reportedly associated with better outcomes in STEMI,21–25

patients with leukocytosis still carried an approximately 2-fold
relative risk for both 30-day and 1-year mortality. These results
reflect a patient group that has fewer traditional cardiovascular
risk factors and even lower TRS but whose higher inflammatory
and thrombotic status, which is hardly reflected by traditional
parameters, result in their more fulminant presentation and
grave prognosis. The linkage between elevated leukocyte
counts and larger infarct sizes and worse left ventricular func-
tion may explain the extension of heightened mortality to 1
year.13,17

Smit et al26 demonstrated that the correlation between
leukocyte counts and 1-year mortality was not as statistically
significant as that of C-reactive protein and 1-year mortality.
However, the patients in this analysis came from the ON-TIME
trial, which excluded those in Killip class III or IV, and only
16% of whom were in Killip class> I. Another example was the
Stent PAMI Trial, in which less than 10% of study subjects were
in Killip> I. By retrospective analysis of the registry, Pellizzon
et al stated that the admission leukocyte count was a strong
independent predictor of reinfarction but not of mortality.27

Lack of association between leukocyte count and mortality in
above-mentioned registries might be driven by low disease
severity. In contrast, our cohort included nonselective patients
with any disease severity, including cardiogenic shock or severe
heart failure, only approximately half of whom were in Killip
class I. We believe that this sample is compatible with real-
world scenarios and truly reflects the effects of provoked
inflammation in the acute phase of myocardial infarction.

Patients in some of the previous studies were stratified by
tertiles or quartiles according to leukocyte count, a method that
clinicians never use in real-world practice. Our study demon-
strated that leukocyte count can be a prognostic predictor of
STEMI in daily clinical practice by using the most common and
widely accepted cutoff point used in the SIRS definition.

Given the independent prognostic value of leukocyte count
beyond the TRS, combination of both may yield more powerful
risk assessment. None of the 191 patients with nonleukocytosis
and TRS< 4 died in 1-year follow-up, that is, this patient group
had literally 0% risk of mortality. In contrast, patients with
leukocytosis and TRS �4 had particularly poor outcomes.
Figure 1 illustrates that a leukocyte count along with a TRS
can pick out a large number of patients in particularly low or
high risk (24% without death at 1-year follow-up and 18.9%
with extremely high mortality).

The ability of a risk-assessing model to identify low-risk
population is important. Less frequent monitoring, earlier dis-
charge, a shorter hospital stay, and longer follow-up intervals
can be planned for patients at very low risk. Better allocation of
medical resources is expected by cost saving in those at very
low risk and focusing on those at high risk. Being the most
widely accepted and well validated risk-prediction model for
STEMI, the TRS is able to identify those with 1-year
mortality< 1% in about 10% of patients.19 Using the TRS< 4
4 in conjunction with nonleukocytosis, however, we were able
to identify patients at very low risk with 0% of 1-year mortality
who constituted 24% (191 out of 796) of our study cohort. This

Medicine � Volume 95, Number 7, February 2016
makes a simple method of rapid and reliable triage for STEMI in
the very early clinical course to predict extremely low risk in a
large proportion of patients.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



Whether elevated leukocyte count directly leads to poor
prognosis is still unclear because the mechanisms underlying
this correlation have not been fully uncovered. What is known is
that leukocytes take part in the production of tissue factors,
thrombin generation, platelet aggregation, and the release of
proinflammatory factors.28–30 In addition, reduced microcircu-
latory perfusion may result from the adhesion or aggregation of
increased leukocytes.31 In turn, these effects may contribute to
reperfusion injury, acute no-reflow phenomenon or further
infarct extension.31–34 The association between elevated leu-
kocyte count and enlarged infarct sizes is consistent with
these mechanisms.

This study had several limitations to be acknowledged.
First, the possibility of coexisting infectious diseases was not
excluded. However, the median of length of hospital stay (5
days) did not differ significantly between the leukocytosis and
nonleukocytosis groups. Thus, it is reasonable to conclude that
no serious cases of infectious disease were found in this STEMI
cohort. Second, information on leukocyte differential counts
was unavailable. Third, it is still unknown whether the associ-
ation between elevated leukocyte count and mortality was
causal or merely a result of provoked inflammation or larger
infarct sizes.

CONCLUSIONS
In conclusion, for STEMI patients undergoing primary

PCI, elevated leukocyte counts predict 1-year mortality inde-
pendently from known traditional cardiovascular risk factors or
the TRS. Leukocytosis-or-not on admission in conjunction
with the TRS (�4 or <4) provides rapid and early triage in
clinical practice to identify a large proportion of patients at
extremely low long-term risk. It is worth validation by studies
in the future.
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