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ABSTRACT
Objective We aimed to describe the association between 
in- hospital infection and prognosis among patients with 
non- ST elevation acute coronary syndrome (NSTE- ACS) 
who received percutaneous coronary intervention (PCI).
Design This observational cohort originated from a 
database of patients with NSTE- ACS who underwent PCI 
from 1 January 2010 to 31 December 2014.
Setting Five centres in South China.
Participants This multicentre observational cohort study 
consecutively included 8197 patients with NSTE- ACS who 
received PCI. Only patients with adequate information to 
diagnose or rule out infection were included. Patients were 
excluded if they were diagnosed with a malignant tumour, 
were pregnant or presented with cardiogenic shock at the 
index date. Patients were grouped by whether they had 
in- hospital infection or not.
Primary and secondary outcome measures The 
primary outcome was all- cause death and major bleeding 
during hospitalisation. The secondary outcomes included 
all- cause death and major bleeding during follow- up and 
in- hospital myocardial infarction.
Results Of the 5215 patients, 206 (3.95%) acquired 
infection. Patients with infection had a higher rate of 
in- hospital all- cause death and major bleeding (4.4% 
vs 0.2% and 16.5% vs 1.2%, respectively; p<0.001). 
After adjusting for confounders, infection remained 
independently associated with in- hospital and long- term 
all- cause death (OR, 13.19, 95% CI 4.59 to 37.87; HR, 
2.03, 95% CI 1.52 to 2.71; p<0.001) and major bleeding 
(OR, 10.24, 95% CI 6.17 to 16.98; HR, 5.31, 95% CI 3.49 
to 8.08; p<0.001). A subgroup analysis confirmed these 
results.
Conclusions The incidence of infection is low during 
hospitalisation, but is associated with worse in- hospital 
and long- term outcomes.

INTRODUCTION
Acute coronary syndrome (ACS) is a leading 
cause of death in China and around the 
world.1 As compared with patients with ST 

elevation myocardial infarction (STEMI), 
patients with non- ST elevation acute coro-
nary syndrome (NSTE- ACS) have shown 
improved outcomes after extensive use of 
an invasive approach, but continue to show 
a higher burden of comorbidities and prior 
cardiovascular events, which might expose 
them to iatrogenic and infective complica-
tions.2 Identification of patients at risk of 
worse outcomes could contribute to targeted 
intervention, help direct care, reduce the 
incidence of subsequent events and thus opti-
mise resource utilisation.

Infection can activate the platelets and the 
coagulation system, resulting in a prothrom-
botic environment.3 4 Moreover, infection is 
an uncommon but important comorbidity in 
patients undergoing percutaneous coronary 
intervention (PCI).5–7 Although the reported 
incidence is less than 4%, infection has been 
proven to be associated with an increased risk 
of cardiovascular events among patients with 
STEMI.8 9 However, data on infection among 

Strengths and limitations of this study

 ► We widely included patients with non- ST elevation 
acute coronary syndrome who received percutane-
ous coronary intervention in China.

 ► The characteristics of infection were reported in de-
tail, including the time and type of infection.

 ► Validation was done in different subgroups and 
variables, which is the best we can do using the 
database.

 ► Potential bias may have been neglected due to study 
design.

 ► Aetiology of infection was not investigated, which 
may have limited further exploration of the mech-
anism of infection.
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patients with NSTE- ACS remain scant. Only one study 
involving 174 octogenarian patients with ACS evaluated 
the impact of infection on clinical outcomes.10 Thus, we 
aimed to assess the incidence of infection and its associ-
ation with short- term and long- term clinical outcomes in 
patients with NSTE- ACS undergoing PCI.

METHODS
Study design and patients
This observational cohort study consisted of consecutive 
patients with NSTE- ACS undergoing PCI from January 
2010 to December 2014 at five hospitals in China. Only 
patients with adequate information to diagnose or rule 
out infection were included. Patients were excluded if 
they were diagnosed with a malignant tumour or infec-
tion before the index date, were pregnant or presented 
with cardiogenic shock. The method used to search and 
identify appropriate patients with NSTE- ACS has been 
outlined previously.11

Data collection and procedures
Data on demographics, patient history, laboratory tests, 
examinations and medication history were collected by 
investigators during the first interview after admission. 
Medications and PCI procedures were applied according 
to international guidelines and clinical evidence.12

Infection during index hospitalisation was diagnosed 
according to the presence of any symptoms, signs and/or 
laboratory results indicating infection. Once confirmed 
by the infection control doctors service, appropriate 
antibiotics were prescribed.8 Infection was classified 
as pulmonary, urinary tract infection (UTI) or others 
(including non- pulmonary/non- urinary sepsis and cellu-
litis), based on the clinical records during hospitalisation. 
Community- acquired pulmonary infection was defined 
by a diagnosis of infection within the first 72 hours of 
hospital admission, and hospital- acquired pulmonary 
infection was defined as those occurring after the first 
72 hours, and were diagnosed in accordance with the 
criteria established by the Centers for Disease Control 
and Prevention.13

Clinical outcomes and follow up
The primary outcome was in- hospital all- cause death and 
in- hospital major bleeding as defined by the Bleeding 
Academic Research Consortium definition (grades 3–5).14 
The secondary outcomes were (1) major adverse clinical 
events (MACE), consisting of all- cause death, myocardial 
infarction or major bleeding during hospitalisation; and 
(2) all- cause death or major bleeding during follow- up.

All patients were followed up by trained nurses via tele-
phone interviews or clinic visits from November 2015 to 
December 2016. Relevant information was also collected 
from the residence registration system and from the 
clinical records of the patients who were readmitted. 
The details of clinical events and follow- up have been 
previously described.11 All adverse clinical events were 

evaluated by an independent clinical events committee 
that was masked to the details of infection.

Statistical analysis
All patients were divided into groups with or without 
infections. Continuous variables with a normal distribu-
tion are presented as mean±SD, and those with an asym-
metric distribution are presented as median and IQR 
(Q25–Q75). Student’s t- test or Wilcoxon rank- sum test 
was used to compare continuous variables. Categorical 
variables are presented as frequencies and were compared 
by Fisher’s exact test or χ2 test. Univariate and multivari-
able analyses were performed to evaluate the relationship 
between infection and clinical outcomes. Variables that 
were significant in the univariate analysis or clinically 
important were included in the multivariable models. 
Considering the low incidence of adverse outcomes but 
potential high incidence of confounders, two models 
were developed for each multivariable analysis. The 
first model (model 1) included infection, age, anaemia, 
type of disease (unstable angina and non- ST elevation 
acute myocardial infarction), gender, current smokers, 
heart failure and estimated glomerular filtration rate 
(eGFR). The second model (model 2) included radial 
access, cardiac biomarker positive, time to procedure, 
treated multivessel, diabetes mellitus, hypertension, prior 
myocardial infarction and prior stroke. We performed 
subgroup analyses by older age, gender, current smokers, 
diabetes mellitus, type of disease, heart failure, anaemia 
and chronic kidney disease. Analysis based on different 
types of infections was reported. We also introduced the 
GRACE (Global Registry of Acute Coronary Events)15 and 
CRUSADE (Can Rapid Risk Stratification of Unstable 
Angina Patients Suppress Adverse Outcomes With Early 
Implementation of the ACC/AHA Guidelines)16 scores 
and compared the infection outcomes among different 
GRACE or CRUSADE risk groups (low, medium or high 
risk). All data analyses were performed with SAS V.9.4. A 
two- sided p<0.05 was considered significant.

Propensity score analyses were conducted to test the 
robustness of the results. All factors listed in table 1 
were considered in the propensity score model develop-
ment. Heterogeneity analysis between the centres was 
conducted using meta- analysis.

Patient and public involvement
There was no patient or public involvement in any steps 
of this study.

RESULTS
Baseline characteristics
From 1 January 2010 to 31 December 2014, a total of 
8197 consecutive patients with NSTE- ACS underwent 
PCI at five hospitals in China. Of the 5215 patients who 
met the final criteria, 206 (3.95%) received a diagnosis of 
infection, of which 183 (89%) occurred within 1 week of 
hospital admission (see online supplemental figure S1). 
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Table 1 Baseline characteristics at index hospitalisation

All patients

P valueUninfected (n=5009) Infected (n=206) Total (N=5215)

Demographics

  Age, years 63.61±10.30 70.86±9.20 63.90±10.36 <0.001

    Age ≥65 years, n (%) 2380 (47.5) 157 (76.2) 2537 (48.6) <0.001

  Female, n (%) 1229 (24.5) 54 (26.2) 1283 (24.6) 0.584

  Weight, kg 65.69±11.67 63.55±12.22 65.60±11.70 0.011

  Heart rate, beats per minute 73.81±10.91 77.75±15.62 73.96±11.16 <0.001

  Blood pressure, mm Hg

    Systolic 133.37±19.03 136.60±22.99 133.50±19.21 0.049

    Diastolic 76.99±11.27 75.81±12.56 76.95±11.32 0.188

Medical history and risk factors, n (%)

  Current smoker 1306 (26.1) 53 (25.7) 1359 (26.1) 0.912

  Cardiac arrest 8 (0.2) 0 (0.0) 8 (0.2) 0.566

  Myocardial infarction 784 (15.7) 53 (25.7) 837 (16.0) <0.001

  Percutaneous coronary intervention 940 (18.8) 35 (17.0) 975 (18.7) 0.522

  Coronary artery bypass surgery 70 (1.4) 5 (2.4) 75 (1.4) 0.224

  Stroke 302 (6.0) 23 (11.2) 325 (6.2) 0.003

  Atrial fibrillation 125 (2.5) 8 (3.9) 133 (2.6) 0.216

  Hypertension 3259 (65.1) 157 (76.2) 3416 (65.5) <0.001

  Diabetes mellitus 1509 (30.1) 96 (46.6) 1605 (30.8) <0.001

Presentation characteristics

  IABP, n (%) 44 (0.9) 30 (14.6) 74 (1.4) <0.001

  CRUSADE 42.12±12.04 40.66±13.19 42.06±12.09 0.097

  GRACE 124.54±27.67 143.75±29.82 125.17±27.94 <0.001

  Type of disease, n (%)

    NSTEMI 3121 (62.3) 131 (63.6) 3252 (62.4) 0.709

    Unstable angina 1888 (37.7) 75 (36.4) 1963 (37.6)

  Heart failure 489 (9.8) 66 (32.0) 555 (10.6) <0.001

  LVEF, % 61.79±10.77 55.99±13.71 61.54±10.98 <0.001

  eGFR, mL/min/1.73 m2 81.64±24.99 60.85±28.14 80.81±25.45 <0.001

    eGFR ≤60, n (%) 851 (17.0) 101 (49.0) 952 (18.3) <0.001

  Serum creatinine, μmol/dL 1.05±0.69 1.55±1.28 1.07±0.73 <0.001

  Haematocrit, g/L 0.39±0.05 0.35±0.06 0.39±0.05 <0.001

    Anaemia, n (%) 1605 (32.0) 127 (61.7) 1732 (33.2) <0.001

  Cardiac biomarker positive, n (%) 2984 (62.3) 120 (61.5) 3104 (62.2) 0.836

In- hospital medication, n (%)

  Dual antiplatelet therapy 4845 (96.7) 194 (94.2) 5039 (96.6) 0.047

  Statin 4909 (98.0) 202 (98.1) 5074 (97.3) 0.956

  ACE inhibitor or ARB 3939 (78.6) 170 (82.5) 4109 (78.8) 0.181

  Calcium- channel blocker 1066 (21.3) 72 (35.0) 1138 (21.8) <0.001

  β-blocker 4245 (84.7) 165 (80.1) 4410 (84.6) 0.07

Procedure characteristics, n (%)

  Radial access 4470 (89.2) 154 (74.8) 4624 (88.7) <0.001

  Coronary anatomy

    Any left main 690 (13.8) 49 (23.8) 739 (14.2) <0.001

Continued
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Table 1 shows the baseline characteristics of patients with 
and without infection. Patients with infection were older 
and had low body weight. These patients were more likely 
to have a history of myocardial infarction, stroke, hyper-
tension and diabetes, and more often had a diagnosis of 
heart failure, anaemia, use of intra- aortic balloon pump 
and dual antiplatelet therapy. Patients with infection had 
lower left ventricular ejection fraction and eGFR but 
higher GRACE risk scores compared with those without 
infection. However, the CRUSADE risk score was similar 
between the two groups.

In-hospital clinical outcomes
Patients with infection had a higher rate of in- hos-
pital all- cause death (4.4% vs 0.2%), major bleeding 
(16.5% vs 1.2%) and MACE (21.4% vs 1.7%) compared 
with patients without infection (all p<0.001) (table 2). 
However, the rate of in- hospital myocardial infarction was 
similar between the two groups (p=0.726).

Univariable analyses showed that infection was a 
predictor of in- hospital all- cause death (OR, 22.96, 95% 
CI 9.23 to 57.14, p<0.001), major bleeding (OR, 16.30, 
95% CI 10.42 to 25.50, p<0.001) and MACE (OR, 14.48, 
95% CI 9.62 to 21.78, p<0.001). After adjusting for other 
confounding variables, multivariable logistic regression 
showed that infection was significantly and independently 
related to the risk of the above outcomes (figure 1).

Long-term clinical outcomes
At a median follow- up of 3.2 years, Kaplan- Meier anal-
ysis revealed that patients with in- hospital infection had 
a higher risk of long- term death, major bleeding, and 
death or major bleeding compared with those without 
in- hospital infection (p<0.001) (figure 2, table 2, online 
supplemental figure S2). Multivariable Cox analyses 
demonstrated that infection was independently asso-
ciated with long- term adverse outcomes even after 
adjusting for other potential risk factors (all- cause 
death: HR, 2.03, 95% CI 1.52 to 2.71, p<0.001; major 
bleeding: HR, 5.31, 95% CI 3.49 to 8.08, p<0.001; death 
or major bleeding: HR, 2.47, 95% CI 1.92 to 3.19, 
p<0.001). Similar results were reported in the other 
adjusted model (figure 1).

Subgroup analyses
Subgroup analyses similarly revealed that infection was 
independently related to in- hospital events (all- cause 
death, major bleeding or MACE) according to different 
clinical status. The unadjusted and adjusted ORs for infec-
tion are presented in online supplemental figures S3–S5. 
Analysis according to the infection subtypes indicated that 
pulmonary infection other than UTI was independently 
associated with poor in- hospital and follow- up clinical 
outcomes. However, UTI was independently associated 
with all- cause death (see online supplemental table S1).

All patients

P valueUninfected (n=5009) Infected (n=206) Total (N=5215)

   Multivessel disease 3072 (61.3) 127 (61.7) 3199 (61.3)

   Others 1247 (24.9) 30 (14.6) 1277 (24.5)

  Treated vessel

   Any left main 480 (9.6) 35 (17.0) 515 (9.9) 0.002

   Multivessel 1764 (35.2) 66 (32.0) 1830 (35.1)

   Others 2765 (55.2) 105 (51.0) 2870 (55.0)

  Stent type

   Drug eluting stent 5004 (99.9) 206 (100.0) 5210 (99.9) 0.902

   Bare metal stent 2 (0.0) 0 (0.0) 2 (0.0)

   PTCA or aspiration only 3 (0.1) 0 (0.0) 3 (0.1)

  Number of stents 2 (1–3) 2 (1–3) 2 (1–3) 0.048

  Total length of stents 45 (27–71) 48 (31–76) 45 (27–71) 0.053

  Thrombus aspiration 61 (1.2) 5 (2.4) 66 (1.3) 0.128

  Time to procedure 1 (1–2) 2 (1–6) 1 (1–2) <0.001

   In 24 hours 2817 (56.2) 81 (39.3) 2898 (55.6) <0.001

   24–72 hours 1505 (30.0) 47 (22.8) 1552 (29.8)

   >72 hours 687 (13.7) 78 (37.9) 765 (14.7)

  In- hospital days 4 (3–6) 11 (7–18) 4 (3–6) <0.001

ARB, angiotensin receptor blocker; CRUSADE, Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes With 
Early Implementation of the ACC/AHA Guidelines; eGFR, estimated glomerular filtration rate; GRACE, Global Registry of Acute Coronary 
Events; IABP, intra- aortic balloon pump; LVEF, left ventricular ejection fraction; NSTEMI, non- ST elevation myocardial infarction; PTCA, 
percutaneous transluminal coronary angioplasty.

Table 1 Continued
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Propensity score analyses
We matched 740 patients with or without infection in a 
1:4 ratio (see online supplemental table S2 and figure 
S6). The results showed a higher rate of major bleeding 
during hospital stay (OR, 18, 95% CI 2.40 to 134.8, 
p=0.015), and a similar result was found at follow- up (HR, 
5.33, 95% CI 1.55 to 18.30, p=0.007), but matched results 
showed an absence of a significant difference in all- 
cause death (in- hospital: OR, 4.01, 95% CI 0.25 to 64.30; 
follow- up: OR, 2, 95% CI 0.97 to 4.12) (see online supple-
mental table S3).

DISCUSSION
This study demonstrates that infection was uncommon in 
a contemporary cohort of patients with NSTE- ACS who 
underwent PCI. However, in- hospital infection among 
patients with NSTE- ACS who received PCI is still signifi-
cantly associated with higher risk of in- hospital and long- 
term clinical prognoses, such as all- cause death, major 
bleeding as well as MACE.

The prevalence of infection in our study is similar to 
the results for the STEMI population. Data from 5745 
patients with STEMI enrolled in the APEX- AMI trial 

Table 2 In- hospital and long- term clinical outcomes

Outcomes Uninfected (n=5009) Infected (n=206) P value

In- hospital outcomes, n (%)

  Death* 10 (0.2) 9 (4.4) <0.001

  Myocardial infarction 17 (0.3) 1 (0.5) 0.726

  Death or myocardial infarction 27 (0.5) 10 (4.9) <0.001

  Major bleeding 62 (1.2) 34 (16.5) <0.001

  Death or myocardial infarction or major bleeding 84 (1.7) 44 (21.4) <0.001

Long- term outcomes

  30 days, n (%)

  Death 17 (0.3) 10 (4.9) <0.001

  Major bleeding 61 (1.2) 31 (15.0) <0.001

  Death or major bleeding 74 (1.5) 37 (18.0) <0.001

  One year, n (%)

  Death 93 (1.9) 35 (17.0) <0.001

  Major bleeding 75 (1.5) 34 (16.5) <0.001

  Death or major bleeding 161 (3.2) 56 (27.2) <0.001

  Three years, n (%)

  Death 346 (6.9) 61 (29.6) <0.001

  Major bleeding 111 (2.2) 36 (17.5) <0.001

  Death or major bleeding 437 (8.7) 81 (39.3) <0.001

*All- cause death.

Figure 1 Univariate and multivariable logistic or Cox analysis of clinical outcomes.
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demonstrated that the prevalence of serious infection was 
2.4% and that infection was associated with higher 90- day 
mortality (29%).9 Also, another study of 1486 patients 
with STEMI reported the prevalence of serious infection 
at 3.9% and the 30- day mortality was up to 53% in these 
patients.8 The conclusions of these two studies paralleled 
our conclusion: infection is uncommon but associated 
with worse clinical outcomes. A recent retrospective 
cohort analysis of 174 octogenarians with ACS showed 
that patients with infection had higher in- hospital, 30- day 
and long- term mortality than patients without infection.10 
However, the study was confined to patients older than 85 
years who were admitted to the coronary care unit, the 
different ACS types were never specified, and the rela-
tively liberal use of bare metal stents does not conform 
with the contemporary more liberal use of drug eluting 
stents.17 18

To our knowledge, this study is the first to demonstrate 
the role of infection in patients with NSTE- ACS. Although 
the prevalence of infections is similar to previous studies 
of STEMI,8 9 the 30- day and 90- day death rates are lower 

than those studies. These low rates might be due to the 
characteristics of the patients in our study, with fewer 
patients requiring intra- aortic balloon pump support, 
mechanical ventilation and transfusion. However, our 
conclusion paralleled those of previous studies: patients 
with infections are associated with worse outcomes. This 
association remained consistent after adjustment for 
other important potential risk factors for outcomes, such 
as radial access, cardiac biomarker positive, time to revas-
cularisation and treated multivessel.

Although infections had a negative impact on patients 
with NSTE- ACS, the underlying pathophysiological mech-
anism remains unclear. Corrales- Medina et al19 suggested 
that infection increased the mortality of patients who 
underwent elective PCI due to the change in plaques trig-
gered by acute inflammatory reactions. Indeed, infection 
has been implicated as a factor contributing to initiation, 
progression and rupture of an atherosclerotic plaque.20 
Infectious vectors have been reported to induce the 
expression of adhesion molecules, such as heat shock 
protein 60 and monocyte chemoattractant protein-1 on 
endothelial cells, which can activate the endothelium 
and the formation of a lipid core.21–24 Additionally, the 
SIXTUS study group25 demonstrated that platelet activa-
tion and TxB2 overproduction are related to infections via 
Toll- like receptor 4. Moreover, Modica et al26 reported that 
aspirin non- responsiveness was often observed in patients 
with pneumonia. Also, increased coagulation activity has 
been observed in pneumonia.3 Therefore, infection can 
activate the platelets and the coagulation system, which 
plays a critical role in deteriorating outcomes in patients 
with ACS. In contrast to previous STEMI reports,8 9 we did 
not find a significant association of infection with myocar-
dial infarction due to the low incidence of myocardial 
infarction in our study. However, our results were similar 
to previous studies that reported major bleeding was 
more frequent in patients with infection. Although the 
PLATO (PLATelet inhibition and patient Outcomes) trial 
demonstrated that ticagrelor, a more potent and consis-
tent platelet P2Y12 inhibitor, was associated with signifi-
cantly fewer pulmonary infections and death related to 
infection than clopidogrel, the incidence of bleeding in 
patients with infection in that study was not reported.4 
Due to dysfunction of the platelets and the coagulation 
system, patients with infection might be at higher risk 
of ischaemia and bleeding. Therefore, more attention 
should be paid to patients with infection when antithrom-
botic therapy is determined. Finally, infection can also 
result in worse outcomes for patients with NSTE- ACS 
through increasing catecholamines and potentially 
adverse haemodynamic effects, such as coronary vasocon-
striction and increased myocardial metabolic demands.27

Although UTI was associated to some degree with 
in- hospital all- cause death, it was not associated with other 
worse outcomes. One reason why pulmonary infection 
is related to these worse clinical outcomes, while UTI is 
not, could be the lower prevalence of UTI compared with 
pulmonary infection (0.3% vs 2.6%). The prevalence 

Figure 2 Kaplan- Meier estimated event rates of all- cause 
death (A) and major bleeding (B).
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of UTI was lower in our study compared with patients 
with STEMI (0.3% vs 7%).8 Therefore, if the population 
sample size is expanded, UTI would be similar to the 
pulmonary infection related to worse clinical outcomes.

Limitations
The study had several limitations. First, as a retrospec-
tive study a causal relationship between infections and 
outcomes could not be determined. Second, despite 
adjustment for important confounders, we could not 
completely eliminate all potential bias, including selec-
tion bias. Third, although infections were not centrally 
adjudicated, the infections were confirmed by the infec-
tion control services who were authorised to approve 
the use of antibiotics. Furthermore, because there is 
not a general screening of infection for all patients, the 
infection can be underestimated. However, the symptom- 
leading diagnosis of infection is more practical in the real 
world and can be promoted easily in clinical setting.

CONCLUSIONS
Infection is an uncommon complication in patients with 
NSTE- ACS undergoing PCI but is nonetheless inde-
pendently associated with worse in- hospital and long- 
term outcomes. Future studies are indicated to identify 
patients with NSTE- ACS at risk of infection, which could 
then contribute to targeted intervention, help direct 
care, reduce the incidence of subsequent adverse events 
and thus optimise resource utilisation.
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