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The Killip classification of acute heart failure was developed decades ago to predict short-
term mortality in patients with acute myocardial infarction (AMI). The aim of this study
was to determine the long-term prognosis of acute heart failure graded according to the
Killip classification in 15,235 unselected patients hospitalized for AMI from 2000 to 2005.
Vital status for each patient was ascertained, through to March 1, 2012, from linkage with
national death records. A stepwise gradient in the adjusted hazard ratio (HR) for 12-year
mortality was observed with increasing Killip class: class I (n [ 10,123), HR 1.00 (refer-
ence group); class II (n [ 2,913), HR 1.13 (95% confidence interval [CI] 1.06 to 1.21); class
III (n [ 1,217) HR 1.49 (95% CI 1.37 to 1.62); and class IV (n [ 898), HR 2.80 (95% CI
2.53 to 3.10). Unexpectedly, in a landmark analysis excluding deaths <30 days after
admission, patients in Killip class IV had lower adjusted long-term mortality than those in
class III. The adjusted HR for 12-year mortality comparing Killip class IV with Killip class
III in patients <60 years of age was 1.71 (95% CI 1.33 to 2.19, p <0.001) and in patients
>60 years of age was 2.30 (95% CI 2.07 to 2.56, p <0.001). In conclusion, on the basis of
simple clinical features, the Killip classification robustly predicted 12-year mortality after
AMI. The heterogeneity in early versus late risk in patients with Killip class IV heart failure
underscores the importance of appropriate early treatment in cardiogenic shock. � 2015
Elsevier Inc. All rights reserved. (Am J Cardiol 2015;115:872e878)

The Killip classification was first published in 1967 and
was based on the prognostic evaluation of 250 patients
admitted to an intensive care unit with acute myocardial
infarction (AMI).1 The classification was developed for
simple early risk stratification2 using only routine physical
examination parameters and clinical sense, hence explaining
its simplicity, popularity, and longevity.3 However, the rele-
vance of the original small historical study to contemporary
practice has been questioned.4 The original population studied
had an exceedingly high in-hospital mortality rate (27%) and a
high incidence of cardiogenic shock (19%) that is inconsistent
with current outcomes of patients with AMI.1 The predictive

accuracy of the Killip classification for coronary patency after
reperfusion,5,6 in-hospital mortality,7 and 6-month outcomes
has been ascertained in large cohort-based studies.8,9 Apart
from being unable to assess the prognostic value of the Killip
classification beyond a 6-month time frame, these studies had
limited numbers of patients in Killip class IV, so they were
unable to directly compare outcomes of patients in Killip class
IV with outcomes of patients in other Killip classes. We
therefore investigated the prognostic accuracy of the Killip
classification in predicting outcomes out to 12 years after the
index AMI. In view of published research suggesting risk
heterogeneity in patients with cardiogenic shock (Killip class
IV heart failure),10 we further profiled the subgroup of patients
in Killip class IV surviving beyond 30 days.

Methods

We analyzed 15,235 patients hospitalized for AMI under
the publicly funded health care system in Singapore from
January 2000 to December 2005, with follow-up of vital
status through to February 2012. As per health care legis-
lation in Singapore, patients hospitalized for AMI at all 6
public hospitals are captured in the Singapore Myocardial
Infarction Registry (SMIR) without the need for written
informed consent. We excluded patients <21 years of age,
nonresidents of Singapore, and those who died <24 hours
after admission. The public health care system in Singapore
provides universal health care access to all Singapore citi-
zens and permanent residents through 3 interdependent
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government-led financing programs, Medisave, Medishield,
and Medifund, thereby minimizing treatment disparities.
Because >96.0% of patients with AMI in Singapore receive
their initial care at public hospitals, the SMIR captures data
on most AMI cases in Singapore.11

The methods of the SMIR have been previously
described.12 Briefly, trained staff members at the SMIR
perform all data collection, site monitoring, and case adju-
dication. AMI cases are adjudicated using admission and
discharge criteria in agreement with International Classifi-
cation of Diseases, Ninth Revision, codes 410.00 to 414.19
or postmortem reports. Electrocardiograms are interpreted
centrally at the Singapore Cardiac Databank and noted to
record ST-segment elevation or ST-segment depression of
�1 mm in 2 contiguous anterior, inferior, posterior, or
lateral leads, Q waves 1/3 the height of the R wave or
>0.04 seconds, or left bundle branch block. All clinical
chemistry laboratories in Singapore submit a quarterly
listing of patients with elevated cardiac troponin, creatine
phosphokinase-MB, and creatinine phosphokinase results to
SMIR. The attending physician in the emergency depart-
ment ascertained the presence of heart failure in accordance
with prespecified Killip class criteria (Figure 1).

With the introduction of the universal definition of
myocardial infarction in 2000,13 we reviewed the troponin
and creatine kinase-MB results of all patients in our study
population. A total of 87.31% of patients had troponin or
creatine kinase-MB levels above the 99th percentile of each
hospital laboratory’s reference population, and diagnoses of
AMI were made in these patients if there was accompanying
ischemia. The remaining 12.29% did not have sufficient
cardiac biomarker data for diagnosis on the basis of the
universal definition. These patients were diagnosed based on
the original World Health Organization Monitoring Trends
and Determinants of Cardiovascular Disease (WHO-
MONICA) criteria.11 Sensitivity analyses in which we
removed the 12.29% of cases did not change the direc-
tionality of our results. A total of 84 patients without Killip
class data were excluded from the present analysis. Com-
plete information was available for 89.8% of data elements
recorded at the end of the study period.

Vital status after discharge was evaluated subsequently
through record linkage with the National Registry of Births
and Deaths to determine all-cause and cause-specific mor-
tality, as previously described.14 It is a statutory requirement
that death must be registered <24 hours after its occurrence
in Singapore. The primary outcome analyzed was all-cause
mortality from the time of hospital admission to the date of
death or, for those alive, censored at March 1, 2012.

The study was conducted according to the Declaration of
Helsinki,15 and the institutional review boards of all 6 publicly
funded hospitals in Singapore approved the data collection
and analysis.

Baseline values, clinical characteristics, and mortality
data are presented as percentages or means. Comparisons
among Killip classes were made with Pearson’s chi-square
test for categorical data and the Kruskal-Wallis test for
continuous data. Kaplan-Meier mortality curves were
constructed using the product-limit estimator to analyze
all-cause death from the time of hospital admission till
the end of the follow-up period. A 30-day landmark mor-
tality analysis was also performed for subjects surviving
beyond 30 days of admission for the index myocardial
infarction.

The hazard ratio summarizing the differences among
Killip Classes, and the corresponding 95% confidence in-
terval, was estimated by Cox regression. On the basis of a
literature review and clinical intuition, we selected potential
confounders that were considered for inclusion in the
multivariate analysis: age, gender, other co-morbidities such
as diabetes mellitus and hypertension, reperfusion therapy,
and in-hospital treatment. We further conducted stratified
Cox regression analysis using age, gender, ethnicity, intra-
aortic balloon pump (IABP) insertion, and performance of
percutaneous coronary intervention (PCI) during the index
hospitalization. Stata version 11.1 (StataCorp LP, College
Station, Texas) was used for all analyses, and statistical
significance was set at a 2-sided a value of 0.05.

Results

Among 15,151 patients hospitalized for AMI, 5,028
(33.2%) developed acute heart failure. During the index
hospitalization, 10,123 patients (66.8%) remained in Killip
class I (no heart failure), 2,913 patients (19.2%) developed
Killip class II heart failure, 1,217 patients (8.0%) developed
Killip class III heart failure, and 898 patients (5.9%)
developed Killip class IV heart failure. There were pro-
gressive increases in age and the frequency of women with
each increase in Killip class (Table 1). Patients in Killip
class I had the highest prevalence of a family history of
coronary heart disease and current smoking. Otherwise,
other co-morbidities, such as diabetes, hypertension, previ-
ous AMI, previous stroke, and peripheral artery disease,
were most commonly observed in patients in Killip class III,
even more so than in those in Killip class IV.

ST-segment elevation myocardial infarction (STEMI)
was less commonly observed than non-STEMI (NSTEMI)
among all Killip classes. Among patients with STEMI, pa-
tients in Killip class I had the highest frequency of inferior
STEMI, whereas those in Killip class IV had the highest
frequency of anterior STEMI (Table 2).

Figure 1. Study flow. Site investigators graded acute heart failure severity
using the definition for each Killip class.
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