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Improved Survival after Acute Myocardial Infarction in Patients with Advanced
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Summary

Background: The continuing applicability of the Killip
classification system to the effective stratification of long-
term and short-term outcome in patients with acute myocar-
dial infarction (MI) and its influence on treatment strategy
calls for reanalysis in the setting of today’s primary reperfu-
sion treatments.

Hypothesis: Our study sought to test the hypothesis that
Killip classification, established on admission in patients with
acute M1, is an effective tool for early prediction of in-hospital
mortality and long-term survival.

Methods: A series of 909 consecutive Olmsted County pa-
tients admitted with acute MI to St. Marys Hospital, Mayo
Clinic, between January 1988 and March 1998 was analyzed.
Killip classification was the primary variable. Endpoints were
in-hospital death, major in-hospital complications, and post-
hospital death.

Resulrs: Patients analyzed included 714 classified as Killip
I, 170 classified as Killip II/ITI, and 25 classified as Killip IV.
Increases in in-hospital mortality and prevalence of in-hospital
complications correspond significantly with advanced Killip
class (p <0.01), with in-hospital mortality 7% in class I, 17.6%
inclasses [I/I1I, and 36% in class IV patients (p <0.001). Killip
classification was strongly associated with mode of therapy
administered within 24 h of admission (p <0.01). Kiltip IV pa-
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tients underwent primary angioplasty most commonly and
were less likely to receive medical therapy.

Conclusions: Killip classification remains a strong inde-
pendent predictor of in-hospital mortality and complications,
and of long-term survival. Early primary angioplasty has con-
tributed to a decrease in mortality in Killip IV patients, but ef-
fective adjunctive medical therapy is underutilized.

Key words: acute myocardial infarction, Killip class, reperfu-
sion therapy, in-hospital mortality, long-term mortality

Introduction

The Killip classification system, introduced in 1967 for clin-
ical assessment of patients with acute myocardial infarction
(MI),! stratifies individuals according to the severity of their
post-MI congestive heart failure (CHF). The original report by
Killip and Kimball! demonstrated an increase in in-hospital
mortality corresponding with increased severity of post-MI
CHE A patient’s Killip classification is defined by the follow-
ing parameters: Killip class I, no CHF; Killip class II, third
heart sound, rales; Killip class III, pulmonary edema; and
Killip class IV, cardiogenic shock. While the observed in-hos-
pital mortality rate in patients without CHF (Killip class I) was
6% in the Killip and Kimball study, the rate of in-hospital mor-
tality in patients with pulmonary edema (Killip class III) was
38%, and in patients with cardiogenic shock (Killip class IV) it
was 81%. The Killip classification, demonstrated in past dec-
ades to be effective in the risk stratification and prognostic eval-
uation of patients with acute ML ! is still used widely in the era
of primary reperfusion,?-> despite the more recent identifica-
tion of other predictive indices for evaluation of acute M1.6-12

A recent report by Rott et al. from the Secondary Pre-
vention Reinfarction Israeli Nifedipine Trial (SPRINT) exam-
ined the prognostic utility of Killip classification among 1,873
patients with acute M1.2 The SPRINT investigators reported
an in-hospital mortality rate of 3% in patients without post-MI
CHE, 21% in patients with mild CHF, 35% in patients with
pulmonary edema, and 60% in patients with cardiogenic
shock. Although the overall mortality rate associated with
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acute Ml is lower today than during the era of the Killip report,
the observed mortality for patients with advanced Killip class,
particularly class I (pulmonary edema) and class IV (cardio-
genic shock), remains high.

Cardiogenic shock (Killip class IV) occurs in 5 to 15% of
patients with acute MI, and reports of mortality in these pa-
tients range from 50 to 80%.3 4 Several recent reports have
suggested that aggressive revascularization may reduce the
mortality rate in cardiogenic shock to < 40%,!3-22 and this hy-
pothesis is the subject of a randomized trial 2> 2* Treatment of
acute MI has improved significantly over the past three dec-
ades with the introduction of revascularization therapy,2: 26
superior antiplatelet and antithrombotic agents,2’-30 and im-
proved adjunctive medical therapy,*'-3* all of which have con-
tributed to a significant reduction in observed mortality. The
continuing value of the Killip classification system in provid-
ing important prognostic information in an era of aggressive
revascularization and medical therapy is uncertain, since large
clinical trial databases often fail to record a patient’s Killip
classification at the time of admission, or may exclude certain
subsets of patients (such as those with cardiogenic shock).
Because recent reevaluation of more complex scoring sys-
tems, including the Norris score,!? has demonstrated the inap-
plicability of some scoring systems in this era because of their
tendency to predict excessive mortality, the relevance in to-
day’s treatment environment of the Killip classification sys-
tem needs to be evaluated. Our study was designed to test the
hypothesis that a patient’s Killip classification, determined at
the time of admission for management of acute MI, still serves
as an effective tool for early risk stratification and prediction
of in-hospital and long-term mortality. A second hypothesis
was that improved outcome in patients with acute MI in the
era of thrombolysis and angioplasty would be reflected in
changes in Killip class-related mortality.

Methods
Study Group

Included in this analysis was a series of 909 consecutive
patients admitted with acute MI to St. Marys Hospital Coro-
nary Care Unit (CCU), Mayo Medical Center from January 1,
1988, to March 31, 1998. The Mayo Clinic CCU database has
prospectively collected data on patients admitted with acute
Ml since January 1988. Our study includes only those patient
who were residents of Olmsted County, Minn., at the time of
presentation and who gave informed consent for research
analysis as required by Minnesota statute 144.335. Most
(~95%) Olmsted County patients with acute MI are ultimate-
ly admitted to St. Marys Hospital in Rochester, where they are
treated by a coronary care team. This investigation was ap-
proved by the Mayo Foundation Institutional Review Board.
Each patient’s diagnosis of acute MI was based upon fulfill-
ment of World Health Organization criteria.?’ Killip classifi-
cation was determined and recorded at admission for each pa-
tient, as described by Killip and Kimball.!

Endpoints

In-hospital survival was the primary endpoint. Secondary
endpoints included in-hospital reinfarction, occurrence of a
new complication (all patients with Killip class IV were classi-
fied as presenting with cardiogenic shock, and all Killip class
1I/II patients were classified as presenting with CHF), and
posthospital survival. Important complications analyzed in-
cluded ischemic (reinfarction, recurrent angina, development
of CHF), mechanical (cardiac tamponade, ventricular free-
wall rupture, development of a ventricular septal defect, or
rupture of a papillary muscle with severe mitral regurgitation),
and electrical (cardiac arrest, electromechanical dissociation,
asystole, ventricular fibrillation, ventricular tachycardia).

The cause of each in-hospital death was determined by re-
view of the patient’s chart and recorded as having resulted from
sudden cardiac arrest, cardiogenic shock, reinfarction, cardiac
rupture, and/or electromechanical dissociation. Patient follow-
up data were derived from the Mayo Clinic CCU database and
from administrative files (ongoing data registration) or notifi-
cation of death.

Definitions

Each patient’s Killip classification was assigned on the ba-
sis of the severity of signs of heart failure at the time of hospital
admission: Killip class I was defined by the absence of rales
in the lung fields and the absence of an S3 heart sound; Killip
class II was defined by the presence of rales in <50% of the
lung fields, or by the presence of an S3 gallop, accompanied
by elevated jugular venous pressure; Killip class III was de-
fined by the presence of rales in >50% of the lung fields; and
Killip class IV was defined as cardiogenic shock (i.e., the pres-
ence of pulmonary edema with hypotension—systolic blood
pressure < 90 mmHg with or without signs of inadequate pe-
ripheral perfusion). Primary reperfusion therapy was defined
as the first therapy used to restore blood flow through a coro-
nary artery suspected or known to be occluded by means of in-
travenous (IV) fibrinolytic therapy, percutaneous transluminal
coronary angioplasty (PTCA), or immediate coronary artery
bypass graft surgery (CABQG). The use of concomitant medi-
cations (IV heparin, inotropic agents, [V or oral beta blocker,
aspirin, calcium-channel blocker, I'V/oral/topical/sublingual
nitroglycerin, or angiotensin-converting enzyme inhibitor), in-
vasive procedures, and adverse events were recorded at the
time of implementation or occurrence during hospitalization.

Statistical Methods

Demographic and clinical characteristics of the patients
studied were compared by Killip class using Pearson’s chi-
square test on the categorical variable and then applying the
nonparametric Kruskal-Wallis test to the continuous variables.
For selected dichotomous variables (in-hospital mortality and
complications), the Armitage linear-trend test was used to de-
termine positive or negative correlation (via linear trend) with
Killip class. The degree of association between Killip class
and each of the demographic and clinical factors included in
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the study was assessed by log-rank test. A multivariate propor-
tional-hazards model was fitted to the study data to assess the
effect of Killip class after adjustment of demographic and clin-
ical factors that remained significantly independent (p <0.01).
The Wald chi-square test by Cox proportional-hazard model
and logistics-regression model were employed. All analyses
were carried out using the SAS statistical package (version
6.12; Cary, N.C.).

Results
Demographic/Clinical Characteristics

A comparison of demographic and clinical characteristics
by Killip classification on admission (class I vs. class II-III vs.
class IV) is presented in Table 1. The majority of patients
(78%) were identified as Killip class I on admission, and only
aminority (5% of all patients) were categorized as Killip class
IV (cardiogenic shock). Killip classes 1111 (CHF or pulmon-
ary edema) included 18% of admitted patients. Gender and
age showed variation between the Killip classifications, and
female gender, prior M1, anterior Ml location, and lower ejec-
tion fraction correlated with advanced Killip class, as shown
in Table I. Left ventricular ejection fraction < 35% was signif-
icantly more prevalent in patients in Killip class [V (60% of
this class) than in patients in the other classes. Mean ejection
fraction was also lowest (29%) among patients in Killip class

IV. Preserved left ventricular systolic function with ejection
fraction >50% was most common in Killip class I patients
(64% of this class).

Characteristics of Patient Management

Table Il shows the primary treatment modality and medica-
tions administered within the first 24 h of admission. Statis-
tically significant associations between Killip class and modes
of primary treatment were demonstrated, including CABG,
thrombolytic therapy, PTCA, and medical therapy. Primary
reperfusion by CABG, thrombolysis, or PTCA was carried
out in 46% of the patients studied, most commonly in Killip
class IV patients (76% of this group). Coronary bypass sur-
gery as primary treatment, although used in only 2% of the pa-
tients studied, was most common in Killip class /Il patients.
Only 1% of all patients studied underwent CABG surgery as a
primary means of reperfusion. Coronary artery angioplasty
was used most commonly in Killip class IV (56% of patients
in this class) and least commonly in Killip class II/III patients
(12% of patients in this class). Of all patients studied, 23% un-
derwent primary PTCA. Thrombolytic therapy was used in
25% of class I patients and in 20% of class [V patients, but in
only 12% of patients in Killip classes II/III. Overall, approxi-
mately 22% of patients admitted with MI received throm-
bolytic therapy.

Higher Killip classification was significantly associated
with decreased use of medical therapy. Adjuvant medical ther-

TaBLE I Comparison of demographic/clinical characteristics by Killip class (I vs. I/III vs. IV) at admission

Demographic/ Killipclass I Killip class II/ITT Killipclass IV
clinical n=714) (n=170) (n=25) p
characteristics n % n % n % Value ¢
Gender (female) 254 356 87 51.2 10 40.0 0.001
Age

<65 325 455 36 21.2 11 44.0 0.001

65-75 169 23.7 42 24.7 9 36.0

>75 220 30.8 92 54.1 5 20.0
Age

Mean 66.2 74.8 64.7 0.001

Median 66.8 76.0 69.1

Range

25-75th percentile 55.4-77.3 68.7-83.0 53.4-724
Hypertension 292 409 104 61.2 8 32.0 0.001
Diabetes mellitus 9 129 46 27.1 8 320 0.001
Smoking history 443 62.0 99 58.2 15 60.0 0.651
Family history of CAD 133 18.6 23 13.5 5 20.0 0.281
Prior MI 134 18.8 57 335 6 24.0 0.001
Anterior Ml location 257 36.0 76 447 10 40.0 0.106
EF

<35 58 11.6 43 352 9 60.0 0.001

35-49 124 24.8 46 37.7 5 333

250 318 63.6 33 27.1 1 6.7

“Testing for equal distributions using Pearson’s chi-square test for categorical variables and the Kruskal-Wallis test for continuous variables.

Abbreviations: n = number of patients, CAD = coronary artery disease, MI = myocardial infarction, EF = ejection fraction.
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TaBLE I Comparison of demographic/clinical characteristics by Killip class (I vs. I/III vs. IV) at admission

Demographic/ Killipclass1 Killip class I/IIT Killipclass IV
clinical n=714) (n=170) (n=25) P
characteristics n % n % n K Value ¢
Primary treatment

CABG 4 0.6 3 1.8 0 0.0 0.001

Lytics 178 249 20 11.8 5 200

PTCA 174 244 21 124 14 56.0

Meds 358 50.1 126 74.1 6 24.0

Primary reperfusion 356 499 44 259 19 76.1 0.001
Beta blocker 500 70.0 90 529 11 44.0 0.001
Aspirin 586 82.1 118 69.4 14 56.0 0.001
Nitrates 617 86.4 140 824 14 56.0 0.001
Heparin 667 934 145 853 20 80.0 0.001
ACE inhibitor 64 9.0 45 26.5 1 4.0 0.001

a Testing for equal distribution using Pearson’s chi-square test for categorical variables and the Kruskal-Wallis test for continuous variables.
Abbreviations: n = number of patients, CABG = coronary artery bypass graft, PTCA = percutaneous transluminal coronary angioplasty, ACE =

angiotensin-converting enzyme.

apy was used least commonly in Killip class IV patients (24%)
and most commonly in class II/IIl patients (74%) (Fig. 1),
specifically demonstrated by decreased use of beta blockers,
aspirin, nitrate, and IV heparin therapy during the first 24 h of
hospitalization. Intravenous heparin was the mode of medical
therapy used most commonly in all three Killip groups. Nitrate
use was lowest in class [V patients (56%) relative to patients in
classes I and II/I11, reflecting utilization rates of 80 to 85%.
Only 44% of patients in Killip class IV were treated with a beta
blocker, compared with 70% of patients in Killip class 1. Con-
verting enzyme inhibitors comprised the mode of medical
therapy used least in all patient classes (12%); 26% of patients
in Killip class II/IT1, 4% of patients in Killip class [V, and 9% of
patients in Killip class I were given this treatment. Of the Killip
class I patients, 36% had presented with anterior wall ML

Endpoint Analysis

Rates of in-hospital mortality (Fig. 2) and incidence of in-
hospital complications, both of which increased significantly

100+

Kiliip |

Killip I/l

Killip 1V

Fic. 1 Treatment decisions associated with Killip class. Primary
reperfusion (thrombolysis and angioplasty) and medical therapy
(Med Rx) significantly associated with Killip class (p<0.001).
= Primary reperfusion, B =Med. Rx.

with advanced Killip class, are presented in Table III. An in-
hospital mortality rate of 36% was seen in Killip class IV pa-
tients, and in-hospital complications were also significantly
more prevalent in this group. A significant between-groups
survival rate difference was seen in the 820 patients who lived
to be discharged, but median survival between class II/IIl and
class IV group patients was not significantly different.

Several independent variables were initially considered as
possible confounding or biasing factors in the observed signif-
icant association between Killip class and each endpoint. Table
IV outlines the relationship between patient Killip class groups
and their in-hospital survival stratified by initial treatment.
Killip class remained a powerful predictor of in-hospital sur-
vival independent of the use of primary reperfusion therapy.
Indeed, the predictive value of Killip class was greatest in pa-
tients who received primary lytic therapy or primary PCTA.
Age was demonstrated to be the most significant factor for in-
hospital mortality, and age and MI location were independent
predictors of in-hospital complications. Significant predictors
(requiring adjustment) of long-term survival were age, hyper-
tension, prior infarction, and location of MI. Diabetes mellitus
was not found to be an independent predictor that would re-

404
30-

201

%

104 7.0

Killip |

Killip 1171 Killip IV

FiG.2 In-hospital mortality associated with Killip class (p <0.001).



W.L. Miller et al.: Reperfusion therapy and advanced Killip class 755

TaBLeIIl Comparisons of endpoints by Killip class (I vs. II/IIl vs. IV) at admission

Killip Killip Killip
classI class TI/ITL classIV
(n=714) (n=170) (n=25) p
Endpoints n % n % n % Value“
In-hospital death 50 7.0 30 17.6 9 36.0 0.001
In-hospital complications ® 189 26.5 65 382 18 72.0 0.001
Death following discharge .
N discharged alive 664 140 16
N died as of August 1998 146 61 7
Median survival Not attained 4.0 years 4.5 years
Est. % survival and 95% Cl at: 0.001
1 year 93.5% (91.6,95.4) 78.7% (72.1,85.9) 85.9% (69.5, 100.0)
3years 87.1% (84.3,89.9) 60.0% (51.5,70.0) 75.2% (53.7, 100,0)
5 years 78.7% (75.0, 82.6) 45.7% (36.0, 58.1) 45.1% (20.5,99.5)

¢ Armitage test for linear trend of the percentages of in-hospital deaths (complications) by Killip class and the log-rank test for comparing survival

following discharge by Killip class.

bIncluding in-hospital death and the following in-hospital complications: mechanical (tamponade, acute VSD, papillary muscle rupture, and free
wall rupture), ischemic (recurrent MI, cardiogenic shock, and CHF), electrical (cardiac arrest, EMD, and ventricular arrhythmia), and stroke.
Abbreviations: CI = confidence interval, n = number of patients, VSD = ventricular septal defect, MI = myocardial infarction, CHF = congestive

heart failure, EMD = electromechanical dissociation.

TasLe IV Comparison of Killip class (I vs. I/II vs. IV) by treat-
ment strategy and in-hospital survival

Number Died Chi-
Killip of in-hospital square p
class patients n % statistic ¢ Value
All patients
1 710 50 70 35.28 0.001
I/ 167 29 174
v 25 9 360
Lytics patients
I 178 10 56 20.54 0.001
/I 20 4 200
v 5 3 600
Meds patients
I 358 32 89 4.67 0.031
/m 126 20 159
v 6 1 16.7
PTCA patients
1 174 8 4.6 2254 0.001
I/ 21 5 238
v 14 5 357
Adjusting for primary treatment using the logistic model:
Model -2 Log (likelihood)
Primary treatment (lytics, meds, PTCA) 575.333
Primary treatment+Killip class (LI/IILIV)  547.607
27.726 with2 DF

(p value =0.001)

4 Using the Armitage test for linear trend.
Abbreviations: PTCA = percutaneous transluminal coronary angio-
plasty, DF = degrees of freedom.

quire adjustment in measuring the effect of Killip class on mor-
tality and complication endpoints. Figure 3 illustrates the mea-
sure of relative risks after adjustment for those variables on
analysis of Killip class and endpoints of in-hospital and long-
term mortality. After adjustment for variables, a patient’s Killip
classification at admission continued to be a significant predic-
tor of risk of both short-term and long-term survival after hos-
pital discharge. Adjustment for long-term survival based on
age, hypertension, prior MI, and MI location showed the most
significant effect in Killip class IV patients relative to those in
Killip class I, increasing the odds ratio from 3.4 (confidence in-

In-hospital mortality @
Killip /11l vs. Killip |
Killip IV vs. Killip | '

2.26 (1.35-3.71)
-eo—
8.55 (3.39-20.58)

Long-term mortality

Killip /il vs. Killip |
Killip IV vs. Killip |

01 3 6 9 12 15 18 21

2 Adjusted for age. » Adjusted for age, prior MI, Ml location, and hypertension.

1.81 (1.32-2.47)
re-

5.26 (2.43-11.36)
——

FiG.3 Relative risk of short-term and long-term mortality. Adjust-
ed variables estimating the effect of Killip class on in-hospital mor-
tality and long-term mortality (multivariate analysis). In-hospital
mortality adjusted for age and long-term mortality adjusted for age,
hypertension, prior myocardial infarction (MI), and location of ML
Estimates of relative risk significant at p<0.001.



756 Clin. Cardiol. Vol. 23, October 2000

100
Killip |
80 - P
e Killip IV
2 60 R ey
.2 e —l"-"'\...».._" iiiiii
E Y —
o 407 0 X .
= Killip Median Est. survival at
class N Died survival 1year (%) 3 years (%} 5 years{%)
20! 664 146 NA 93.5 87.1 78.7
I 140 6t 4.0years 78.7 60.0 457
v 16 7 45years 85.9 75.2 451
0 Log-rank statistic = 61.13, p<0.0001
0 1 2 3 4 5

Years following hospital discharge

Fig.4 Kaplan-Meier survival curves for all patients according to
Killip class designation at time of admission for acute myocardial in-
farction. NA =not available.

terval [CI] 1.57-7.20) to 5.3 (C1 2.43-11.36). Figure 4 depicts
the postdischarge survival curve analysis by Killip class. Dif-
ferences in 5-year survival among patients in Killip classes I,
I/, and IV are significant (p<0.0001). Patients in Killip
class I who lived to hospital discharge demonstrated the high-
est long-term survival. The survival curves suggest slightly bet-
ter survival in Killip class IV patients than in patients in classes
II/TIT until Year 5. Admission in Killip class IV, however, is a
significant predictor of in-hospital mortality and in-hospital
complications. Hospital length of stay (LOS) also varied sig-
nificantly with Killip classification (p <0.001). Median LOS
was 6 days for patients in Killip class I, 9 days for patients in
Killip class /11, and 11 days for patients in Killip class IV.

Discussion

From a clinical perspective, reassessment of the relevance
and value of simple bedside prognostic indices such as the
Killip classification is important in this era strongly influ-
enced by advanced technology in patient assessment and
management. Comparison of the prognostic utility of clinical
assessment with that of technology-driven patient assessment
is also important, particularly when cost containment is a con-
sideration.!236.37 The Killip classification system remains at-
tractive because of the relative simplicity of its application; it
is based upon clinical findings of increasing severity of CHF
in the post-MI hospital period, and it does not require the use
of imaging technology or the derivation of a mathematical
score.! While Killip classification was reported during the
prethrombolytic era to be a strong independent predictor of
in-hospital mortality,' its relevance in the current milieu of
thrombolysis/angioplasty and improved medical therapies
and patient outcomes has been questioned.?-> 36

Accurate prediction of in-hospital mortality continues to be
important for patient stratification and to ensure optimal use of
therapeutic strategies.>” 38 Projection of long-term outcomes

and identification of patient subgroups requiring close follow-
up are also vital in light of the demonstrated improvement in
short-term outcome in patients with MI and the need for cost-
effective, long-term patient management.*® Although the out-
comes of patients with advanced Killip classification (CHF
and cardiogenic shock) in the era of primary thrombolysis and
angioplasty might also be expected to show improvement over
patient outcomes documented at the time of the original for-
mulation of the Killip classification,!*-22 such a conclusion
cannot be made without appropriate trial data support.?3

The results of our study indicate that Killip classification of
patients at admission for acute M1 continues to be a significant
tool for early risk stratification and prediction of in-hospital
and long-term survival. The initial report by Killip and Kim-
ball' in 1967 describes a study of approximately 250 patients
in which Killip class IV patients demonstrated a high 30-day
mortality (81% in their study). Our study in the era of primary
thrombolytic and angioplasty therapies reports an in-hospital
mortality of 36%, which is still high but considerably lower
than that reported in earlier studies. Mortality in Killip class IV
patients in our study is also lower than that reported in recent
studies.># An explanation for this improvement in early mor-
tality is not entirely evident from this outcomes analysis, but is
related in part to the relatively younger age of the Killip class
IV patients (mean age 65 years) compared with Killip class
II/HI patients (mean age 75 years) and modes of initial therapy.
Our findings would suggest that primary reperfusion by
PTCA, used most extensively in Killip class IV patients, made
a significant contribution to improved outcomes in these
severely ill patients. Among the groups studied, Killip class IV
patients were least likely to undergo aggressive adjunctive
medical therapy and most likely to be treated with primary an-
gioplasty. Hochman er al.?* reported a survival benefit at 6
months after early revascularization in acute MI complicated
by cardiogenic shock when compared with medical therapy.
Of the patients undergoing revascularization, 54.6% (of 152
patients) were treated by PTCA and 37.5% by CABG surgery.
Age was also a factor in their study results, with early revascu-
larization demonstrating a significant benefit in those patients
<75 years of age but medical therapy shown to be better in pa-
tients > 75 years. Our findings in Killip class IV patients with a
mean age of 65 years also support an improved outcome with
primary revascularization therapy.

Advanced Killip class was associated with reduced use of
beta blockers, converting enzyme inhibitors, and nitrate thera-
py. which suggests underutilization of effective medical thera-
py in high-risk patients with acute MI. While our results indi-
cate a lower short-term mortality than previously reported for
Killip class IV patients, the underutilization of adjunctive med-
ical therapy in this group of patients, even with their improved
outcomes, may have contributed to an excessive mortality.27-3+
The question therefore arises whether more aggressive adjunc-
tive medical therapy in conjunction with primary reperfusion
therapy could result in further reductions in mortality.

An additional observation in our community-based study
population relates to survival after hospital discharge, where
the median survival and 5-year survival rates were similar be-
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tween Killip class IV and Killip classes II/III patients. Most
patients in Killip class IV were male, and with a mean age of
65 years it was the youngest of the groups studied. Patients in
Killip class IV, however, also had the highest incidence of dia-
betes mellitus (32%) and the lowest left ventricular ejection
fractions (29%) among patients studied. Thus, specific factors
contributing to their improved in-hospital and 5-year survival
include younger age and early revascularization. However, the
smaller number of patients designated as Killip class IV at ad-
mission (25) and the number surviving to follow-up also sug-
gest a cautious approach to the interpretation of survival curve
comparisons.

Patients in Killip classes II/IIl were more likely than Killip
class I'V patients to undergo primary medical therapy (74 vs.
24%) but less likely to undergo primary reperfusion therapy
(26 vs. 76%), which may have contributed to a limitation in
their long-term outcomes. If patients in Killip classes II/I1I had
received more aggressive reperfusion therapy, their in-hospital
and long-term mortality rates could conceivably have been im-
proved. Five-year survival rates were comparable between
Killip class H/IIT and class IV patients, but significantty lower
than those of Killip class I patients (p=0.001).

Four variables—age, hypertension, prior MI, and anterior
versus nonanterior Ml location—were shown to be significant
independent predictors and were used to adjust the effect of
Killip class on in-hospital mortality and long-term survival.
Age proved to be the most significant variable for predicting
in-hospital mortality, a finding in agreement with data from the
Global Utilization of Streptokinase and t-PA for Occluded
Coronary Arteries (GUSTO)-1 trial. GUSTO-1 data showed
age to be the strongest independent variable in association
with 30-day mortality, 38 as did other reports of clinically de-
rived indices of prognosis in patients with acute ML7: 11,12

Conclusion

The results of our study document the most substantial re-
duction reported to date in Killip class [V in-hospital and long-
term mortality. As discussed here, several factors may con-
tribute to the improvement in outcome observed despite the
presence among these patients of the highest incidence of in-
hospital complications. Our data are derived from a communi-
ty-based population, which may reflect different patient char-
acteristics from a more selected referral or clinical trial based
population, and the Killip class IV patients in our study were
relatively young. Also, our data and those of other investiga-
tors* suggest that early reperfusion therapy, principally angio-
plasty, contributes to improved short- and long-term outcomes.

The Killip classification system continues to be a risk strat-
ification tool of great value to the clinician treating patients
with acute MI. Assessment of Killip class at the time of admis-
sion is an effective predictor of in-hospital mortality and long-
term outcome and maintains its place as one of the most useful
and economical clinical tools in the management of patients
with acute ML Our findings support early stratification by
Killip class as a means of contributing to cost-effective man-

agement and mortality reduction in patients with acute MI,
even in the era of advancing technologic resources of primary
reperfusion therapy.
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