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ABSTRACT

Objective: To explore the risk factors to predict mortality
among acute myocardial infarction (AMI) patients aged > 80
years during their hospitalization.

Methods: A cohort of AMI patients aged > 80 years
hospitalized in our hospital were recruited from 2005 to
2014. Variables, including demographics, medical history,
hemodynamic condition and laboratory results, were col-
lected and analyzed to find risk factors predicting mortality
during hospitalization.

Results: Amonga total of 384 patients enrolled in this study,
the hospital mortality rate was 23.4%. By multivariable step-
wise regression analysis, nine independent significant predic-
tors associated with mortality during hospitalization were
identified: history of stoke, cardiac shock, Killip class III to IV,
ventricular tachycardia, pulse rate 2 100 bpm and EF <40% at
presentation, in-hospital bleeding, initial serum creatinine con-
centration > 177 umol/L and elevated initial WBC level. Prior
angina was identified as a protective factor. Hosmer-Lemeshow
test indicated good fitness of the predicting variables.

Conclusion: Patients aged 80 and over have high mor-
tality during hospitalization, and the risk prediction factors
are clinically useful for predicting mortality in old patients
with AMIL.

INTRODUCTION

Prior studies have suggested that age is an important clini-
cal risk predictor for mortality in patients with acute myo-
cardial infarction (AMI). AMI continues to be an important
cause of mortality, especially in elderly patients [Boucher
2001; Eagle 2004; Granger 2003; Hanna 2011]. The in-hos-
pital mortality rates of old patients with AMI have exceeded
20% [Mehta 2001; DeGeare 2000; Feldman 2006]. Thus, the
old-patient cohort has become the most high-risk population,
and has attracted more attention.
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Numerous risk-prediction models for hospital mortality
in patients with AMI have been developed from large ran-
domized clinical trial populations, and effective risk stratifi-
cation is integral to the appropriate therapy of patients with
AMI [Krumholz 1999; Morrow 2000; Antman 2000; Boersma
2000; Tu 2001; Lee 1995; Addala 2004; De Luca 2004]. How-
ever, clinical risk predicting for AMI mortality in very old
patients during hospitalization has seldom been reported.
Therefore, this study aimed to explore the risk factors to pre-
dict mortality among AMI patients aged > 80 years during
their hospitalization.

METHODS

Study Design and Subjects

This study was approved by Institutional Review Board
and all patients provided informed consent. The overall
study sample was restricted to patients aged > 80 years
who were admitted from 2003 to 2012 at CCU depart-
ment in Fuxing Hospital with a principal diagnosis of AMI
(International Classification of Diseases, 10th Revision,
ICD-10). ICD codes include 121.403, 121.902, 121.002,
121.001, 121.004, 121.103, 121.206-121.208, 121.301 and
121.202. The exclusion criteria were patients transferred
from another acute care facility, and patients whose AMI
was diagnosed as an in-hospital complication. All the cases
were confirmed AMI according to the ACC/AHA 2011 for
NSTEMI and 2009 guidelines for STEMI [Anderson 2011;
Kushner 2009].

Data Collection

From clinical experience and medical literature review,
34 candidate variables including demographic characteris-
tics, medical history, clinical presentation and severity vari-
ables, and initial biochemical results were selected, and the
data were collected from all patients. All variables followed
standardized definitions. Left ventricular ejection fraction,
hemoglobin level, admission SBP and HR were dichoto-
mized and treated as binary variables. Severe left ventric-
ular systolic dysfunction was defined as an LVEF < 0.40
[De Luca 2004]. According to WHO criteria and Chinese
guideline, anemia was defined as a hemoglobin concentra-
tion below 110 g/L in women and below 120 g/L in men.
SBP and HR were dichotomized by 90 mmHg and 100
bpm, respectively [Eagle 2004; Granger 2003]. Creatinine
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Table 1. Patients’ Baseline Characteristics

Died (n = 90) Survived (n = 294) P
Demographics
Age, y 86.0 £ 5.0 83.4+3.3 .000
Men, % 46 (47.9) 130 (47.4) .937
ST-segment elevation infarction 48 (50.0) 17 (42.7) 216
Medical history,/comorbidities, %
Current smoker 21 (21.9) 46 (16.8) .002
BMI 25.3 25.4 .875
Diabetes mellitus 53 (55.2) 122 (44.5) .071
Hypertension 74(77.1) 228 (83.2) .182
Prior myocardial infarction 31 (33.0) 70 (26.0) 195
Chronic renal dysfunction 36 (37.5) 70 (25.5) .026
Pneumonia or other infection 72 (75.0) 86 (31.4) .000
Stroke 50 (52.1) 86 (31.4) .000
COPD 12 (12.5) 27 (9.9) 468
Clinical presentation/severity variables, %
SBP, mmHg 127.14 + 26.81 137.51 + 26.55 .000
DBP, mmHg 70.64 + 12.87 72.33 + 13.37 .028
Heart rate, median [IQR], bpm 81.0 [72.0, 99.0] 78.0 [69.8, 88.0] .005
Arrival time, median [IQR], h 12.0 [8.0, 48.0] 12.0 [5.0, 24.0] .053
Killip class .000
| 10 (10.4) 114 (41.6)
I 42 (43.8) 125 (45.6)
Il 36 (37.5) 32 (M.7)
v 8 (8.3) 3 (1.1)
Anterior infarction 50.0 48.1 .561
LBBB 9(94) 9(3.3) .017
Ventricular tachycardia 16 (16.7) 18 (6.6) .003
Initial laboratory test
White blood count median [IQR], x10° /L 9.1[7.5, 13.6] 7.9 6.2, 9.7] .000
Hemoglobin, g/L 12.10 £20.34 119.77 + 20.39 .002
BNP at admission, median [IQR], pg/mL 1243.0 [581.4, 2000.0] 359.5 [119.8,1100.0] .000
Peak CK-MB, U/L 75.8 £ 94.3 49.5+75.2
Median (IQR) 46.0 (16.5, 78.0) 18.0 (11.0, 49.4) .000
Peak TNT, ng/mL 2.1+£2.3 1.6+2.3
Median (IQR) 1.95 (0.63, 2.00) 0.63 (0.24, 2.00) .000
Creatinine at admission, median [IQR], umol /L 121.5 [99.3, 143.0] 99.0 [85.8, 122.0] .000
LVEF, median [IQR],% 46.0 [36.8, 51.3] 52.6 [46.0,56.3] .000
IABP 20 (20.8) 19 (6.9) .000

BMl indicates body mass index; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; LBBB, left bundle-

branch block; AVB, second- or third-degree heart block; BNP, B-type natriuretic peptide; LVEF, left ventricular ejection fraction; IABP, intraaortic balloon

counterpulsation.
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Table 2. Univariate Predictors of Hospital Mortality in AMI Patients

B S.E. Wald df Odds Ratio 95% Cl for OR P
Lower Upper

BNP

501-1500 pg/mL 1.525 0.447 11.646 1 4.595 1.914 11.031 .001

21500 pg/mL 2.291 0.448 26.138 1 9.881 4.106 23.778 .000
Creatinine

141-176 umol /L 0.919 0.380 5.852 1 2.507 1191 5.280 .016

2177 umol /L 1.935 0.429 20.318 1 6.925 2.985 16.063 .000
WBC

(10.5-14) x 10° /L 0.746 0.34 4.819 1 2.109 1.083 4.107 .028

214 x 10°/L 1.928 0.428 20.294 1 6.875 2.972 15.905 .000
Heart rate > 100 bpm 0.999 0.322 9.609 1 2.714 1.444 5.103 .002
SBP < 90 mmHg 1.198 0.559 4.594 1 3.313 1.108 9.908 .032
Killip 1l /IV 1.729 0.274 39.864 1 5.637 3.295 9.642 .000
LVEF £ 40% 1.222 0.315 15..070 1 3.395 1.831 6.292 .000
Cardiogenic shock 3.156 0.507 38.679 1 23.481 8.684 63.489 .000
Pulmonary edema 1.163 0.306 14.402 1 3.2 1.755 5.835 .000
Pneumonia 1.883 0.275 46.802 6.576 3.834 11.281 .000
bleed 0.53 0.243 4.769 1 1.699 1.056 2.734 .029
LBBB 1.019 0.491 4.315 1 2.771 1.059 7.248 .038
Ventricular tachycardia 1.226 0.368 11.086 3.407 1.656 7.012 .001
IABP 1.168 0.331 12.433 1 3.214 1.680 6.151 .000
Stroke 0.831 0.246 11.453 1 2.295 1.419 3.714 .001
Angina -0.872 0.247 12.434 1 0.418 0.258 0.679 .000
DM 0.574 0.244 5.541 1 1.775 1.101 2.861 .019

Cl indicates confidence interval; other abbreviations as in Table 1.

levels were grouped into four categories as <106 umol/L,
107-140 umol/L, 141-176 umol/L and =177 umol/L. BNP
levels were grouped into four categories as <150 pg/mL,
150-500 pg/mL, 501-1500 pg/mL, and 21500 pg/mL.
WBC counts were grouped into four categories as <8.2 x
10°/L, 8.2-10.5 x 10°/L, 10.5-14 x 10°/L and 214 x 10°/L
[Eagle 2004; Granger 2003].

Statistical Analysis

Baseline clinical characteristics and biochemical data
were compared between the patients who died in hospital
and the survivors. Continuous variables were presented as
medians and interquartile ranges or mean + SD and com-
pared using the nonparametric Mann-Whitney U test or two
independent t test. The Pearson chi-square test was used for
dichotomous variables expressed as percentages. P > .05 was
considered statistically significant. The univariate relation-
ship between candidate variables and hospital mortality was
determined by univariable logistic regression. Any predictor
with a frequency of <1% or P > .05 in univariable binary
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logistic regression was excluded. The relationship between
the remaining baseline characteristics and mortality among
hospital were analyzed by using multivariable logistic regres-
sion. Backward stepwise method was used (entry and exit cri-
teria P > .05 and P > .10, respectively) to eliminate variables
until only variables significant at the P < .05 level remained.
The results were expressed as odds ratios with 95%
confidence intervals.

RESULTS

Baseline Characteristics of Patients

This study enrolled 384 patients presenting with AMI; 90
patients died in hospital; and the hospital mortality rate was
23.4%. Patients who died in hospital were older, more likely
to have comorbidities such as diabetes mellitus, pneumonia
or nosocomial infection, stroke and bleeding, more likely

to have a lower SBP and LVEF, higher heart rate and Killip
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Table 3. Multivariable Predictors of Hospital Mortality in AMI Patients

B S.E. Wald df Odds Ratio 95% ClI for OR P
Lower Upper

Killip 11l /1V 1.008 0.397 6.453 1 2.741 1.259 5.967 0N
Cardiac shock 4.526 0.844 38.122 1 76.961 21.110 280.571 .000
LVEF < 40% 2.393 0.474 25.488 1 10.949 4.324 27.725 .000
Creatinine

141-176 umol /L 0.323 0.731 0.195 1 1.381 0.329 5.790 .659

2177 umol /L 2.032 0.603 11.344 1 7.629 2.339 24.890 .001
WBC

(10.5-14) x 10° /L 1.498 0.479 9.776 1 4.474 1.749 11.446 .002

214x10°/L 2.994 0.672 19.871 1 19.963 5.352 74.459 .000
Heart rate > 100 bpm 1.666 0.472 12.465 1 5.292 2.099 13.347 .000
Prior angina -1.638 0.403 16.519 1 0.194 0.088 0.428 .000
Stroke 1.967 0.469 17.617 1 7.147 2.853 17.903 .000
Bleed 0.831 0.402 4.273 1 2.295 1.044 5.046 .039
Ventricular tachycardia 1.245 0.581 4.588 1 3.473 1.112 10.852 .032

Abbreviations as in Table 1 and 2.

class, more pulmonary edema and cardiac shock at presenta-
tion, and had increased levels of WBC, creatinine, BNP and
peak CK-MB. Furthermore, patients who died in hospital
were less likely to have preexisting angina (Table 1).

Univariate and Multivariate Analysis of Predictors of In-
Hospital Mortality

Significant univariate predictors of in-hospital mortal-
ity are listed in Table 2. We identified 14 significant pre-
dictors for mortality including cardiogenic shock, Killip
III/1V, pulmonary edema, pneumonia, IABP, BNP > 1500
pg/mL, creatinine > 177 umol/L, WBC > 14 x 10°/L and
EF <£40%, while angina history appeared as a strong pro-
tective factor.

In contrast, the following candidate variables had no sig-
nificant correlation with in-hospital mortality: creatinine <
140 umol/L, WBC < 10.5 x 10°/L, BNP < 500 pg/mL, peak
CK-MB and TNT, AVB, atrial fibrillation, Killip II, prior
myocardial infarction, COPD, and the diagnosis of STEMI
or NSTEMIL

Multivariable stepwise regression analysis showed that
10 independent significant predictors associated with in-
hospital mortality were history of stoke and angina, cardiac
shock, Killip class III/1V, ventricular tachycardia, pulse rate
2100 bpm and EF £40% at presentation, initial serum cre-
atinine concentration > 177 umol/L, elevated initial WBC
level, and in-hospital bleeding (Table 3). Using these vari-
ables, the Cox-Snell R square was 0.415, and Nagelkerke
R square was 0.624, with a Hosmer-Lemeshow P value of
.076 (chi square: 12.871), which indicated good fitness of
the predicting variables.
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Although recent studies showed that age- and sex- adjusted
30-day mortality after myocardial infarction decreased from
10.5-18.9% to 7.8-16.1% during the past 10 years, the in-
hospital mortality in AMI patients aged 80 and over was still
higher [Krumholz 2009]. It was reported that in-hospital
AMI mortality rates were 23.2% in aged 80 to 84 and 26.3-
31.2% in aged 85 and over [Mehta 2001; DeGeare 2000;
Feldman 2006]. AMI remains an important mortality factor
for the oldest cohort. In our study, in-hospital mortality rate
was 23.4%, similar to the rates reported in previous studies.

In this study, 10 important independent risk predictors
for in-hospital mortality in AMI patients aged 80 and over
were identified. These variables were based on data from
medical records obtained mainly at admission. The patients
died in hospital had more co-morbidities, were more likely to
develop renal insufficiency, pneumonia, stroke and bleeding,
and presented more frequently with hemodynamic instabil-
ity or cardiac shock. Our study further identified the prog-
nostic importance of comorbidities and aggravated cardiac
function in these patients. We found that cardiac shock was
the single most powerful predictive variable of mortality,
and baseline LVEF was a powerful determinant of mortality.
Presenting with a low LVEF has been identified as a sign of
incipient shock that might not be apparent at presentation
[Webb 2000]. However, recently reported risk predictors
have excluded LVEF from candidate variables [Morrow 2000;
Boersma 2000].

Notably, our results showed the synergistic prognostic
impact of both hemodynamic variables and comorbidities.



Except for LVEF, we found some prognostic factors not com-
monly included in the studies of AMI patients, such as bleed-
ing and elevated WBC. Elevated WBC is a marker of inflam-
matory process, which may increase the risk of mortality. The
association between elevated WBC and adverse outcomes has
been a focus of growing attention, but is rarely reported in risk
predictor studies [Grzybowski 2004]. Interestingly, we found
that prior angina was a protective factor against mortality
during hospitalization. We speculated that protective function
of prior angina may be due to ischemic preconditioning.

Unfortunately, the main limitation of our study is that the
severity of coronary artery, an important predictor of mortal-
ity, was not collected. In our study, most of patients didn’t
receive coronary angiography due to their old age. Second,
our analysis was limited to LVEEF, WBC, and creatinine
levels at admission. Therefore, we could not determine the
effects of in-hospital LVEE, WBC, or creatinine levels on
AMI mortality.

In conclusion, patients aged 80 and over have high in-
hospital mortality. We identified 10 important independent
risk predictors (history of stoke and angina, cardiac shock,
Killip class III to IV, pulse rate > 100 bpm and EF < 40% at
presentation, ventricular tachycardia, initial serum creatinine
concentration > 177 umol/L, elevated initial WBC level, and
in-hospital bleed) for in-hospital mortality in AMI patients
aged 80 and over. These risk factors are clinically useful for
predicting mortality in patients with AMI. Knowledge of
these risk factors should enhance clinical decision making
with respect to further intervention in this cohort of patients.
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