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ABSTRACT

The aim of the present study was to investigate the predictive value of the
plasma matrix metalloproteinase-9 (MMP-9) level at admission for in-hospital
mortality in patients who received emergency percutaneous coronary intervention
(PCI) following AMI. A single blood sample was collected at admission from 155
consecutive AMI patients who underwent emergent PCI. The plasma levels of MMP-
9 value (528.9+191.6 ng/ml) were significantly higher in the patients who died
(n=24) than in the survivors (385.4+236.0 ng/ml) during 14 days of hospitalization
(P=0.005). The age, left ventricle wall motion score index (WMIS), Global Registry of
Acute Coronary Events (GRACE) score and B-type natriuretic peptide (BNP) levels and
GENSINI score at admission were significantly different between the patients who
died and those who survived (P<0.001, P=0.004, P<0.001 and P<0.001, respectively).
Cut-off concentrations for prediction of death was identified from receiver operator
characteristic (ROC) curves. Using the cut-off value (MMP-9 level 398.2 ng/ml) to
stratify the patients into two groups, the group with higher MMP-9 levels had a
greater rate of in-hospital mortality than the lower level group (P<0.001). With the
exception of the GRACE score, among all biomarkers measured, in stepwise multiple
logistic regressions, only the MMP-9 level predicted the risk of in-hospital death
after adjustment for all other risk factors (odds ratio 5.02, 95% CI 1.44 to 17.55). In
conclusion, a higher MMP-9 level is an independent predictor of in-hospital death in
AMI patients who received emergency PCI.

INTRODUCTION myocardial infarction (STEMI) in China has substantially
increased. The quality of medical care for STEMI

In the past two decades, China has experienced has improved; however, the in-hospital mortality in

an epidemiological transition, ischemic heart disease STEMI patients has not significantly changed [2]. Acute
kills more than 1 million people per year [1]. During the myocardial infarction (AMI) is categorized into two types,
previous decade, the incidence of ST-segment elevation including STEMI and non-STEMI (NSTEMI). In China,
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The incidence of STEMI was far greater than that of
NSTEMI [3]. So our study was not focus on the types of
patients of AMI.

The identification of biomarkers that exhibit a
predictive value is required for better risk stratification
in AMI. There is solid evidence that the prognosis
of AMI is associated with various factors, including
dyslipidemia, smoking status, hypertension, diabetes
mellitus, age, male gender, and plasma levels of B-type
natriuretic peptide (BNP) and matrix metalloproteinase-9
(MMP-9) [4-7].

Among these biomarkers, MMP-9 is unique
because it is closely associated with the development
of atherosclerosis and instability of plaques [8-10].
Histological studies have indicated MMP-9 is expressed
in atheroma lesions, and the MMP-9 expression was
significantly increased in unstable plaques [11]. The
levels of MMP-9, particularly in the coronary circulation
[10, 12, 13], are significantly higher in acute coronary
syndrome (ACS) patients than control subjects [14-18]
Moreover, MMP-9 plays a pivotal role in infarct healing,
tissue repair and extracellular matrix (ECM) remodeling
post-MI [19, 20].

Several investigators indicated that MMP-9
expressed within minutes of myocardial ischemia [21, 22],
and may have a diagnostic values for ACS than hs-TnT
(High sensitivity cardiac troponin T) at the earliest stage
but not later stages [23]. Increasing evidence suggests that
MMP-9can serve as a biomarker to evaluate the severity
of coronary artery lesions and predict long-time of poor
outcome and mortality of AMI [7, 24].

The aim of the present study was to investigate the
predictive value of early MMP-9 levels for in-hospital
mortality in STEMI patients following emergency
percutaneous coronary intervention (PCI).

RESULTS

During 1-14 days, 24 (15.5%) patients died in
the hospital. Comparison of the clinical characteristics
between the fatality and non-fatality groups are presented
in Table 1. The MMP-9 serum levels at admission was
significantly increased in the patients who died compared
with the survivors (528.9+191.6 ng/l vs. 385.4+236 ng/l,
P=0.005, Figure 1). The patients who died were older and
with complication (arrhythmia and cardiac shock) than
the survivors and had significantly higher plasma BNP
levels (P<0.0001), and Gensini scores (P=0.013), WMI
(P<0.001), no-reflow (P<0.001), and also significantly
different in GRACE score (P<0.001). There were no
significant in differences in the other examined variables
between the two groups.

The area under the ROC curve for prediction of the
in-hospital mortality was 0.680 (95% CI 0.579-0.781;P<
0.001) for MMP-9, the cut-off value was 398.2 ng/l
(Figure 2).

All 155 participants were further divided into
high- and low-level groups, as Table 2, according to the
MMP-9 cut-off value (398.2 ng/l). The two groups were
subsequently compared in terms of age, male gender,
current smoker, hypertension, diabetes mellitus, BNP
level, body mass index (BMI), Troponin I level, glucose
level, Creatinine, MPV, GRACE score (stratified into the
following groups: Group 1: < 108, low risk; Group 2: 109-
140, moderate risk; and Group 3: >140, high risk), Gensini
score, WMI, No-flow, fatality in hospital and impaired LV
function (EF <50%). We identified greater in-hospital
fatality (P=0.001), WMI (P=0.018) and no-flow (P=0.026)
in the high-level group than the low-level group.

Next, the stepwise multivariable logistic regression
method was used to adjust a range of risk factors,
including male gender, age, BMI, diabetes mellitus,
hypertension, current smoker, MPV, levels of MMP-9,
glucose, BNP, troponin I, GRACE score, impaired LV
function (left ventricular ejection function <50%), Gensini
score, WMI, and no-flow, which were associated with
in-hospital mortality. The results are indicated in Table
3. We determined that a high MMP-9 level (odds ratio
6.0, 95% confidence interval 1.79 to 20.13 P=0.004) and
GRACE score (odds ratio 5.7, 95% confidence interval
2.59 to 12.76 P<0.001) were independent risk factors in
the prediction of in-hospital mortality (Table 3).

Among 155 patients 24 (15.5%) patients died in the
hospital. The shortest time to die after PCI is to die for
Cardiogenic shock, after 5 hours. The cardiogenic shock
is still the first to die in the first place (58.3%); malignant
arrhythmia (29.2%) is the second cause of death, only
three patients cause by cardiac rupture. Although MMP-
9 serum levels was not statistically significant in the
three categories of cause of death, the MMP-9 serum
levels of three patients who died of cardiac rupture was
significantly higher than other causes of death (Table 4).

DISCUSSION

During the 14 day study period, 15.5% of the AMI
patients died in the hospital after PCI. All patients died
as a result of cardiovascular events (cardiogenic shock,
malignant arrhythmia and cardiac rupture). Compared
with the survivors, the plasma levels of MMP-9 and BNP
and the GRACE and GENSINI scores at admission were
significantly higher in the group of patients who died in-
hospital. Following an adjustment of all related clinical
factors via multivariate logistic regression analysis, only
MMP-9 and the GRACE score are independent factors
in the prediction of in-hospital mortality in AMI patients
after emergency PCI.

Compared various clinical risk factor for AMI, we
found that Male gender, hypertension, diabetes mellitus,
and current smoking/ex-smoking were not significantly
different between the fatality and not-fatality groups.
These results imply that these factors might not be
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major factors related to in-hospital fatality, in our patient
population.

In our date, we found was no statistically significant
reduction for the Troponin I levels between mortalities
and survivors. Troponin I is recognized to be upregulated
3-4 hours after symptoms begin to worsen, with a peak
at 11-24 hours [23, 25]. However, our study design was
restricted to the symptoms at the time of a single blood
sample, which was collected within 3-9 h after the onset
of chest pain. Therefore, the peak Troponin I level may not
be detected in this study.

As a gold standard to predict acute myocardial
infarction patient prognosis, the GRACE score correlates
with death in the hospital and at discharge based on large
studies [26]. It is known that no matter in-hospital or out-
hospital, cardiogenic shock, cardiac rupture or no-reflow
is the common reasons death of patients after AMI [15].
So, our research focuses on these three causes of death.

The MMPs are expressed by macrophages, vascular
smooth muscle cells, and endothelial cells in response to
inflammatory stimuli and oxidative stress, all of which are
involved in cardiovascular diseases [27]. MMPs include
a large and an ever-expanding family, in which members
share similar fundamental structural characteristics and
are classified as endopeptidases with common functional
domains and which are expressed in atherosclerotic
plaques, induce degradation of extracellular matrix
proteins [28, 29], including collagens and elastins, in
atherosclerotic fibrous caps [30, 31]. MMP-9, known as
gelatinase B or 92-kDa type IV collagenase, it can be
released by neutrophils, macrophages, and fibroblasts [27],
is expressed in atherosclerotic plaques, especially at the

shoulder regions of those with thin fibrous caps, and plays
a pathogenic role in the rupture or plaque vulnerability of
atherosclerotic plaques [30, 32, 33]. Therefore our study
was focus on the predicting value of MMP-9 levels for in
hospital mortality in patient with AMI after PCI.

There are several potential explanations for this
interesting association between elevated plasma MMP-9
levels and in-hospital mortality, including the following
factors. First, Coronary atherosclerotic plaques are the
pathological basis of coronary heart disease. AMI is
usually initiated by rupture of atherosclerotic plaque,
leading to intracoronary thrombosis and clinical
sequelae. Human coronary atherectomy specimens
revealed uniform and active synthesis of MMP-9
by macrophages and SMC in lesions from patients
with unstable versus stable angina, found that MMP-
9 is play a pathogenic role in the development of
acute coronary ischemia [32], because it promoted
the basement membrane rupture, resulting in smooth
muscle cell migration and proliferation in the plaque,
MMP - 9 at the same time promote the accumulation of
mononuclear cells and macrophages [34], and these cells
gradually turn into foam cells thus formed fatty nuclei
of atherosclerotic plaques, moreover those precursor
cells can secrete inducer and inflammation factors, it can
stimulate activation of MMP-9 [34-36]. Those cells are
the main source of MMP-9 in atherosclerotic plaques and
can lead to the formation of [37] in new atherosclerotic
plaques. The thrombosis is usually initiated by rupture
of atherosclerotic plaque and exposure of highly
thrombogenic plaque constituents to coronary blood
flow. The extent of the resulting thrombus and its

p<0.005
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Figure 1: The difference admission plasma levels of MMP-9 between fatality and non-fatality.
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Table 1: Comparison of characteristics and biomarkers at admission between the fatality and non-fatality groups

Variables Total Fatality Non-fatality X%t/lz P value
(n=155) (n=24) (n=131)

Age (years) 60+12 6610 59+11 8.430 0.004
Male, n (%) 114 (73.5) 15 (62) 99 (75) 1781 0.589
BMI 25.043.6 24.542.7 25.143.7 0490  0.487
Hypertension, n (%) 76 (49.0) 12 (50.0) 64 (48.5) 0.011 0918
Diabetes, n (%) 43 (27.7) 8(33.3) 35 (26.7) 0443 0.506
Current smoking, n (%) 89 (57.4) 15 (62.5) 74 (56.5) 0.300 0.584
MMP-9 (ng/ml) 407.7£235.4 528.9+191.6 385.44236.0 2.806  0.005
MPV (fL) 10.4+1.2 10.5+1.4 10.4+1.2 0571 0571
Glucose (mmol/L) 10.2+5.1 10.9+3.9 9.2+4.0 1.738 0.080
Creatinine (mg/dL) 74.4(61.1~90.7) 73.6(61.0~86.8)  98.2(67.3~125.1) 2521  0.011
BNP (pmol/L) 507 (148~1219) 5185 (682~7963) 412 (30~8663)  3.944  <0.001
Troponin I (mmol/L) 8.3 (1.8~29.8) 14.4 (2.6~25.3) 7.6 (0.8~29.8) 0.623  0.533
CK AUC (IUL) (297 15 gf 9965342) (3312233;550) (245032l 16;4218) 0.606 0534
Peak CK (IUL) (10528{8:004) (1 1329{130929) (4522411(2)03) 0230 0818
CKMB AUC (UL) (2561217;519) (25822?73843) (161232637) 1040 0298
Peak CKMB (U/L) 216 (110~385) 212(119~342) 326(58~689) 0.892 0372
EF (%) 5748 5448 5747 2053  0.042
EF <50%, n (%) 23 (14.8) 6 (25.0) 17 (13.1) 2267 0.132
WMIS 1.19+0.11 1.27+0.09 1.17+1.10 4128  <0.001
GRACE score 120426 146+26 115422 6.249  <0.001
GENSINI score 6134 83443 58+32 2510 0.013
;;r;yrg;gi‘)(laxwmal temporary 25 (16.1) 10 (40.0) 15 (12.1) 9.991  0.002
Cardiac shock (IABP) 15 (10.0) 6 (25.0) 9 (8.0) 5293 0.021
No-reflow 37 (23.8) 17 (70.8) 20 (15.8) 34462 <0.001
Medication, n (%)

Aspirin 154 (99.3) 24 (100) 130 (99.2) 0.183  0.669
B-blocker 101 (65.2) 16 (66.7) 89 (67.9) 0.015  0.902
ACEI or ARB 104 (67.1) 16 (66.7) 88 (67.2) 0.002  0.961
Statin 152 (98.0) 24 (100) 128 (97.7) 0556  0.456

BMI, body mass index; MMP-9, matrix metalloproteinase-9; MPV, mean platelet volume; BNP, pro-B-type natriuretic
peptide; EF, ejection function; IABP, intra-aortic balloon pump; ACE, angiotensin-converting enzyme; ARB, angiotensin
receptor blocker; WMIS, left ventricle wall motion score index.

in most studies [11, 13, 16, 17, 37, 38]. It reduces the
plaque fiber cap by degrading the fibrous cap matrix
of atheromatous plaque, resulting in the formation and

location in the coronary circulation contribute to the
different resultant clinical syndromes [35, 36]. MMP-9
has been shown to be closely related to plaque rupture
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rupture of unstable plaques and induced myocardial
infarction [8]. MMP-9 is closely related to ACS, although
the current guidelines are not used to diagnose ACS, but
there have been studies confirming that mmp-9 may be
able to diagnose early ACS [23].

Second, a greater infarct size is associated with a
higher the risk of mortality after AMI [39]. Our study
showed that increases in value of MMP-9 levels were
associated with increased WMIS, which is closely
related to the area of acute myocardial infarction [40].
Experienced evidence shown that MMP-9-deficient
mice exhibited a 35% smaller infarct size than wild
type mice with a similar ischemic area. Attenuated
activation of neutrophil infiltration and increased
tissue inhibitor of metalloproteinase-1 (TIMP-1)
levels accompanied this reduction in infarct size.
This experimental result demonstrated established
the important effect of MMP-9 on the infarct size
[41]. Another experiment demonstrated that MMP-
9-deficient mice exhibited attenuated ventricular
dilatation and reduced collagen accumulation in
response to left coronary occlusion [42, 43].

Third, in association with ECM degradation
during LV remodeling, Left ventricular remodeling
after myocardial infarction (MI) is a leading cause of
congestive heart failure, and the degree of remodeling
predicts morbidity and mortality [44, 45]. It is accepted
that the cardiac extracellular matrix is critical for
maintaining the structural integrity of the heart. Indeed,
extracellular matrix degradation by MMP has been
associated with slippage of myocyte fascicles and
left ventricular wall thinning. accumulating evidence
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indicates that MMP-9 may be crucial in the process of
ventricular remodeling [42, 43], as MMP-9-deficient
mice have been determined to exhibit a reduced
ventricular rupture rate following MI compared with
wild type mice [41]. Selective MMP inhibition reduced
ventricular dilatation and infarct wall thinning, and
these results confirmed that collagenase activity was
not a major determinant of the remodeling process [46].
Furthermore, MMP-9 has been identified to predict
the outcome of ACS [7]. Moreover, excessive ECM
degradation in the early phase of MI impairs infarct
healing and early remodeling, consequently causes
cardiac rupture [17]. Considering the evidence that NR
(No-reflow) is the most common cause of in-hospital
mortality, the pathophysiology of NR is complex and
incompletely understood. Many phenomena contribute
to NR, including leukocyte infiltration, vasoconstriction,
activation of inflammatory pathways and cellular
edema. Vascular damage and hemorrhage may also
play important roles in the establishment of NR. M
Dong, N Mu, F Ren, F Li, C Zhang and J Yang [43]
determined that an elevated MMP-9 level in the culprit
coronary artery may predict no-reflow in patients with
AMI; ninety-five eligible AMI patients who underwent
emergency PCI were consecutively recruited for this
study, and the same results were obtained from univariate
logistic analysis and multiple logistic regression analysis.

Based on the previously described findings, it may
be postulated that there is likely a relationship between
in-hospital fatality and plasma MMP-9 levels.

The single blood samples were obtained at the
ER (Emergence Room) on arrival. Our study evaluated

MMP-5:398.2ng/mi
Sensitivity:83.3%
Specificity:54.2%
AUC:0.680
95%CI:[0.579-0.781]
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Figure 2: ROC curve analysis of admission MMP-9 for hospital death.
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Table 2: Clinical characteristics of the study population according to cutoff of MMP-9

Variables MMP-9<=398.2ng/ml MMP-9>398.2ng/ml (n=80) X?/t/z P value
(n=75)

Male, n (%) 51 (68.0) 60 (63.8) 2.299 0.129
Age (year) 58+11 61+11 1.362 0.175
BMI (kg/m2) 24.442.8 25.544.1 1.870 0.063
Diabetes mellitus, n (%) 21 (28.0) 22 (27.5) 0.004 0.945
Hypertension, n (%) 41 (54.6) 35 (43.8) 1.846 0.174
Current smoking, n (%) 39 (52.0) 50 (62.5) 1.746 0.186
MPV (fL) 10.5+1.3 10.3+1.1 0.904 0.367
Glucose (mmol/L) 8.8+3.5 10.1+4.5 1.806 0.073
Creatinine (mg/dL) 72.6 (64.6~91.0) 75.5 (63.8~86.8) 0.306 0.759
BNP (pmol/L) 532 (186~1288) 447(146~1046) 0.378 0.705
Troponin I (mmol/l) 8.1(0.9~30.4) 8.6 (1.8~22.1) 0.019 0.985
GRACE score 117423 122427 1.208 0.228
Low-risk group, n (%) 30 (40.0) 27 (33.7)

Moderate -risk group, n (%) 33 (44.0) 33 (42.3) 1.999 0.368
High-risk group, n (%) 12 (16.0) 20 (25.0)

EF (%) 57+7 57+8 0.102 0.918
EF <50%, n (%) 10 (12.8) 13 (17.1) 0.556 0.456
WMIS 1.17+0.11 1.21£0.10 2.392 0.018
Gensini score 65+35 57+34 1.223 0.223
No-Reflow, n (%) 12 (16.0) 25(31.3) 4.954 0.026
Fatality in hospital, n (%) 4(5.3) 20 (25.0) 11.441 0.001

GRACE score groups: low-risk group<108; moderate-risk group (109-140); and high-risk group >140; WMIS, left ventricle

wall motion score index.

Table 3: The association between risk factors and hospital death using stepwise multiple logistic regressions

Variable Odds ratio 95% CI P value
GRACE score group 5.7 2.588~12.757 <0.001
MMP-9 adm. group 6.0 1.787~20.130 0.004

(>398.2ng/ml)

adm, administration.

the ability of the plasma MMP-9 levels obtained from
blood samples collected at admission to predict death
in the hospital. A previous study confirmed that MMP-
9 exhibited a higher diagnostic accuracy for ACS than
hs-TnT at the earliest stage but not at later stages [23].
The results of this study indicated that MMP-9 not only

serves as the earliest diagnostic marker of ACS [23] but
also predicts in-hospital mortality in AMI patients after
emergency PCIL.

In contrast with several previous reports, our results
did not indicate a relationship between the Troponin I
levels and in-hospital mortality, and this discrepancy may
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Table 4: The cause of death and in the study population

Cause of death N (%) Time from admission MMP-9
to death (hours) (ng/ml)

Cardiogenic shock 14 (58.3) 235 (31~ 317) 496.8+195.1

Malignant arrhythmia 7(29.2) 16 (11~196) 501.0+£159.3

Cardiac rupture 3(12.5) 125 (73~171) 744.2+139.4

t/'z - 5.200 2.430

P value - 0.074 0.112

be because our study design was restricted to the analysis
of a single blood sample collected at admission to the ER.

MATERIALS AND METHODS

Patients and blood collection

This study consecutively recruited 155 AMI
patients (mean age: 60£11 years and 114 men) who
were admitted to the Cardiology Department of the First
Affiliated Hospital of Xinjiang Medical University and
who underwent emergency PCI from January 2012 to May
2014. The diagnosis of AMI was defined as a plasma CK-
MB level >2-fold of the normal value or a cardiac troponin
I (cTnl) >0.1 ng/ml after symptom onset together with at
least one of the following: (1) chest pain that persisted
for >20 min; or (2) diagnostic serial electrocardiograph
(ECG) changes that consisted of new pathological Q
waves or ST segment and T wave changes. The exclusion
criteria included malignancy, renal replacement therapy,
recent blood transfusion or surgery within one month.
Demographic, clinical, biochemical and data were
obtained. All patients received standard medical treatment,
including oral a echocardiographic aspirin, clopidogrel
300 mg and emergency PCI, which conformed to the ESC
guidelines [14]. The end point included the occurrence
of all-cause mortality (Cardiogenic shock, Malignant
arrhythmia, Cardiac rupture) in the hospital. We assessed
the value of MMP-9 in the prediction of in-hospital
mortality in AMI patients who underwent emergency PCI.

Blood samples were collected in the emergency
room using tubes that contained EDTA. Blood was
collected from all patients carefully and gently to avoid
hemolysis before administration of any drugs at time of
admission. The plasma was subsequently separated and
stored at —80°C until ELISA. The mean symptom-to-
sampling time was 6+2 hours.

GRACE score The GRACE risk prediction tool
was previously described [47]. The score includes
several variables (age, heart rate, systolic blood pressure,
serum creatinine, congestive heart failure, in-hospital
percutaneous coronary intervention or coronary aortic
bypass grafting, history of MI, ST-segment depression,
and elevated cardiac enzyme) was performed [48-50].

GENSINI score According to angiographic stenosis
degree and scoring system designed by Gensini, 1 point is
given for a stenosis of 0%—25%, 2 points for a stenosis of
25%—-50%, 4 points for a stenosis of 50%—75%, 8 points
for a stenosis of 75-90, 16 points for a stenosis of 90%—
99% and 32 points for a narrowing of 100% [51].

Hypertension (defined as systolic blood pressure
>140 mm Hg and diastolic blood pressure >90mm
Hg in more than one measurement or being under
antihypertensive drug treatment).

Transthoracic echocardiography was performed
at admission to determine left ventricle wall motion
index score (WMIS) that was measured using a standard
16-segment model from parasternal long and short axes,
and apical two- and four-chamber views. Each LV segment
is scored as 0 — hyperkinetic, 1 — normal, 2 — hypokinetic,
3 — akinetic, and 4 — dyskinetic. The total divided by the
number of segments analyzed gives an overall score,
higher values indicating more impaired LV function.(Vivid
7 or E9, GE Medical Systems, USA).

No-reflow (NR) was diagnostic from Thrombolysis
in Myocardial Infarction (TIMI) scale, the absence of
reflow is classified according to the TIMI angiographic
scale as a grade<?2 in the culprit coronary artery after the
PCI procedure [52].

Laboratory tests

ELISA for MMP-9: Briefly, MMP-9 antibodies
(200 ng/100 pl, R&D Systems, USA) were coated onto
96-well plates overnight at room temperature (20°C).
The plates were subsequently blocked using 10% (v/v)
fetal bovine serum. Plasma samples and standards were
added and incubated overnight. After washing, the tracer
antibody (5 ng/100 pl biotinylated goat antibody specific
for MMP-9) was added and incubated for 2 h. After
washing, the MMP-9 levels were determined using MAE-
labeled streptavidin according to the manufacturer’s
instructions.

Other biochemical assays: The results for the
mean platelet volume (MPV), glucose level, creatinine,
a component of BNP, Troponin I level, and these factors
originated from the First Affiliated Hospital of Xinjiang
Medical University central laboratory. The remaining BNP
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was derived from point-of-care testing (Triage® meter
plus, Biosite® Incorporated, USA).

Statistical analysis

Statistical analyses were performed using SPSS
Version 22. All numeric variables with a Gaussian
distribution are presented as the means+SD, whereas
variables with a non-Gaussian distribution are presented
as medians and interquartile ranges. Categorical
variables are presented as numbers and percentages.
The baseline characteristics were analyzed using
the Chi-squared test, Student’s ¢ test or the Mann-
Whitney-Wilcoxon test. A stepwise multivariable
logistic regression was used to analyze all potential risk
factors associated with in-hospital mortality, as well as
overall mortality. A P value <0.05 indicated a statistic
significance association.

We estimated the strength of association with
outcome using individual plasma serum of MMP-9
and in-hospital death identified from receiver operator
characteristic (ROC) curves (Figure 1). These cut-off
values were identified as the point on the curve showing
the highest combination of sensitivity and specificity.
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