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Abstract: Detection of high-risk subjects in acute myocardial infarc-

tion (AMI) by noninvasive means would reduce the need for intracar-

diac catheterization and associated complications. Liver enzymes are

associated with cardiovascular disease risk. A potential predictive value

for liver serum markers for the severity of stenosis in AMI was analyzed.

Patients with AMI undergoing percutaneous coronary intervention

(PCI; n¼ 437) were retrospectively evaluated. Minimal lumen diameter

(MLD) and percent stenosis diameter (SD) were determined from

quantitative coronary angiography. Patients were classified according

to the severity of stenosis (SD� 50%, n¼ 357; SD< 50%, n¼ 80).

Routine heart and liver parameters were associated with SD using

random forests (RF). A prediction model (M10) was developed based

on parameter importance analysis in RF.

Age, alkaline phosphatase (AP), aspartate aminotransferase (AST),

and MLD differed significantly between SD� 50 and SD< 50. Age,

AST, alanine aminotransferase (ALT), and troponin correlated signifi-

cantly with SD, whereas MLD correlated inversely with SD. M10 (age,

BMI, AP, AST, ALT, gamma-glutamyltransferase, creatinine, troponin)

reached an AUC of 69.7% (CI 63.8–75.5%, P< 0.0001).

Routine liver parameters are associated with SD in AMI. A small set

of noninvasively determined parameters can identify SD in AMI, and

might avoid unnecessary coronary angiography in patients with low

risk. The model can be accessed via http://stenosis.heiderlab.de.

(Medicine 95(6):e2807)

Abbreviations: ALT = alanine aminotransferase, AMI = acute

myocardial infarction, AP = alkaline phosphatase, AST = aspartate

aminotransferase, AUC = Area under the Curve, BMI = body
Riemenschneider, erken, MD,
der, PhD, and Ali Canbay, MD

LDL = low-density lipoprotein, MLD = minimal lumen diameter,

NAFLD = nonalcoholic fatty liver disease, PCI = percutaneous

coronary intervention, QCA = quantitative coronary analysis, RF =

random forest, RLD = reference lumen diameter, ROC = receiver

operation characteristics, SD = stenosis diameter, SEM = standard

error of the mean.

INTRODUCTION

C ardiovascular diseases (CVD) and acute myocardial infarc-
tion (AMI) are responsible for about 17.5 million of

worldwide deaths per year and are the leading cause of death
globally.1 The prognosis of patients surviving the AMI depends
on the amount of myocardium that undergoes irreversible
injury, that is, the infarct size.2 Early reperfusion is the gold
standard for therapy in AMI and the only way to reduce infarct
size. However, reperfusion can induce an additional damage as
reperfusion injury.3 To identify the extent of stenosis in cor-
onary vessels and thus the necessity for a percutaneous coronary
intervention (PCI) in AMI, a cardiac catheterization has to be
performed. This procedure is invasive and not without risk for
the patients (eg, aortic dissection, aneurysm, arrhythmia, etc.).4

Assessment of the stenosis severity with noninvasive means,
that is, based on serum markers of cardiovascular injury, would
spare patients without the need for an intervention.

Besides traditional cardiovascular risk factors, clinical
studies indicated a potential link between liver disease, prim-
arily nonalcoholic fatty liver disease (NAFLD), and CVD.
NAFLD is by now accepted as hepatic manifestation of meta-
bolic syndrome5 and is associated with insulin resistance,6 type
2 diabetes,7,8 and CVD.9,10 NAFLD patients may also have a
higher prevalence of subclinical atherosclerosis, independent of
the established cardiovascular risk factors.11 To assess subcli-
nical atherosclerosis potent noninvasive procedures are avail-
able, such as carotid intima media thickness measurement,
brachial artery flow mediated dilatation, and arterial stiff-
ness.12,13 Using coronary imaging, such as multislice computed
tomography, studies have also shown, that NAFLD was sig-
nificantly related to lipid core14 calcified plaques.15–17 Apart
from this, elevation of common markers of liver injury [gamma-
glutamyltransferase (GGT), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (AP),
and bilirubin] are associated with the risk of CVD.18–21 How-
ever, it is currently unknown, if liver enzyme concentrations are
associated with the severity of a stenosis in AMI.

In the present retrospective study, we have focused on
patients with AMI undergoing PCI and aimed to predict the
necessity for a PCI with minimally invasive measures. Due to
n of AMI, quantitative coronary analysis
nly coronary imaging method to assess
nosis. To evaluate the use of possible
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noninvasive predictors in AMI we compared patients with AMI
undergoing PCI with a percent stenosis diameter (SD) � 50%
and with SD < 50% using QCA. Correlations were calculated
for demographic data and classic serum parameters for heart and
liver diseases with the SD using a machine learning approach
(random forests). Based on those (noninvasive) parameters
which were identified as most important by the random forests,
a prediction model was developed to identify high-risk subjects
in need for PCI.

MATERIALS AND METHODS

Ethics Statement
The study protocol conformed to the ethical guidelines of

1975 Declaration of Helsinki and was approved by the Institu-
tional Review Board (Ethik-Kommission der Medizinischen
Fakultät der Universität Duisburg-Essen; Germany; reference
number 15-6356-BO). Due to the retrospective nature of the
study, the Institutional Review Board cancelled the need for
written informed consent.

Study Design and Sample Acquisition
In a retrospective single-center study, a cohort of 437

patients was enrolled [body mass index (BMI): 27.8� 0.2 kg/
m2; age: 64.8� 0.6; males/females: 306 (70.0%)/131 (30.0%)].
All patients had an AMI and underwent coronary angiography
in the catheterization laboratory of the West German Heart and
Vascular Centre Essen, University Hospital Essen between
January 2009 and June 2014. AMI was defined as a troponin
value above the 99th percentile of the upper reference level and
either with a ST-segment elevation or new left bundle-branch
block on the electrocardiogram (STEMI, n¼ 176)22 or without
an ST-segment elevation or new left bundle-branch block on the
electrocardiogram (NSTEMI, n¼ 261).23 Patients were classi-
fied according to their calculated SD in 2 groups: SD� 50%
(n¼ 357) and SD< 50% (n¼ 80). Serum parameters were
determined in the central laboratory unit of the University
Hospital Essen (Department of Clinical Chemistry and Labora-
tory Medicine) by standardized methods. Exclusion criteria
were a high-grade aortic valve disease, cardiomyopathy, cardiac
allograft vasculopathy, endocarditis, hypertensive emergency,
myocarditis, pericarditis, tachyarrhythmia absoluta by atrial
fibrillation, coronary vasospasm, and survival of sudden cardiac
death. In addition, patients with a coronary artery disease after
coronary artery bypass graft were excluded from the present
study (see Supplementary Figure 1, http://links.lww.com/MD/
A688). Patients with noncardiac reasons of troponin elevation
were excluded: acute neurological disease (including stroke or
cerebral hemorrhage), acute pulmonary embolism, aortic dis-
section, diseases like amyloidosis, sarcoidosis, or scleroderma,
inflammatory myopathies (ie, polymyositis, dermatomyositis),
sepsis, and patients, who were on cardiotoxic medication
(adriamycin, 5-flurouracil, herceptin).

Quantitative Coronary Angiography
All patients received oral acetylsalicylic acid (100 mg/day)

and underwent PCI. All measurements were performed at the
Angiography Core Laboratory at the West German Heart and
Vascular Centre Essen, University Hospital, University Duis-
burg-Essen. Coronary angiography was performed using the
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femoral approach and 6 or 8 F guiding catheters. Stenosis
severity was quantified using off-line caliper measurements
(QCA-MEDIS, Leiden, NL) before stent implantation.24 The
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diameter of the catheter tip was measured with digital calipers
and used for image calibration. The reference lumen diameter
(RLD) and the most narrow point (ie, minimal lumen diameter
(MLD)) were calculated. The SD was defined as follows:

SD ¼ RLD�MLD

RLD
� 100

Dataset and Statistics
The dataset (437 patients) included the sociodemographic

parameters sex and age, BMI, the dichotomous variables
STEMI/NSTEMI, smoker/nonsmoker, diabetes mellitus, dysli-
pidemia, family predisposition, as well as the serum parameters
AP, GGT, AST, ALT, C-reactive protein (CRP), bilirubin,
creatinine, and troponin. For 302 cases (245 with SD� 50%,
57 with SD< 50%), also information about total cholesterol
levels, high-density lipoprotein (HDL), low-density lipoprotein
(LDL), and triglyceride levels were available. We refer to these
302 cases as dataset 2.

Predictive Modeling
Statistical data analyses were performed with R (http://

www.r-project.org/). All data are presented as mean� standard
error of the mean (SEM) unless specified otherwise. Missing
values were imputed by mean imputation. Correlation analysis
was performed using Spearman correlation coefficient r.

For building up predictive models, random forests (RFs)
implemented in the randomForest package of R were used. An
RF is an ensemble learning method that can be used for
classification as well as regression,25 which has gained popu-
larity in the recent years.26–28 RFs are classifiers consisting of
a collection of decision trees (DTs) that are combined via
majority vote. When using the trained RF for prediction, an
unseen instance was assigned to the positive class voted for by at
least 50% of the trees. Besides being highly accurate classifiers,
RFs can be used to estimate variable importance, for example,
by measuring the mean decrease in Gini impurity. The import-
ance was calculated based on 100 individual RF models. Due to
the imbalance in the dataset, we also build models with repeated
(100 times) subsampling.

For evaluation of the classifier performance, a 100-fold
leave-one-out cross-validation scheme was used and the recei-
ver operation characteristics (ROC) curve and the correspond-
ing area under the curve (AUC) were calculated with pROC.29

The 95% confidence interval (CI) was computed with 2000
stratified bootstrap replicates. The ROC curve was built by
plotting the sensitivity against the specificity for every possible
cut-off between the 2 classes. The significance Ps of the AUC
values was calculated based on permutation tests (n¼ 1000).
PU values for comparison between classifiers are based on the
Mann–Whitney U test.

RESULTS

Patient Characteristics and Basic Parameters
Detailed data of the included patients can be found in

Table 1, comprising distribution of demographic parameters
(age, BMI) as well as standard parameters of heart (troponin),
renal (creatinine), liver damage (AP, GGT, AST, ALT, bilir-
ubin), and risk factors (smoking, diabetes, etc.). The data set
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was divided into 2 groups, 1 containing patients with a
SD� 50% and 1 containing patients with a SD< 50%. This
cut-off usually indicates necessity for an intervention (ie,

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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serum parameters AP (15.81� 0.04), GGT (10.41� 0.02), AST
(10.98� 0.02), ALT (11.84� 0.03), creatinine (13.40� 0.03),
and troponin (15.20� 0.03) were identified. The serum

TABLE 1. Demographic and Basic Parameters of the Patient Cohort

Parameter Stenosis Diameter �50% (n¼ 80) Stenosis Diameter <50% (n¼ 357) P

Age 64.12� 0.09 68.03� 0.17 0.0157
BMI 27.76� 0.05 27.73� 0.11 0.966
AP 80.78� 0.26 72.88� 0.33 0.031
GGT 55.06� 0.72 56.56� 1.66 0.9123
AST 121.42� 1.72 64.18� 1.24 0.0077
ALT 59.23� 1.33 53.48� 2.1 0.7558
Bilirubin 0.63� 0.03 0.58� 0.05 0.3436
CRP 2.17� 0.14 1.65� 0.28 0.2161
Creatinine 1.36� 0.04 1.42� 0.11 0.6732
Troponin 11.37� 0.46 13.01� 1.88 0.8138
STEMI (n) 26 (32.5%) 150 (42%) 0.1309

�

NSTEMI (n) 54 (67.5%) 207 (58%)
Ex-/smoker 18 (22.8%)/22 (27.8%) 74 (21.1%)/122 (34.9%) 0.4875

�

Type 2 diabetes 28 (35.4%) 121 (34.6%) 0.8957
�

Hypercholesterolemia 70 (88.6%) 273 (78%) 0.0421
�

Familial predisposition 30 (38%) 105 (30%) 0.1809
�

Data are presented as mean�SEM.
ALT¼ alanine transaminase, AP¼ alkaline phosphatase, AST¼ aspartate transaminase, BMI¼ body mass index, CRP¼C-reactive protein,

GGT¼ gamma-glutamyl transferase.�
ste

TABLE 2. Correlation of Noninvasively Determined
Parameters With Diameter Stenosis

Parameter R P

Age �0.1112 0.02
BMI 0.0502 0.3092
AP 0.0857 0.0931
GGT 0.0068 0.8872
AST 0.2606 <0.0001
ALT 0.2099 <0.0001
Bilirubin 0.0922 0.0648
CRP 0.0711 0.1442
Creatinine �0.0917 0.057
Troponin 0.307 <0.0001

Spearman correlation coefficient r of parameter x with stenosis
diameter.
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balloon dilation or placement of a stent). For both datasets only
a small number of values had to be imputed. For dataset 1
(without HDL, LDL, cholesterol, and triglycerides) the follow-
ing numbers of values were missing and imputed: BMI: 25 cases
(5.7%), smoker/nonsmoker, diabetes mellitus, dyslipidemia,
family predisposition (each): 8 cases (1.8%), AP: 52 cases
(11.9%), GGT: 1 case (0.2%), bilirubin: 35 cases (8%), CRP:
14 cases (3.2%), creatinine: 6 cases (1.4%), and troponin:
4 cases (0.9%). For dataset 2 (with HDL, LDL, cholesterol,
and triglycerides) the following numbers of values were missing
and imputed: BMI: 7 cases (2.3%), AP: 14 cases (7.9%), GGT:
1 case (0.3%), bilirubin: 21 cases (6.9%), and CRP: 7 cases
(2.3%). Patients with a SD� 50% were younger and had
significantly higher AP and AST levels, whereas BMI, ALT,
GGT, bilirubin, CRP, troponin, and creatinine did not differ
between the groups (Table 1).

Angiographic Data of Minimal Lumen Diameter
(MLD), Reference Lumen Diameter (RLD), and
Stenosis Diameter (SD) Before Stent
Implantation

The RLD did not differ between patients with a SD� 50
(2.84� 0.74 mm) and those with a SD< 50 (2.92� 0.78 mm)
before stent implantation. The group separation by SD resulted
in an artificially significant difference in MLD (SD� 50:
0.55� 0.46 mm; SD< 50: 1.93� 0.67 mm; P< 0.0001) as well
as SD (SD� 50: 80.4� 0.8%; SD< 50: 34.6� 0.5%;
P< 0.0001).

Stenosis Diameter and Noninvasively
Determined Parameters Correlate Significantly

Significant correlations between SD and age (r¼�0.1112,

Comparison between patients with astenosis diameter 50% and with a
exact test /Chi-square, respectively (�).
P¼ 0.02), AST (r¼ 0.2606, P< 0.0001), ALT (r¼ 0.2099,
P< 0.0001), and troponin (r¼ 0.3104, P< 0.0001) were found.
As expected, MLD correlated inversely with SD before stent

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
implantation (Supplementary Figure 2, http://links.lww.com/
MD/A688). Other noninvasive parameters did not exhibit sig-
nificant correlations with the SD (Table 2).

High Importance of Liver Serum Parameters for
Prediction of Stenosis Diameter

As serum liver markers were significantly correlated to the
SD, an RF importance analysis for classification into SD� 50
and SD< 50 was performed. A high importance (�10) of the
variables age (12.16� 0.03), BMI (13.40� 0.03), as well as the

nosis diameter<50% was done by Student t test (not marked) or Fisher’s
ALT¼ alanine transaminase, AP¼ alkaline phosphatase, AST¼
aspartate transaminase, BMI¼ body mass index, CRP¼C-reactive
protein, GGT¼ gamma-glutamyl transferase.
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FIGURE 2. Performance of prediction model (M10) for the pre-
diction of stenosis diameter. On the y-axis the sensitivity and on
the x-axis the specificity is shown. The ROC curve is shown as a
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parameters bilirubin and CRP showed a relatively high import-
ance (importance >5), while other parameters did not exhibit a
high importance for the RF classification and thus were
excluded from further analyses (Figure 1).

New Diagnostic Model for Prediction of Stenosis
Diameter

Based only on parameters with an importance �10 (age,
BMI, AP, GGT, AST, ALT, creatinine, troponin) a prediction
model (M10) was developed. M10 reached an AUC of 69.7% CI
63.8–75.5% (Ps< 0.0001) (Figure 2). Addition of the less
important parameters (bilirubin, CRP), did not improve the
model (M5) in terms of AUC. In fact, the AUC value of
M5 was slightly, but significantly lower (Ps< 0.0001,
PU¼ 0.0015). The AUC gives an overview of the general
performance of a classifier. Certain specificities and corre-
sponding sensitivities can be read out directly from the ROC
curve, for example, the sensitivity of M10 at a specificity of
90% and 95% is 38.5% and 32.1%, respectively. Repeated
subsampling did not improve the prediction performance of the
classifiers. In dataset 2, the univariate analyses essentially led to
the same results. However, age (P¼ 0.0745) was no longer
significantly correlated with SD. This may be due to the smaller
number of patients in dataset 2. Total cholesterol levels, HDL,
LDL, and triglyceride levels were not significantly correlated
with the SD and no significant differences between SD� 50 and
SD< 50 were found. Next, we trained RF models on dataset 2:
(i) with the parameters of M10, and (ii) with parameters from
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M10 and total cholesterol levels, HDL, LDL, and triglyceride
levels. We found no significant differences in terms of AUC
between (i) and (ii).

FIGURE 1. Importance analysis. The y-axis show the estimated
importance by mean decrease in Gini impurity for the different
parameters (x-axis). ALT¼alanine transaminase, AP¼ alkaline
phosphatase, AST¼aspartate transaminase, BMI¼body
mass index, CRP¼C-reactive protein, GGT¼gamma-glutamyl
transferase, NSTEMI¼non-ST elevation myocardial infarction,
STEMI¼ ST elevation myocardial infarction.
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DISCUSSION
In the present retrospective study, we have investigated the

correlation of demographic data and specific serum parameters
with the SD in patients with AMI undergoing PCI using a machine
learning approach. Based on parameters with an importance of�10
in the RF analyses, a prediction model with an AUC of 69.7% was
developed. Besides age and troponin, liver transaminases (ALT
and AST), and AP were identified as highly important for dis-
crimination of patients with SD� 50 and SD< 50.

The extent and severity of stable CVD is reported to be
lower in younger populations,30 and the incidence of ST seg-
ment elevation myocardial infarction increases linearly with the
age in men, but exponentially in women.31 In contrast, in the
presented cohort age was inversely correlated to SD, implying
that younger patients had more severe stenosis. In line with
previous studies troponin was associated with a higher SD in the
present study. Elevated levels of troponin are associated with
coronary artery calcification in patients with mild CVD32,33 as
well as in non-ST-elevation myocardial infarction.34

It was also possible to confirm an association between the
liver transaminases (ALT, AST) and the severity of the SD.19 In
a previous study a positive correlation was observed between
liver transaminases and the severity of CVD in women, but not
in men.35 Saely et al36 also investigated the possible association
of ALT and AST with angiographically determined CVD and
the presence of metabolic syndrome. A significant association
was identified between ALT and ALT/AST ratio with metabolic
syndrome, but there was no association between liver transam-
inases and angiographically determined CVD. This might be
due to the currently set normal ranges, which might be too high

bold solid line. The AUC of M10 is 69.7% (CI 63.8–75.5%). The
confidence interval is shown as dashed lines. The dotted line marks
the performance of random guessing.
to detect ongoing liver injury in a metabolic setting.37 Apart
from liver diseases reduced arterial perfusion or congestion due
to (acute) cardiac failure can also affect liver serum parameters.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



Within our cohort 100 patients (23%) with AST or ALT
concentrations >100 U/L were found, though only 12 of these
exhibited signs of right heart burden in echocardiography
(Supplementary Table 1, http://links.lww.com/MD/A688).
Though, the majority of patients with elevated serum liver
enzymes exhibited either confirmed liver disease or signs of
metabolic syndrome, which would suggest a NAFLD-type liver
injury. Taken together works of other groups and our data
suggest that liver damage precedes cardiac manifestations in
metabolic syndrome in most cases.

In the present study, AP was identified as the variable with
the highest importance to predict SD� 50 or SD< 50. How-
ever, this was only detected by the RF approach as the univariate
analysis was not able to show a significant association between
AP and the SD. AP has been known as predictor of mortality for
patients with CVD, who already underwent successful PCI with
drug-eluting stent,38 and for those, who survived AMI.39 AP is
associated with CVD risk in elderly men40 and correlated with
the severity of CVD.41 A possible mechanistic explanation for
the high importance of AP in the presented classification could
be related to AP acting as a regulator of vascular calcification.42

Shantouf et al20 found a significant association between high
AP and the coronary artery calcification score in a cohort of 137
maintenance hemodialysis patients. AP and CVD could also be
connected via inflammatory processes,39 which may derive
from adipose tissue inflammation observed in obese patients
with metabolic syndrome.43,44 This is supported by association
of AP with CRP observed in previous studies.40,45 Thus, AP
levels may reflect inflammation of hepatic origin, as CRP is also
mainly derived from the liver. In vascular disease, atherosclero-
sis is associated with inflammatory processes, and in advanced
atherosclerotic plaque also increased serum AP were found.45

Study Limitations
The presented study has some limitations that need to be

addressed in future works. Besides the relatively small number
of patients in the whole cohort, one limiting aspect is the
different size of subgroups. The cohort consisted of 357 patients
with a SD� 50% and the reference group with a SD< 50%
consisted of only 80 samples. To reduce the bias in the
classification, a subsampling approach was performed, which
randomly selects a subset out of the larger group in similar size
as the smaller group (n¼ 80). However, there were no
significant differences in the results between the subsampled
and the initial computations. Due to the retrospective nature of
the study, there were some missing values, especially within the
parameters HDL, LDL, triglyceride, and total cholesterol.

To assess atherosclerosis and the SD in coronary vessels a
range of methods is available for patients with subclinical or
stable CVD. These methods comprise different noninvasive
approaches (carotid intima media thickness measurement, bra-
chial artery flow mediated dilatation, arterial stiffness, and
multislice computed tomography) and invasive procedures
(intravascular ultrasound, QCA). Due to the special emergency
situation of AMI and the retrospective nature of the present
study, QCA remained the only coronary imaging to assess the
severity of the SD. QCA has important limitations: Only lumen,
but not the coronary vessel wall can be visualized. The extent of
atheroma within the vessel wall is not reliably determined by
standard angiographic techniques. Moreover, lumen size is a
relatively crude measure of atherosclerotic disease, especially
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in patients with only mild stenotic lesions.46 Though, in the
presented setting (emergency) no other coronary imaging
method was feasible. This may change, when noninvasive

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
parameters could predict the severity of stenosis and thus enable
a larger time frame until PCI needs to be performed in some
AMI cases with less severe stenosis.

Another limitation occurring due to the retrospective
nature in a cardiologic emergency setting is a lack of infor-
mation on liver diseases. Only serum parameters as surrogate
indicators for liver injury were available. While our data hint to
a connection of liver injury and severity of AMI in metabolic
syndrome the exact association cannot be inferred from this
study. When reviewing the medical records of the patient cohort
only 6 individuals with established/ liver disease (3 with
NAFLD, 3 with alcoholic fatty liver disease) were identified.

CONCLUSIONS
Taken together, age and troponin, but also the classic liver

enzymes AST and ALT were significantly correlated with the
diameter stenosis in patients with AMI undergoing PCI. This
adds to the proposed close link between liver and CVD,
especially in metabolic syndrome. Moreover, it was possible
to build a predictive model from age, BMI, and 6 noninvasively
determined serum parameters to classify patients for a SD of <
or �50. By using a sensitivity cutoff of 90%, the false negative
rate is only 10%. The corresponding specificity of the model is
27%. Thus, those patients that have a severe stenosis are reliably
detected with our model, however taking into account a mod-
erate number of patients that would undergo catheterization
without a clinical need. We implemented a webserver at http://
stenosis.heiderlab.de using the aforementioned sensitivity cut-
off of 90%, which can be used to predict SD.

Liver parameters may be relevant factors to predict the
severity of stenosis in AMI and to identify high-risk subjects in a
noninvasive way, sparing patients with less severe stenosis the
dangerous procedure of cardiac catheterization and coronary
angiography.
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