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Abstract

Background

Common ECG criteria such as ST-segment changes are of limited value in patients with

suspected acute myocardial infarction (AMI) and bundle branch block or wide QRS com-

plex. A large proportion of these patients do not suffer from an AMI, whereas those with ST-

elevation myocardial infarction (STEMI) equivalent AMI benefit from an aggressive treat-

ment. Aim of the present study was to evaluate the diagnostic information of cardiac tropo-

nin I (cTnI) in hemodynamically stable patients with wide QRS complex and suspected AMI.

Methods

In 417 out of 1818 patients presenting consecutively between 01/2007 and 12/2008 in a

prospective multicenter observational study with suspected AMI a prolonged QRS duration

was observed. Of these, n = 117 showed significant obstructive coronary artery disease

(CAD) used as diagnostic outcome variable. cTnI was determined at admission.

Results

Patients with significant CAD had higher cTnI levels compared to individuals without

(median 250ng/L vs. 11ng/L; p<0.01). To identify patients needing a coronary intervention,

cTnI yielded an area under the receiver operator characteristics curve of 0.849. Optimized

cut-offs with respect to a sensitivity driven rule-out and specificity driven rule-in strategy

were established (40ng/L/96ng/L). Application of the specificity optimized cut-off value led
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to a positive predictive value of 71% compared to 59% if using the 99th percentile cut-off.

The sensitivity optimized cut-off value was associated with a negative predictive value of

93% compared to 89% provided by application of the 99th percentile threshold.

Conclusion

cTnI determined in hemodynamically stable patients with suspected AMI and wide QRS

complex using optimized diagnostic thresholds improves rule-in and rule-out with respect to

presence of a significant obstructive CAD.

Introduction
In patients presenting to an emergency room (ER) with acute chest pain, the electrocardiogram
(ECG) is a major cornerstone for timely diagnose of an acute myocardial infarction (AMI) based
on the presence of ST-elevations. Patients presenting with an ST-elevation myocardial infarction
(STEMI) require aggressive and immediate further treatment including an early percutaneous
coronary intervention (PCI) or fibrinolytic therapy according to current guidelines[1,2].

Patients suffering from acute chest pain, presenting without electrocardiographic ST eleva-
tions, undergo serial biomarker testing, preferably cardiac troponin I/T, to diagnose or to rule
out a non-ST-elevation myocardial infarction (NSTEMI)[3]. In these patients, an early inter-
ventional strategy is not always the preferred therapeutic approach[4].

In case of the presence of a left bundle branch block (LBBB), the standard ECG-criteria for
STEMI are of limited use due to the repolarization disorder in the presence of LBBB. According
to former guidelines of the European Society of Cardiology (ESC) and the American Heart
Association (AHA), patients presenting with acute chest pain, whose ECG shows an assu-
mingly new LBBB should be treated as STEMI with immediate emergency coronary angiogra-
phy / fibrinolytic therapy [2,5]. According to the latest revision of these guidelines, this section
has been revised and patients suffering from acute chest pain presenting with new or presum-
ably new LBBB are no longer viewed as STEMI patients in general[1].

Different attempts have been proposed to help identifying an AMI in the presence of LBBB.
Sgarbossa et al. proposed an algorithm, in which the extent of the ST-elevation and/or depres-
sion is used as electrocardiographic criteria to identify AMI[6]. This approach has been dis-
cussed controversially[7,8,9,10]. Additionally, modification of the Sgarbossa criteria and other
ECG criteria have been suggested to further improve the identification of patients suffering
from AMI presenting with LBBB[11,12,13].

Furthermore, the need of an emergency PCI / fibrinolytic therapy in all patients with pre-
sumed newly diagnosed LBBB is a matter of debate. Several authors state that these patients
should be treated like patients suffering from STEMI [14,15,16] and should undergo an emer-
gency PCI [17], whereas others claim that most of these patients are not suffering from AMI
and an emergency reperfusion therapy would lead to a higher mortality [18,19,20,21,22].
Moreover, newly diagnosed Right Bundle Branch Block (RBBB) in patients presenting with
acute chest pain and prolonged QRS time is also associated with higher 30 day mortality[23].

Taking these findings together underlines the difficulties in diagnosis and treatment deci-
sion in patients presenting with acute chest pain and LBBB to an ER.

Aim of the present investigation is to evaluate the predictive information of sensitively
determined cardiac troponin I (cTnI) in hemodynamically stable patients, presenting with
wide QRS complex and suspected AMI, with respect to the presence of a significant obstructive
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coronary artery disease (CAD) and, therefore, to identify patients who might benefit from an
early coronary intervention.

Material and Methods

Study population
The present study was approved by the local ethics committees of Rheinland-Pfalz and Ham-
burg. Participation was voluntary and each patient gave written informed consent.

Between January 2007 and December 2008, a total of 1,818 patients presented consecutively
to the chest pain units of 3 German study centers with AMI and participated in the present
study, as previously published[24]. Valid data on QRS duration on admission was available in
1790 patients. Of these, 427 patients showed at least a partial bundle branch block based on a
prolonged QRS duration of at least 110ms and were selected for further analysis. 246 Patients
had a QRS duration of at least 120ms and 204 presented with LBBB.

All patients older than 18 years and younger than 85 years of age with symptoms suggestive
of an acute coronary syndrome were eligible to participate. Exclusion criteria were trauma or
major surgery within the last 4 weeks, pregnancy, intrave- nous drug abuse, and anemia. Data
on cardiovascular risk factors was obtained as described earlier[25]. A total of 820 patients
underwent coronary angiography, 56% within 1 day.

Electrocardiographic assessment
Directly upon admission, a 12-lead ECG was obtained under standardized conditions in the
respective chest pain observation unit used for clinical decision making by the treating physi-
cian and stored for further analyses.

For the present evaluation, ECGs were post-hoc analyzed by scientific staff blinded to the
patients’ characteristics or diagnoses. Presence of left or right bundle-branch block was classi-
fied according to standard ECG criteria[26]. QRS duration was measured using built in algo-
rithms of the used ECG device. To ensure comparability, n = 50 ECGs were randomly chosen,
in which the QRS time was measured manually in all 12 leads, and their mean was compared
to the QRS duration measured in the Einthoven II lead with a resulting coefficient of variation
of 4.28%. Additionally, 50 different ECGs were randomly chosen and the manually measured
QRS duration using the Einthoven II lead was compared to the device calculated QRS duration
with a coefficient of variation of 4.37%. A prolonged QRS time was defined as duration of at
least 110ms.

Out of 246 patients with a QRS time of at least 120ms an ECG analysis according to the
Sgarbossa Algorithm was carried out. Analysis was possible in 206 patients, 40 ECGs were not
available for further analysis. According to the Sgarbossa algorithm, we screened for ST-seg-
ment elevation�1 mm concordant with QRS complex and weighted a positive result with 5
points, screened for ST-segment depression�1 mm in lead V1, V2, or V3 and weighted a posi-
tive result with 3 points and screened for ST-segment elevation�5 mm discordant with QRS
complex and weighted a positive result with 2 points. We calculated the Index Score according
to the Sgarbossa algorithm by adding the respective points; If the Index Score achieved a result
of at least 3 points, the respective ECG was considered as a predictor of an AMI. Respective
Sensitivity, Specificity, negativ and positive predicitive values were derived [6].

Definition of the final diagnosis
Since cardiac troponin levels as well as the presence of a wide QRS complex with presumably
new bundle branch block configuration is part of the definition of myocardial infarction, we
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did not use myocardial infarction as the diagnosis to identify. Instead, we choose the need for a
coronary intervention as the diagnosis to identify based on the assumption, that patients that
benefit the most from an early invasive treatment are the ones requiring revascularization ther-
apy in the presence of wide QRS complex. Need for coronary intervention was defined as a cul-
prit lesion according to visual criteria as the Ambrose criteria was present and a percutaneous
coronary intervention (balloon angioplasty and/or stent implantation; n = 105) was performed
and/or patients were referred for coronary artery bypass graft surgery (n = 15) based on the
decision of the treating cardiologists.

Of the 427 patients with wide QRS complex, a total of 118 patients (2 patients had a coro-
nary artery bypass surgery after percutaneous coronary intervention) underwent coronary
intervention. Of the 246 patients with QRS duration of at least 120ms 60 patients underwent a
coronary intervention.

Blood sampling and laboratory methods
Blood was drawn directly upon admission. Routine laboratory parameters, including in-house
troponin, C-reactive protein, creatinine, and creatinkinase-MB were measured immediately
after blood withdrawal by standardized methods. Additionally, ethylenediaminetetraacetic acid
plasma, citrate plasma, and serum samples were collected, centrifuged, and frozen at -80°C.

Investigational cTnI was determined using a commercial contemporary sensitive assay
(TnI-Ultra, Siemens Healthcare Diagnostics, Germany) on an ADVIA Centaur XP system with
measuring range of 6–50000 ng/L and lowest concentration with coefficient of variation of
10% or less at 30ng/L. The reference limit based on the 99th percentile for a healthy population
is 40ng/L [25].

B-type natriuretic peptide (BNP) was assayed on the ARCHITECT i System (Abbott Diag-
nostics, Germany) with analytical sensitivity of�10pg/ml and measuring range of 0–5000 pg/
ml. Estimated glomerular filtration rate (eGFR) was calculated based on the abbreviated modi-
fication of diet in renal disease formula (MDRD)[27]. Based on availability of sample volume,
BNP and cTnI levels were available in 417 and data on eGFR in 425 patients of 427 patients
presenting with wide QRS complex.

Statistical analyses
Variables with normal distribution were characterized by arithmetic mean and SD, whereas
skewed variables were described by median and interquartile range. To evaluate possible corre-
lations between some of the items correlation analyses were carried out using Spearman's rank
correlation coefficient. Wilcoxon signed-rank sum test was used to compare continuous bio-
marker levels with skewed distribution between groups. To analyse the diagnostic performance
of cTnI in patients with wide QRS complex and with LBBB, the respective area under the curve
in receiver operator characteristic analyses (AUROC) was calculated. As proposed by DeLong
et al., confidence intervals were constructed based on estimated respective covariance matrix
[28]. Based on this AUROC data, different potential thresholds were established including an
unweighted optimized diagnostic threshold by optimizing the Youden index as well as cut-offs
with respect to a rule-out strategy associated with a sensitivity of 90% and to a rule-in strategy
associated with specificity of 90%. These cut-offs were applied and the positive and negative
predictive values (PPV and NPV) were calculated by applying the corresponding thresholds
and consecutively calculating the corresponding values from a 2x2 table in the usual way, here
95% confidence limits for binomially distributed variables are given. The cut-offs were also
applied in LBBB patients and the respective sensitivity, specificity, negative and positive predic-
tive values were calculated.
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Sensitivity, specificity, positive and negative predictive values of the Sgarbossa Algorithm
was determined and compared to those of the cTnI cut-offs. Also sensitivity, specificity, posi-
tive and negative predictive values of the Sgarbossa algorithm in addition to the cTnI values
were evaluated.

The diagnostic performance of the Sgarbossa index was compared to the cTnI cut-offs by
comparing the respective Youden indices (using the net reclassification index as well as a new
method based on publication of Chen et al. 2015)[29,30].

To make at least a tentative inference on the robustness of these estimated measures we cre-
ated 200 bootstrap replicates of the dataset and report the average values and the 2.5% and
97.5% quantiles as edges of a nonparametric 95% confidence interval. All analyses were carried
out using the R 3.1.1 software package (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Baseline characteristics
Of the 417 patients presenting with wide QRS complex, available investigational cTnI measure-
ments and symptoms suggestive of an AMI, a significant obstructive CAD was documented in
117 patients who subsequently underwent a percutaneous coronary intervention or surgical
revascularisation. Baseline characteristics of patients who underwent revascularisation as well
as of the remaining 300 patients without a significant coronary stenosis are presented in
Table 1. Most of the characteristics did not differ between the two patients groups. Of note,
patients with a significant coronary stenosis were more likely diabetics (p = 0.02). Extent of
CAD, quantified by the SYNergy between PCI with TAXUSTM and Cardiac Surgery (SYNTAX)
score, was higher in the group who underwent revascularization with 15.5(8.0, 24.5) compared
to 0(0, 6.8)(p<0.001) in patients without need of a coronary intervention.

Biomarker concentrations on admission
In patients presenting with suspected AMI and wide QRS complex, those with a significant cor-
onary stenosis showed significantly higher median cTnI levels directly upon admission with
250ng/L compared to 11ng/L (p<0.001) in patients without significant stenosis (Fig 1).

As expected, patients with wide QRS complex had elevated BNP levels on admission. There
was only a small difference between patients with and without significant coronary obstruction
which was not statistically significant (median 82.1pg/ml vs. 51.9pg/ml p = 0.07).

BNP and cTnI levels determined on admission showed a significant correlation (r = 0.456,
p<0.01). Likewise, a weaker but still significant correlation was observed between cTnI and
eGFR (r = -0.220, p<0.01) and cTnI and age (r = 0.186, p<0.01).

Identification of patients with significant coronary stenosis
cTnI determined on admission in hemodynamically stable patients presenting with symptoms
suggestive of an AMI and wide QRS complex yielded an area under the curve (AUC) in the
receiver operator characteristics analysis of 0.849 (0.807–0.892) to identify an underlying sig-
nificant CAD (Fig 2). This value is lower than the AUC of the same cTnI assay in the unse-
lected cohort irrespective of QRS duration to diagnose AMI with 0.96 as published[25]. Of
note, this AUC refers to another diagnostic setting (AMI vs. significant CAD). Of interest,
BNP as comparator, determined on admission, yielded an AUC of only 0.553 (0.492, 0.613) in
this context. If restricting the analyses to patients with QRS duration of at least 120ms, cTnI
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Table 1. Baseline data.

No No Coronary Intervention Needed Significant Coronary Stenosis p-value
n = 300 n = 117

Age, yrs 417 65 (13) 65 (11) 0.74

Male sex 417 235/300 (78%) 100/117 (85%) 0.13

Vital signs on admission

BP systolic, mmHg 414 144 (27) 145 (26) 0.91

BP diastolic, mmHg 414 78 (14) 79 (14) 0.44

Heart rate, BPM 412 73 (17) 73 (16) 0.67

Cardiovascular Risk factors and history

Hypertension 417 248/300 (83%) 93/117 (79%) 0.54

Dyslipidemia 417 232/300 (77%) 93/117 (79%) 0.73

Obesity 379 87/270 (32%) 40/109 (37%) 0.47

Diabetes 417 61/300 (20%) 37/117 (32%) 0.02

Current smoker 417 50/300 (17%) 29/117 (25%) 0.08

Former smoker 401 100/288 (35%) 43/113 (38%) 0.61

Known CAD 417 154/300 (51%) 55/117 (47%) 0.49

Family CAD 416 89/299 (30%) 29/117 (25%) 0.37

History of MI 416 103/299 (34%) 39/117 (33%) 0.92

CHF 391 30/283 (11%) 10/108 (9%) 0.84

Laboratory results on admission

Potassium, mmol/l 414 3.9 (3.7, 4.2) 3.9 (3.6, 4.1) 0.04

Creatinine, mg/dl 415 1.0 (0.8, 1.2) 1.0 (0.9, 1.1) 0.72

eGFR, mL/min 415 78.8 (60.4, 91.1) 79.6 (65.9, 89.5) 0.86

Creatinkinase U/l 415 102.5 (72, 157) 146 (93, 230.5) < 0.001

C-reactive protein, mg/L 413 2.5 (1.3, 5.3) 2.8 (1.6, 6.7) 0.12

Total Cholesterol, mg/dl 367 188 (151, 223) 192 (160, 235.5) 0.11

HDL, mg/dl 367 46 (39, 58) 43 (36, 52) 0.02

LDL, mg/dl 365 106 (79.5, 142) 118.5 (92, 161) 0.01

Troponin I, ng/l 417 11 (4, 30) 250 (45, 1511) < 0.001

BNP, pg/ml 408 51.9 (17.1, 164.5) 82.1 (22.1, 227.8) 0.07

Home Medication

Aspirin 417 137/300 (46%) 52/117 (44%) 0.91

Clopidogrel 417 36/300 (12%) 16/117 (14%) 0.76

Statin 417 116/300 (39%) 44/117 (38%) 0.93

ARB 417 65/300 (22%) 20/117 (17%) 0.37

ACEi 417 122/300 (1%) 52/117 (44%) 0.55

ß-Blocker 417 146/300 (49%) 50/117 (43%) 0.33

Calcium Channel Blocker 417 47/300 (16%) 28/117 (24%) 0.07

Digitalis 417 24/300 (8%) 1/117 (1%) 0.01

Loop diuretics 417 67/300 (22%) 13/117 (11%) 0.01

Aldosterone Inhibitor 417 22/300 (7%) 3/117 (3%) 0.11

Oral Anticoagulants 417 37/300 (12%) 6/117 (5%) 0.05

Baseline characteristics of 417 patients presenting with acute chest pain or equivalent symptoms and wide QRS complex to a chest pain unit. Patients

have been stratified according to whether they underwent a coronary intervention. Data presented as cases/number (percentage), mean (standard

deviation) or median (interquartile range) as appropriate. Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor

blocker; BNP, brain natriuretic peptide; BP, blood pressure; BPM, beats per minute; BMI, body mass index; CAD, coronary artery disease; CHF,

congestive heart failure; CK, creatine kinase; CRP, C-reactive protein, GFR, glomerular filtration rate; Obesity is defined as body mass index > 30; HDL,

high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction.

doi:10.1371/journal.pone.0154724.t001
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yields an AUC of 0.805 (0.741, 0.869) to identify an underlying significant CAD. If considering
only patients with prevalent LBBB, the respective AUC was 0.788 (0.715, 0.861).

To identify high-risk patients requiring coronary intervention in patients with wide QRS
complex, the continuous sensitivities and specificities as a function of all possible cTnI thresh-
old levels are depicted in Fig 3. As anticipated, specificity increases, whereas sensitivity declines
with higher cTnI level.

Derivation and application of different diagnostic cTnI cut-offs
With respect to clinical decision-making, we furthermore derived three diagnostic cTnI thresh-
olds according to different evaluation strategies based on the sensitivities and specificities as
shown in Fig 3.

First, to reflect a diagnostic rule-out approach, we calculated a specific cTnI cut-off concen-
tration associated with a sensitivity as close as possible to 90% (sensitivity = 0.91) with 14ng/L.

Second, to reflect a diagnostic rule-in approach, we derived a cTnI cut-off concentration of
96ng/L that was associated with a specificity of 90%.

As third diagnostic threshold, an unweighted cut-off, was calculated with the highest sum of
sensitivity and specificity with a concentration of 41 ng/L, quite close to the proposed 99th per-
centile cut-off concentration of 40 ng/L of the respective cTnI assay. Fig 1 depicts, that such an
unweighted threshold indeed distinguishes patients, who underwent a coronary intervention,
quite well from those without a significant coronary stenosis.

Application of the proposed three optimized thresholds to identify patients requiring a cor-
onary intervention with the respective NPV and PPV is presented in Table 2. Use of the

Fig 1. Troponin I at admission.Concentration of troponin I determined upon presentation in patients with
acute chest pain and wide QRS complex in respect to presence of an acute coronary syndrome with need for
coronary intervention compared to patients not needing a coronary intervention. Troponin I was available in
417 patients, data is presented log-transformed. Lines represent different troponin I thresholds associated
with 90% sensitivity (A; 14 ng/L); 90% specificity (C; 96 ng/L) or unweighted with highest sum of sensitivity
and specificity (B; 41 ng/L) for discrimination of patients needing a coronary intervention.

doi:10.1371/journal.pone.0154724.g001
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sensitivity optimized cut-off yields a NPV of 94% (89%, 97%) compared to 89% (85%, 93%), if
applying the unweighted or the 99th percentile cut-off. With respect to a rule-in approach, the
specificity optimized cut-off improved the PPV to 70% (60%, 79%) close to the 76.7% (72.7%,
80.4%) yielded by the application of the 99th percentile cut-off in the overall cohort irrespective
of QRS duration to identify AMI, as published earlier [25]. To validate these results, the three
cut-offs were additionally applied to bootstrap replicates of the original cohort and here, these
thresholds yielded comparable diagnostic information (S1 Table).

We also applied the respective optimized cut-offs in LBBB patients. The respective sensitivi-
tiy, specificity, positive and negative predictive value of LBBB patients was comparable to those
in the overall cohort; detailed information is presented in the supporting information (S2 Table).

Of note, in 187 patients (44.8%), cTnI levels were less or equal to 14ng/L L (rule-out
approach) and in 103 patients (24.7%) greater or equal to 96ng/L (rule-in approach) with
potential impact on diagnostic decision making, leaving under one third of the evaluated indi-
viduals (n = 127, 30.5%) in a so-called troponin observation zone, in whom serial troponin test-
ing is mandatory. Regarding potential safety concerns, of those 187 individuals with cTnI
below the rule-out cut-off, 13 patients required subsequent coronary revascularisation. None of
those patients in the rule-out zone died or developed an AMI after the initial hospitalization
within a 6-month follow-up period.

Sgarbossa algorithm
By applying the Sgarbossa algorithm, an Sgarbossa index� 3 yield a specificity of 87% (81–
92%) and therefore can be seen as a good predictor of a significant coronary stenosis with
respect to a rule-in approach. Adding the specificity optimized cTnI cut of, further specificity
can be gained (94% (89–97%)).

Fig 2. ROC curve for identification significant coronary stenosis.Receiver operating characteristic
curves in patients with acute chest pain and wide QRS complex for identification of individuals needing
coronary intervention by troponin I values determined upon admission. Area under the curve for troponin I is
calculated with 0.849 (0.807–0.892) and Youden index with 0.56 (0.50–0.67).

doi:10.1371/journal.pone.0154724.g002
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In contrast with respect to a rule-out approach, the Sgarbossa index showed just a poor sen-
sitivity by 34% (21%-49%) which could not be improved by adding the sensitivity optimized
cut-off; detailed information is presented in the supporting information (S3 Table).

Using the net reclassification index, the Sgarbossa index showed a lower Youden index com-
pared to the optimized cut-offs but without statistical significance (cTnI cut-offs compared to
Sgarbossa index with respective p-value: cTnI 14ng/L p = 0.1692, cTnI 41ng/L p = 0.231 and
cTnI 96ng/L p = 0.1719).

We also applied a new method to compare Youden indices. By applying this method, the
Sgarbossa index yielded statistically significant lower Youden indices (cTnI cut-offs compared
to Sgarbossa index with respective p-values 14ng/L p = 0.02, cTnI 41ng/L p = 0.008 and cTnI
96ng/L p = 0.039)[29,30].

Fig 3. Sensitivity and Specificity of troponin I to identify individuals needing a coronary intervention. Sensitivity and Specificity of troponin I
determined upon admission in patients with suspected acute coronary syndrome and wide QRS complex to identify individuals needing a coronary
intervention. X-axis is presented in logarithmic scale. Lines represent different troponin I thresholds associated with 90% sensitivity (A; 14 ng/L); 90%
specificity (C; 96 ng/L) or with highest sum of sensitivity and specificity (B; 41 ng/L).

doi:10.1371/journal.pone.0154724.g003

Table 2. Diagnostic performance of troponin I for identification of patients needing coronary intervention.

Troponin ICut-off Values Sensitivity Specificity PPV NPV

14 ng/L 0.91 (0.84–0.95) 0.56 (0.5–0.62) 0.45 (0.38–0.51) 0.94 (0.89–0.97)

41 ng/L 0.75 (0.66–0.83) 0.81 (0.76–0.85) 0.6 (0.52–0.68) 0.89 (0.85–0.93)

96 ng/L 0.62 (0.52–0.7) 0.9 (0.86–0.93) 0.7 (0.6–0.79) 0.86 (0.81–0.89)

Diagnostic performance with sensitivity, specificity, positive predictive and negative predictive value (PPV, NPV) of cardiac troponin I determined upon

presentation for identification of patients needing coronary intervention in individuals presenting with suspected acute coronary syndrome and wide QRS

complex. Cut-offs were derived to be as close as possible to 90% sensitivity (14 ng/L) to reflect a diagnostic rule-out approach, to 90% specificity (96 ng/

L) in respect to rule-in or unweighted with highest sum of sensitivity and specificity (41 ng/L).

doi:10.1371/journal.pone.0154724.t002
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Discussion
Diagnosis of a significant coronary stenosis or an AMI as a STEMI equivalent in the presence
of a wide QRS complex and suspected LBBB can be quite difficult, as many common ECG cri-
teria cannot be used in this context. Due to the diagnostic uncertainty in the ER, the question
often remains which patient actually might benefit from an early coronary intervention. The
aim of the present study was to support the decision of the treating physician with an addi-
tional diagnostic instrument. We evaluated the use of cTnI determined directly upon admis-
sion in hemodynamically stable patients presenting with a wide QRS complex and symptoms
suggestive of an AMI to help identifying those patients, who do have a significant coronary ste-
nosis and may benefit from an early aggressive and invasive treatment strategy.

The results of our study demonstrate, that, first, cTnI levels of patients presenting with sus-
pected AMI, wide QRS complex and angiographically confirmed coronary stenosis are signifi-
cantly higher than cTnI levels of patients without significant coronary stenosis;

Second, cTnI levels of at least 96 ng/L, a threshold derived to optimize specificity, are associ-
ated with a significantly improved positive predictive value to rule-in patients, who show a sig-
nificant coronary lesion and may profit from an early coronary intervention;

Third, rule-out of patients who do not need a coronary angiography is facilitated using a sen-
sitivity optimized cut-off of 14 ng/L or less; and finally, only 30.5% of our patients presented with
cTnI levels between 14 ng/L and 96 ng/L comprising a "grey area", in which neither an early rule-
in nor rule-out is possible based on cTnI determination. These patients might therefore require
further observation and diagnostic work-up including serial biomarker determination.

Current recommendations suggest to treat patients with supposedly new LBBB as STEMI
equivalent [2]. Additionally, development of an RBBB in the setting of an acute coronary syn-
drome has been associated with unfavourable prognosis [23]. Therefore a robust diagnostic
rule-in is crucial for early risk stratification and decision making with respect to different treat-
ment strategies. The results of the present study demonstrate that a specificity optimized cTnI
threshold yielded a PPV of 70% (60%, 79%), in a comparable magnitude of the PPV of 76.7%
(72.7%, 80.4%) of the same cTnI assay determined in unselected early presenting chest pain
patients to identify individuals suffering an AMI. This underlines the feasibility to use cTnI in
hemodynamically stable patients to identify those individuals at risk as recommended by the
guidelines.

With respect to the high number of patients presenting with possibly new LBBB of up to
70% (16) not suffering an underlying acute significant coronary obstruction, the concept of
applying a sensitivity optimized cut-off for rapid rule-out achieved a high NPV of 94% (89%,
97%), which is comparable to cTnI measurement in unselected chest pain patients with NPV
of 96.4% (95.2%, 97.5%)(25) to exclude AMI.

Finally, the application of such rule-in and rule-out optimized thresholds leads to a large
proportion of patients (69.5%), in whom an early decision could be made such as timely coro-
nary angiography or further non-coronary focused diagnostic work-up. This leaves only about
one third of patients, who should stay in a chest pain observation unit for further evaluation
with respective impact on logistics and economics. Next desirable step would be, in our opin-
ion, to test this concept with the proposed thresholds in an independent prospective cohort.

Limitations
The present study focused on patients presenting with a wide QRS complex defined by a QRS
duration of at least 110ms. The common ECG criteria (including, e.g. the Sgarbossa criteria)
refer to LBBB[6] rather than RBBB. Furthermore, according to the current guidelines, only
LBBB is seen as a STEMI equivalent[2]. Still, data on the sub-group of patients with prevalent
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LBBB showed comparable results. Moreover, unfortunately, no complete data on previously
known LBBB was available, therefore all patients were defined as presenting with potentially
new QRS prolongation. Furthermore, as not all evaluated patients underwent coronary angiog-
raphy this has to be seen as limitation, potentially introducing a bias. However the studied
cohort is based on an all-comers real world observational study, hence such a desirable diag-
nostic homogeneity cannot be achieved and might not represent daily clinical routine.

The need for a coronary intervention or bypass surgery was regarded as a relevant coronary
stenosis and used as the endpoint of the present study. The indication to coronary intervention
was based on the decision of the treating physician only on the basis of visual criteria. No tech-
nical support such as optical coherence tomography (OCT) was used. The decision of the treat-
ing physician might therefore be subjective. [31]

Conclusion
The result of the present study demonstrates that, in hemodynamically stable patients present-
ing with acute chest pain and wide QRS complex, cTnI levels assayed sensitively directly upon
admission are a helpful additional diagnostic instrument. In these patients, the use of sensitiv-
ity or specificity optimized diagnostic cTnI thresholds improves timely rule-in and rule-out
with respect to the presence of a significant coronary lesion and therefore the need for an early
coronary angiography.

Supporting Information
S1 Table. Validation of the diagnostic performance in 200 bootstrap replicates of the
cohort. Shown are sensitivity, specificity, positive predictive and negative predictive value
(PPV, NPV) of troponin I determined upon presentation for identification of patients needing
coronary intervention in a validation cohort based on the initial cohort including individuals
presenting with suspected acute coronary syndrome and wide QRS complex. Data presented as
percentage with corresponding 95% confidence interval. Abbreviations: NPV (negativ predic-
tive value); PPV (positive predictive value).
(DOCX)

S2 Table. Diagnostic performance of troponin I in the presence of LBBB for identification
of patients needing coronary intervention. Diagnostic performance with sensitivity, specific-
ity, positive predictive and negative predictive value (PPV, NPV) of cardiac troponin I deter-
mined upon presentation for identification of patients needing coronary intervention in
individuals presenting with suspected acute coronary syndrome and left bundle branch block
(LBBB). Cut-offs were derived in the overall cohort in patients with wide QRS complex and
suspected acute coronary syndrome.
(DOCX)

S3 Table. Diagnostic performance of Sgarbossa algorithm as well as troponin I in addition
to Sgarbossa algorithm for identification of patients needing coronary intervention. Diag-
nostic performance with sensitivity, specificity, positive predictive and negative predictive
value (PPV, NPV) of Sgarbossa algorithm according to ECG criteria on admission as well as
Troponin I cut offs in addition to Sgarbossa algorithm for identification of patients needing
coronary intervention in individuals presenting with suspected acute coronary syndrome and
wide QRS complex. Cut-offs were derived to be as close as possible to 90% sensitivity (14 ng/L)
to reflect a diagnostic rule-out approach, to 90% specificity (96 ng/L) in respect to rule-in or
unweighted with highest sum of sensitivity and specificity (41 ng/L) in the overall cohort.
(DOCX)

Troponin I in Suspected ACS andWide QRS Complex

PLOS ONE | DOI:10.1371/journal.pone.0154724 May 5, 2016 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0154724.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0154724.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0154724.s003


Acknowledgments
We thank the scientific staff at the hospitals in Koblenz, Hamburg and Mainz for help with
patient recruiting, the participating doctoral students for help with data acquisition as well as
the laboratory technicians for their help in biomarker determination.

Author Contributions
Conceived and designed the experiments: TK KJL S. Blankenberg TM AMZ BvJ. Performed
the experiments: TK GP TZ ST KJL S. Baldus. Analyzed the data: LP BvJ. Contributed
reagents/materials/analysis tools: TK TZ ST KJL S. Baldus CB. Wrote the paper: BvJ TK.

References
1. O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, de Lemos J a, et al. 2013 ACCF/AHA

guideline for the management of ST-elevation myocardial infarction: a report of the American College
of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation.
2013; 127: e362–425. doi: 10.1161/CIR.0b013e3182742cf6 PMID: 23247304

2. Steg PG, James SK, Atar D, Badano LP, Blömstrom-Lundqvist C, Borger M a, et al. ESCGuidelines for
the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur
Heart J. 2012; 33: 2569–619. doi: 10.1093/eurheartj/ehs215 PMID: 22922416

3. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al. Third universal definition
of myocardial infarction. Eur Heart J. 2012; 33: 2551–67. doi: 10.1093/eurheartj/ehs184 PMID:
22922414

4. Thiele H, Rach J, Klein N, Pfeiffer D, Hartmann A, Hambrecht R, et al. Optimal timing of invasive angi-
ography in stable non-ST-elevation myocardial infarction: the Leipzig Immediate versus early and late
PercutaneouS coronary Intervention triAl in NSTEMI (LIPSIA-NSTEMI Trial). Eur Heart J. 2012; 33:
2035–43. doi: 10.1093/eurheartj/ehr418 PMID: 22108830

5. Antman EM, Hand M, Armstrong PW, Bates ER, Green L a, Halasyamani LK, et al. 2007 focused
update of the ACC/AHA 2004 guidelines for the management of patients with ST-elevation myocardial
infarction: a report of the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines. J Am Coll Cardiol. 2008; 51: 210–47. PMID: 18191746

6. Sgarbossa E, Pinski S. Electrocardiographic diagnosis of evolving acute myocardial infarction in the
presence of left bundle-branch block. N Engl J Med. 1996; 334: 481–7. Available: http://www.nejm.org/
doi/full/10.1056/NEJM199602223340801 PMID: 8559200

7. Al-Faleh H, Fu Y, Wagner G, Goodman S, Sgarbossa E, Granger C, et al. Unraveling the spectrum of
left bundle branch block in acute myocardial infarction: insights from the Assessment of the Safety and
Efficacy of a New Thrombolytic (ASSENT 2 and 3) trials. Am Heart J. 2006; 151: 10–5. doi: 10.1016/j.
ahj.2005.02.043 PMID: 16368285

8. Tabas J a, Rodriguez RM, Seligman HK, Goldschlager NF. Electrocardiographic criteria for detecting
acute myocardial infarction in patients with left bundle branch block: a meta-analysis. Ann Emerg Med.
2008; 52: 329–336.e1. doi: 10.1016/j.annemergmed.2007.12.006 PMID: 18342992

9. Jain S, Ting HT, Bell M, Bjerke CM, Lennon RJ, Gersh BJ, et al. Utility of left bundle branch block as a
diagnostic criterion for acute myocardial infarction. Am J Cardiol. Elsevier Inc.; 2011; 107: 1111–6. doi:
10.1016/j.amjcard.2010.12.007

10. Gula LJ, Dick A, Massel D. Diagnosing acute myocardial infarction in the setting of left bundle branch
block: prevalence and observer variability from a large community study. Coron Artery Dis. 2003; 14:
387–93. doi: 10.1097/01.mca.0000085135.16622.e8 PMID: 12878904

11. Gregg RE, Helfenbein ED, Babaeizadeh S. New ST-segment elevation myocardial infarction criteria for
left bundle branch block based on QRS area. J Electrocardiol. Elsevier Inc.; 2013; 46: 528–34. doi: 10.
1016/j.jelectrocard.2013.07.001

12. Wong C-K, French JK, Aylward PEG, Stewart R a H, GaoW, Armstrong PW, et al. Patients with pro-
longed ischemic chest pain and presumed-new left bundle branch block have heterogeneous out-
comes depending on the presence of ST-segment changes. J Am Coll Cardiol. 2005; 46: 29–38. doi:
10.1016/j.jacc.2005.02.084 PMID: 15992631

13. Smith SW, Dodd KW, Henry TD, Dvorak DM, Pearce L a. Diagnosis of ST-elevation myocardial infarc-
tion in the presence of left bundle branch block with the ST-elevation to S-wave ratio in a modified Sgar-
bossa rule. Ann Emerg Med. Elsevier Inc.; 2012; 60: 766–76. doi: 10.1016/j.annemergmed.2012.07.
119

Troponin I in Suspected ACS andWide QRS Complex

PLOS ONE | DOI:10.1371/journal.pone.0154724 May 5, 2016 12 / 13

http://dx.doi.org/10.1161/CIR.0b013e3182742cf6
http://www.ncbi.nlm.nih.gov/pubmed/23247304
http://dx.doi.org/10.1093/eurheartj/ehs215
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://dx.doi.org/10.1093/eurheartj/ehs184
http://www.ncbi.nlm.nih.gov/pubmed/22922414
http://dx.doi.org/10.1093/eurheartj/ehr418
http://www.ncbi.nlm.nih.gov/pubmed/22108830
http://www.ncbi.nlm.nih.gov/pubmed/18191746
http://www.nejm.org/doi/full/10.1056/NEJM199602223340801
http://www.nejm.org/doi/full/10.1056/NEJM199602223340801
http://www.ncbi.nlm.nih.gov/pubmed/8559200
http://dx.doi.org/10.1016/j.ahj.2005.02.043
http://dx.doi.org/10.1016/j.ahj.2005.02.043
http://www.ncbi.nlm.nih.gov/pubmed/16368285
http://dx.doi.org/10.1016/j.annemergmed.2007.12.006
http://www.ncbi.nlm.nih.gov/pubmed/18342992
http://dx.doi.org/10.1016/j.amjcard.2010.12.007
http://dx.doi.org/10.1097/01.mca.0000085135.16622.e8
http://www.ncbi.nlm.nih.gov/pubmed/12878904
http://dx.doi.org/10.1016/j.jelectrocard.2013.07.001
http://dx.doi.org/10.1016/j.jelectrocard.2013.07.001
http://dx.doi.org/10.1016/j.jacc.2005.02.084
http://www.ncbi.nlm.nih.gov/pubmed/15992631
http://dx.doi.org/10.1016/j.annemergmed.2012.07.119
http://dx.doi.org/10.1016/j.annemergmed.2012.07.119


14. Li SF, Walden PL, Marcilla O, Gallagher EJ. Electrocardiographic diagnosis of myocardial infarction in
patients with left bundle branch block. Ann Emerg Med. 2000; 36: 561–5. doi: 10.1067/mem.2000.
108079 PMID: 11097695

15. Gallagher EJ. Which patients with suspected myocardial ischemia and left bundle-branch block should
receive thrombolytic agents? Ann Emerg Med. 2001; 37: 439–44. doi: 10.1067/mem.2001.114761
PMID: 11326178

16. Shlipak MG, LyonsWL, Go a S, Chou TM, Evans GT, BrownerWS. Should the electrocardiogram be
used to guide therapy for patients with left bundle-branch block and suspected myocardial infarction?
JAMA. 1999; 281: 714–9. Available: http://www.ncbi.nlm.nih.gov/pubmed/10052441 PMID: 10052441

17. Lopes RD, Siha H, Fu Y, Mehta RH, Patel MR, Armstrong PW, et al. Diagnosing acute myocardial
infarction in patients with left bundle branch block. Am J Cardiol. 2011; 108: 782–8. doi: 10.1016/j.
amjcard.2011.05.006 PMID: 21726838

18. Kontos MC, Aziz H a, Chau VQ, Roberts CS, Ornato JP, Vetrovec GW. Outcomes in patients with
chronicity of left bundle-branch block with possible acute myocardial infarction. Am Heart J. Mosby,
Inc.; 2011; 161: 698–704. doi: 10.1016/j.ahj.2011.01.008

19. Neeland IJ, Kontos MC, de Lemos J a. Evolving considerations in the management of patients with left
bundle branch block and suspected myocardial infarction. J Am Coll Cardiol. Elsevier Inc.; 2012; 60:
96–105. doi: 10.1016/j.jacc.2012.02.054

20. Mehta N, Huang HD, Bandeali S, Wilson JM, Birnbaum Y. Prevalence of acute myocardial infarction in
patients with presumably new left bundle-branch block. J Electrocardiol. 2012; 45: 361–7. doi: 10.1016/
j.jelectrocard.2012.04.006 PMID: 22575807

21. McMahon R, SiowW, Bhindi R, Soo Hoo SY, Figtree G, Hansen PS, et al. Left bundle branch block
without concordant ST changes is rarely associated with acute coronary occlusion. Int J Cardiol. Else-
vier; 2013; 167: 1339–42. doi: 10.1016/j.ijcard.2012.04.014

22. Chang AM, Shofer FS, Tabas J a, Magid DJ, McCusker CM, Hollander JE. Lack of association between
left bundle-branch block and acute myocardial infarction in symptomatic ED patients. Am J Emerg Med.
Elsevier Inc.; 2009; 27: 916–21. doi: 10.1016/j.ajem.2008.07.007

23. Wong C-K, GaoW, Stewart R a H, van Pelt N, French JK, Aylward PEG, et al. Risk stratification of
patients with acute anterior myocardial infarction and right bundle-branch block: importance of QRS
duration and early ST-segment resolution after fibrinolytic therapy. Circulation. 2006; 114: 783–9. doi:
10.1161/CIRCULATIONAHA.106.639039 PMID: 16908761

24. Keller T, Zeller T, Ojeda F, Tzikas S, Lillpopp L, Sinning C, et al. Serial changes in highly sensitive tro-
ponin I assay and early diagnosis of myocardial infarction. JAMA. 2011; 306: 2684–93. doi: 10.1001/
jama.2011.1896 PMID: 22203537

25. Keller T, Zeller T, Peetz D, Tzikas S, Roth A, Czyz E, et al. Sensitive troponin I assay in early diagnosis
of acute myocardial infarction. N Engl J Med. 2009; 361: 868–77. doi: 10.1056/NEJMoa0903515 PMID:
19710485

26. Surawicz B, Childers R, Deal BJ, Gettes LS, Bailey JJ, Gorgels A, et al. AHA/ACCF/HRS recommenda-
tions for the standardization and interpretation of the electrocardiogram: part III: intraventricular conduc-
tion disturbances: a scientific statement from the American Heart Association Electrocardiography and
Arrhythmias Committee,. J Am Coll Cardiol. American College of Cardiology Foundation; 2009; 53:
976–81.

27. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate glo-
merular filtration rate from serum creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med. 1999; 130: 461–470. 199903160–00002 [pii] PMID: 10075613

28. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or more correlated
receiver operating characteristic curves: a nonparametric approach. Biometrics. 1988; 44: 837–45.
Available: http://www.ncbi.nlm.nih.gov/pubmed/3203132 PMID: 3203132

29. Pencina MJ, D’Agostino RB, D’Agostino RB, Vasan RS. Evaluating the added predictive ability of a
new marker: From area under the ROC curve to reclassification and beyond. Stat Med. 2008; 27: 157–
172. doi: 10.1002/sim.2929 PMID: 17569110

30. Chen F, Xue Y, Tan MT, Chen P. Efficient statistical tests to compare Youden index: Accounting for
contingency correlation. Stat Med. 2015; 34: 1560–1576. doi: 10.1002/sim.6432 PMID: 25640747

31. IannacconeM, Quadri G, Taha S, D’Ascenzo F, Montefusco A, Omede’ P, et al. Prevalence and predic-
tors of culprit plaque rupture at OCT in patients with coronary artery disease: a meta-analysis [Internet].
European Heart Journal—Cardiovascular Imaging. 2015. p. jev283. doi: 10.1093/ehjci/jev283 PMID:
26508517

Troponin I in Suspected ACS andWide QRS Complex

PLOS ONE | DOI:10.1371/journal.pone.0154724 May 5, 2016 13 / 13

http://dx.doi.org/10.1067/mem.2000.108079
http://dx.doi.org/10.1067/mem.2000.108079
http://www.ncbi.nlm.nih.gov/pubmed/11097695
http://dx.doi.org/10.1067/mem.2001.114761
http://www.ncbi.nlm.nih.gov/pubmed/11326178
http://www.ncbi.nlm.nih.gov/pubmed/10052441
http://www.ncbi.nlm.nih.gov/pubmed/10052441
http://dx.doi.org/10.1016/j.amjcard.2011.05.006
http://dx.doi.org/10.1016/j.amjcard.2011.05.006
http://www.ncbi.nlm.nih.gov/pubmed/21726838
http://dx.doi.org/10.1016/j.ahj.2011.01.008
http://dx.doi.org/10.1016/j.jacc.2012.02.054
http://dx.doi.org/10.1016/j.jelectrocard.2012.04.006
http://dx.doi.org/10.1016/j.jelectrocard.2012.04.006
http://www.ncbi.nlm.nih.gov/pubmed/22575807
http://dx.doi.org/10.1016/j.ijcard.2012.04.014
http://dx.doi.org/10.1016/j.ajem.2008.07.007
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.639039
http://www.ncbi.nlm.nih.gov/pubmed/16908761
http://dx.doi.org/10.1001/jama.2011.1896
http://dx.doi.org/10.1001/jama.2011.1896
http://www.ncbi.nlm.nih.gov/pubmed/22203537
http://dx.doi.org/10.1056/NEJMoa0903515
http://www.ncbi.nlm.nih.gov/pubmed/19710485
http://www.ncbi.nlm.nih.gov/pubmed/10075613
http://www.ncbi.nlm.nih.gov/pubmed/3203132
http://www.ncbi.nlm.nih.gov/pubmed/3203132
http://dx.doi.org/10.1002/sim.2929
http://www.ncbi.nlm.nih.gov/pubmed/17569110
http://dx.doi.org/10.1002/sim.6432
http://www.ncbi.nlm.nih.gov/pubmed/25640747
http://dx.doi.org/10.1093/ehjci/jev283
http://www.ncbi.nlm.nih.gov/pubmed/26508517

