
 
 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 

Introduction 
    Acute myocardial infarction (AMI) usually 
occurs as a result of atherosclerotic plaque 
rupture. ST-elevation myocardial infarction 
(STEMI) is the most dangerous type clinically. 
Major adverse cardiac events (MACE), defined 
as death, Q-wave myocardial infarction (MI) 
and the need for repeat revascularization  

by repeat percutaneous intervention (PCI)  
or coronary artery bypass surgery (CABG)  
are still 8.7% and revealed no satisfactory 
decline despite the innovations in different 
therapeutic modalities (1).  
    Although various risk scores for STEMI  
have been established so far, most of them 
had developed before the evolution of 
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Association of the Zwolle Score with Fragmented QRS Complex: 
A Combined Prognostic Tool for Primary Angioplasty in ST 
Elevation Myocardial Infarctions  

 

Abstract 

Introduction: We aimed to introduce the prognostic value of simultaneously calculated fragmented QRS and 
Zwolle scores as a new scoring system in primary PCI of the STEMI patients. 
Method: Two hundred fifty-nine STEMI patients were classified as fragmented QRS complex group (fQRS) and 
non-fragmented QRS complex group (non-fQRS) according to the fragmentation of QRS complex in 
electrocardiography. These two groups according to whether Zwolle score ≥3 were also classified as high Zwolle 
score with fQRS complex, high Zwolle score with the non-fQRS complex, the low Zwolle score with fQRS complex, 
and low Zwolle score with the non-fQRS complex group. The hospitalization data of the patients were analyzed. 
Results: In the fQRS group compared with the non-fQRS group, wider QRS (105.2±9.7 vs. 88±7.1, p<0,001) as 
well as the higher Creatin Kinase-MB [med (IQR): 174 (123-199) vs. 102 (96-147), p<0,001] and creatinine (0.99 
(0.87-1.2) vs. 0.83 (0.78-0.83), p<0.001) levels were detected. Killip scores of<1 [18(69.2) vs. 8(30.8),p<0.001] were 
more frequent. Adverse cardiac events were significantly higher in high Zwolle score with fQRS complex group. 
Conclusion: Clinically, fQRS was associated with high adverse cardiac events ratio. Thus, utilization of Zwolle score 
along with the fragmented QRS is prognostically significant in primary PCI patients admitted with STEMI. 
Keywords: Zwolle score; fragmented QRS; acute myocardial infarction; adverse cardiac events. 

Ulutas Med J  2016;2(1):66-76 
DOI:  10.5455/umj.20160424111257 

 

Ahmet Karakurt 
1      Abdulmelik Yıldız 

2       Cennet Yıldız 
3       Hamit Serdar Başbuğ 

4 
1 Department of Cardiology, Kafkas University, Faculty of Medicine, Kars, Turkey 
2 Department of Cardiology, Nişantaşı University, Health Vocational Academy, Istanbul, Turkey 
3 Department of Cardiology, Private Bağcılar Tekden Hospital, Istanbul, Turkey 
4 Department of Cardiovascular Surgery, Kafkas University, Faculty of Medicine, Kars, Turkey 

 
 

http://search.crossref.org/?q=ulutas&publication=Ulutas+Med+J
http://www.ulutasmedicaljournal.com/�


 

Association of the Zwolle Score with fQRS Ahmet Karakurt, et al. 

primary PCI (2-5). The Zwolle score (Zs) is  
a scoring system having angiographic, and 
clinical variables used in prognostic evaluation  
of STEMI (3). 
    Fragmented QRS complex (fQRS) is an 
easily evaluated non-invasive electrocardio-
graphic parameter. It’s narrow or wide com-
plexes on electrocardiogram (ECG) which are 
seen in paced rhythm, bundle branch block or 
a premature ventricular systole (6). fQRS was 
defined as having the other R wave (R’) or 
notching in the nadir of the S wave. The 
presence of >1 R’ in two contiguous leads, 
corresponding to a significant coronary artery 
territory on the resting twelve-lead ECG  
with filter range of 0.16-100 Hz, with a  
paper speed of 25 mm/s under 10 mm/mV (7). 

  

     Patho-physiology of fQRS describes a 
myocardial scar and it associates with the 
ventricular dysfunction and congestive heart 
failure. In CAD, fQRS is formed by the 
myocardial infarction and represents a risk of 
subsequent occurrence of ischemic events (8). 
Indeed, ECG fragmentation is showed to be 
associated with increased morbidity and 
mortality, sudden cardiac arrest, and adverse 
cardiovascular events with poor prognosis in 
the previous publications (8–12). 
 

     In this article, we aimed to develop a better 
scoring system by combining Zs with fQRS.  
In this way, the clinical, angiographic and 
electrocardiographic parameters associated  
to evolve a simple, practical and sensitive  
risk scoring regarding the STEMI patients 
undergoing PCI. 
 

Study Design 
     Study group include the retrospective 
analysis of 847 STEMI patients who underwent 
primary PCI in our department between  

2010 and 2013. Among them, 259 patient 
[156 (63.2%) male, 103 (39.7%) female] were 
eligible for the study according to the 
inclusion and exclusion criteria. Inclusion 
criteria included the acute onset of typical 
chest pain (>30 min in the last 12 h), ST-
segment elevation (>1 mm), and treatment 
with primary PCI. Exclusion criteria included 
the history of previous AMI, pathologic Q 
wave on ECG (≥ 0.04 seconds in duration  
than 1/4 of the following R wave in voltage), 
and left or right bundle branch block (QRS 
duration <120 ms and RSR patterns in V1-two 
precordial leads). The patients with a dilated 
cardiomyopathy or a prior history of revascu-
larization (coronary artery bypass grafting or 
percutaneous coronary intervention), as well 
asa significant comorbidity such as pulmonary 
or renal failure were also excluded the study. 
     Patient were classified as fragmented 
(fQRS) and non-fragmented (non-fQRS) group 
according to the fragmentation of QRS 
complex in electrocardiography and then this 
groups divided into HighZs (>3) and LowZs 
(≤3) according to Zs scoring. Finally, fragmen-
ted (fQRS) and non-fragmented groups were 
classified into two subgroups as fragmented 
(High Zs+fQRS and LowZs+fQRS) and non-
fragmented QRS complexes (HighZs+nonfQRS 
and LowZs+nonfQRS). 
 

Coronary angiography 
     Emergency coronary angiography was 
performed by the percutaneous femoral 
approach. In all cases, a non-ionic low-
osmolarity contrast media was used. All 
patients received 300 mg chewable acetyl-
salicylic acid and 600 mg loading dose of 
clopidogrel before coronary angiography. 
Unfractionated heparin (100 U/kg) was admi-
nistered intravenously. The usage of tirofiban 
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was reserved for the decision of the operator. 
Evaluation of angiographies (Axiom Artis, 
Siemens, Germany) was performed by two 
experienced cardiologists who were blinded to 
the study. 
 

ECG criteria for fQRS 
    A 12 derivation surface ECG was obtained 
from all patients immediately after their 
admission to the emergency care unit. The 12 
lead ECG (Nihon Kohden, filter range 0.5 Hz 
to 150 Hz, alternating current (AC) filter 60 Hz, 
25 mm/s, 10 mm/mV) was analyzed by an 
independent cardiologist who was blinded to 
the study.  
    The fQRS was defined as the presence of a 
new R-wave (R’) or notching of R or S wave or 
the presence of fragmentation (more than one 
R’) in two successive leads corresponding to a 
major coronary artery area (Figure-1).  
 

Zwolle Score 
    Zwolle score was calculated according to 
the risk factors. Killipclass 1, 2 and 3-4 were 
scored as zero, four points, and nine points 
respectively. Post-TIMI flow grade 3, 2, and 1 
were scored as zero, one point, and two 
points respectively. Age (≥60, 2 points), three-
vessel disease (one point), anterior myocardial 
infarction (one point) and ischemic time >4 
hours (one point) (3). 
 

Analysis of patient data  
    Clinical features of all patients like diabetes 
mellitus (DM), hyperlipidemia (HL), and smoking 
were registered. Killip score, which is used in 
AMI patients for risk stratification, of each 
patient was determined by classification (13). 
    Laboratory tests on admission were 
recorded. Biochemical and hematologic blood 
tests were measured using standard methods. 

Echocardiography (Phillips Envisor, P2-4 MHz 
probe) was performed according to American 
Association of Echocardiography guidelines 
(14). Left ventricle ejection fraction (LVEF) was 
calculated using biplane modified Simpson’s 
method. 
 

Definitions 
    Heart failure was defined according to  
the New York Heart Association (NYHA) 
classification. Cardiovascular mortality was 
defined as death due to AMI, heart failure or 
arrhythmia and as sudden death.  Reinfarction 
was defined as an AMI that occurs during the 
hospitalization period of an incident or 
recurrent MI that was confirmed by elevation 
of serum troponin enzyme levels with the 
other evidence of myocardial necrosis. Target 
vessel revascularization (TVR) was defined as 
either percutaneous or surgical revasculari-
zation of the target vessel after the initial 
intervention. Contrast-induced nephropathy 
(CIN) was defined as a relative increase in 
baseline serum creatinine of greater than 25%  
and an absolute increase of 0.5 mg/dL  
within 72 hours after contrast administration.15 
Hypertension was defined as the active use of 
antihypertensive drugs or the determination of 
blood pressure greater than 140/90 mmHg. 
Diabetes mellitus (DM) was defined as fasting 
glucose levels over 126 mg/dL or glucose 
level over 200 mg/dL at any measurement or 
active use of antidiabetic drugs or insulin.  
 

Follow-up 
   Cardiovascular mortality, reinfarction, repeat 
TVR, stroke, ventricular tachycardia/fibrillation 
(VT/VF), advanced heart failure, transient pace 
intervention, intra-aortic balloon pump, new 
atrial fibrillation, renal failure requiring dialysis, 
inotropic agent infusion, mechanical ventilator 
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usage and the complications of MI were 
recorded during the in-hospital stay. 
 

Statistical Design 
    SPSS for Windows software was used for 
statistical analysis (SPSS Inc. Chicago, Illinois, 
USA). The Kolmogorov-Smirnov test was used 
to determine the distribution of data from 
continuous variables. Categorical variables 
were expressed as absolute frequencies and 
percentages, continuous parametric variables 
were expressed as the mean and standard 
deviation, and continuous non-parametric 
variables were expressed as the median value 
and 25th-75th percentile. Categorical variables 
were compared by the likelihood-ratio x2 test. 
Comparison of parametric values between the 
two groups was performed using a two-tailed 
Student’s t-test. The mean values of quanti-
tative parametric variables more than two 
groups were compared by one-way analysis 
of variance (ANOVA) test.  Mann-Whitney U 
was used to compare the non-parametric 
values between the two groups. Kruskal 
Wallis-H test was used to test for differences  
in non-parametric continuous variables in  
the more than two groups. Binary logistic 
regression analysis was used to detect the 
factors influencing occurrence. All confidence 
intervals are 95%. A p value less than 0.05 was 
considered statistically significant. 
 

Results 
    Twelve-leads ECG revealed the presence of 
fragmentation of QRS in 80 patients named  
as (fQRS) and 179 patients with no QRS 
fragmentation and named as (non-fQRS). 
Baseline clinical characteristics for two groups 
were shown in Table-1. Patients with fQRS 
were found to have more coronary risk factors 
(DM, HT HL, and smoking) than the patients 

with non-fragmented QRS complexes (non-
fQRS). There were no differences between two 
groups with respect to  systolic and diastolic 
blood pressure, Hb, WBC count, FBG, LDL-C, 
HDL-C, and TG  levels. Mean heart rate of the 
fQRS group was significantly higher than 
normal (60-90 bpm/min) and that of in the 
non-fQRS group. Likewise, creatinine and CK-
MB level were higher in the fQRS group as 
compared to the that in non-fQRS group.  
    Angiographic and procedural characteristics 
comparisons of between fQRS and non-fQRS 
groups were given in Table-2. Both Pain-
balloon time and door to balloon time were 
longer in fQRS group. In fQRS group, QRS 
duration was longer as the Q wave was 
augmented. Echocardiographic findings in 
both groups were revealed a significant 
decrease in left ventricular ejection fraction in 
the fQRS group than the non-fQRS group and 
Killip score >1 was detected more.   
 

   The left main coronary artery (LMCA) was 
found to be responsible for the myocardial 
infarction in 15 patients of the fQRS group 
(18.8%) and 4 patient of the non-fQRS group 
(2.2%). The left anterior descendent artery 
(LAD) was found to be responsible in 58 
patient of the fQRS group (72.5%) and 62 
patients of the non-fQRS group (45.5 %). The 
circumflex artery (CxA) was found to be 
responsible in 38 patient of the fQRS group 
(47.5 %) and 65 patients of the non-fQRS 
(36.3%). The right coronary artery (RCA) was 
found to be responsible in 24 patients of the 
fQRS group (30%) and 74 patients of the non-
fQRS group (41.3%). As shown in Table-2,       

   Chi-square analysis for descriptive values 
revealed significant differences between both 
groups at LMCA and LAD but showed no  
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Table-1. Baseline characteristics and laboratory findings of study patients according to the presence of fQRS 

Parameters fQRS Group (n:80) Non-fQRS Group (n:179) p 
Male, n (%)  48 (60.3) 108 (60) NS 
Age (years) 58.8 ± 9.9 56.4 ± 11.8 NS 
DM, n (%) 59 (73.8) 24 (13.5) <0.001 
HT, n (%) 31 (38.8) 27 (15.2) <0.001 
HL, n (%) 25(31.2) 27 (15.3) 0.003 
Smokers, n (%) 32 (40) 35 (19.8) 0.001 
HR (bpm/min) 102.3 ± 18.2 88.9 ±19.3 0.002 
SBP (mmHg) 114.1 ± 30.7 121.7 ± 21.9 NS 
DBP (mmHg) 72.3 ± 9.4 76.3 ± 12.2 NS 
Hb (mg/dl) 13.18 ± 0.76 13.28 ± 0.84 NS 
WBC (103/mm3) 12.85 ± 1.73 12.36 ± 1.97 NS 
FBG (mg/dl) 158 (118-187) 112 (99-135) NS 
LDL-C (mg/dl) 144.75 ± 22.85 157.2 ± 14.15 NS 
HDL-C (mg/dl) 33.75 ± 3.4 34.6 ± 3.05 NS 
TG (mg/dl) 184.05 ± 41.6 196.3 ± 38.65 NS 
Peak CK-MB (U/L) 174 (123-199) 102 (96-147) <0.001 
Cr (mg/dL) 0.99 (0.87-1.2) 0.83 (0.78-0.83) <0.001 

Table-2.  Angiographic and procedural characteristics of patients according to presence of fragmented QRS 

Parameters fQRS Group (n:80) Non-fQRS Group (n:179) p 

Killip score >1 18 (69.2) 8 (30.8) <0.001 
LVEF (%) 45 (40-49.5) 50 (46-54.8) <0.001 
QRSd (msec) 105.2 ± 9.7 88 ± 7.1 <0.001 
Q wave, n (%) 54(67.5) 17(9.5) <0.001 
PBT (min) 362 (305-447)  285 (230-350) <0.001 
DBT (min) 60 (54.3-65) 55 (45-65) 0.001 
Culprit lesion, n (%)    

LMCA 15 (18.8) 4 (2.2) <0.001 
LAD 58 (72.5) 82 (45.8) <0.001 
Cx 38 (47.5) 65 (36.3) NS 
RCA 24 (30) 74 (41.3) NS 

Diseased vessel 2.2 ± 0.75 1.68 ± 0.7 <0.001 
Stent length (mm) 19.7 ± 6.6 22.4 ± 4.85 NS 
Stent diameter (mm) 3.01 ± 0.2 3.05 ± 0.45 NS 
BMS, n (%) 61 (76.25) 161 (89.94) NS 
DES, n (%) 26 (32.5) 42 (23.46) <0.05 

Abbreviations: QRSd: QRS duration; LVEF: Left ventricle ejection fraction; QRSd: QRS duration; DBT: Door to balloon time; PBT: 
Pain to balloon time; LMCA: Left main coronary artery; LAD: Left anterior descending artery; Cx: Circumflex coronary artery; 
RCA: Right coronary artery; BMS: Bare metal stents; DES: Drug eluting stent. 

Abbreviations: DM: Diabetes mellitus; HT: Hypertension; HL: Hyperlipidemia; HR: Heart rate; SBP: Systolic blood pressure; DBP: 
Diastolic blood pressure; Hb: Hemoglobin; WBC: White blood cell count; FBG: Fasting blood glucose; LDL-C: Low density 
lipoprotein-cholesterol; HDL-C: High density lipoprotein-cholesterol; TG: Triglyceride; CK-MB: Creatinine kinase muscle/brain; 
Cr: Creatinine; NS: Not significant.  
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Table-3. Adverse cardiac events of  study patients according to the presence of fragmented QRS 

Parameters fQRS Group (n:80) Non-fQRS Group (n:179) p 

Mortality, n (%) 7 (8.75) 3 (1.68) <0.05 
Re-Infarction, n (%) 16 (20) 4 (2.23) <0.001 
TVR, n (%) 13 (16.25) 5 (2.79) <0.001 
VT/VF, n (%) 16 (20) 10 (5.58) <0.001 
Stroke, n (%) 0 (0) 2 (1.11) NS 
New AF, n (%) 24 (30) 8 (4.5) <0.001 
HF, n (%)  21 (26.25) 10 (5.58) <0.001 
Inotrope usage, n (%) 13 (16.25) 8 (4.46) 0.001 
Mechanic complication, n (%) 3 (3.75) 1 (0.56) NS 
IABP, n (%)  4 (5) 3 (1.67) NS 
Transient pace maker, n (%) 7 (8.75) 7 (4.46) NS 
Time of hospital stay (days) 3 (1-5) 2 (0-5) <0.001 
CİN, n (%) 3 (3.75) 13(7.26) <0.001 

Abbreviations: TVR: Target vessel revascularization; VT/VF: ventricular tachycardia/ventricular fibrillation; AF: Atrial 
fibrillation; HF: Heart failure; IABP: Intraaortic balloon pump; Mechanic complication; CNP: Contrast induced 
nephropathy.  
 

Table-4. Angiographic and procedural characteristics of patients in HighZs+fQRS, HighZs+nonfQR,  LowZs+fQRS  
and LowZs+nonfQR groups. 

Parameters 
HighZs+fQRS 

(n:39) 
HighZs+nonfQRS 

(n:23) 
LowZs+fQRS  

(n:41) 
LowZs+nonfQRS 

(n:156) 
p 

Killip score >1 16 (41) 2 (8.7) 2 (4.9) 6 (3.8) <0.001 
LVEF (%) 44 (40-45) 46 (43-48) 48 (45-52) 50 (48-55) <0.001 
QRSd (msec) 110 (102-114) 88 (84-92) 100 (95.5-111) 87 (83-90) <0.001 
Q wave, n (%) 30 (76.9) 7 (30.4) 24 (58.5) 10 (6.4) <0.001 
PBT (min) 405 (345-475) 365 (335-483) 355 (275.5-415) 285 (225-330) <0.001 
DBT (m) 60 (54-75) 45 (35-55) 60 (52.5-65) 55 (45-65) 0.001 
Culprit lesion, n (%) 

LMCA 15 (5.8) 3 (1.2) 0 (0) 1 (0.4) <0.001 
LAD 32 (12.4) 21 (8.1) 26 (10) 61 (23.6) <0.001 
Cx 24 (9.3) 14 (5.4) 14 (5.4) 51 (19.7) 0.001 

RCA 10 (3.9) 2 (0.8) 14 (5.4) 72 (27.8) 0.001 
Diseased vessel 2.02 ± 0.73 1.98 ± 0.75 2.1 ± 0.8 1.62 ± 0.6 <0.05 
Stent length (mm) 20.9 ± 7 24 ± 0.1 18.5 ± 6.2 20.8 ± 6.5 NS 
Stent diameter (mm) 3.07 ± 0.3 3 ± 0.3 2.95 ± 0.1 3.1 ± 0.6 NS 
BMS, n (%) 26 (72.3) 27 (79.4) 35 (77.7) 134 (82.2) <0.001 
DES, n (%) 13 (36.1) 9 (26.4) 13 (28.8) 33 (20.2) <0.05 

Abbreviations: LVEF: Left ventricle ejection fraction; QRSd: QRS duration; DBT: Door to balloon time; PBT: Pain to 
balloon time; LMCA: Left main coronary artery; LAD: Left anterior descending artery; Cx: Circumflex coronary artery; 
RCA: Right coronary artery; BMS: Bare metal stents; DES: Drug eluting stent. 
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difference between the CxA and RCA. In the 
fQRS group, the responsible coronary artery 
was determined as LAD, CxA, and the RCA 
respectively. Diseased vessel quantity were 
significantly higher in patient with fragmenta-
tion (fQRS: 2.2±0.75 and non-fQRS: 1.68±0.7 
p<0.001).  
    Table-3 was demonstrating the adverse 
cardiovascular events during hospitalization. In 
the fQRS group, mortality, reinfarction, 
targeted vessel revascularization during 
hospitalization and the frequency of MACE, 
which is the sum of all, meaningfully higher 
than the non-fQRS group. Also, in the fQRS 
group, the incidence of heart failure, inotropic 
agent usage, atrioventricular block needing a 
temporary pacemaker, development of new 

atrial fibrillation (AF) and hospitalization 
duration during hospitalization were found 
higher (Figure-2).  
     Pateints were divided into four groups 
according to their Zwolle scores: HighZs+ 
fQRS group (n:39), HighZs+nonfQR group 
(n:23), LowZs+fQRS group (n:41) and LowZs+ 
nonfQR group (n:156). Comparisons of the 
angiographic and procedural characteristics 
among HighZs+fQRS, HighZs+nonfQR, LowZs 
+fQRS, LowZs+nonfQR groups were given in 
Table-4. Pain to balloon time was longer than 
normal in four groups. QRS duration was 
longer, Q wave was augmented, and LVEF 
was significantly lower in HighZs+fQRS group 
compared to other three study groups. In 
addition, patients in the HighZs+fQRS group 

Table-5. Adverse cardiac events of study patients in HighZs+fQRS, HighZs+nonfQR, LowZs+fQRS and LowZs+ 
nonfQR groups. 

Parameters 
HighZs+fQRS 

(n:39) 
HighZs+nonfQR

S (n:23) 
LowZs+fQRS 

(n:41) 
LowZs+nonfQRS 

(n:156) 
p 

Mortality, n (%) 7 (17.9) 1 (4.3) 0 (0) 2 (1.3) <0.001 

Re-infarction, n (%) 12 (30.7) 0 (0) 4 (9.3) 4 (2.5) <0.001 

TVR, n (%) 9 (23) 1 (4.3) 4 (9.3) 4 (2.5) <0.001 

Stroke, n (%) 0 (0) 1 (4.3) 0 (0) 0 (0) NS 

VT/VF, n (%) 11 (28) 2 (8.6) 5 (11.6) 8 (5.1) <0.001 

HF, n (%)  19 (48.7) 2 (8.6) 2 (4.6) 8 (5.1) <0.001 

Inotrope usage, n (%) 10 (25.6) 3 (13) 3 (6.9) 5 (3.2) <0.001 

IABP, n (%)  4 (10.2) 1 (4.3) 0 (0) 2 (1.2) <0.05 

New AF, n (%) 10 (25.6) 1 (4.3) 14 (32.5) 7 (4.4) <0.001 
Mechanic 
complication, n (%) 

2 (5.1) 1 (4.3) 1 (2.3) 0 (0) NS 

Transient pace maker, 
n (%) 

5 (12.8) 1 (4.3) 2 (4.6) 6 (3.8) NS 

Time of hospital stay 
(days) 

4(2-5) 3(2-5) 2(1-4) 2 (0-4) <0.001 

CIN, n (%) 11 (28.2) 0 (0) 2 (4.6) 3 (1.9) <0.001 
Abbreviations: TVR: Target vessel revascularization; VT/VF: ventricular tachycardia/ventricular fibrillation; AF: Atrial 
fibrillation; HF: Heart failure; IABP: Intraaortic balloon pump; Mechanic complication; CNP: Contrast induced 
nephropathy. Date was expressed percentage and median and maximum and minimum value. 
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were higher in Killip class compared to other 
study groups. In LowZs+fQRS group, the 
responsible coronary artery was determined 
as LAD, cir-cumflex artery (Cx) and right 
coronary artery (RCA) respectively. Fragmen-
tation localization on ECG was detected 
mostly on anterior derivations followed by the 
lateral and inferior leads. Diseased vessel 
quantity were signifi-cantly higher in patient 
with fragmentation (LowZs+fQRS: 2.1±0.8 and 
LowZs+nonfQRS: 1.62±0.6 p<0.004). 
   Table-5 was demonstrating the adverse 
cardiovascular events during hospitalization. In 
LowZs+fQRS group, mortality, reinfarction, 
targeted vessel revascularization during hospi-
talization and the frequency of MACE, which is 
the sum of all, meaningfully higher than 
LowZs+nonfQRS group. In fragmented group 
(LowZs+fQRS), the incidence of heart failure, 
inotropic agent usage, atrioventricular block 
needing temporary pacemaker and develop-
ment of new AF during hospitalization were 
found higher. Hospitalization duration was 
also longer in the fragmented group (LowZs+ 
fQRS) (Figure-3).  
 

 
Figure-1: An example of fragmented QRS is shown on 
the twelve-lead ECG.  The fragmented QRS (a variant of 
the RSRʹ pattern) is well presented in leads DII, DIII, aVR, 
aVF, aVL, V5 and v6.   

    According to the Binary logistic regression 
analysis, the presence of the fQRS complex  
in 12-lead electrocardiography strongly corre-
lates (44%) with adverse cardiovascular effects. 
Also, a significant association between the 
fQRS complex and AF related stroke was 
identified. This suggests that the presence of 
the fQRS complex may be a predictor of 
stroke in acute AF.  

Figure-2: Distribution of frequencies of measured 
adverse cardiac events between fQRS and non-fQRS 
groups.  
 

 
Figure-3: Distribution of frequencies of measured 
adverse cardiac events among the HighZs+fQRS, 
HighZs+nonfQR, LowZs+fQRS, LowZs+nonfQR groups. 
 

Discussion 
   The presence of fragmented QRS represents 
within the ventricles mass that is related  
to myocardial scar/myocardial ischemia or 
myocardial fibrosis (15). It has been shon that, 
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the presence of fQRS in patients with coronary 
artery disease increase the risk of adverse 
cardiac events and all-cause mortality (7). In 
patient with STEMI, the occurrence of a major 
cardiac event in hospital and association of 
Zwolle score is still unknown.  In this study,  
we investigated the relationship between 
presence fQRS complex on surface 12-lead 
derivation ECG and Zwolle score in patient 
whit STEMI. Emphasized outcomes can be 
listed under four main headings in this study; 
1. The fQRS is significantly associated with the 
adverse cardiac events than is the non-fQRS. 
In fact, the fQRS may be a predictor of the 
prior adverse cardiac event, which has a 
significantly high incidence in the fQRS group. 
The adverse cardiac events include mortality, 
reinfarction, TVR, VF/VT, new AF, HF and 
stroke in a patient with fQRS of STEMI. 
2. Patients, who have fragmented QRS in their 
ECG despite the presence of low Zwolle score 
(LowZs+fQRS), carry a high risk of mortality 
during hospitalization and risk of ACE. This 
increased risk is similar to the patients having 
high Zwolle score and non-fragmented QRS 
complexes (HighZs+nonfQRS). Regarding the 
low Zwolle score with non-fragmented QRS 
complexes (LowZs+nonfQRS) group of 
patients, the risk is even less.  
3. The presence of fragmented QRS complexes 
in high Zwolle score patients (HighZs+fQRS) 
reveals the highest hospital mortality and  
ACE. Patients with high Zwolle score and  
non-fragmented QRS complexes (HighZs+ 
nonfQRS) present lower hospital mortality  
and MACE.  

4. Patients with low Zwolle score and frag-
mented QRS (LowZs+fQRS) revealed higher 
peak levels of CK-MB and leucocyte. This may 

be the indicator of a larger necrotic area 
in LowZs+fQRS group. Additionally, these 
patients in LowZs+fQRS group had higher 
peak levels of CK-MB and leucocyte than the 
HighZs+nonfQRS group. 
    In the era of primary PCI, several different 
clinical scores have been used. These include 
the Global Registry of Acute Coronary Events 
(16), PAMI (4), TIMI-STEMI (2), Zs (3), and 
controlled abciximab and device investigation 
to lower late angioplasty complications (CA-
DILLAC) risk score (5).  
    Subsequently, different scores were 
combined to develop new scoring systems. 
Therefore, early and late MACE ratios and 
cardiovascular mortality ratios could be 
calculated more accurately. SYNTAX score (Ss) 
and PAMI (primary angioplasty in myocardial 
infarction) score, which is a clinically based 
scoring system, were combined (4). In another 
study, clinical Ss was developed by the 
addition of age, creatinine clearance and LVEF 
parameters to the original Ss. Using the data 
from the Fractional Flow Reserve Versus 
Angiography for Multivessel Evaluation (FAME) 
study, Nam et al. (17) calculated Ss by 
incorporating only ischemia-producing lesions 
that determined by a fractional flow reserve 
(FFR)≤0.80. They named this score as the 
functional Ss (FSs). Capodanno et al. (18) 
produced another risk score called the global 
risk classification system, which was created by 
combining the Ss and EuroSCORE strata. 
 

    However, fragmented QRS complexes had 
never been used as a prognostic parameter in 
these scoring systems. Although the parame-
ters like Zwolle score, age, anterior MI,  
Killip classification, post TIMI flow, three-vessel 
disease, and pain-balloon time were all pre-
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viously taken into consideration as prognostic 
parameters,  ECG   fragmentation   is   initially 
considered as a prognostic tool in this study. 
    fQRS is defined as unexpected deviations in 
the QRS morphology due to regional 
myocardial fibrosis or scar. Data suggest that 
ischemia might cause fQRS via nonhomo-
geneous myocardial electrical activation  
(19-23). Previous studies revealed that the 
presence of fQRS is mostly associated with 
extensive coronary artery disease and 
myocardial necrosis, high leucocyte counts 
and CK-MB levels and higher Killip score. 
Additionally, these patients usually exhibited 
an infraction in the anterior region and were 
often related to a lesion in the proximal LAD 
and the larger jeopardized myocardium. 
Successful reperfusion rates following PCI and 
lower Blush score were reported in these 
cases. In previous studies, fQRS was shown to 
have an association with increased mortality 
and morbidity in hospital stay and long-term 
follow-up. It was also demonstrated that, 
cardiac arrhythmia, cardiac arrest decreased 
LVEF, increased MACE may additionally coexist.  
    Therefore, we used the fragmented QRS, 
which is a simple parameter, in association 
with Zwolle score for prognostic evaluation in 
STEMI patients undergoing PCI. Depending to 
our results, we recommend that the fragmen-
ted QRS complex should be included the 
Zwolle scoring parameters. The fragmented 
QRS should be considered together with Killip 
classification, TIMI flow grade following angio-
plasty, tree-vessel di-sease, anterior infarction 
and ischemic time that constitutes the Zwolle 
scoring system. Thus, we also recommend to 
increase the total Zwolle score from 16 to 17 
by adding an extra 1 point for the presence of 
the fragmented QRS complex. 

   There are some limitations to this study. The 
quantity of the patient population was low. 
The research was retrospective and conducted 
in a single center. Therefore, multi centered 
and prospective studies on a larger scale are 
needed to validate our findings and to show 
the clinical implications of fQRS complexes 
more definitely. The follow-up time during 
hospitalization was limited.  For this reason, 
the evaluation of the patients with the intervals 
of 3, 6 and 12 months would reveal more 
accurate results. Moreover, the patients with 
ECG evidence of bundle branch block have 
not enrolled the study, as we compare the 
QRS interval in scar formation related  
to the myocardial infarction. QRS interval 
elongation in left or right bundle branch block 
was excluded as it would affect the study 
outcomes.  
     Finally, fQRS is not unique only to coronary 
artery disease. It may also be seen in electrical 
disorders as Burgada syndrome. Thus, this 
study would be more accurate in the patients 
with a known coronary artery disease with the 
existence of the scar/infarct tissue that was 
verified by the test methods like myocardial 
perfusion scintigraphy (MPS). 

Conclusion 
    This study suggests that the fragmented 
QRS on admission is predictive of subsequent 
cardiovascular events during hospitalization. 
Despite the presence of clinically low Zwolle 
score, additionally, determined fQRS reveals 
higher MACE rates. Therefore, concomitant 
assessment of the fQRS and Zs as a ‘new 
prognostic score’ for primary PCI in the case 
of STEMI may be useful in predicting the ACE 
during hospitalization. On the other hands, 
multi centered cross-sectional studies with 
high population are strongly needed to 
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evaluate the presence of correlation between 
the number of fragmentations and the ACE 
development in primary PCI as well as the 
inclusion of fQRS in Zwolle score risk stra-
tification.   
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