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Abstract

Background: Transcatheter aortic valve replacement (TAVR) is a well-established therapeutic strategy in high-risk patients with
severe aortic stenosis. The aim of this study was to analyze the prognostic value of the fragmented QRS morphology (fORS) on
12-lead electrocardiography (ECG) for predicting 2-year mortality in patients who underwent TAVR.

Methods: A total of 272 patients (median age; 84 years, 68.4% female) undergoing the TAVR approached from the femoral artery
between 2016 and 2020 were included in this retrospective cohort study. Patients were assigned into two groups based on the
presence or absence of fORS on 12-lead ECG before the procedures. Independent predictors of 2-year mortality were evaluated
using Cox regression and Kaplan-Meier survival analysis.

Results: During the study period, in total, 272 patients were assigned into two groups based on the presence (n = 108) and the
absence (n = 164) of fORS on 12-lead ECG before TAVR procedures. All-cause mortality was higher in the fORS group (34
[31.5%)]) than in the non-fORS group (5 [3%)]) during a mean follow-up of 21.9 months. Kaplan-Meier survival analysis revealed
significantly lower all-cause mortality in the non-fORS group (p < 0.001). The independent predictor of 2-year mortality at follow-
up in multivariate Cox regression analysis was the presence of fORS (hazard ratio, 1.371; 95% confidence interval, 1.072—1.754;
p = 0.012). Severe mitral valve regurgitation and paravalvular leakage did not independently predict 2-year mortality.

Conclusions: The presence of fORS on 12-lead ECG was an independent predictor of 2-year survival in patients undergoing
TAVR. The fORS may serve as a valuable factor to identify patients with higher risk who will need close follow-up and more intense
treatment after TAVR surgery.
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Abbreviations 1. Introduction

TAVR: Transcatheter Aortic Valve Replacement

SAVR: Surgical Aortic Valve Replacement

fQRS: Fragmented QRS

ECG: Electrocardiography

AS: Aortic Stenosis

STEMI: ST Elevation Myocardial Infarction

EuroSCORE: European System for Cardiac Operative Risk
Evaluation

Aortic stenosis (AS) has become an increasingly common health
problem, especially among the older population [1]. The most
common treatment method used in these patients is surgical aortic
valve replacement (SAVR). However, compared with SAVR,
transcatheter aortic valve replacement (TAVR) is a minimally
invasive useful approach for AS in patients with high surgery risk.
Although SAVR remains the gold standard for the treatment of
severe AS, recent studies have shown less short-term mortality
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after TAVR in high-risk patients [2]. Thus, the patients who are
TAVR candidates possess more risk factors and comorbidities. In
advanced AS, chronic pressure overload causes myocardial fibrosis
and infarction, progressing from left ventricular hypertrophy to
heart failure [3]. Some studies show that myocardial fibrosis and
infarction in patients with AS are related to poor outcomes even
after aortic valve replacement [4].

Fragmented QRS (fQRS) is a 12-lead surface electrocardiographic
finding related to conduction abnormalities because of myocardial
scarring [5]. The association between fQRS and all-cause
mortality has been shown in various clinical situations such as
heart failure and ST elevation myocardial infarction (STEMI)
[6,7]. Additionally, the presence of fQRS on electrocardiography
(ECG) before surgery may provide predictive information about
the long-term mortality in patients undergoing isolated SAVR
for severe AS [8,9]. The outcome of TAVR can be influenced by
various predictors like SAVR, and accurate risk assessment plays
an important role in perioperative management. However, the
impacts of the fQRS on ECG and TAVR outcomes have not been
extensively studied. The fQRS has emerged as an easily obtainable
predictor derived from routine preoperative ECG. Therefore, this
study aimed to determine the predictive effect of fQRS morphology
on 2-year survival and to identify correlates of 2-year death in
patients undergoing transfemoral TAVR.

2. Methods

2.1. Study Design and Population

In this observational study, 291 patients with severe AS, who were
scheduled for elective transfemoral TAVR between January 2016
and February 2020, were included. Patients with a pre-existing
paced rhythm on ECG or who needed complex surgeries were
excluded. This study was approved by the Ethics Committee
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of Osaka Metropolitan University (approval number: 2021-
175) and registered with the Japan Registry of Clinical Trials
(GRCT1050240304). The need for informed consent was waived
because the data analyses were performed retrospectively. In
addition, those patients in whom 12-lead ECG data could not be
obtained were excluded from the study. Patients were assigned
into two groups based on the presence (fQRS group: n = 108)
or the absence (non-fQRS group: n = 164) of fQRS. Baseline
demographic and clinical characteristics were recorded for all
patients. Routine laboratory tests, standard 12-lead ECG, and
transthoracic echocardiography were performed on all patients. In
addition, postoperative clinical data, including the time of death,
were evaluated in the outpatient department during the study
period.

2.2. Electrocardiographic Measurements

A standard 12-lead ECG was recorded with each patient at rest
in the supine position, using a paper speed of 25 mm/s and an
amplitude of 10 mm/mV from all patients before TAVR. All ECG
recordings were interpreted by two independent clinicians, blinded
to the patients’ clinical information. In case of conflict, the final
decision was made by consensus. Fragmented QRS was defined as
the presence of various RSR’ patterns (QRS duration < 120 msec)
with or without the Q wave, which include an additional R wave
(R’) or notching of the R wave or the S wave, or the presence
of > 1 R’ (fragmentation) without typical bundle branch block in
two contiguous leads corresponding to a major coronary artery
territory [10]. Typical right and left bundle branch block patterns
(QRS duration > 120 msec) and incomplete right bundle branch
block patterns (QRS duration between 100 msec and < 120 msec)
in leads V1 or V2 were excluded from the study. An example of
fQRS on ECG is shown in Figure 1.
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Figure 1: (A) Examples of Fragmented QRS on Leads II, III and aVF in Electrocardiography. (B) Examples of Fragmented QRS which

include an Additional R Wave on Leads III at High Time Resolution
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2.3. Outcomes

The primary outcome of this study was 2-year mortality, which
was defined as death resulting from any cause within 2 years
after elective TAVR surgeries. The secondary outcomes were the
length of stay in hospital, and postoperative complications, such
as new postoperative stroke (defined as focal brain injury with a
permanent functional deficit), high-degree atrioventricular block
(defined as need for permanent pacemaker), need for reintubation
(defined as respiratory and/or heart failure), and delirium.

2.4. Statistical Analysis

Statistical analysis was calculated using SigmaPlot version 14
(Systat Software) with a confidence level of 95%, and results with
p < 0.05 were considered statistically significant. As this was a
retrospective observational study, a formal power analysis was
not performed. Normally distributed continuous parameters are
presented as mean + standard deviation and skewed continuous
parameters are expressed as median and interquartile range.
Categorical data are presented as numbers and percentages and
are compared using y test or Fisher’s exact test, as appropriate
to identify statistically significant differences. Parametric test
assumptions were checked before the analysis. After the normality
of the variables was tested by Shapiro—Wilk test, Student’s t-test
or Mann—Whitney U-test, as appropriate, was used to compare the

independent samples. Overall survival estimates were performed
using the Kaplan—Meier method. All clinical variables were tested
individually by univariate log-rank analysis. Variables with a
p-value < 0.05 were included in a multivariate Cox proportional
hazard model to assess the associated variables. Overall survival
was defined as the time elapsed between the date of TAVR surgeries
and death from any cause; patients alive at the last follow up
were censored. Hazard ratios and 95% confidence intervals were
calculated to identify the risk factors.

3. Results

Data from 291 consecutive patients who underwent TAVR
procedures between January 2016 and February 2020 were
available in our registry. Data of 19 patients who had pre-existing
paced rhythm on ECG before TAVR or need for complex surgeries
were excluded from analysis. Ultimately, 272 patients who
underwent TAVR were enrolled in this study (Figure 2). Patients
were followed for up to 2 years (range: 1 day to 2 years). These
patients were divided into 2 groups according to the presence or
absence of fQRS on preoperative ECG. Baseline characteristics
and risk factors of patients are summarized in Table 1, showing
no substantial difference in basic characteristics between the
two groups including the data of transthoracic echocardiography
before TAVR procedures.

291 consecutive patients underwent transfemoral TAVR

between January 2016 and February 2020

Excluded (n=19)
Permanent pacemaker implantation (1 = 16)

Complex surgeries (71 = 3)

Y

‘ Underwent TAVR (n=272) ‘

‘ tQRS group (n=108) ‘

‘ Non-fQRS group (1 = 164)

Figure 2: Flowchart of the Study

fQRS (n =108) non-fQRS (n = 164) p value
Age (years) 83.4+5.8 83.9+5.0 0.751
Female, n (%) 71 (65.7) 115 (70.1) 0.531
Height (cm) 150 £ 10.4 149 +8.48 0.872
Weight (kg) 524+12.5 51.0+9.82 0.480
NYHA classification III/TV, n (%) 25(23.1) 36 (22.0) 0.934
Atrial fibrillation, n (%) 10 (9.26) 13 (7.93) 0.870
Coronary artery disease, n (%) 19 (17.6) 33 (20.1) 0.718
Peripheral vascular disease, n (%) 2 (1.85) 3(1.83) 0.654
LVEF (%) 57.5+9.61 58.5+103 0.731
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Aortic peak gradient (mmHg) 89.5+32.3 86.5+33.0 0.185
Aortic mean gradient (mmHg) 50.6+21.2 49.8+19.8 0.679
Mitral insufficiency, n (%) 46 (42.6) 57 (34.8) 0.240
E/Me’ 25.6+11.9 24.5+10.0 0.682
Diabetes, n (%) 30 (27.8) 42 (25.6) 0.798
Hypertension, n (%) 89 (82.4) 140 (85.4) 0.628
Dyslipidemia, n (%) 54 (50.0) 90 (54.9) 0.506
COPD, n (%) 2 (1.85) 4 (2.44) 0.921
Chronic kidney disease, n (%) 76 (70.4) 115 (70.1) 0.927
cerebral vascular disease, n (%) 12 (11.1) 19 (11.6) 0.941
Logistic EuroSCORE 16.5+13.0 16.8+13.4 0.879
STS score 9.74 + 5.58 7.92+491 0.229

Values are presented as the mean + SD or absolute numbers of patients (%), E: early diastolic left ventricular inflow velocity;
Me’: early diastolic velocity of the mitral annulus; LVEF: left ventricular ejection fraction; COPD: chronic obstructive pulmonary
disease; Chronic kidney disease: estimated glomerular filtration rate <60 mL/min/1.73m2; EuroSCORE: European system for
cardiac operative risk evaluation; STS: The Society of Thoracic surgery

Table 1: Preoperative Data Between the fQRS Group and the Non-fQRS Group

Perioperative data for both groups is shown in Table 2. During
surgery, 6 patients of the fQRS group and 4 patients of the non-
fQRS group needed a temporary pacemaker insertion owing

to high-degree atrioventricular block. None of the patients died

during the surgery.

fQRS (n=108) non-fQRS (n = 164) p value
Self-expandable valve, n (%) 29 (26.9) 37 (22.6) 0.507
Surgery time (min) 79.6 £42.7 78.3+44.2 0.481
Transfusion (U) 0.80+1.76 0.56 +1.39 0.128
Number of catecholamines, n (%) 0.60 + 0.81 0.59 +0.81 0.772
Mild/ moderate/ severe paravalvular leak, n (%) 41 (38.0) 77 (47.0) 0.181
Need for pacemaker, n (%) 6 (5.56) 4(2.44) 0.314

Values are presented as the mean + SD or absolute numbers of patients (%)

Table 2: Perioperative Data Between the fQRS Group and the Non-fQRS Group

Table 3 summarized the postoperative complications in this study
population. The mortality rates at 2 years were 31.5% (fQRS group)

and 3.05% (non-fQRS group). Other postoperative complications,

apart from mortality, did not differ between the two groups.

fQRS (n =108) non-fQRS (n = 164) p value
Total mortality, n (%) 34 (31.5) 5(3.05) <0.001*
Stroke, n (%) 9 (8.33) 20 (12.2) 0.419
Permanent pacemaker, n (%) 6 (5.56) 8 (4.88) 0.314
Vascular complications, n (%) 2 (1.85) 4(2.44) 0.911
Postoperative mean aortic gradient (mmHg) 10.3 +4.10 10.7 £ 6.21 0.769
Pericardial tamponade, n (%) 3(2.78) 0(0) 0.120
Delirium, n (%) 2 (1.85) 3(1.83) 0.654
Heart failure, n (%) 11 (10.2) 16 (9.76) 0.927
Reintubation, n (%) 3 (2.78) 1 (0.61) 0.348
Respiratory failure requiring tracheotomy, n (%) 2 (1.85) 2(1.22) 0.928
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Postoperative days in hospital (days) 153+10.9

14.5+8.42 0.973

58 (53.7)

Rehospitalization for any reaseons, n (%)

71 (43.3) 0.119

Values are presented as the mean + SD or absolute numbers of patients (%)

Table 3: Comparison of Clinical Outcomes

The Kaplan—Meier survival curves for two groups are displayed in
Figure 3. A Kaplan—Meier survival analysis revealed significantly
lower 2-year survival for the fQRS group than for the non-fQRS
group (log-rank p < 0.001) (Figure 3). Variables with significant
results in univariate analysis for 2-year all-cause mortality included
hypertension, dyslipidemia, smoking history, fQRS on ECG, and
peripheral vascular diseases. The multivariate analysis identified

only one independent predictor for 2-year mortality (hazard ratios,
1.371; 95% confidence interval, 1.072—1.754; p = 0.012) (Table
4). Other than fQRS on ECG before the surgery did not appear
to be independent predictors of 2-year mortality. The presence of
paravalvular leak, the need for permanent pacemaker and device
type were also not independent predictors of 2-year outcome.

Kaplan-meier survival curves

—
0.8 e *p <0.001
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2_ non-fQRS
= fORS
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Time (months)

Figure 3: Kaplan—-Meier Curves Comparing Outcomes of fQRS Group and Non-fQRS Group Over Two Years (*Log-Rank p < 0.001)

Variable Number Univariate Multivariate
Median p value Hazard Ratio | (95% CI) p value
survival
(months)
Sex
Male 86 21.4+0.69 0.229
Female 186 22.1+0.42
Hypertension
Absent 42 21.9+0.39 0.040%* 0.923 (0.653-1.306) |0.652
Present 230 21.0+1.04
Dyslipidemia
Absent 128 21.0+0.62 0.040* 0.936 (0.731-1.198) |0.597
Present 144 22.8+0.37
Diabetes Mellitus
Absent 200 21.9+0.42 0.527
Present 72 22.1 +0.65
Smoker
Absent 193 22.3+0.40 0.035* 1.109 (0.849-1.450) |0.448
Present 79 21.1+0.73
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COPD
Absent 266 21.9+0.36 0.880
Present 6 20.8 +£3.17
fQRS
Absent 164 23.6+0.21 <0.001* 1.371 (1.072-1.754) [0.012*
Present 108 19.2+0.79
Atrial fibrillation
Absent 25 22.0+0.37 0.411
Present 247 20.8 +£1.41
Mitral insufficiency
Absent 169 21.7+0.47 0.507
Present 103 22.2+0.53
LVEF
<50% 42 21.3+1.05 0.923
> 50% 230 22.0+0.37
Coronary artery stenosis
Absent 220 21.6+0.43 0.115
Present 52 23.0+0.54
Peripheral vascular disease
Absent 267 22.0+0.36 0.041* 1.762 (0.647-4.797) |0.267
Present 5 19.5 £3.30
Cerebrovascular disease
Absent 241 21.9+0.38 0.797
Present 31 22.1+1.01
Pacemaker implantation
Absent 258 21.9+0.37 0.847
Present 14 21.2+1.92
Values are presented as the mean + SD or absolute numbers of patients, CI: confidence interval; COPD: chronic obstructive
pulmonary disease; LVEF: left ventricular ejection fraction, *p < 0.05.

Table 4: Univariate and Multivariate Analysis of Potential Predictors for 2 Years Mortality

4. Discussion

In this study, we evaluated the effect of fragmented QRS on
the 2-year mortality of patients with severe aortic stenosis who
underwent transfemoral TAVR surgeries. The most important
finding of this study was that the presence of fQRS on 12-lead
ECG before TAVR procedures was an independent predictor of
2-year mortality, as determined by multivariate analyses. To our
knowledge, this was one of the largest studies to evaluate the
relationship between 2-year mortality after TAVR and fQRS on
preoperative ECG recordings. Fragmented QRS was initially
reported as an electrocardiographic indicator characterized by
multiple spikes within the QRS complexes, such as RSR’ in the
absence of typical bundle branch block pattern [11]. The main
pathophysiology for fQRS is related to delayed depolarization
caused by electrically inactive fibrotic tissue. Myocardial fibrosis
has a negative impact on prognosis in some cardiac pathologies
depending on varying degrees of interstitial fibrosis and impaired

myocyte ultrastructure [12]. Furthermore, the prognostic
significance of fQRS has mainly been documented in patients with
coronary artery disease, especially in cases of myocardial infarction,
hypertrophic cardiomyopathies and ventricular aneurysm [11,13].
The presence of fQRS in ECG has a significantly higher sensitivity
than an abnormal Q wave in detecting myocardial infarction [11].
Previous reports showed a significant correlation between severe
AS and presence of fQRS, with up to 46% of AS patients exhibiting
fQRS morphology [9,14]. Consistent with these findings, 39.7%
of the patients with severe AS in the current study showed fQRS
complexes on 12-lead ECG before TAVR. Previously, Acikgoz et
al. showed that fQRS could have a significant role in predicting the
severity of AS and prognosis [9].

In that study, the presence of fQRS was an independent predictor
of ventricular tachyarrhythmia in patients with ischemic or non-
ischemic cardiomyopathy. Moreover, another study indicated
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that fQRS on a standard ECG was a diagnostic marker for
arrhythmogenic right ventricular dysplasia - cardiomyopathy [15].
Several studies have shown that fQRS can be used to determine
morbidity and mortality involved patients with acute coronary
syndrome. Tanriverdi et al. reported that STEMI patients with
fQRS showed a higher mortality rate within 48 hours, compared
with non-STEMI [16]. The presence of f{QRS complexes in patients
with non-STEMI was associated with adverse cardiac events such
as recurrent myocardial infarction, recurrent angina, and heart
failure [17]. In patients with severe AS, the extent of myocardial
fibrosis appeared to have a significant effect on the clinical status
and long-term survival after aortic valve replacement [18].
Previously, fQRS, related to myocardial fibrosis, was associated
with a 1.8-fold increase in long-term outcomes following isolated
surgical AVR for severe AS [19]. Additionally, Ay et al. have
shown that the presence of fQRS, atrial fibrillation on ECG and
low left ventricular ejection fraction (EF < 50%) were independent
predictors of death after TAVR [20]. This is consistent with our
observation that fQRS on ECG is a useful predictor of mortality
after TAVR in patients with severe AS.

The in-hospital mortality and major morbidity rates after cardiac
surgery are considered important indicators of quality of care [21].
TAVR is now a well-established therapeutic option in high-risk or
inoperable patients with severe symptomatic AS, because it has
been demonstrated to be noninferior to SAVR in operable patients
[22]. In the large U.K.-transcatheter Aortic Valve Implantation
Registry, long-tern outcomes after TAVR were reported with 3 and
S-year survival rates of 61.2% and 45.5%, respectively. In those
reports, renal dysfunction, atrial fibrillation, logistic European
System for Cardiac Operative Risk Evaluation (EuroSCORE)
> 18.5, respiratory dysfunction, ventricular dysfunction (left
ventricular ejection fraction < 30%), and coronary artery disease
were identified as independent predictors of mortality [23]. In a
single-center study from Germany (1378 patients), type of TAVR
access route, residual aortic regurgitation, and concomitant mitral
regurgitation were reported to be independent risk factors of a
5-year mortality of 59.1% [24]. In a review of long-term survival
rates in TAVR, 83%, 75%, and 65% of the patients were still alive
at 1, 2, and 3 years, respectively, after the procedures (31 studies
were included, with a total of 13,857 patients) [25]. The 2-year
mortality after TAVR procedures in the current study was similar in
previous studies. However, the present study identified only fQRS
as a strong electrocardiographic predictor of clinical outcome in
patients undergoing TAVR surgery. The discrepancies of the results
regarding risk factors after TAVR may be related to the differences
in patient backgrounds. In our study population, very few patients
reported with atrial fibrillation and chronic obstructive pulmonary
disease, both of which have been shown to be predictors for
mortality after TAVR in many studies. In general, the reported
prevalence of atrial fibrillation in Asia was approximately 1%,
which was about half of that reported in Western countries [26].
Therefore, the STS and logistic EuroSCORE would also be lower
in the current study.

This study had several limitations. First, it was a retrospective

study, and our study outcomes were derived from a single
university. Owing to the retrospective design of the study, there
is a potential for selection bias despite adjusting for estimated
confounders. Although the authors adjusted for some possible
confounders by Cox regression analysis, the results might still
have been influenced by residual unmeasured bias. However, our
models are consistent with previous studies. Second, the sample
size was relatively small because it was the single-center study.
Therefore, further prospective cohort studies with larger sample
size may be needed to confirm the findings. Third, we included
only patients who underwent transfemoral approach TAVR. The
results cannot be generalized to other TAVR approaches in severe
AS.

5. Conclusion

In conclusion, this retrospective analysis of the fQRS found that
presence of fQRS on preoperative ECG seems to be a supportive
predictor of 2-year mortality of patients following transfemoral
TAVR procedures. Future large prospective studies are needed to
identify predictors for long-term mortality after TAVR.
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