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Introduction

• In the electrocardiogram (ECG) of individuals with 

hypertension, fragmented QRS (FQRS) are more 

prevalent in those with than without left ventricular 

hypertrophy (LVH). 

• Fragmented QRS is thought to reflect myocardial 

remodeling and fibrosis that have a significant 

impact on the prognosis in these patients 



• As myocardial fibrosis usually starts in the 

subendocardial region, it may pass unnoticed for a 

long period, especially in those without LVH. 

• Hence, the absence of LVH does not preclude a higher 

myocardial fibrotic burden in hypertensive subjects 

• In spite of preserved LV ejection fraction, individuals 

with hypertension often have limited exercise 

tolerance

Introduction



Objectives 

• In the present study we aimed to investigate 

whether the presence of FQRS predicts limited 

exercise tolerance in hypertensive patients in the 

absence of  LVH, and whether or not the presence 

or absence of FQRS are related to coronary flow 

reserve (CFR) and left ventricular (LV) function.



Subjects and methods



Subjects

• One hundred and twenty consecutive subjects, who 

were not treated for hypertension were recruited 

from the hypertension clinic between June 2016 to 

April 2018.

• In all, systolic blood pressure was ≥140 mm Hg or 

diastolic blood pressure was ≥90 mm Hg, they were 

assigned as hypertensive group. 



control group

• Forty-eight healthy subjects with systolic blood 

pressure <120 mm Hg or diastolic blood pressure 

<80 mm Hg were recruited after complete clinical 

and laboratory investigations. 



Exclusion criteria

1. Patients with left ventricular hypertrophy (either by ECG or 

echocardiography)

2. Bundle branch block; intraventricular conduction delay (duration 

of QRS >120 ms)

3. Incomplete RBBB in V1-2

4. heart failure

5. Atrial fibrillation

6. Significant valvular heart disease and systemic or inflammatory 

diseases. 

7. Coronary artery disease 



All patients were Subjected to

1. Complete history taking.

2. General and local examination.

3. Resting electrocardiography.

4. Echocardiography.

5. Six-minute walk test

6. Transthoracic echo-assessment of  coronary flow 

reserve



Assessment of fragmented QRS

• Resting 12-lead ECG recordings (filter range: 0.15–

100 Hz; AC filter: 60 Hz; 25 mm/s; 10 mm/mV) were 

analyzed.  

• We defined FQRS as the presence of at least 1 of the 

following findings in 12-lead routine ECG: 

1. An additional R wave (R')

2. Notching of R or S wave

3. >1 R' fragmentation in 2 contiguous leads. 



Six-minute walk test

• Patients underwent 6-MWT test as previously 

described by Gyatt et al. 

• We informed participants that the purpose of this test 

is to see how far you can walk in 6 minutes.  

• At the end of the exercise, the 6 minute walked 

distance (6MWTD) was calculated 



Coronary flow Reserve Assessment
• Coronary flow in the distal part of left anterior descending coronary 

artery was identified in a modified 2–3-chamber view with 

transthoracic  echocardiographic evaluation, using a high resolution 

frequency transducer (5 to 7 MHz), guided  with color Doppler flow 

mapping. 

• The sample volume (2.5 or 3.0 mm wide) was positioned on the color 

signal in the left anterior descending. As a baseline record, we 

obtained the resting spectral Doppler signals of the coronary flow. 

Then, hyperemia was induced by intra-venous adenosine (0.14 

mg/kg/min) infusion and the hyperemic spectral Doppler signals was 

recorded again



• The average of three mean velocities was measured at 

baseline and peak hyperemic conditions were obtained. 

• CFR was calculated as the ratio between mean hyperemia 

and baseline blood flow velocities.   A value <2.0 was 

accepted as abnormal CFR



Results



Table (1): Baseline characteristics 

Hypertensive patients Controls

N=48

P value

FQRS (+)

N =59

FQRS (-)

N=61

P1 P2 P3

Age (years) 47.5 ± 11.5 46.7 ± 9.1 45.7+5.3 0.29 0.26 0.28

Sex: Males 39 (66%) 42(69%) 33(69%) 0.10 0.12 0.12

Body mass index 

(g/m2) 26.5 ± 3.1 25.2 ± 3.2 24.8 ± 2.9 0.10 0.15 0.17

Smokers 13 (22%) 11(18%) 8 (17%) 0.19 0.13 0.12

Systolic blood pressure 

mmHg

159±7 146±6 116±3 <0.05 <0.01 <0.03

Diastolic blood 

pressure, mmHg

87±5 80±4 74±3 0.08 <0.05 0.06

Diabetes Mellitus (%) 13 (22%) 14 (23%) 10 (21%) 0.95 0.68 0.54

Dyslipidemia (%) 9 (15%) 8 (13%) 7 (15%) 0.09 0.11 0.17

Total cholesterol

(mmol/L)

5.3±0.2 5.2±0.1 4.6±0.1 0.06 0.09 0.21

Triglyceride (mmol/L) 2.5±0.4 2.4±0.2 2.2±0.3 0.47 0.51 0.48

Low-density 

lipoprotein (mmol/L) 2.4±0.3 2.2± 0.4         2.1± 0.3         0.13 0.16 0.23

High-density 

lipoprotein (mmol/L) 1.3±0.1 1.2±0.1 1.3±0.1 0.32 0.35 0.35

Microalbuminuria %

23(39%) 5 (8%) 5 (6%) <0.01 <0.01 0.24



Table (2): Echocardiographic data 

Left atrial diameter 

, cm

3.82±0.33 3.61±0.32 3.45±0.26 0.61 0.65 0.72

LV EDD, cm 4.59±0.31 4.55±0.28 4.50±0.24 0.59 0.60 0.63

LV ESD, cm 3.20±0.25 3.19±0.22 3.12±0.18 0.75 0.79 0.82

PW thickness, mm 9.2±0.11 9.2±0.09 9.0±0.07 0.61 0.65 0.71

IVS thickness, 10.0±0.08 9.8±0.09 9.5±0.10 0.35 43 0.75

LV mass index

(g/m 2.7) 45.2 ± 8.3 44.9 ± 8.2 45.1 ± 7.5 0.28 0.36 0.41

LAV index  mL/m2 37 ± 9 29+7 28+5 <0.05 <0.05 0.43

LV EF% 63.5±2.3 64.2±2.5 65.2±2.1 0.16 0.19 0.21

E/A ratio 1.10±0.37 1.25±0.30 1.23±0.24 0.09 0.11

E/e' ratio 10.9±1.6 6.15±1.3 5.94±1.2 <0.01 <0.01 0.10

Averaged 6 minute 

walk test distance 
289 ± 31 519± 62 538± 69 <0.001 <0.001 0.56

Hypertensive patients Controls

N=48

P value

FQRS (+)

N =59

FQRS (-)

N=61

P1 P2 P3



Table (3): Coronary flow velocities in 
patients with fragmented QRS versus those 

without fragmented QRS  

Hypertensive patients Controls P value

FQRS (+) FQRS (-) P1 P2 P3

Baseline mean 

flow velocity 

(cm/s)

28.5+ 1.5 29.1+ 1.4 30.5+ 1.3 0.29 0.16 0.23

Baseline DSVR 1.49+ 0.31 1.53 + 0.29 1.59 + 0.26 0.08 0.11 0.42

Hyperemic 

mean flow 

velocity (cm/s)

50.2+ 3.1 82.5+ 4.5 83.7+ 4.7 <0.001 <0.001 0.46

Hyperemic 

DSVR

1.43+ 0.22 1.75+ 0.32 1.81+ 0.33 <0.05 <0.05 0.57

CFR 1.76+ 0.31 3.13+ 0.48 3.35+ 0.52 <0.001 <0.001 0.81



Table (4): Correlation analysis between No. of 
fragmented QRS and variables in hypertensive 

patients

Variables r P value

Age 0.092 0.63

Body mass index 0.099 0.52

Diabetes 0.175 0.13

Low density lipoprotein 0.089 0.39

Microalbuminuria 0.283 <0.05

Smoking status 0.096 0.24

Systolic blood pressure 0.283 <0.05

Diastolic blood pressure 0.162 0.10

6 minute walk test distance -0.415 <0.001

LV ejection fraction 0.145 0.09

Left atrial volume index 0.296 <0.05

E/e' ratio 0.352 <0.02

Coronary flow reserve -0.531 <.001



Table (5): Univariate  and multivariate predictors of  
reduced exercise tolerance in  hypertensive patients 

Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value

Age 0.97 (0.76–1.15) 0.68 -- --

Sex 1.39 (0.81–2.13) 0.12 -- --

Diabetes mellitus 0.95 (0.61–1.35) 0.81 -- --

Systolic BP (mmHg) 1.19 (1.03–1.29) <0.03 1.05 (0.93–1.15) 0.06

Smoking status 1.15 (0.51–1.82) 0.51 -- --

Dyslipidemia 0.93 (0.60–1.45) 0.61 -- --

Microalbuminuria 1.65 (0.91-22) <0.05 0.19

LAV index 0.99 (0.80–1.21) <0.05 0.25

E/e' ratio 1.52 (0.87-2.15) <0.05 0.81 (0.32-1.28) 0.22

Ejection fraction % 1.06 (0.92–1.26) 0.71 -- --

CFR 4.99 (1.35–8.81) <.001               3.28(1.13–5.35) <0.001

Fragmented QRS 10.62 (3.27–17.49) <.001               6.13 (1.99–9.75)           <0.001



Figure (1): The 6 minute walk test distance (m) in 
hypertensive patients with  fragmented QRS versus patients 

without fragmented QRS and controls. 



Figure (2): Coronary flow reserve in hypertensive patients 
with  fragmented QRS versus patients without fragmented 

QRS and controls.



Figure (4): ROC curve analysis showing discriminative 
performance of   number of leads with fragmented QRS for 

predicting coronary flow reserve <2.0 in hypertensive 
patients



Limitations

• First, the limited number of recruited patients. 

• Second, no follow-up study. 

• Third, the absence of assessment of fibrosis and 

fibrotic burden by magnetic resonance imaging. 

Yet, several investigators studied the association 

between FQRS and myocardial fibrosis, and they found 

that, FQRS is a valuable marker for myocardial fibrosis. 



Conclusion

Our findings suggest that, FQRS is frequent, an 

independent predictor of microvascular 

dysfunction, left ventricular diastolic dysfunction 

and exercise intolerance in hypertensive patients. 

Hence, we suggest that FQRS may be considered as a 

simple marker for risk stratification and treatment 

monitoring for patients with hypertension 



Clinical implication

• Fragmented QRS complexes in the surface ECG 

might be considered a simple marker for early 

detection of diastolic and microvascular 

dysfunction in hypertensive patients.  

• More so, early diagnosis of myocardial fibrosis can 

be valuable for both risk stratification and selection 

of drugs used in the treatment of hypertension. 
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