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Introduction
Pulmonary arterial hypertension (PAH), a pre-
capillary subtype of pulmonary hypertension (PH), 
is a rare disease characterized by remodeling in the 

pulmonary circulation leading to increased pulmo-
nary vascular resistance (PVR) and pulmonary 
artery pressure (PAP). Consequently, the enlarge-
ment and hypertrophy of right ventricle (RV) as 

ECG in the clinical and prognostic evaluation 
of patients with pulmonary arterial 
hypertension: an underestimated value
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Abstract
Background: Pulmonary arterial hypertension (PAH) is a rare disease leading to right 
ventricular (RV) failure and manifests in decreasing exercise tolerance. Our study aimed to 
assess the usefulness of electrocardiographic parameters reflecting right heart hypertrophy 
as predictors of clinical status in PAH.
Methods: The retrospective analysis included 26 patients, mean 49 ± 17 years of age, diagnosed 
with PAH, and eligible to undergo cardiopulmonary exercise test (CPET). The relations between 
ECG values and parameters obtained in procedures such as six-minute walk test (6-MWT), 
echocardiography, right heart catheterization (RHC), and CPET were analyzed.
Results: P-wave amplitude in lead II correlated positively with CPET parameter of respiratory 
response: minute ventilation to carbon dioxide production slope (VE/VCO2 slope; r = 0.436, 
p = 0.029) and echocardiographic estimated RA pressure (RAP; r = 0.504, p = 0.02). RV Sokolow-Lyon 
index (RVSLI) positively correlated with echocardiographic parameters reflecting RV function, 
overload, and afterload–tricuspid regurgitation pressure gradient (TRPG; r = 0.788, p < 0.001), 
RV free wall thickness (r = 0.738, p < 0.001), and mean pulmonary arterial pressure (mPAPECHO; 
r = 0.62, p = 0.0016), respectively, as well as VE/VCO2 slope (r = 0.593, p = 0.001) and mPAP assessed 
directly in RHC (mPAPRHC; r = 0.469, p = 0.0497). R-wave in lead aVR correlated positively with 
TRPG (r = 0.719, p < 0.001), mPAPECHO (r = 0.446, p = 0.033), and several hemodynamic criteria of 
PAH diagnosis: positively with mPAPRHC (r = 0.505, p = 0.033) and pulmonary vascular resistance 
(r = 0.554, p = 0.026) and negatively with pulmonary capillary wedge pressure (r = −0.646, p = 0.004). 
QRS duration correlated positively with estimated RAP (r = 0.589, p = 0.004), vena cava inferior 
diameter (r = 0.506, p = 0.016), and RA area (r = 0.679, p = 0.002) and negatively with parameters of 
exercise capacity: peak VO2 (r = −0.486, p = 0.012), CPET maximum load (r = − 0.439, p = 0.025), and 
6-MWT distance (r = −0.430, p = 0.046). ROC curves to detect intermediate/high 1-year mortality 
risk (based on ESC criteria) indicate RVSLI (cut-off point: 1.57 mV, AUC: 0.771) and QRS duration 
(cut-off points: 0.09 s, AUC: 703 and 0.1 s, AUC: 0.759) as relevant predictors.
Conclusion: Electrocardiography appears to be an important and underappreciated tool in 
PAH assessment. ECG corresponds with clinical parameters reflecting PAH severity.
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well as right atrial (RA) enlargement occur as sec-
ondary remodeling and further lead to right heart 
failure (HF).1 According to current guidelines, 
PAH is defined as mean pulmonary arterial pres-
sure (mPAP) ⩾25 mmHg, pulmonary capillary 
wedge pressure (PCWP) ⩽15 mmHg, and PVR 
>3 Wood units (WU) in a direct hemodynamic 
measurement during right heart catheterization 
(RHC), which is the gold standard in PAH diag-
nosis.2 In addition to RHC, there is a wide range of 
non-invasive tests in PAH patient assessment.3,4 
However, early PAH diagnosis remains a chal-
lenge.5 In Europe, the PAH prevalence is 15–60 
cases per million and incidence is 5–10 cases per 
million per year. In Poland, the PAH population 
has reached around 970 cases, which were enrolled 
in the Data Base of Pulmonary Hypertension in the 
Polish Population (BNP-PL) Registry.6

Structural changes and deterioration of myocar-
dial function are related to the patient’s clinical 
condition.7–9 Major importance is assigned to the 
remaining non-invasive and relatively easy avail-
able methods, including echocardiography, labo-
ratory tests, six-minute walk test (6-MWT), and 
cardiopulmonary exercise test (CPET).10–15 The 
six-minute walking test distance (6-MWD), peak 
oxygen uptake (VO2 peak), and minute ventila-
tion to carbon dioxide production slope (VE/
VCO2 slope) are established parameters reflecting 
patients’ clinical condition and prognosis.2

The evidence from the literature about the useful-
ness of electrocardiogram (ECG) in an investiga-
tion of patients with PAH is still inconclusive. It 
possesses only a supportive role in diagnostics due 
to low sensitivity and specificity.16 Nevertheless, 
particular abnormalities such as right ventricular 
(RV) and right atrial (RA) hypertrophy and over-
load are observed more often in this disease.17 
ECG as a non-invasive tool has the potential 
implication in the assessment of the treatment and 
the clinical condition of the patient without the 
necessity of stress testing.18 Tonelli et  al. com-
pared the parameters of the ECG performed at 
initial diagnosis, during the course of the disease, 
and close to the time of death and revealed gradu-
ally occurring abnormalities.19 Kukla et al. showed 
the potential role of electrocardiographic signs of 
RV strain in prognostication of patients with inter-
mediate and high-risk forms of acute pulmonary 
embolism.20 However, the role of ECG in PAH 
patient assessment and risk stratification remains 
not fully investigated.

The study aimed to assess the usefulness of ECG 
in the assessment of clinical status of PAH 
patients in relation to invasive and non-invasive 
methods.

Materials and methods
The retrospective analysis included 26 patients 
(14 females), mean 49 ± 17 years of age, and body 
mass index (BMI) mean 25.16 ± 5.51 kg/m2, 
treated with PAH-specific pharmacotherapy. The 
inclusion criteria for the study included PAH 
confirmed according to the hemodynamic crite-
ria2 in patients who were able to perform CPET. 
One patient was qualified in World Health 
Organization (WHO) functional class I, 10 
patients in WHO class II, and 15 patients in 
WHO class III. Specific treatment strategies 
applied in the study group are demonstrated in 
Table 1. The standard diagnostic procedures at 
baseline hospitalization were as follows: physical 
examination, ECG, laboratory parameters, 
6-MWT, and echocardiography. Moreover, they 
had CPET and RHC. Analyzing the clinical sta-
tus and obtained values of additional tests, 
patients were assigned to the individual 1-year 
mortality risk groups based on the European 
Society of Cardiology (ESC) criteria.2 To pre-
cisely categorize patients as low, intermediate, or 
high risk, the stratification strategy suggested by 
Kylhammar et al.21 was used. Thereby, the spe-
cific cut-off values established in the guidelines 
were graded from 1 to 3 (1: low risk, 2: intermedi-
ate risk, and 3: high risk). For every individual 
case, the sum of all points was divided by the 
number of included variables and rounded to the 
nearest integer to indicate the appropriate risk 
group.

Electrocardiography
The standard 12-lead ECG (SCHILLER 
Cardiovit CS-200) was performed at rest on a 
paper speed of 25 mm/s and a sensitivity of 1 
mV = 10 mm. The following parameters were 
analyzed: heart rhythm, rate, heart axis, intra-
ventricular conduction abnormalities, RA 
hypertrophy parameter: P-wave amplitude in 
lead II (P-pulmonale criteria >0.25 mV), RV 
hypertrophy: RV Sokolow-Lyon index (RVSLI) 
estimated as R in V1 + deepest S in V5 or V6 
(positive for values >1.05 mV), amplitude of 
R-wave in lead aVR (positive⩾0.7 mV), and 
QRS duration.

https://journals.sagepub.com/home/tar
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Laboratory tests
The basic element of diagnostics was the imple-
mentation of a panel of laboratory tests: blood 
count, coagulation, and biochemical profile 
including NT-proBNP (N-terminal prohor-
mone of brain natriuretic peptide) concentra-
tion. All tests were carried out at the local 
medical laboratory.

Six-minute walking test
This exercise test was conducted following the 
standard methodology applied at the Department, 
as described previously.22 The obtained parame-
ters, including the results of 6-MWD, were 
recorded in the study protocol.23

Echocardiography
Each patient underwent diagnostic transtho-
racic two-dimensional echocardiography with 
Doppler technology (Philips EPIQ) to assess 
the morphology and function of the heart. 
Direct measurements of RV dimension in four-
chamber projection, RV free wall thickness, RA 
area, tricuspid annular plane systolic excursion 
(TAPSE), vena cava inferior (VCI) diameter, 
and acceleration time (ACT) of pulmonary 
artery were assessed. Furthermore, the follow-
ing parameters were estimated: tricuspid regur-
gitation pressure gradient (TRPG) based on the 
tricuspid regurgitation peak velocity (TRV) 
using the Bernoulli equation TRPG = 4(TRV)2, 
RA pressure (RAP) based on the inferior vena 
cava (IVC) respiratory collapsibility, and sys-
tolic PAP (sPAP) using the formula sPAP =  
4(TRV)2 + RAP.

Right heart catheterization
The test assessing hemodynamic parameters of 
the heart was performed with local anesthesia. A 
Swan-Gantz catheter was inserted through the 
internal jugular vein into the right heart cavities to 
assess the following parameters: systolic, dias-
tolic, and mean PAP values as well as PCWP and 
subsequently to estimate PVR, cardiac output 
(CO), and cardiac index (CI) using both meth-
ods: thermodilution: injecting 10 ml of 0.9% 
NaCl solution at 0°C–5°C to RA, and Fick’s: 
with blood samples from the pulmonary artery 
and radial or femoral artery taken 
simultaneously.24

Cardiopulmonary exercise test
All patients had CPET on a treadmill, with the 
use of Raise, Activate, Mobilize, Potentiate 
(RAMP) protocol (SCHILLER Cardiovit 
CS-200). During the test, patients were con-
stantly monitored with ECG for arrhythmias or 
changes of the ST segment. The procedure was 
terminated after completing the protocol or when 
the patient was unable to continue: the maximum 
load in MET (metabolic equivalent) has been 
noted (MET = 3.5 ml/min/kg).

Statistical analysis
The descriptive statistics of analyzed parameters 
was performed and presented as mean and stand-
ard deviation or median with interquartile range, 
according to data distribution. To assess the nor-
mality and homogeneity of variance, the Shapiro–
Wilk test and Levene’s test were performed, 
respectively. Pearson’s ‘r’ linear correlation 

Table 1. A summary of the different treatment strategies applied in the analyzed study group.

Treatment strategy Patients

Sildenafil + endothelin receptor antagonist 14

Sildenafil + treprostinil 3

Sildenafil + endothelin receptor antagonist + treprostinil 3

Sildenafil in monotherapy 2

Endothelin receptor antagonist in monotherapy 2

Sildenafil + iloprost 1

Sildenafil + riociguat 1
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coefficient was used to appraise the relationship 
between ECG and other test parameters. 
Receiver operating characteristic (ROC) curves 
were constructed at the variable values of ECG 
markers to estimate the optimal cut-off points for 
both specificity and sensitivity to detect patients 
with increased 1-year mortality risk based on 
ESC criteria.2 The statistical package Statistica 
13 (StatSoft Inc., USA) was used for data analy-
sis, and individual p value <0.05 was considered 
statistically significant. Considering multiple test 
correction, we applied the conservative 
Bonferroni method and the additional statistical 
significance threshold for these statistics calcu-
lated as 0.05 divided by 26 (i.e. p value <0.0019), 
as we related each ECG parameter with another 
26 different clinical evaluation values. Due to the 
preliminary, informative nature of the study and 
to reduce the type II testing error, the results 
were presented taking into account both signifi-
cance levels.

The study complies with the Declaration of 
Helsinki.

Results
The descriptive characteristics of the analyzed 
study group are presented in Table 2.

Electrocardiogram
ECG was evaluated in all 26 patients. In this 
group, 25 patients had sinus rhythm and 1 had 
persistent atrial fibrillation. The mean heart rate 
was 85.08 ± 15.76 beats per minute. The ECG 
axis was assessed as follows: normal: 7 cases, right 
deviation: 9, left deviation: 5, and indeterminate: 
5. The following intraventricular conduction 
abnormalities were found: right bundle branch 
block (RBBB): 7, incomplete RBBB: 6, left bun-
dle branch block (LBBB): 1. The RA hypertro-
phy marker P-pulmonale was assessed as positive 
in nine cases. RV hypertrophy criteria were met in 
19 patients: 19 patients had a positive RVSLI, 8 
of which have increased R in aVR. The analysis of 
the data from ECG and other procedures revealed 
numerous significant correlations, which are pre-
sented in Table 3. Notably, there were no statisti-
cally significant correlations with WHO functional 
class score and laboratory marker of HF: 
NT-proBNP. An extended summary of all corre-
lations (including statistically insignificant) is 
provided in Supplementary Table 1.

P-wave in lead II. The first parameter evaluated, 
P-wave in lead II, presented only two significant, 
positive correlations with respiratory response 
measurement: VE/VCO2 slope assessed in CPET, 
and with echocardiographic parameter of RV 
pressure overload–estimated RAP.

RV Sokolow-Lyon index. RVSLI positively corre-
lated with echocardiographic parameters of RV 
pressure overload, TRPG and RV free wall thick-
ness; afterload, mPaPECHO; CPET parameter of 
respiratory response, VE/VCO2 slope; and RHC 
hemodynamic marker of RV afterload, mPAPRHC 
(Figure 1). With respect to the last-mentioned 
correlation, one of the values was distinctly out-
lier, thereby the additional statistic omitting this 
case was prepared. The novel correlation was sta-
tistically insignificant (p = 0.057). Importantly, 
correlations with TRPG, RV free wall thickness, 
VE/VCO2, and mPAPRHC also achieved the Bon-
ferroni-corrected statistical significance (Table 3).

The ROC curve analysis confirmed relation of 
RVSLI values to the following parameters: VE/
VCO2 slope ⩾45 ml/kg/min [Figure 5(a); area 
under curve (AUC): 0.771, 95% confidence 
interval (CI): 0.579–0.964, p = 0.006] and mPA-
PRHC >35 mmHg [Figure 5(b); AUC: 0.750, 
95% CI: 0.531–0.969, p = 0.025].

R-wave in lead aVR. Another aspect was the 
strong and positive relationship between R-wave 
in lead aVR and echocardiographic assessment of 
TRPG (this correlation achieved Bonferroni-cor-
rected statistical significance) and relatively poor 
correlation with mPAPECHO. In addition, this 
ECG parameter has correlations with all three 
RHC standard measurements in PAH diagnosis: 
positive with mPAPRHC (Figure 2), PVR assessed 
in thermodilution method (Figure 3), and nega-
tive with PCWP.

QRS duration. First, QRS duration was revealed to 
possess a wide amount of positive correlations with 
echocardiographic parameters of RV pressure 
overload, namely, estimated RAP as well as enlarge-
ment; RA area (Figure 4); and VCI diameter. 
These findings were accompanied by negative cor-
relations with markers assessing exercise capacity: 
6-MWD, VO2 peak, and maximum load in CPET.

The ROC curves analysis confirmed relations 
between QRS complex extension and CPET 
parameters reflecting worse clinical condition: 
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Table 2. Characteristics of the study group: additional test parameters divided into particular procedures.

Parameter Median Interquartile range

Electrocardiography

 P-wave amplitude in lead II (mV) 0.226 0.162–0.273

 R-wave amplitude in lead aVR (mV) 0.538 0.314–0.795

 QRS duration (s) 0.100 0.090–0.120

 RVSLI (mV) 1.550 0.842–1.952

Cardiopulmonary exercise test

 VO2 peak (ml/kg/min) 13.70 11.00–16.80

 VO2 AT (ml/kg/min) 11.55 9.40–14.50

 VE/VCO2 slope (ml/kg/min) 40.94 35.45–47.86

 Maximum load (MET) 3.70 3.00–4.70

Right heart catheterization

 mPAPRHC (mmHg) 42.25 36.00–56.00

 PCWP (mmHg) 10.00 8.50–12.00

 PVR (thermodilution method; WU–wood unit) 8.46 3.91–10.23

 CO (thermodilution method; l/min) 4.60 4.13–5.57

 CI (thermodilution method; l/min × m2) 2.61 2.29–3.04

 PVR (Fick’s method; WU) 5.21 3.07–7.57

 CO (Fick’s method; l/min) 5.48 4.65–6.79

 CI (Fick’s method; l/min × m2) 2.96 2.50–3.72

Echocardiography

 LVEF vis. (%) 60.00 55.00–60.00

 VCI diameter (mm) 16.50 14.00–18.00

 TRPG (mmHg) 61.00 40.50–89.00

 Estimated RAP (mmHg) 5.00 3.00–5.00

 mPAPECHO (mmHg) 44.09 28.23–61.17

 TAPSE (mm) 20.00 17.00–22.00

 ACT (ms) 97.00 90.00–107.50

 RV free wall thickness (mm) 8.00 8.00–10.00

 RV four-chamber projection (cm) 4.70 3.90–5.30

 RA area (cm2) 21.50 16.00–30.00

Laboratory test

 NT-proBNP (pg/ml) 187.50 115.50–982.10

Six-minute walk test

 6-MWD (m) 480.00 430.00–540.00

6-MWD, six-minute walk distance; ACT, acceleration time of pulmonary flow; CI, cardiac index; CO, cardiac output; LVEF 
vis., left ventricle ejection fraction visually; mPAPECHO, mean pulmonary arterial pressure estimated by echocardiography; 
mPAPRHC, mean pulmonary arterial pressure obtained by RHC; NT-proBNP: N-terminal prohormone of brain natriuretic 
peptide; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; RA; right atrium; RAP, right 
atrium pressure; RHC, right heart catheterization; RV, right ventricle; RVSLI, right ventricle Sokolow-Lyon index; TAPSE, 
tricuspid annular plane systolic excursion; TRPG, tricuspid regurgitation pressure gradient; VCI, vena cava inferior;  
VE/VCO2 slope, minute ventilation to carbon dioxide production slope; VO2 AT, oxygen uptake at anaerobic threshold;  
VO2 peak, peak oxygen uptake.
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high VE/VCO2 slope [Figure 5(c); as ⩾45 ml/kg/
min; AUC: 0.703, 95% CI: 0.505–0.900, 
p = 0.045] and low peak VO2 [Figure 5(d); as 
⩽15 ml/kg/min; AUC: 0.759, 95% CI: 0.573–
0.945, p = 0.006].

Mortality risk stratification
According to the ESC criteria of 1-year mortality 
risk, patients were qualified to the following cate-
gories: low (<5%): 11 patients, intermediate (5–
10%): 11 patients, and high (>10%): 4 patients. 
Furthermore, the analysis of presented ROC 
curves indicated statistically significant results of 
ECG parameters in detecting patients with 
increased 1-year mortality risk: RVSLI to detect 
high- versus low- + intermediate-risk patients 
(Figure 5(a)), and QRS duration to detect high- 
versus low- + intermediate-risk patients (Figure 
5(c)) as well as intermediate- + high- versus low-
risk patients (Figure 5(d)).

Discussion
The ECG is one of the methods that might be 
helpful in PH diagnosis, treatment response, and 
survival prediction.4,25–29 The presented retro-
spective study purposed to expand the available 
knowledge considering the relevance of ECG 
parameters in comparison with the other stand-
ard invasive and non-invasive tests in the clinical 
assessment of PAH patients.

Our analysis revealed the relation of electrocardio-
graphic RV hypertrophy parameters with the 
hemodynamic measurement of RV afterload 
reflected by mPAP assessment in RHC, which 
positively correlates with both RVSLI and R-wave 
in lead aVR. Interestingly, the analysis showed that 
R-wave in lead aVR, a less commonly used param-
eter of RV hypertrophy, has more and stronger 
correlations with RHC markers used in PAH diag-
nosis. To confirm, mPAPRHC correlates stronger 
with this index than with RVSLI, and also R-wave 
in lead aVR is the only one that showed correla-
tions with the parameters differentiating PH sub-
groups: positive with PVR and negative with 
PWCP. This fact confirms the impact of increased 
PAP on right heart hypertrophy and subsequent 
ECG changes, especially R-wave in lead aVR.30

Table 3. Statistically significant correlations between ECG and other tests 
useful in evaluation of patients with PAH.

Correlated parameter r p

P-wave amplitude in lead II

 VE/VCO2 slope 0.436 0.029

 Estimated RAP 0.504 0.02

RVSLI

 VE/VCO2 slope 0.593 0.001*

 TRPG 0.788 <0.001*

 RV free wall thickness 0.738 <0.001*

 mPAPECHO 0.62 0.0016*

 mPAPRHC 0.469 0.0497

R-wave amplitude in lead aVR

 TRPG 0.719 <0.001*

 mPAPECHO 0.446 0.033

 mPAPRHC 0.505 0.033

 PVR (thermodilution method) 0.554 0.026

 PCWP –0.646 0.004

QRS duration

 VCI diameter 0.506 0.016

 estimated RAP 0.589 0.004

 RA area 0.679 0.002

 6-MWD –0.430 0.046

 VO2 peak –0.486 0.012

 Maximum load in CPET –0.439 0.025

6-MWD, six-minute walk distance; CPET, cardiopulmonary exercise test; ECG, 
electrocardiogram; mPAPECHO, mean pulmonary arterial pressure estimated by 
echocardiography; mPAPRHC, mean pulmonary arterial pressure obtained by RHC; 
p, statistical significance; PAH, pulmonary arterial hypertension; PCWP, pulmonary 
capillary wedge pressure; PVR, pulmonary vascular resistance; r, correlation 
coefficient; RA, right atrium; RAP, right atrium pressure; RHC, right heart 
catheterization; RV, right ventricle; RVSLI, right ventricle Sokolow-Lyon  
index; TRPG, tricuspid regurgitation pressure gradient; VCI, vena cava inferior;  
VE/VCO2 slope, minute ventilation to carbon dioxide production slope; VO2 peak, 
peak oxygen uptake; VR, vascular resistance.
Every presented correlation achieved the individual significance statistical 
significance (p < 0.05). The Bonferroni-corrected statistical significance  
(p < 0.0019) was achieved by parameters marked with ‘*’.
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The analysis of the comparability of ECG param-
eters as clinical status predictors is more compli-
cated. In our study, the ECG parameters have 
stronger correlations with echocardiographic 
markers of RV enlargement and overload over 
functional and hemodynamic assessment tests 
such as CPET and RHC.

A questionable role may be attributed to the RA 
enlargement criterion, increased P-wave in lead 
II, which manifests only two and poor correla-
tions with VE/VCO2 slope and estimated RAP. 
The analysis of this parameter should be extended 
because Bossone et  al. in his study linked 
P-pulmonale presence with a decrease in patient 
survival.31 On the other hand, Seyyedi et al. wrote 
about the increased incidence of P-pulmonale in 
patients with severe RV dysfunction, whereas in 
the same article they showed the lack of correla-
tion between P-wave amplitude and NT-proBNP 
concentration as well as 6-MWD,32 which was 
observed in our study.

The presented study revealed that RVSLI is a 
reliable parameter in the clinical assessment of 

PAH patients. This is demonstrated by correla-
tions with echocardiographic parameters: TRPG, 
RV free wall thickness, mPaPECHO, and with VE/
VCO2 slope assessed in CPET. It follows that the 
hypertrophy of the right heart walls has a signifi-
cant impact on the decrease in cardiopulmonary 
function. Similarly, Kramer et  al. described a 
strong relationship between the RVSLI and the 
severity of the disease in children suffering from 
idiopathic PAH.33 He showed a significant 
increase in the risk of cardiac events for patients 
with RVSLI > 2.1 mV. Similar conclusions arise 
from our analysis of ROC curves constructed to 
detect PAH patients with high 1-year mortality 
risk (over 10%). According to the optimal cut-off 
point derived from this analysis, a worse survival 
prognosis may be expected for patients with 
RVSLI above 1.57 mV. Besides, a close value of 
1.54 mV was obtained from the ROC curve per-
formed to detect severe PAH [Figure 5(b); 
defined as mPAPRHC >35 mmHg] by this index 
in our study group.

Our study revealed that R-wave in lead aVR 
reflecting RV hypertrophy seems to be a weak 

Figure 1. Scatterplot of the correlation between RVSLI and mPAPRHC.
mPAPRHC, mean pulmonary arterial pressure obtained by RHC; p, statistical significance; r, correlation coefficient.
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Figure 2. Scatterplot of the correlation between R-wave amplitude in lead aVR and mPAPRHC.
mPAPRHC, mean pulmonary arterial pressure obtained by RHC; p, statistical significance; r, correlation coefficient.

Figure 3. Scatterplot of the correlation between R-wave amplitude in lead aVR and PVR measured by 
thermodilution method.
p, statistical significance; PVR, pulmonary vascular resistance; r, correlation coefficient; WU, Wood units.
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predictor of the clinical status; however, this 
might be a result of small number of patients 
included in the study. However, in risk stratifica-
tion, Cheng et al.34 indicate R-wave in lead aVR 
>0.40 mV as an independent predictor of 
mortality.

The last parameter, QRS duration, showed 
numerous relationships with imaging and exer-
cise tests. The study confirms that changes in the 
heart structure secondary to an increase of PAP 
lead to intraventricular conduction disturbances 
detected in the ECG as an prolongation of the 
QRS complex.35,36 As a consequence of this pro-
cess, the hemodynamics of the heart is impaired, 
which is reflected in the deterioration of the estab-
lished markers of the patient’s clinical condition. 
In addition to our results, Sun et  al. confirmed 
that QRS prolongation is associated with the 
worse WHO functional class and correlated nega-
tively with 6-MWD.37 Furthermore, he showed 
the importance of prolonged QRS as a predictor 
of mortality and found 2.5-fold increased risk of 
death in idiopathic PAH for QRS duration of 
0.12 s or higher.

Regarding the mortality risk evaluation, it should 
be emphasized that in the presented study the 
electrocardiographic parameters were compared 
with the established risk parameters in PAH. 
These factors, including WHO functional class, 
6-MWD, VO2 peak, VE/VCO2 slope, 
NT-proBNP, RA area, and CI, are used rather 
integrally with other parameters than as individ-
ual predictors.2 Therefore, our findings suggest 
that RVSLI and QRS duration may be the param-
eters useful in the assessment of clinical condition 
as well as prognosis in PAH patients. Adding 
these ECG values to the risk stratification scores 
such as COMPERA or REVEAL 2.0 may improve 
their prognostic accuracy.38,39 However, it has to 
be confirmed in a subsequent, dedicated study 
with a sufficient size of a study group and a wide 
range of disease severity, which was not the pur-
pose and the design of this study.

Limitations of the study
The limitations of the study are caused by the 
limited number of patients and data collected ret-
rospectively from a single center.

Figure 4. Scatterplot of the correlation between QRS duration and RA area measured by echocardiography.
p, statistical significance; r, correlation coefficient; RA, right atrium.
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Conclusions
Electrocardiography is an important, underesti-
mated tool in the evaluation of patients suffering 
from PAH. ECG parameters reflecting right heart 
hypertrophy and overload, such as P-wave in lead 
II, RVSLI, R-wave in lead aVR, and QRS dura-
tion, significantly correspond with clinical param-
eters reflecting PAH severity.
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