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Abstract

Background : Patients with chronic thromboembolic pulmonary hypertension (CTEPH) lack specific symp-
toms in the early phase, and thus many patients are diagnosed after substantial disease progression, which may
partly explain their poor prognoses. Although various therapeutic approaches (i.e., disease modifying drugs,
catheter intervention, and cardiac surgery) improve patient outcomes, the early diagnosis of CTEPH remains
challenging. Therefore, the aim of the present study was to investigate the usefulness of electrocardiogram
(ECQG) for screening patients with CTEPH.

Methods : In a retrospective case-control study, 47 patients with CTEPH were analyzed at Tokyo Medical
University Hospital between April 1, 2014 and June 30, 2019. These subjects were matched to 47 patients with
chronic obstructive pulmonary disease (COPD) by age and sex (mean, 95% confidence interval [CI] = 63.0, 53.5-
74.0 years ; women : 76%). The ECG score was calculated based on 6 items within the Clinical Survey Per-
sonal Form of the Intractable Disease Medical Research Foundation/Information Center for Intractable Diseases.
The diagnostic value of ECG scores for CTEPH was assessed.

Results : Patients with CTEPH were more likely to have 5 individual ECG abnormalities compared with
those with COPD (p < 0.001 for all). The diagnostic accuracy of ECG scores for CTEPH was excellent (area
under the receiver operating characteristic curve, 95% CI = 0.90 [0.85-0.96]). An ECG score of 2 or more was
able to identify both male and female CTEPH patients (sensitivity : 83.0% ; specificity : 78.7%).

Conclusion : Our results showed that ECG scores of 2 or more strongly suggest CTEPH. ECG may
become a widely and readily available method for the screening of CTEPH in the future.

more than 300 patients are diagnosed as having CTEPH
every year, according to the database of the Ministry of

Chronic thromboembolic pulmonary hypertension Health, Labor and Welfare, and the number of total cases
(CTEPH) is a disease that causes pulmonary hyperten- is reported to be approximately 3,200 (25.2 per million)”.
sion (PH) owing to chronic stenosis or the occlusion of However, patients with CTEPH have no distinctive
pulmonary arteries by an organic thrombus"”?.

Background and objectives

In Japan, symptoms. Specifically, the most frequent symptom is
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dyspnea on exertion, but this symptom is also seen in a
variety of cardiac and lung diseases, such as chronic
heart failure, ischemic heart disease, and chronic respira-
tory disease. Therefore, the diagnosis of CTEPH is
often difficult. A prior study suggested that the mean
time to diagnosis of CTEPH is 14 months”. However,
patient prognosis worsens with the progression of
CTEPH. In previous reports, the 5-year survival rate
for patients with a mean pulmonary artery pressure
(mPAP) of 40 mmHg or higher was reported to be 30%.
Furthermore, a 5-year survival rate of only 10% was
reported for patients with a mPAP of 50 mmHg or
higher”. In recent years, pulmonary artery endarterec-
tomy (PEA) has been established as the standard treat-
ment for CTEPH"*'?.  In addition, the efficacy of drug
therapy and balloon pulmonary artery angioplasty for
inoperable cases and patients with residual PH after PEA
has been reported”*.  Accumulating evidence support
that these therapeutic interventions may improve the
quality of life and prognosis of patients, and thus it is of
paramount importance to diagnose CTEPH at an early
phase of the disease course.

According to the national and international guidelines
for CTEPH, the diagnosis of CTEPH is based on symp-
toms and physical findings, and if CTEPH is suspected,
the first step in the diagnostic algorithm is to assess the
presence of PH by echocardiography'®*”. However,
echocardiography is a specialized test and is considered
less versatile. The most common examinations to
assess dyspnea in primary care are blood tests, chest
X-ray, and electrocardiogram (ECG). Brain natriuretic
peptide (BNP), a biomarker of heart failure, reflects the
degree of left ventricular filling pressure.
patients with right heart failure associated with PH, such
as CTEPH, increased plasma levels of BNP may be less
suitable for screening for PH*. In addition, chest
X-ray may be less reliable for diagnosing CTEPH in
many dyspneic patients.  Although patients with mild
PH may often have normal ECG waveforms, ECG has
been reported to be able to detect increased right ventric-
ular filling pressure associated with PH*”. Therefore,
whether multiple scores of ECG analysis are useful for
the screening of CTEPH requires further investigation.

In the present study, we analyzed whether ECG scores
that capture characteristics particularly of right heart fail-
ure can be a screening test to diagnose CTEPH.

However, in

Subjects and methods

1. Study design and subjects

A total of 47 patients diagnosed with CTEPH based on
the diagnostic criteria of the Foundation for Intractable
Medical Research/Information Center for Intractable
Diseases™ among patients aged 30 to 90 years who vis-
ited Tokyo Medical University Hospital between April 1,
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2014 and June 30, 2019 were included as the CTEPH
group. The controls were patients who visited Tokyo
Medical University owing to shortness of breath and dys-
pnea similar to CTEPH, but who were diagnosed as hav-
ing chronic obstructive pulmonary disease (COPD) based
on the “Guidelines for the Diagnosis and Treatment of
COPD™” of the Japanese Respiratory Society. A total
of 210 patients with a diagnosis of COPD for whom elec-
trocardiography data was available were selected and
matched to the CTEPH group by age (* 5 years) and
sex. This study was approved by the Medical Ethics
Review Committee of Tokyo Medical University (study
approval number : T2019-0263). Informed consent
was not obtained from the patients, but information about
the study was disclosed and the opportunity to refuse was
guaranteed.

2. Evaluation items

In the CTEPH group, data regarding age, sex, drug
therapy, home oxygen therapy, right heart catheterization
findings, World Health Organization Functional Classifi-
cation of Pulmonary Hypertension (WHO-Fc)*" as sever-
ity assessment based on symptoms, the 6-minute walk
test’” as exercise tolerance assessment, and ECG findings
were collected at the patient’s initial visit to Tokyo Medi-
cal University Hospital. In the COPD group, data was
also collected regarding age, sex, and ECG findings at
the time of the patient’s initial visit to Tokyo Medical
University Hospital, as well as staging data using paired
standardized volume in 1 second (%FEV1) based on the
“Guidelines for the Diagnosis and Treatment of COPD”*”
of the Japan Respiratory Society.

2.1.  The method of ECG scoring

Results of the first ECG test performed on the subjects
(CTEPH group and COPD group) at Tokyo Medical Uni-
versity Hospital were used. CTEPH was diagnosed
based on the total score of the ECG items, and the diag-
nostic ability of ECG for CTEPH was verified by the fol-
lowing methods. The presence of 6 ECG items (right
axis deviation, right atrial load, VR > 5 mm or R/S > 1,
VsS > 7 mm or R/S < 1, negative T-wave from V; to V;
leads, and atrial flutter/fibrillation) listed in the Clinical
Survey Individual Form™ of the Intractable Disease
Medical Research Foundation/Intractable Disease Infor-
mation Center were evaluated. ECGs (12-lead) were
recorded at a paper speed of 25 mm/sec, right-axis devia-
tion was defined as QRS axis > 110° right atrial load as
P-wave > 0.25 mV in the leads II, and right-axis devia-
tion, was defined as VIR > 5 mm or R/S > 1, V5sS > 7
mm or R/S <1, and negative T-waves (V1 to V3) were
interpreted as findings of right ventricular hyper-
trophy®*¥.  ECGs were read by several cardiologists.
The aforementioned ECG findings (6 items), the associa-
tion between ECG score and CTEPH based on the total
score of each item, and the diagnostic ability of ECG for
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CTEPH were verified by the following methods.
Methods of analysis

1. Patient background
For summary statistics of patient background, continu-
ous variables were expressed as median and interquartile
range, and categorical variables as number of patients
(%).
2. Association between ECG scores and right
heart catheterization findings
The association between ECG scores and results of the
first right heart catheterization performed within 6
months of the study mPAP and systolic right ventricular
pressure sRVP) was analyzed by Pearson’s correlation
coefficient and the uncorrelated test.
3. Association between ECG scores and COPD
stage
The association between ECG scores and COPD stage
was assessed using the Kruskal-Wallis test.
4. Comparison of ECG scores between the
CTEPH and COPD groups
The Wilcoxon rank sum test was used to test whether
the distribution of ECG scores between the CTEPH and
COPD groups differed.
5. Ability of ECG scores to diagnose CTEPH
Using a logistic regression model, the ability of ECG
scores to distinguish between patients with CTEPH and
those with COPD was evaluated. The interaction
between ECG scores and diagnostic performance in
patients of the same sex were analyzed, as in general,
CTEPH patients are often women, whereas COPD
patients are often men. The area under the curve (AUC)
was used to evaluate the ability of CTEPH to be diag-
nosed by ECG scores. The conditional receiver operat-
ing characteristic (ROC) curve was determined by calcu-
lating the predicted risk from the ECG scores and
covariate (i.e., sex), and the ROC curve was drawn using
the predicted risk’. The optimal cutoff value of the
ECG scores hence cannot be read directly from the con-
ditional ROC curve. Therefore, the predicted risk by
sex corresponding to each value of the ECG score was
calculated from the logistic regression model, and a cor-
responding table was created. The optimal cutoff values
for the ECG scores for men and women were then calcu-
lated using the corresponding tables, with the value of
the predicted risk with the smallest distance from the
upper left corner of the conditional ROC curve as the
optimal cutoff value.
6. Other exploratory analyses
6-1. Comparison by item
The Fisher’s direct probability test was used to test
whether the frequency of each item was significantly dif-
ferent between the 2 groups.
6-2. Characteristics of patients with an ECG score of 1
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Whether the applicable ECG items could distinguish
diseases for patients with an ECG score of 1 in both
groups was analyzed.

6-3. Opverestimation of discriminative power

As the prediction model was created and evaluated
using the same data set, there is a possibility that the pre-
diction accuracy (AUC) was overestimated. Therefore,
the AUC was recalculated using nlpred*”, which is a
method that corrects for overestimation. A p-value less
than 0.05 in the two-tailed test was considered to indi-
cate a statistically significant difference for all analyses.
Statistical analyses were performed using software R
(version 4.1.0). The ROC curves and AUC calculations
were performed using the pROC package.

Results

1. Patient background
The clinical characteristics of the 47 patients in the
CTEPH group are shown in Table 1. The majority of
the patients were women (76%), with a median age of 63
years (interquartile range : 53.5-74.0 years). Regard-
ing adjuvant therapy, 91% of the patients were receiving
anticoagulation therapy, 21% were receiving prostaglan-
din I2 formulations, 13% were receiving phosphodiester-
ase type 5 inhibitors, 17% were receiving endothelin
receptor antagonists, and 78% were receiving home oxy-
gen therapy. The number of patients in each class
according to the criteria of WHO-Fc was as follows :
class I, 0 ; class II, 19 ; class III, 22 ; class IV, 6 ; and
the median 6-minute walk test result was 342.5 m. The
median values of mPAP and sRVP as assessed by right
heart catheterization were 42 and 72 mmHg, respectively.
The COPD group consisted of 76% women, with a
median age of 64 years (quartile range: 53.5-73.5
years). Two patients were undergoing home oxygen
therapy, and the stage distribution was as follows : stage
I: 22 patients, stage I1: 15 patients, stage II1: 43
patients, and stage IV : 0 patients.
2. Association between ECG scores and right
heart catheterization findings
A scatter plot of ECG scores and right heart catheter-
ization measurements is shown in Fig. 1. The correla-
tion coefficient between ECG score and mPAP value was
0.64 (95% confidence interval (CI) : 0.42-0.78), and that
of SRVP value was 0.57 (95% CI : 0.34-0.74).
3. Association between ECG scores and COPD
stage
ECG scores were not significantly associated with
COPD stage (p = 0.47).
4. Comparison of ECG scores between the
CTEPH and COPD groups
Fig. 2 shows that the distribution of ECG scores
between the CTEPH and COPD groups was significantly
different (p < 0.001), with scores ranging from 1 to 5 in
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Table 1 Clinical characteristics of patients in the CTEPH and COPD groups (n = 47)

CTEPH COPD p-value
Number of patients, n 47 47 NS
Age 63.0 (53.5-74.0) 63.0 (53.5-74.0) NS
Women, 1 (%) 36 (76) 36 (76) NS
Adjuvant therapy
Medicine
Anticoagulant, n (%) 43 (91) —
Prostaglandin 12, n (%) 10 (21) —
Phosphodiesterase inhibitor, 7 (%) 6(13) —
Endothelin receptor antagonist, n (%) 8(17) —
Home oxygen therapy, n (%) 21 (45) 2(5) <0.001
WHO-Fc I/II/II/IV, n (%) 0/19/22/6 (0/40/47/13) —
Stage (COPD) VIVIIVIV, n (%) — 22/15/4/0 (54/36/10/0)
6-minute walk test, m 343 (236-416) —
Right heart catheterization —
mPAP, mmHg 42.0 (30.3-48.0) —
sRVP, mmHg 72.0 (52.5-83.5) —
Continuous variables are expressed as the median (interquartile range).
For the 6-minute walk test of the CTEPH group, the n was 44 owing to missing data for 3 patients. For dis-

ease staging of the COPD group, the n was 37 owing to missing data for 10 patients.

sRVP (mmHg)

Fig. 1.
a. Association between ECG scores and sRVP.
sRVP measurements and ECG scores.
confidence bands are shown around the straight line.
b. Association between ECG scores and mPAP.
mPAP measurements and ECG scores.
confidence bands are shown around the straight line.

the CTEPH group, and from 0 to 3 in the COPD group.

5. Efficacy of distinguishing CTEPH from COPD

using ECG scores

Fig. 3 shows the conditional ROC curve of the ability
to distinguish the CTEPH and COPD groups by ECG
scores. The optimal cutoff value for the predicted risk
in the conditional ROC curve was 0.30 (sensitivity : 83.
0% ; specificity : 78.7%), and there was no sex-associ-
ated difference in ECG scores to distinguish CTEPH
from COPD.

6. Other exploratory analyses

6-1. Comparison of each ECG score item

Among all items of the ECG scores, right atrial over-
load was the most frequent, and atrial flutter/fibrillation

ECG score

mPAP (mmlig)

Correlation between ECG scores and right heart catheterization measurements in the CTEPH group

Straight lines are regression lines based on the least squares method, and 95%

Straight lines are regression lines based on the least squares method, and 95%

was the least frequent in both the CTEPH and COPD
groups (Table 2). Except for the presence of atrial
fibrillation, patients with CTEPH were more likely to
have all items of the ECG scores than those with COPD
(Table 2).

6-2. Characteristics of patients with an ECG score of 1

In the CTEPH group, 17% of patients had an ECG
score of 1, all of whom were found to have right atrial
overload (Fig. 2). On the other hand, 30% of patients in
the COPD group had an ECG score of 1 point, and a
large number of these patients were found to have right
atrial load.

6-3. Comparison of ECG score items

The AUC recalculated by overestimation nlpred*”
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Fig. 2. Distribution of ECG scores in the CTEPH and COPD
groups
Histogram of ECG scores of the CTEPH and COPD
groups. ECG scores were statistically significantly dif-
ferent between the 2 groups (p < 0.001).

Corresponding Table

Women Men.
0.08 0.06
0.27 0.17
0.63 0.39
0.88 0.67
0.97 0.86
0.99 0.95
1.00 0.98

Sensitivity

ECG score
g G B W N = O

Fig. 3. Conditional ROC curve for ECG 6-item total score
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demonstrated a discriminatory power of 0.881 (95% CI :
0.821-0.941).

Discussion

Effective treatments for CTEPH has been established,
and improves patient prognosis ; however, prompt thera-
peutic intervention may be a key to the more efficient
management of patients with CTEPH. Therefore, it
would be highly effective for general clinicians to screen
for CTEPH based on simple and noninvasive ECG**”.
Taken together, this is the first study to compare the ECG
scores between patients with CTEPH and COPD, and to
demonstrate high diagnostic accuracy for CTEPH using
ECG scores.

Similar to CTEPH, in precapillary PH, in which the
pathogenesis is primarily in the pulmonary arteries, the
ECG waveform appears the pressure overload on the
right ventricle and right atrium caused by the increased
pulmonary artery pressure. In addition, chronic right
ventricular load leads to right ventricular hypertrophy.
That is, findings of right ventricular hypertrophy and

60 40
Specificity

20 0

The table on the left shows the predicted risk by logistic regression analysis for men and women, with a predicted risk of 0.3

on the ROC curve corresponding to an ECG score between 1 and 2 points.
pecificity : 78.7%) for a positive diagnosis of CTEPH was 2 or more points for both men and women.

with a 95% CI of 0.845% to 0.958%.

The optimal cutoff value (sensitivity : 83.0% ; s
The AUC was 0.901,

Table 2 Comparison of ECG items between the 2 groups

CTEPH COPD p-value
Right axis deviation 25 (53%) 1(2%) <0.001
P amplitude in IT = 0.25 mV 45 (96%) 17 (36%) <0.001
RinV]l = 5mmorR: SratioinV1l = 1 24 (51%) 5 (11%) <0.001
SinV5 = 7mmorR: Sratioin V5 = 1 25 (53%) 9 (19%) 0.001
Negative T-wave in V1 through V3 25 (53%) 8 (17%) <0.001
Atrial flutter or atrial fibrillation 2 (4%) 0 (0%) 0.495
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right atrial load on ECG may reflect increased mPAP and
sRVP on right heart catheterization. In the present
study, ECG scores significantly correlated with mPAP
and sRVP values (Fig. 1), consistent with ECG changes
in patients with PH in previous studies’*¥*® ECG
scores in CTEPH patients were significantly higher than
in COPD patients (Fig. 2). Our results showed that it is
possible to distinguish CTEPH from COPD using an
ECG score of 2 or more in both men and women (Fig. 3).
These findings suggest that, if a patient manifests with
shortness of breath on exertion and has an ECG score of
2 or more, CTEPH should be considered. In the present
study, the most common finding regarding ECG items in
both groups was right atrial load when the ECG score
was | point, suggesting that right atrial load alone may
be less likely to distinguish between CTEPH and COPD.
According to the 2002 Guidelines for the Evaluation of
Results of Physical Examination and Posterior Guidance
by the Japanese Society of Medical Checkups, right-axis
deviation is Grade B (mild abnormality but no obstacle
to daily life), right atrial load is Grade C (mild abnormal-
ity requiring lifestyle improvement or observation), and
right ventricular enlargement, negative T-wave, and
atrial fibrillation are Grade D (requiring further examina-
tion or treatment)’””. ECG findings indicative of right
ventricular hypertrophy include QTc prolongation as well
as the ECG items analyzed in this study”*®.  Sensitivity
of the V1-3 lead negative T-wave (right ventricular
strain), which was also analyzed in this study, has previ-
ously been reported to be as high as 78.8%”. Negative
T-waves were found in about half the CTEPH group
(53%) and 17% of the COPD group, showing a signifi-
cant difference in frequency (Table 2). Nevertheless,
the fact that about half the CTEPH patients do not fall
into this category suggests that it is difficult to distinguish
between the 2 diseases based on negative T-wave find-
ings alone. In this study, the number of patients with
atrial flutter/fibrillation was small, and there was no sig-
nificant difference between the 2 groups. However,
atrial fibrillation was observed in 25% of patients with
PH over a 5-year period, and was reported to cause
hemodynamic deterioration owing to decreased cardiac
output, so further investigation is warranted*”. One
limitation of this study is that it was limited to CTEPH
patients in Nice Classification Group 4, and further stud-
ies using clinical examination methods other than ECG
are needed to differentiate CTEPH from other diseases
that cause PH, such as idiopathic pulmonary arterial
hypertension and lung lesions associated with collagen
disease. It is also necessary to evaluate the ability to
distinguish the diseases based on the sex and age distri-
bution of the COPD and CTEPH groups. As the predic-
tion model was created and evaluated using the same
dataset, the prediction accuracy (AUC) may be
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overestimated. The AUC was 0.881 (95% CI: 0.821-
0.941), which was not considered to be significantly dif-
ferent compared with the uncorrected AUC of 0.901
(95% CI: 0.845-0.958). Further studies for the exter-
nal validation of ECG scores are hence required. ECG
scores of the patients used in this study were those from
the ECG performed at their initial visit to Tokyo Medical
University Hospital ; therefore, the majority of patients
with CTEPH had already undergone therapeutic
In the CTEPH group, 17% of patients
had a score of 1, but this is owing to the fact that a sub-
stantial number of patients show an improvement in
symptoms upon therapeutic intervention compared with
at the time of symptom onset. In addition, owing to the
nature of university hospitals, there is a high possibility
that patients with more severe symptoms were concen-
trated in the hospital, and hence there may be a discrep-
ancy between the actual situation in primary care and the
situation at our university hospital. On the other hand,
the fact that 36% of patients in the COPD group had right
atrial load may be owing to the high symptom severity of
COPD patients being treated at a university hospital.
This means that in primary care, the difference in ECG
scores between COPD and CTEPH patients may be even
greater.  Another issue to be considered in older patients
is the effects of other cardiovascular comorbidities on
ECG. However, the ECG scoring presented in this
study may provide clues to keeping CTEPH in mind in
daily practice, and may have great potential for making
accurate diagnoses.

interventions.

Conclusion

ECG scoring was suggested to be useful as a screening
method for CTEPH. When subjective symptoms that
are suggestive of PH are confirmed, and 2 or more right
heart overload findings are found on ECG, it is important
to confirm the presence or absence of PH by echocar-
diography, leading to performing a thorough examination
for CTEPH.
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