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ABSTRACT

BACKGROUND: Pulmonary hypertension (PH) is an underdiagnosed cause for chest pain in patients without significant coronary artery dis-
ease (CAD). Studies showed that enlarged pulmonary arterial (PA) and right ventricular chamber sizes correlate with the severity of PH.
Therefore, we studied the association between chest pain, right ventricular dimensions (RVDs), and PA size on coronary coronary tomo-
graphic angiography (CCTA).

METHODS: The CCTA of 87 patients presenting with chest pain without evidence of obstructive CAD was examined. The PA diameter (PAD),
right atrial dimension (RAD), and RVD were measured. A comparative control cohort included 31 patients who presented without cardiopulmo-
nary complaints and underwent thoracic CT. The risk for obstructive sleep apnea (OSA) was assessed using STOP-BANG questionnaires.

RESULTS: Patients with chest pain without obstructive CAD showed markedly dilated right atrial and ventricular chambers compared with
standard parameters (right atrium: 48 + 6.4 mm; right ventricle long axis: 61 +9.5mm). When comparing chest pain vs non-chest pain group,
respectively, the mean PAD measured 25.92+0.43mm vs 22.89+0.38mm (P<.001), RAD2 measured 40.1423+0.7108 mm vs
34.8800+ 1.0245mm (P=.0048), and RVD2 measured 31.7729 +0.7299mm vs 27.6379 + 1.6178 mm (P=.034). Chest pain was associated
with higher PAD (odds ratio [OR]: 11.11, P<.05) after adjusting for age, sex, body mass index, history of hypertension, hyperlipidemia, con-
gestive heart failure, chronic obstructive pulmonary disease, OSA, and smoking. The chest pain group had a mean STOP-BANG score of
3.9+1.8 in all patients, and 3.62+0.20 in patients without known history of OSA, representing an elevated risk index for the disease.

CONCLUSIONS: In patients presenting with chest pain without obstructive CAD on CCTA, there is a strong association between the pres-

ence of chest pain and enlarged PAD. They also represent a high-risk group for OSA.
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Introduction

Chest pain accounts for 6 million annual visits to the emer-
gency department (ED) in the United States, making it the
second most common complaint nationwide.! Patients pre-
senting to the ED with chest pain constitute an important
diagnostic challenge. Many of these patients have a low inter-
mediate probability of coronary artery disease (CAD) which
can be ruled out by computerized coronary tomographic angi-
ography (CCTA) based on evidence presented in clinical stud-
ies such as Rule Out Myocardial Infarction/Ischemia Using
Assisted Tomography (ROMICAT)  trial.?

Pulmonary hypertension (PH) is an uncommon cause of chest

Computer

pain accompanying dyspnea, which resembles angina pectoris
in many characteristics including location, radiation, intensity,
quality, and even relation to exertion as the afferent nerves
from the pulmonary artery (PA) enter the nervous system with
similar pathways as those from the heart.3¢ These similarities

can lead to an erroneous diagnosis of CAD. Based on the char-
acteristics of their symptoms, many of these patients undergo a
diagnostic gated CCTA for the evaluation of coronary arteries.
This provides a unique opportunity to the interpreting physi-
cians to evaluate the PA size, and to some extent, right ven-
tricular (RV) size and morphology. This can determine whether
this radiologic variable associated with PH in patients without
significant CAD correlates with chest pain. Such approach can
help early detection of the subset of chest pain patients who
have possible PH as underlying cause of their chest pain, thus
facilitating early treatment for PH.

Earlier detection of PH improves outcomes.” Therefore,
screening algorithms have been proposed to facilitate the timely
diagnosis of PH, using a combination of echocardiographic,
physiologic (lung function), and radiologic noninvasive tech-
niques,® before proceeding to the invasive yet confirmatory
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right heart (RH) catheterization. With the advancements in
computed tomographic (CT) scan technology, there have been
attempts to address the utility of CT to predict the presence of
PH. Computed tomographic measurements of PA dimensions
have shown a correlation with the presence of PH and its sever-
ity,? providing a potential for noninvasive methods for the diag-
nosis of the disease.

The PA as a vessel is more compliant than the systemic
arterial system, making it more sensitive to pressure and vol-
ume changes. Consequently, an increase in mean PA pressure
correlates with PA diameter (PAD).” Many PA dimensions
have been studied for presence of an association between the
presence and severity of PH, including the PAD, the cross-
sectional area, the ratio of the diameter to the bronchus, the
ratio of the diameter to the pulmonary vein, and the ratio of
diameter to the aortic diameter, among others.1%13 Generally,
the measurement of the main PA size using CT shows a mod-
erate to strong correlation with PH.? Furthermore, PA dimen-
sions might have prognostic clinical utility besides its ability to
predict PH, as a study showed that in patients with inoperable
chronic arterial or thromboembolic PH, the PA size was asso-
ciated with unexpected death.!

All causes of pulmonary arterial hypertension (PAH) (group
1) and non-PAH (groups 2-5) PH must be considered.”
Obstructive sleep apnea (OSA) is an underdiagnosed chronic
disorder that is associated with PH (World Health Organization
[WHO)] Group III). Various questionnaires have been used to
triage patients with suspected OSA, of which the “STOP-BANG
questionnaire” has demonstrated to have high sensitivity.!¢
However, the diagnosis of OSA requires an overnight polysom-
nography to detect apneic events. Obstructive sleep apnea had
been associated with noncardiac chest pain and angina.!” In fact,
with the use of continuous positive airway pressure in patients
with OSA, the number of angina episodes has been decreased.'”

Therefore, this study was conducted to investigate the rela-
tionship between chest pain and radiologic parameters associ-
ated with PH such as PAD and right-sided cardiac morphology.
This can discern the association between chest pain and PH, as
well as its underlying causes including OSA.

Methods

Patient selection

At Buffalo General Medical Center, all identifiable patients
were prospectively recruited from the February 1, 2015 to
August 31, 2015. The study population was categorized into 2
groups: chest pain and non-chest pain (control) groups. The
inclusion criteria for the chest pain group were as follows: (1)
presented with chest pain, (2) age >18years, and (3) underwent
CCTA showing absence of obstructive CAD (defined as >50%
coronary stenosis) and absence of detectable pulmonary embo-
lism. The non-chest pain group includes patients who meet the
following inclusion criteria: (1) absence of chest pain or cardio-
pulmonary symptoms at initial presentation, (2) age >18years,

and (3) received CT chest. Exclusion criteria for both groups
include patients less than 18 years of age, or patients with prior
history of obstructive CAD, coronary artery bypass surgery,
percutaneous intervention, or acute coronary syndromes. The
study protocol was approved by the institutional review board.

Data abstraction

Clinical data abstraction by chart review was performed inde-
pendently by 2 abstractors (N.M. and A.C-R.). The discrep-
ancy between the abstractors was settled by joint review and
discussion. To examine the probability of OSA, abstractors also
collected data from the STOP-BANG survey questionnaire
for OSA, which was provided to the patients enrolled at the
time of hospital visit or collected on phone interview postdis-
charge. Demographic and baseline characteristics collected
include age, sex, race, body mass index (BMI), baseline left ven-
tricular ejection fraction, past medical history of medical con-
ditions including congestive heart failure (CHF), hypertension
(HTN), hyperlipidemia (HLP), chronic obstructive pulmonary
disease (COPD), OSA, and smoking. Presence of electrocar-
diographic (ECG) evidence of RH strain was also obtained in
the chest pain group including P-pulmonale, RV hypertrophy,
right bundle branch block, RV conduction delay (RVCD), and
right axis deviation.

CT image analysis

Analysis of the CT images was performed independently by 2
abstractors (N.M. and A.C-R.) with interobserver agreement of
measurement technique. Computerized coronary tomographic
angiography image data include PA size, and diastolic right atrial
dimension (RAD) and RV dimension (RVD). The CT chest of
control group was used to measure PA size using similar meth-
ods; however, RAD and RVD could be measured accurately in
only 15 patients due to non-ECG-gated nature of such studies
thatled to significant motion artifacts of RV chamber. Pulmonary
artery size was measured at the level of arch of aorta as shown in
Figure 1A. RAD1 and RAD2 dimensions and RVD1, RVD2,
and RVD3 dimensions were measured as shown in Figure 1B.
RVD1 is a basal diastolic diameter of RV cavity at the level of
tricuspid annulus. RVD2 is the mid-RV cavity diastolic diame-
ter. RVD3 is a measurement of the longitudinal extent of RV
cavity that extends perpendicularly from tricuspid annulus to the
RV apex. RAD1 is a maximal RA cavity diameter measured par-
allel to tricuspid annulus. RAD2 is the maximal RA diameter
measured perpendicular to the tricuspid annulus.

Statistical analysis

The primary measurement parameter was the association
between acute chest pain and PAD in patients without signifi-
cant CAD. Secondary measures included the average RAD
and RVD in the chest pain group of patients, and their risk of
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Figure 1. lllustration of measurement method of (A) PAD, (B) RAD and RVD on CCTA. RVD1 is a basal diastolic (images were taken during diastole but
not necessarily end diastole) diameter of RV cavity at the level of tricuspid annulus. RVD2 is the mid-RV cavity diastolic diameter. RVD3 is a measurement
of longitudinal extent of RV cavity that extends perpendicularly from tricuspid annulus to the RV apex. RAD1 is a maximal RA cavity diameter measured
parallel to tricuspid annulus. RAD2 is the maximal RA diameter measured perpendicular to the tricuspid annulus. A indicates anterior; P, posterior; R,
right; L, left; PAD, pulmonary artery diameter; RAD, right atrial dimension; RVD, right ventricular dimension.

OSA-based STOP-BANG questionnaire score. Statistical
analyses were performed using SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA). Comparisons between chest pain and non-
chest pain groups were done using contingency tables, 2 test
for dichotomous variables, and 2-tailed # test for continuous
variables. The difference in the mean PAD was compared
between the 2 study groups, and a subgroup analysis based on
sex was also performed. In addition, PAD was categorized to
be significantly high or low according to the study partici-
pants’ median value. Odds ratios (ORs) for the association
between chest pain and PAD were adjusted for potential con-
founders (age, sex, BMI, history of HTN, HLP, OSA, CHEF,
COPD, and smoking) using logistic regression model. A P
value of <.05 was considered to be statistically significant.

Results

Demographic and clinical characteristics

There were a total of 118 patients identified, including 87 in the
chest pain and 31 in the non-chest pain group. The demo-
graphic characteristics of the study participants in chest pain
and non-chest pain groups are listed in Table 1. The chest pain
group had asignificantly higher BMI30.61+0.84vs26.88+0.71
(P=.001), were more likely to have a history of HTN (55.17%
vs 17.24%, P<.001), HLP (26.44% vs 7.14%, P=.03), and
smoking (26.44% vs 7.14%, P<.001). Of all the patients in the
chest pain group, 15 had evidence of RH strain on ECG, 13 of
these showed presence of RVCD. As illustrated in Table 2, no
significant differences in PAD, RVDs, or RADs were found in
patients with our without ECG evidence of RH strain.

Pulmonary arterial size

The results of the comparison of mean PAD of the study par-

ticipants between chest pain vs non-chest pain groups are listed

in Table 3, which show that PAD was significantly greater in
the chest pain group, even after adjusting for the sex differ-
ences. The overall mean PAD was measured as 25.92 +0.43 mm
in the chest pain group and 22.89+0.38 mm in the control
group (P<.001). This remained significant when performing a
subgroup analysis for sex. Men in the chest pain vs non-chest
pain groups had PAD of 26.44+0.58 mm vs 23.73+0.39 mm,
respectively  (P=.0063), whereas women had PAD of
25.5720.61mm vs 22.21+0.58mm (P=.0037), respectively.
Odds ratio between chest pain and a significantly higher PAD
was 11.11 (2.88-42.83, P<.05), 11.26 (2.10-60.38, P<.05)
after adjusting for age, sex, BMI, history of HTN, HLP, CHF,
COPD, OSA, and smoking.

RV chamber size

The chest pain group had an RAD1 0f48.13 +6.43 mm, RAD2
of 40.14+6.63mm, RVD1 of 38.96+6.92mm, RVD2 of
31.77 £6.81 mm, and RVD3 of 61.29+9.52 mm. Based on the
existing echocardiographic reference ranges, these measures
fall within the upper limits of normal range.!®* When compar-
ing chest pain vs non-chest pain group, respectively, the mean
RAD2 measured 40.1423 +0.7108 mm vs 34.8800 + 1.0245 mm
(P=.0048),and themean RVD2 measured 31.7729 +0.7299 mm
vs 27.6379+1.6178 (P=.034). The rest of the RV measure-
ments, as outlined in Table 3, were not found to be significantly
different between the 2 groups.

STOP-BANG questionnaires for the likelihood of
084

Based on the STOP-BANG survey, the chest pain group for
the risk of OSA showed a mean score of 3.91.8, which falls
under intermediate to high probability of OSA compared with

previously reported standards.'® In addition, the chest pain



4 Clinical Medicine Insights: Circulatory, Respiratory and Pulmonary Medicine

Table 1. Demographic characteristics of the study participants in chest pain and non-chest pain groups.

CHARACTERISTICS SYMPTOMS P VALUE
WITH CHEST PAIN (N=87) WITHOUT CHEST PAIN (N=31)
Age 49.10+1.03 52.81+2.84 .23
Sex, %
Male 40.23 45.16 .63
Female 59.77 54.84
SBP 137.90+2.11 131.40+3.38 A3
DBP 85.00+1.59 84.42+2.08 .92
BMI 30.61+0.84 26.88+0.71 .001*
History of HTN, % 55.17 17.24 .0004*
History of HLP, % 26.44 714 .03*
History of CHF, % 1.16 0.00 .57
History of COPD, % 10.59 0.00 .07
History of OSA, % 18.39 0.00 .0145*
Smoking history, % 38.82 3.45 .0003*

Abbreviations: HTN, hypertension; HLP, hyperlipidemia; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea.
Results are expressed as percentage or mean+SEM.
*P<.05.

Table 2. Comparison of PAD, RVD, and RAD in the chest pain group patients with or without evidence of RH strain on ECG.

NO RH STRAIN ON ECG (N=66) RH STRAIN ON ECG (N=15) P VALUE
PAD 26.0962+0.5142 25.1813+0.7836 4262
RAD1 48.1730+0.8094 48.6360+1.6295 .8049
RAD2 39.8348+0.8473 41.5647+1.4707 .3686
RVD1 39.4580+0.8410 37.2440+1.8549 .2651
RVD2 32.4052+0.8486 29.5900+1.6708 1530
RVD3 62.6005+1.0364 58.5847+2.6927 1150

Abbreviations: ECG, electrocardiography; PAD, pulmonary artery diameter; RAD, right atrial dimension; RH, right heart; RVD, right ventricular dimension.
Results are expressed mean+SEM.

Table 3. The mean PAD, RVD, and RAD of the study participants compared between chest pain vs non-chest pain groups.

RADIOGRAPHIC CHEST PAIN N NO CHEST PAIN N P VALUE
MEASURES, MM, +SEM

PAD 25.92+0.43 87 22.89+0.38 31 <.001*
RAD1 48.1306+0.6894 87 44.8021+1.7721 14 .0765
RAD2 40.1423+0.7108 87 34.8800+1.0245 14 .0048*
RVD1 38.9608+0.7420 87 35.7386+1.5194 14 1016
RVD2 31.7729+0.7299 87 27.6379+1.6178 14 .0349*
RVD3 61.2866+1.0211 87 56.6136+2.9694 14 .0991

Abbreviations: PAD, pulmonary artery diameter; RAD, right atrial dimension; RVD, right ventricular dimension.
Results are expressed mean + SEM.
*P<.05.
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group with a history of OSA has a mean score of 5.56+0.30,
whereas without history of OSA has a mean score of 3.62+0.20
(P<.01).

Discussion
The results of our study demonstrate an association between
the presence of acute chest pain and enlarged PA dimensions.
In agreement with previously reported studies, we also confirm
that these patients represent higher risk group for the presence
of OSA. Evaluation of RV has also shown elevated diastolic
chamber dimensions in patients presenting with acute chest
pain and without obstructive CAD on CCTA. Furthermore,
the association between the chest pain of possibly noncoronary
cause and enlarged main pulmonary dimensions was clearly
discernible, even after correcting for potential confounding
variables including age, sex, BMI, history of HT'N, HLP, CHEF,
OSA, COPD, and history of smoking. Our results show that
ECG evidence of RH strain does not translate into radiologic
evidence of PA, RV, or RA enlargement. This may be due to
the fact that most of the patients with positive RH strain on
ECG was due to RVCD, which is nonspecific to PH and can
have false positives,!%-2! as one study showed that only the ven-
tricular activation time in V1 correlated with RV dilation.?!
Many of the acute chest pain patients that present to the
ED with low-to-intermediate probability of CAD which is
ultimately ruled out by CCTA are left without an explanation
to their clinical symptom or left with an umbrella diagnosis of
“noncardiac chest pain” at disposition. Our study results illus-
trate the potential that a portion of these patients’ acute chest
pain may be related to the increased RH dimensions, especially
PAD. Although PAD is not the gold standard method of diag-
nosing PH, it can serve as a screening tool to identify patients
that are high risk for developing PH, thus leading to an earlier
diagnosis and identification of the underlying causes, such as
OSA. Multiple prior studies have shown that an increased PA
size is associated with PH with a specificity of up to 100%.22-27
One limitation to the outcome of our study is that the chest
pain group had an average PAD of 25.92+0.43 mm. However,
most studies showing a high specificity for predicting PH
using PAD used higher cutoffs.?>?7 Although there are multi-
ple causes of PH in the chest pain group (WHO groups I-V),
our study examines whether OSA is a potential contributory
variable for the increased PAD and acute chest pain. This is
illustrated by the significant differences in RV and proximal
PA dimensions in the chest pain vs non-chest pain groups
(18.4% vs 0.0%, P=.0145) and also by the high STOP-BANG
score in the chest pain group. However, the OR for the associa-
tion between chest pain and PAD remained significant even
after adjusting for history of OSA as a confounding variable
which may indicate that other causes of PH may be the under-
lying confounders. Nonetheless, patients in the chest pain
group without a history of OSA had a mean score of 3.62 +0.20,
which demonstrates intermediate risk for the development of

OSA, also indicating a possibility of undiagnosed OSA in this

study group. Although we attempted to exclude patients with
pulmonary emboli as a confounding variable, small pulmonary
emboli not detected on CCTA may still be an underlying cause
of PH in the chest pain group.

Limitations of our study include the inability to measure the
RV and atrial dimensions in our control cohorts due to signifi-
cant motion artifacts. We also were unable to obtain enough
STOP-BANG surveys on patients in the non-chest pain to
analyze the difference in scores between the 2 groups.
Furthermore, further studies using gold standard methods of
diagnosing PH and OSA are needed to demonstrate the direct
association between chest pain in patients ruled out for obstruc-
tive CAD and these diseases. Nevertheless, this study strongly
highlights the possibility of PH and OSA as potential con-
tributors of acute chest pain in patients without obstructive
CAD on CCTA. This is clinically relevant to health care pro-
viders as it encourages further diagnostic investigations for the
disease in that subset of patients, which would allow for early
the detection and treatment of PH and OSA. There was a large
difference in the sample sizes between the groups; nonetheless,
the study remains to be adequately powered within each cohort.

There is a paucity of studies to understand the clinical sig-
nificance of PAD. Our study examines the unique cohorts of
chest pain with low intermediate risk factor for CAD, which
has been then excluded by CCTA obtained during their emer-
gency room (ER) visit. This cohort represents a large propor-
tion of ER visits with recurrent and often nonrelenting
symptoms. Our study adds to the existing clinical knowledge
by highlighting OSA as an alternative cause of these symptoms
and thus emphasizing early identification and therapy of these
patients. We also studied the right atrial and RV chamber sizes
in the study group which where dilated compared with stand-
ard parameters, which were not properly studied previously.

Conclusions

In patients presenting to the ED with chest pain without evi-
dence of obstructive CAD on CCTA, there is a strong associa-
tion between the presence of chest pain and enlarged PAD.
These patients also represented a high-risk group for the pres-
ence of OSA. The results of his novel study highlight the pos-
sibility of PH and OSA as potential contributors of acute chest
pain in patients without obstructive CAD. Further studies
using gold standard methods of diagnosing PH and OSA are
encouraged to demonstrate the direct association between
chest pain and these diseases in patients ruled out for obstruc-
tive CAD, with the potential for their early detection and
treatment.
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