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Abstract

Background: Early diagnosis of pulmonary hypertension (PH) can potentially improve survival and quality of life.
Detecting PH using echocardiography is often insensitive in subjects with lung fibrosis or hyperinflation. Right
heart catheterization (RHC) for the diagnosis of PH adds risk and expense due to its invasive nature. Pre-defined
measurements utilizing computed tomography (CT) of the chest may be an alternative non-invasive method of
detecting PH.

Methods: This study retrospectively reviewed 101 acutely hospitalized inpatients with heterogeneous diagnoses,
who consecutively underwent CT chest and RHC during the same admission. Two separate teams, each consisting
of a radiologist and pulmonologist, blinded to clinical and RHC data, individually reviewed the chest CT’s.

Results: Multiple regression analyses controlling for age, sex, ascending aortic diameter, body surface area, thoracic
diameter and pulmonary wedge pressure showed that a main pulmonary artery (PA) diameter ≥29 mm (odds ratio
(OR) = 4.8), right descending PA diameter ≥19 mm (OR = 7.0), true right descending PA diameter ≥ 16 mm (OR =
4.1), true left descending PA diameter ≥ 21 mm (OR = 15.5), right ventricular (RV) free wall ≥ 6 mm (OR = 30.5),
RV wall/left ventricular (LV) wall ratio ≥0.32 (OR = 8.8), RV/LV lumen ratio ≥1.28 (OR = 28.8), main PA/ascending
aorta ratio ≥0.84 (OR = 6.0) and main PA/descending aorta ratio ≥ 1.29 (OR = 5.7) were significant predictors of PH
in this population of hospitalized patients.

Conclusion: This combination of easily measured CT-based metrics may, upon confirmatory studies, aid in the
non-invasive detection of PH and hence in the determination of RHC candidacy in acutely hospitalized patients.

Background
Pulmonary hypertension (PH) is characterized by the
presence of increased pulmonary vascular resistance
caused by a combination of vasoconstriction, vascular
remodeling, and thrombosis. Unfortunately, it can be
potentially life-threatening as progressive right ventricu-
lar dilatation and hypertrophy may lead to heart failure
within a few years [1,2]. As the treatment of PH has
advanced dramatically over the past decade [3], early
diagnosis may be key to its optimal treatment. While
right heart catheterization (RHC) remains the “gold
standard” for the measurement of pulmonary arterial
pressure (PAP) [4], its invasive nature confers both risk

and expense, and hence can delay diagnosis. Echocardio-
graphy as a noninvasive means of estimating PAP is lim-
ited in patients with obesity, lung hyperinflation and
pulmonary fibrosis [5-7]. Magnetic resonance imaging
methods have unfortunately also not been shown to
accurately estimate PAP [8].
Other noninvasive PH screening tools include a predic-

tion formula for estimating mean PAP using standard
pulmonary function measurements in patients with idio-
pathic pulmonary fibrosis [9]. In addition, computed
tomography (CT)-determined main pulmonary artery dia-
meter has been shown to have excellent diagnostic value
in the detection of PH in patients with parenchymal lung
disease [10]. Such noninvasive approaches towards the
detection of PH can reduce patient risk and expense, and
may allow earlier patient screening towards a confirmatory
RHC [11] or perhaps even obviate its necessity. This study
retrospectively reviewed the records of inpatients who had
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undergone a RHC together with a CT chest. A pre-defined
set of CT chest-based metrics was then measured, and the
relationship of these metrics to RHC-demonstrated PH
was assessed.

Methods
Patients
The medical records of 101 hospitalized adult patients
who consecutively underwent chest CT with or without
contrast and a resting RHC during the same hospitaliza-
tion were retrospectively reviewed. These patients had
been admitted to this tertiary care teaching institution
between January 2006 and July 2006. Approval for this
review was obtained from the University of California,
Davis Institutional Review Board with waiver of consent.

Measurements
Non-ECG-gated CT scans of the chest were performed
using GE Lightspeed 16 scanners (GE Medical Systems;
Milwaukee, Wisconsin). Our standard reconstruction
protocol utilized helical technique, 5 mm slice every
5 mm with 1.25 mm every 1.25 mm reconstruction as
well. The lung windows were also reconstructed with a
“bone algorithm” and the soft tissue windows were
reconstructed with a standard soft tissue smoothing
algorithm. Standard lung windows (Width 1850, Level
-740) on bone reconstruction algorithms and standard
soft tissue windows (Width 400, Level 80) were used.
Two separate teams, each consisting of a radiologist

and a pulmonologist, blinded to the clinical and hemo-
dynamic data, independently reviewed the chest CT’s.
Pre-defined radiographic metrics corresponding to pos-
sible predictors of PH and to potential indicators of
body habitus (to standardize predictors of PH) were
measured by each team member and then averaged
(Table 1).
Cardiac catheterization was performed at rest for clini-

cal indications. Hemodynamic measurements, including
mean pulmonary arterial pressure (mPAP), pulmonary
wedge pressure (PWP), patient diagnoses and demo-
graphics (sex, age, height, and weight) were recorded.
Body surface area (BSA) was calculated using the for-
mula BSA = (W0.425 × H0.725) × 0.007184, and body
mass index (BMI) was calculated using the formula BMI
= weight (kg)/(height (cm))2.
PH was defined as a resting mPAP of 25 mmHg or

greater; “no-PH” was defined as mPAP <25 mmHg.

Statistical Analyses
Summary statistics are reported as mean ± standard
deviation (median; range). A two-sided Wilcoxon rank-
sum test was used to compare each of the quantitative
hypothesized predictors of PH and various demographics

between the PH and no-PH groups. A two-sided Fisher’s
exact test was used to compare gender, obesity (BMI
≥30), and proportion of mechanical ventilation between
the PH and no-PH groups. Statistical analyses involving
the RV wall, RV lumen, LV wall, LV lumen, or interven-
tricular septum were performed using only data derived
from CT’s that were contrast-enhanced.
Simple logistic regression was used to study the rela-

tionship between each hypothesized predictor of PH and
the outcome PH vs. no-PH. The optimal cutoff point or
upper limit of normal (ULN) for the quantitative
hypothesized predictor of PH was determined using
receiver operating characteristic (ROC) analysis, where
the ULN was deemed to be the value that yielded the
best trade off between sensitivity and specificity for each
PH predictor. Multiple logistic regression was used to
assess the relationship between each of the dichotomous
hypothesized predictors of PH (i.e. variables dichoto-
mized at the ULN cutoff) and the outcome PH vs. no-PH
in order to control for sex, ascending aorta diameter
(AA), BSA, thoracic diameter (TD), and pulmonary
wedge pressure (PWP) >15. A p-value ≤ 0.05 was consid-
ered statistically significant. Statistical analyses were per-
formed with SAS v 9.2 (SAS Institute Inc., Cary, NC,
USA).

Results
101 consecutive hospitalized patients (46 women,
55 men) who underwent both CT chest and RHC were
included. Their mean age was 61.4 ± 15.6 years (median =
60; range 23 to 91 years). Fifty-three patients had PH.
Fifty-seven percent of patients with PH, and 52% of the
no-PH patients were male. The underlying patient primary
diagnoses reflect the reason for hospitalization, and were
heterogeneous (Table 2).
The RHC’s and chest CT’s were performed a mean of

3 days apart (median = 1 day, range = 0-16 days); 46%
of RHC’s were performed on the same day as the chest
CT’s, and most within 2 days (60%). A majority of CT’s
were contrast-enhanced (36/48 in the no-PH group and
41/53 in the PH group). Overall, 43% (43/101) of
patients had an elevated PWP (>15 mmHg), and most
were in the PH group (40/53 = 75%).
There was no significant difference in age, height, or

sex between the PH and no-PH groups. However, PH
patients had a significantly higher mean weight, BSA,
and BMI than no-PH patients (Table 3). 41% of PH
patients were obese (BMI≥30) compared to 18% of no-
PH patients (p = 0.0175).
A comparison of the predictors of PH revealed signifi-

cantly higher measurements of PA, RDPA, true RDPA,
and hilar diameters in the PH group. The RV free wall
thickness, RV wall/LV wall ratio, hilar diameter, and
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main PA/AA ratio were also significantly increased in
this group (Table 4). Inter-observer variability in mea-
surements within each team was less than 5%.

Relationship of hypothesized predictors of PH to the
dichotomous outcome PH vs. no-PH
The seven significant predictors of PH in Table 4 were
also found to be significantly correlated to the outcome
(PH vs. no-PH) when using logistic regression. An OR and
ULN for each predictor of PH was determined from these
regression analyses. The optimal cutoff point or ULN was
determined by the ROC analysis to be the value that
yielded the best tradeoff between sensitivity and specificity
for each PH quantitative predictor (Table 5).

Controlling for body size, age, sex and PWP
Each dichotomous CT-derived predictor of PH (e.g. PA
diameter ≥ 29 mm) and potential confounders (age, sex,
AA, BSA, thoracic diameter, and PWP category (>15 or
≤ 15 mmHg)) were regressed to the outcome, PH vs.
no-PH, using multiple logistic regression models. In
addition to the parameters in Table 5, two additional
predictors of PH (interventricular (IV) septum bowing
into LV and main PA/AA ratio > 1) were included in
these analyses. Several predictors of PH were found to
be statistically significant when controlling for age, sex,
PWP, and indicators of body size (Table 6). Diagram-
matic representations of the significant predictors of PH
from Table 6 are represented in Figure 1.

Discussion
A National Institutes of Health Registry found that the
mean time from onset of symptoms (dyspnea 60%, fati-
gue 19%, syncope 8%, and chest pain 7%) to correct
diagnosis of PH was 2 years [12]. Early diagnosis is key
to effective treatment and potential prevention of
further vascular remodeling. When ineffectively treated,
the median survival of patients with idiopathic PH is

Table 1 Radiographic metrics

Hypothesized predictors of
PH

How measured

Main pulmonary artery
diameter (PA)

Widest lumen at or near level of
PA bifurcation *

Right pulmonary artery
diameter (RPA)

Widest lumen caudal to
ascending aorta

Left pulmonary artery
diameter (LPA)

Widest lumen

Right descending
pulmonary artery (RDPA)

Distance from lateral wall of right
bronchus intermedius to lateral
wall of RDPA (equivalent to the
RDPA measurement on a chest x-
ray)

True right descending
pulmonary artery (true
RDPA)

RDPA lumen diameter only *

True left descending
pulmonary artery (true
LDPA)

Lumen diameter distal to left
upper lobe bronchus takeoff

Right ventricular free wall
(RV wall)

Mid-ventricle *

Right ventricular lumen
diameter (RV lumen)

Mid-ventricle *

Left ventricular free wall
(LV wall)

Mid-ventricle *

Left ventricular lumen
diameter (LV lumen)

Mid-ventricle *

IV septum bowing into LV Yes or no

Left apical artery to
corresponding bronchus
ratio

Most apical bronchovascular pair

Hilar diameter (HD) At level of right middle lobe
bronchus takeoff

Hilar/Thoracic ratio HD/Inner thoracic diameter (TD)
measured at same level as HD

Landmarks used to standardize predictors of PH

Ascending aorta diameter
(AA)

Widest diameter at the level of
the PA measurement *

Descending aorta
diameter (DA)

At same level as AA *

* Also see Figure 1.

Table 2 Patient primary diagnoses

N

Coronary arterial disease 27

Congestive heart failure 22

Valvular disease 12

Pulmonary embolism 5

Cardiac arrhythmia 4

Pulmonary infection 4

Aortic aneurysm or dissection 3

Idiopathic PH 3

Interstitial lung disease 3

ARDS 2

Cardiac tamponade 2

COPD 2

Obstructive sleep apnea 2

Other * 10

*Other includes: cancer, anorexigen drug use, cerebrovascular accident, end-
stage renal disease, hepatopulmonary syndrome, kyphoscoliosis, prior history
of lung transplant, malignant hypertension, scleroderma, and trauma.

Table 3 Patient demographics

PH mean
± SD

No-PH mean
± SD

P

Age (yrs) 59.5 ± 15.4 63.5 ± 15.8 0.1948

Sex (% men) 56.6 52.1 0.6923

Height (cm) 169.8 ± 10.9 167.4 ± 10.8 0.3395

Weight (kg) 85.4 ± 22.1 71.7 ± 18.5 0.0029

BSA 1.9 ± 0.3 1.8 ± 0.3 0.0085

BMI 29.6 ± 7.1 25.3 ± 4.9 0.0024

Mechanical ventilation (%) 15.1 8.3 0.3650
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2.8 years [13]. However over the past 2 decades, PH
treatment options have evolved to improve both survival
and quality of life [14]. This retrospective analysis sug-
gests that CT-based metrics can help detect PH, poten-
tially enabling earlier treatment.

Although no significant differences in age, height or
gender were found between PH and no-PH patients in
this study, patients in the PH group demonstrated sig-
nificantly greater body weight, BMI and BSA. There
were significantly more obese patients in the PH group
(41%) compared to the no-PH group (18%). Neverthe-
less, most patients in both groups were not obese. The
presence of obesity, though, may contribute to PH, as
Hague et al [15] found pulmonary hypertensive changes
in 72% of obese subjects, a statistically higher proportion
than when compared to the control group (p < 0.001).
Despite the heterogeneity of the primary diagnoses of

patients in this study, the commonest diagnoses of cor-
onary arterial disease (CAD) and congestive heart failure
(CHF) were approximately equal in preponderance in
both the PH group and the no-PH group (47% vs. 50%,
respectively). A majority of patients (76%) demonstrated
an elevated PWP in the PH group, compared to 6% in
the no-PH group. This may be due in part to the higher
rate of obesity in the PH group, and possible develop-
ment of obesity cardiomyopathy, in the absence of other
risk factors such as CAD [16].
The current study not only confirmed a significant dif-

ference in the PA diameter between PH and no-PH
patients, but also showed significant differences in mea-
surement of the RDPA, True RDPA, RV free wall thick-
ness, RV Wall/LV Wall ratio, Hilar Diameter, and Main
PA/AA ratio (Table 4). These pre-defined CT-based
parameters had been previously selected at least in part
on the basis of the existing published literature [17-20],
modified and augmented using straightforward to

Table 4 Comparison of hypothesized predictors of PH in
the PH and no-PH groups

PH mean
± SD

No-PH mean
± SD

P

Main PA diameter (mm) 32.2 ± 5.3 29.0 ± 3.9 0.0021

Left PA diameter (mm) 24.2 ± 4.6 22.9 ± 3.2 0.1225

Right PA diameter (mm) 24.0 ± 4.3 23.4 ± 3.7 0.4618

RDPA diameter (mm) 19.4 ± 4.4 17.0 ± 2.6 0.0072

True RDPA diameter (mm) 15.3 ± 3.7 13.4 ± 2.4 0.0027

True LDPA diameter (mm) 19.4 ± 3.8 18.1 ± 3.4 0.0509

RV free wall thickness (mm) 5.4 ± 2.4 4.0 ± 1.2 0.0023

RV lumen diameter (mm) 36.9 ± 10.1 35.3 ± 7.9 0.4293

LV free wall (mm) 11.6 ± 3.6 11.1 ± 3.3 0.4820

LV lumen (mm) 44.0 ± 15.5 42.9 ± 9.5 0.9942

Hilar diameter (mm) 127.1 ± 13.7 118.2 ± 12.0 0.0018

RV wall/LV wall ratio 0.51 ± 0.25 0.38 ± 0.14 0.0214

RV lumen/LV lumen ratio 1.02 ± 0.85 0.85 ± 0.26 0.9796

L apical artery/bronchus ratio 1.33 ± 0.43 1.27 ± 0.35 0.6023

Hilar/thoracic ratio 0.51 ± 0.04 0.49 ± 0.04 0.0687

Main PA/AA ratio 0.97 ± 0.2 0.86 ± 0.13 0.0014

Main PA/DA ratio 1.24 ± 0.27 1.15 ± 0.17 0.2023

PH % no-PH %

IV septum bowed into LV 16.7 2.7 0.0608

See table 1 for definitions of radiographic metrics.

Table 5 Simple logistic regression of hypothesized predictors of PH to outcome (PH vs. no-PH)

P OR Lower
95% CI

Upper
95% CI

ROC AUC Sensitivity (%) Specificity (%) Upper limit of
normal (ULN) cutoff

Main PA diameter (mm) 0.0020 1.2 1.1 1.3 0.68 67.9 56.3 29 mm

Left PA diameter (mm) 0.1158 1.1 1.0 1.2 0.59 47.2 62.5 24 mm

Right PA diameter (mm) 0.4187 1.0 0.9 1.1 0.54 37.7 64.6 25 mm

RDPA diameter (mm) 0.0031 1.2 1.1 1.4 0.66 43.4 79.2 19 mm

True RDPA diameter (mm) 0.0053 1.2 1.1 1.4 0.67 32.1 83.3 16 mm

True LDPA diameter (mm) 0.0814 1.1 1.0 1.2 0.61 32.1 77.1 21 mm

RV Free Wall thickness (mm) 0.0070 1.5 1.1 2.1 0.69 21.4 91.9 6 mm

RV Lumen diameter (mm) 0.4248 1.0 1.0 1.1 0.55 66.7 18.9 30 mm

LV Free Wall (mm) 0.5105 1.0 0.9 1.2 0.55 9.5 78.4 15 mm

LV Lumen (mm) 0.7136 1.0 1.0 1.0 0.50 0.0 83.3 57 mm

Hilar diameter (mm) 0.0017 1.1 1.0 1.1 0.68 54.7 68.8 124 mm

RV wall/LV wall ratio 0.0152 22.8 1.8 283.4 0.64 61.9 64.9 0.32

RV lumen/LV lumen ratio 0.2942 1.8 0.6 5.3 0.50 19.0 94.4 1.28

L apical artery/broncus ratio 0.4379 1.5 0.5 4.2 0.53 11.3 87.5 1.75

Hilar/thoracic ratio 0.0785 >5000 0.4 >5000 0.61 35.8 79.2 0.52

Main PA/AA ratio 0.0035 58.7 3.8 900.7 0.68 79.2 50.0 0.84

Main PA/DA ratio 0.0626 6.7 0.9 50.3 0.57 30.2 83.3 1.29

See table 1 for definitions of radiographic metrics.
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Table 6 Multiple logistic regression to control for potential confounders

P OR AUC Sensitivity (%) Specificity (%)

Main PA diameter ≥29 mm 0.0196 4.8 0.93 77.4 89.6

Left PA diameter ≥24 mm 0.2160 2.6 0.92 77.4 87.5

Right PA diameter ≥25 mm 0.4461 1.9 0.91 73.6 93.8

RDPA diameter ≥19 mm 0.0059 7.0 0.93 83.0 85.4

True RDPA diameter ≥16 mm 0.0487 4.1 0.92 83.0 87.5

True LDPA diameter ≥21 mm 0.0075 15.5 0.93 79.2 91.7

RV free wall ≥6 mm 0.0303 30.5 0.95 81.0 91.9

RV lumen ≥30 mm 0.0915 5.8 0.95 92.9 73.0

LV free wall ≥15 mm 0.1607 5.2 0.95 85.7 83.8

LV lumen ≥57 mm 0.3945 3.0 0.94 76.2 88.9

Hilar diameter ≥124 mm 0.2968 2.2 0.92 81.1 75.0

RV wall/LV wall ratio ≥0.32 0.0141 8.8 0.96 78.6 83.8

RV lumen/LV lumen ratio ≥1.28 0.0196 28.8 0.95 85.7 86.1

L apical artery/bronchus ratio ≥1.75 0.2851 3.5 0.92 75.5 87.5

Hilar/thoracic ratio ≥0.52 0.0757 3.7 0.92 75.5 87.5

Main PA/AA ratio ≥0.84 0.0208 6.0 0.93 73.6 91.7

Main PA/DA ratio ≥1.29 0.0269 5.7 0.93 77.4 89.6

IV septum bowing into LV (yes or no) 0.1053 11.6 0.95 81.0 89.2

Main PA/AA ratio >1 0.0085 9.1 0.93 86.8 79.2

Regression of the outcome variable (PH vs. no-PH) to the predictors:

ULN for each hypothesized predictor of PH, age, sex, ascending aorta diameter (AA), BSA, thoracic diameter (TD), and pulmonary wedge pressure (PWP)
>15 mmHg.

Note: one logistic regression model was created for each hypothesized predictor of PAH. For example, the analysis in the first row above included the predictors:
Main PA diameter ≥29, age, sex, AA, BSA, TD, and PWP >15. See table 1 for definitions of radiographic metrics.

Figure 1 Radiographic measurements. The radiometric measurements used to derive the predictors of PH that were found to be significant in
Table 6 included: main PA (a), AA (b), DA (c), RV free wall (d), RV lumen (e), LV lumen (f), LV free wall (g), true RDPA (h), RDPA as would be seen
on chest x-ray (i), and true LDPA (j).
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measure CT-based metrics. For example, the width of
the RDPA has been shown to be a significant predictor
for PH [18,20], as has the diastolic RV outflow tract wall
thickness [21]. In addition to this, this study novelly
found a significant difference between the PH group
and no-PH group in terms of the true RDPA diameter.
Certainly, the presence of significant abnormalities in
the measurements above ought to promptly engender
further investigation as to the presence of pulmonary
hypertension.
Modeling to control for the potential confounders

[22-24] of age, sex, AA, BSA, thoracic diameter, and
especially PWP (>15 or ≤15 mmHg) using multiple
logistic regression, showed that 10 parameters were sig-
nificant predictors of PH, despite the fact that 76% of
patients in the PH group had an elevated PWP, and
30.7% of all patients were obese (Table 6).
Beiderlinden et al, in a study of ARDS patients with at

least moderate PH (mean PA pressure of >30 mmHg),
reported a sensitivity of 54% and a specificity of 63% uti-
lizing a pulmonary artery trunk diameter ≥29 mm [25].
They also suggested that CT chest parameters were an
unreliable tool in the detection of PH in ARDS patients;
speculating that pulmonary vascular changes in chronic
rather than acute PH may lead to remodeling of the PA
and hence enlargement of its diameter. While it is diffi-
cult to ascertain the proportion of patients in the cur-
rent study with chronic PH, controlling for age, sex,
AA, BSA, thoracic diameter, and PWP category yielded
a superior sensitivity and specificity for prediction of PH
of 77.4% and 89.6%, respectively using an ULN value for
PA diameter of ≥29 mmHg.
The current study also found that an ULN cutoff of

1.29 for the main PA/DA ratio and an ULN cutoff of
>0.84 for the main PA/AA ratio could both be used to
predict PH. While this main PA/AA ratio had been
demonstrated in a previous study to strongly correlate
with mPAP in a patient population under 50 years of
age also with heterogenous diagnoses [23], a more
recent study however has suggested that the traditional
PA/AA ratio >1 is a poor diagnostic tool as it includes
normal patients and is negatively affected by age [26]. In
contrast, our study found significance using a main PA/
AA ratio of ≥0.84 or >1 in acutely ill patients even after
controlling for age in detecting the presence of PH.
Other novel predictors of PH that were found to be

significant in this study included specific cardiac mea-
surements, particularly the RV free wall of ≥6 mm, RV
lumen/LV lumen ratio ≥1.28, and RV wall/LV wall ratio
≥0.32. Of these, the RV lumen/LV lumen ratio ≥1.28
showed high sensitivity (85.7%) and specificity (86.1%,
OR = 28.8). Both the true LDPA diameter ≥21 mm and
the true RDPA diameter ≥16 mm also afforded good
sensitivities (79.2% and 83%, respectively) and high

specificities (91.7% and 87.5%, respectively), with OR’s
of 15.5 and 4.1.
An ULN cutoff of ≥6 mm for the RV Free Wall

showed significant promise as a predictor of PH (p =
0.0303) with a high OR of 30.5, and sensitivity of 81%
and specificity of 91.9%. It has been suggested that the
right ventricle adapts to the increased afterload in PH
by increasing muscle mass and hence wall thickness,
and by assuming a more rounded shape [27]. Other
investigators [28] studied 16 patients with primary pul-
monary hypertension and found an increase in resting
right ventricular mass. Cardiovascular Magnetic Reso-
nance Imaging may be helpful to further assess right
ventricular structure and function in PH patients [29].
PA volume estimation utilizing CT-volumetry may also
be useful in PH detection [30].
The current study has a number of limitations in part

due to its retrospective nature. Selection bias may have
been introduced by only including patients who under-
went both RHC and chest CT. Nevertheless, a consecu-
tive cohort of acutely hospitalized patients with
heterogeneous diagnoses were studied, of whom about
half had an acute primary diagnosis of CAD or CHF.
While the majority of patients in the PH group were
associated with an elevated PWP, controlling for this
using multiple logistic regression models still resulted in
statistical significance for eight pre-defined CT chest
metrics for detecting PH.
Additional limitations include the fact that some

patients underwent CT scanning breathing sponta-
neously, whilst others were on positive pressure ventila-
tion. However, this was limited to a minority of patients
(only 8.3% in the no-PH group and 15.1% in the PH
group). Positive pressure ventilation may have affected
end-expiratory PA diameter due to varying intrathoracic
pressures and lung volumes, affecting transmural PA
pressure. In a secondary analysis of the non-mechanically
ventilated patient cohort (n = 89), all significant findings
reported in Table 6 retained their significance, except for
three parameters (true RDPA diameter ≥16 mm, RV
wall/LV wall ratio ≥0.32, and RV lumen/LV lumen ratio
≥1.28). The loss of significance in these three parameters
is unclear, and may have been related to a smaller sample
size, a loss of power or physiological reasons.
The RHC’s and chest CT’s were performed a mean of

3 days apart (median = 1 day), another limitation. It is
acknowledged that significant changes in PWP and
hence PAP can occur even on an hourly or daily basis,
depending on treatment. Nevertheless, relatively short
delays between measurements are likely to only result in
small and randomly distributed errors [25].
Standard CT window widths were used in this study,

thus minimizing variability in anatomic measurements
when compared to using non-standard window widths

Chan et al. BMC Medical Imaging 2011, 11:7
http://www.biomedcentral.com/1471-2342/11/7

Page 6 of 8



via a computer program using density profiles [22].
Clinician bias in measuring parameters was limited by
using separate teams, blinded to the clinical and hemo-
dynamic data, to independently review the chest CT’s.
The high incidence of CT contrast enhancement in

75% of the no-PH group and in 77% of the PH group
may have aided in metric measurement. Nevertheless,
others have reported good inter-observer measurement
accuracy in a study of a heterogeneous group of patients
with PH, utilizing a mixture of enhanced and unen-
hanced CT scans of the chest [23]. Edwards et al also
demonstrated that the measurement of the pulmonary
artery diameter was extremely reproducible using unen-
hanced CT scans, with a standard deviation for the dif-
ference between 2 measurements of less than 0.08 cm
and a mean difference of only 0.02 cm [22].

Conclusions
This study has shown that there is a group of CT chest-
derived predictors of PH that shows significance, even
after controlling for age, sex, AA, BSA, thoracic dia-
meter, and especially PWP. Novel predictors including
RV free wall ≥ 6 mm, RV lumen/LV lumen ratio ≥ 1.28,
True LDPA diameter ≥ 21 mm and True RDPA dia-
meter ≥ 16 mm amongst others, may serve as a tem-
plate to detect PH in such patients with acute illnesses
requiring hospitalization and aid in determining which
patients require RHC. A confirmatory prospective multi-
centre study utilizing the significant CT chest metrics
above, and large enough to enable pre-defined subset
analysis on the various WHO Groups of PH, is needed.

Abbreviations
AA: ascending aorta; AUC: area under the curve; BMI: body mass index; BSA:
body surface area; CAD: coronary arterial disease; CHF: congestive heart
failure; CT: computed tomography; DA: descending aorta; IV: interventricular;
LDPA: left descending pulmonary artery; LV: left ventricle; mPAP: mean
pulmonary arterial pressure; OR: odds ratio; PA: pulmonary artery; PAP:
pulmonary arterial pressure; PH: pulmonary hypertension; PWP: pulmonary
wedge pressure; RDPA: right descending pulmonary artery; RHC: right-heart
catheterization; ROC: receiver operating characteristic; RV: right ventricle; TD:
thoracic diameter; TL: tracheal lumen; ULN: upper limit of normal.

Acknowledgements
Statistical support for this publication was made possible by Grant Number
UL1 RR024146 from the National Center for Research Resources (NCRR), a
component of the National Institutes of Health (NIH), and NIH Roadmap for
Medical Research. Its contents are solely the responsibility of the authors
and do not necessarily represent the official view of NCRR or NIH.
Information on Re-engineering the Clinical Research Enterprise can be
obtained from http://nihroadmap.nih.gov/clinicalresearch/overview-
translational.asp

Author details
1Division of Pulmonary/Critical Care and Sleep Medicine, University of
California, Davis Medical Center, Sacramento, CA and VA Northern California
Health Care System, USA. 2Department of Radiology, University of California,
Davis Medical Center, Sacramento, CA, USA. 3Department of Public Health
Sciences, Division of Biostatistics, University of California, Davis, CA, USA.
4Department of Statistics, University of California, Davis, CA, USA.

Authors’ contributions
ALC: study concept and design; acquisition, analysis and interpretation of
data; and drafting of manuscript. MMJ: study concept and design,
coordination for the acquisition of data, analysis and interpretation of data,
and drafting of manuscript. DKS: study concept and design; acquisition,
analysis and interpretation of data; and critical revision of manuscript. TM:
acquisition, analysis and interpretation of data; and critical revision of
manuscript. CSL: analysis and interpretation of data; statistics expertise; and
drafting of manuscript TCL: analysis and interpretation of data; statistics
expertise; and drafting of manuscript. TEA: study concept and design;
analysis and interpretation of data; and critical revision of manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 6 October 2010 Accepted: 29 March 2011
Published: 29 March 2011

References
1. D’Alonzo GE, Barst RJ, Ayres SM, Bergofsky EH, Brundage BH, Detre KM,

Fishman AP, Goldring RM, Groves BM, Kernis JT, et al: Survival in patients
with primary pulmonary hypertension. Results from a national
prospective registry. Ann Intern Med 1991, 115(5):343-349.

2. Wilkins MR, Paul GA, Strange JW, Tunariu N, Gin-Sing W, Banya WA,
Westwood MA, Stefanidis A, Ng LL, Pennell DJ, et al: Sildenafil versus
Endothelin Receptor Antagonist for Pulmonary Hypertension (SERAPH)
study. Am J Respir Crit Care Med 2005, 171(11):1292-1297.

3. Rubin LJ: Pulmonary arterial hypertension. Proc Am Thorac Soc 2006,
3(1):111-115.

4. Devaraj A, Hansell DM: Computed tomography signs of pulmonary
hypertension: old and new observations. Clin Radiol 2009,
64(8):751-760.

5. Perez-Enguix D, Morales P, Tomas JM, Vera F, Lloret RM: Computed
tomographic screening of pulmonary arterial hypertension in
candidates for lung transplantation. Transplant Proc 2007,
39(7):2405-2408.

6. Arcasoy SM, Christie JD, Ferrari VA, Sutton MS, Zisman DA, Blumenthal NP,
Pochettino A, Kotloff RM: Echocardiographic assessment of pulmonary
hypertension in patients with advanced lung disease. Am J Respir Crit
Care Med 2003, 167(5):735-740.

7. Nathan SD, Noble PW, Tuder RM: Idiopathic pulmonary fibrosis and
pulmonary hypertension: connecting the dots. Am J Respir Crit Care Med
2007, 175(9):875-880.

8. Roeleveld RJ, Marcus JT, Boonstra A, Postmus PE, Marques KM,
Bronzwaer JG, Vonk-Noordegraaf A: A comparison of noninvasive MRI-
based methods of estimating pulmonary artery pressure in pulmonary
hypertension. J Magn Reson Imaging 2005, 22(1):67-72.

9. Zisman DA, Karlamangla AS, Kawut SM, Shlobin OA, Saggar R, Ross DJ,
Schwarz MI, Belperio JA, Ardehali A, Lynch JP, et al: Validation of a method
to screen for pulmonary hypertension in advanced idiopathic
pulmonary fibrosis. Chest 2008, 133(3):640-645.

10. Tan RT, Kuzo R, Goodman LR, Siegel R, Haasler GB, Presberg KW: Utility of
CT scan evaluation for predicting pulmonary hypertension in patients
with parenchymal lung disease. Medical College of Wisconsin Lung
Transplant Group. Chest 1998, 113(5):1250-1256.

11. Zisman DA, Ross DJ, Belperio JA, Saggar R, Lynch JP, Ardehali A,
Karlamangla AS: Prediction of pulmonary hypertension in idiopathic
pulmonary fibrosis. Respir Med 2007, 101(10):2153-2159.

12. Rich S, Dantzker DR, Ayres SM, Bergofsky EH, Brundage BH, Detre KM,
Fishman AP, Goldring RM, Groves BM, Koerner SK, et al: Primary pulmonary
hypertension. A national prospective study. Ann Intern Med 1987,
107(2):216-223.

13. McGoon MD, Kane GC: Pulmonary hypertension: diagnosis and
management. Mayo Clin Proc 2009, 84(2):191-207.

14. Humbert M, Sitbon O, Simonneau G: Treatment of pulmonary arterial
hypertension. N Engl J Med 2004, 351(14):1425-1436.

15. Haque AK, Gadre S, Taylor J, Haque SA, Freeman D, Duarte A: Pulmonary
and cardiovascular complications of obesity: an autopsy study of 76
obese subjects. Arch Pathol Lab Med 2008, 132(9):1397-1404.

16. Dela Cruz CS, Matthay RA: Role of obesity in cardiomyopathy and
pulmonary hypertension. Clin Chest Med 2009, 30(3):509-523, ix.

Chan et al. BMC Medical Imaging 2011, 11:7
http://www.biomedcentral.com/1471-2342/11/7

Page 7 of 8

http://nihroadmap.nih.gov/clinicalresearch/overview-translational.asp
http://nihroadmap.nih.gov/clinicalresearch/overview-translational.asp
http://www.ncbi.nlm.nih.gov/pubmed/1863023?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1863023?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1863023?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15750042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15750042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15750042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16493158?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19589413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19589413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17889203?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17889203?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17889203?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12480614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12480614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15971176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15971176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15971176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9596302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9596302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9596302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9596302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17604151?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17604151?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3605900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3605900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19181654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19181654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15459304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15459304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18788850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18788850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18788850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19700049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19700049?dopt=Abstract


17. Kanemoto N, Furuya H, Etoh T, Sasamoto H, Matsuyama S: Chest
roentgenograms in primary pulmonary hypertension. Chest 1979,
76(1):45-49.

18. Miller MR, Gorecka DM, Bishop JM: Radiological prediction of pulmonary
hypertension in chronic obstructive pulmonary disease. Eur Heart J 1984,
5(7):581-587.

19. Chetty KG, Brown SE, Light RW: Identification of pulmonary hypertension
in chronic obstructive pulmonary disease from routine chest
radiographs. Am Rev Respir Dis 1982, 126(2):338-341.

20. Satoh T, Kyotani S, Okano Y, Nakanishi N, Kunieda T: Descriptive patterns
of severe chronic pulmonary hypertension by chest radiography. Respir
Med 2005, 99(3):329-336.

21. Revel MP, Faivre JB, Remy-Jardin M, Delannoy-Deken V, Duhamel A, Remy J:
Pulmonary hypertension: ECG-gated 64-section CT angiographic
evaluation of new functional parameters as diagnostic criteria. Radiology
2009, 250(2):558-566.

22. Edwards PD, Bull RK, Coulden R: CT measurement of main pulmonary
artery diameter. Br J Radiol 1998, 71(850):1018-1020.

23. Ng CS, Wells AU, Padley SP: A CT sign of chronic pulmonary arterial
hypertension: the ratio of main pulmonary artery to aortic diameter.
J Thorac Imaging 1999, 14(4):270-278.

24. Karazincir S, Balci A, Seyfeli E, Akoglu S, Babayigit C, Akgul F, Yalcin F,
Egilmez E: CT assessment of main pulmonary artery diameter. Diagn
Interv Radiol 2008, 14(2):72-74.

25. Beiderlinden M, Kuehl H, Boes T, Peters J: Prevalence of pulmonary
hypertension associated with severe acute respiratory distress
syndrome: predictive value of computed tomography. Intensive Care Med
2006, 32(6):852-857.

26. Lin FY, Devereux RB, Roman MJ, Meng J, Jow VM, Jacobs A, Weinsaft JW,
Shaw LJ, Berman DS, Callister TQ, et al: Cardiac chamber volumes,
function, and mass as determined by 64-multidetector row computed
tomography: mean values among healthy adults free of hypertension
and obesity. JACC Cardiovasc Imaging 2008, 1(6):782-786.

27. Bogaard HJ, Abe K, Vonk Noordegraaf A, Voelkel NF: The right ventricle
under pressure: cellular and molecular mechanisms of right-heart failure
in pulmonary hypertension. Chest 2009, 135(3):794-804.

28. Nootens M, Wolfkiel CJ, Chomka EV, Rich S: Understanding right and left
ventricular systolic function and interactions at rest and with exercise in
primary pulmonary hypertension. Am J Cardiol 1995, 75(5):374-377.

29. Blyth KG, Peacock AJ: Imaging the right ventricle in pulmonary
hypertension. PVRI Review 2009, 1:180-185.

30. Froelich JJ, Koenig H, Knaak L, Krass S, Klose KJ: Relationship between
pulmonary artery volumes at computed tomography and pulmonary
artery pressures in patients with- and without pulmonary hypertension.
Eur J Radiol 2008, 67(3):466-471.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2342/11/7/prepub

doi:10.1186/1471-2342-11-7
Cite this article as: Chan et al.: Novel computed tomographic chest
metrics to detect pulmonary hypertension. BMC Medical Imaging 2011
11:7.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Chan et al. BMC Medical Imaging 2011, 11:7
http://www.biomedcentral.com/1471-2342/11/7

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/446173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/446173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6479184?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6479184?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7103259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7103259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7103259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15733509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15733509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19188324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19188324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10211060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10211060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10524808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10524808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18553279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16614811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16614811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16614811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19356515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19356515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19356515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19356515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19265089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19265089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19265089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7856531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7856531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7856531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17913425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17913425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17913425?dopt=Abstract
http://www.biomedcentral.com/1471-2342/11/7/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Measurements
	Statistical Analyses

	Results
	Relationship of hypothesized predictors of PH to the dichotomous outcome PH vs. no-PH
	Controlling for body size, age, sex and PWP

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

