Significance of Main Pulmonary Artery Dilation on Imaging Studies
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Abstract

Proper and early identification of patients who harbor serious
occult illness is the first step in developing a disease-management
strategy. Identification of illnesses through the use of noninvasive
techniques provides assurance of patient safety and is ideal. PA
dilation is easily measured noninvasively and is due to a variety
of conditions, including pulmonary hypertension (PH). The
clinician should be able to thoroughly assess the significance of PA
dilation in each individual patient. This involves knowledge of the
ability of PA dilation to accurately predict PH, understand the
wide differential diagnosis of causes of PA dilation, and reverse its

life-threatening complications. We found that although PA
dilation is suggestive of PH, data remain inconclusive regarding
its ability to accurately predict PH. At this point, data are
insufficient to place PA dilation into a PH risk-score equation.
Here we review the causes and complications of PA dilation,
define normal and abnormal PA measurements, and summarize
the data linking its association to PH, while suggesting an
algorithm designed to assist clinicians in patient work-up after
recognizing PA dilation.
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Pulmonary artery (PA) dilation is an
increasingly common cause of medical
consultation. This is likely due to the frequent
acquisition of imaging studies in patients
with respiratory symptoms (1, 2) and
augmented awareness of the association
between PA size and pressures.
Identification of PA dilation on computed
tomography (CT) of the chest performed
to assess patients with nonspecific
cardiorespiratory symptoms may raise the
possibility of pulmonary hypertension (PH).
Although a dilated PA may be seen on
plain radiography, the use of more advanced
technologies such as CT of the chest and
magnetic resonance imaging (MRI) allow

Perspective

for more accurate measurement of the

PA size, without the distraction of
superimposed hilar and mediastinal
structures. The use of cross-sectional
imaging on CT or MRI to measure PA size
yields thin sectioned and reproducible
standardized images, even in patients with
lung hyperinflation or large body habitus
(3). Several studies have tested whether the
size of the PA by CT (4-11) or MRI (12-
14) predicts PH. However, PH is just one of
many causes of a dilated PA, and with the
increasing use of noninvasive imaging for
its ever-expanding indications, physicians
will likely see a concurrent increase in the
incidental recognition of PA enlargement.

There are a large number of causes
of PH, which have been classified in five
groups by the fifth World Symposium on
Pulmonary Hypertension (I, pulmonary
arterial hypertension [PAH]; II, PH
associated with left heart diseases; III,

PH associated with lung diseases

and/or hypoxia; IV, PH due to chronic
thrombotic and/or embolic disease; and V,
miscellaneous) (15). Early detection of

PH is essential, given the prognostic
implications of this diagnosis and the
availability of effective treatments (16).
However, despite the increased awareness
of this condition (17), there continues to be
a marked delay in its diagnosis, because the
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presenting symptoms are shared with
other more common respiratory or
cardiovascular diseases (18-20). The
characteristic increase in PA pressure
induces vascular remodeling in the form
of wall thickening and dilation, changes
that are often detected with noninvasive
imaging (21, 22). Consequently, an
enlarged PA has emerged as one of the
early findings suggesting the presence of
PH in different conditions.

In this review we examine the criteria
for diagnosis and describe the potential
causes, mechanisms, and implications of PA
dilation. Furthermore, we propose and
algorithm for the evaluation of PA dilation.
Most of the information presented derived
from studies that used CT to assess the
PA size. We particularly focused on
PH, given that the bulk of literature
predominantly addressed this association
and/or tested the ability of a dilated PA to
predict the presence of PH.

Normal PA Size

Before the recent publication of population-
based data from a cohort of the Framingham
Heart Study (23), most data used to
establish normative reference ranges for PA
size were based on relatively small-size
studies (4-7, 23-25). The Framingham
investigators reviewed the noncontrasted
chest CT scans from 706 individuals who
were deemed “healthy” (defined by the lack
of obesity, hypertension, or history of
chronic obstructive pulmonary disease
[COPD], pulmonary embolism, or
cardiovascular disease) and found a mean
(SD) main PA diameter of 25.1 (2.8) mm,
with an upper limit of normal (90th
percentile used as a cut-off value) of 28.9
mm in men and 26.9 mm in women (23).
Interestingly, at PA diameters greater than
the 90th percentile, a significantly higher
number of subjects (26 vs. 20%, P =0.01)
reported dyspnea on exertion.

A few small studies provided
information on the PA diameter of subjects
without evidence of PH (“control group”)
on right heart catheterization or
echocardiography (4, 5, 24, 25). In general,
these subjects had no cardiopulmonary
diseases or significant comorbidities. In one
of the earliest studies of this kind, Kuriyama
and colleagues studied 26 healthy control
subjects and noted a mean (SD) main PA
diameter of 24.2 (2.2) mm (4). Edwards and
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colleagues studied 100 individuals without
cardiac or thoracic disease using more
modern CT equipment with unenhanced
imaging. The mean (SD) main PA diameter
of the individuals without PH was 27 (3)
mm (men, 27.7 mm and women, 26.4 mm)
(24). Reasons for the differences in
diameter observed in these studies were
attributed to the measuring methodology,
window settings, use of contrast medium,
underlying medical conditions, and
demographic characteristics. Similarly,
other small studies found a “normal” PA
diameter in the range of 19.5 to 32.6 mm
based on predictability of PH (5-7, 25, 26).
For the most part, studies did not report
whether the entire vessel diameter
(including all vessel wall layers) or
the vascular lumen was measured.
Furthermore, there was considerable
variation in the use of intravenous contrast.
A few studies have suggested
a strong association between the ratio of
main PA diameter to ascending aortic
diameter and PA pressure (4, 9, 12, 14, 27).
Adjusting for the aortic diameter is in effect
correcting for body surface area, sex, age,
phase of the cardiac cycle, and other
technical factors (“internal normalization”)
(23, 27). Data from the Framingham Heart
Study showed that in healthy subjects the
ratio of mean (SD) PA to ascending aorta
diameter was 0.77 (0.09), with a 90th
percentile cut-off value of 0.91. The main
PA over aortic diameter is significantly
greater in patients with PH compared with
control subjects (14). This ratio better
predicted the mean PA pressure (mean PA
pressure = 3.7 + 24 X main PA diameter/
aortic diameter) than the diameter of the
main PA or the diameter of main PA over
body surface area (14). A retrospective
analysis of 50 patients with pulmonary and
cardiovascular diseases found that a ratio
of main PA to ascending aorta diameter
greater than 1 is associated with a mean PA
pressure of 20 mm Hg or above, with
a sensitivity of 70%, specificity of 92%, and
positive predictive value of 96% (27).

Technical Aspects in the
Measurement of PA Size

Potential sources of error include differences
in age, sex, body surface area, image slice
thickness, CT window width and level,
method of measurement (at the level of
pulmonary bifurcation or right PA),

difficulties in identifying vessel interfaces,
use of intravenous contrast (may transiently
affect the PA diameter by affecting vascular
tone, cardiac output, and/or heart rate),
inclusion of arterial wall in the
measurements (external limits or internal
lumen), and period of the cardiac cycle
(systole or diastole) when images are
obtained (3, 4, 24, 27). Some investigations
found a direct association between the
mean PA diameter and body surface area
(27), and others did not (9). Dividing the
main PA by the aortic diameter measured
at the same level of the chest and during the
same phase of the cardiac cycle adjusts for
most of these potential differences (14).
Nevertheless, if there are major aortic
abnormalities, this ratio becomes unreliable
(27). A group of investigators studied
whether the use of the mid-anteroposterior
diameter of the thoracic vertebra was
appropriate to adjust for body size.
Unfortunately, this adjustment was inferior
to the normalization using the aorta
diameter (10). Other investigators have
adjusted the diameter of PA branches by
the adjacent airway size (artery-bronchus
ratio), a method that has improved the
specificity for detecting PH in a few studies
(7, 8).

The measurements of the main PA and
ascending aorta diameters are made at the
level of the PA bifurcation (ideally when
both the right and left PA appear to be
of similar size) using electronic calipers
(Figure 1). We use 64- or 128-section
scanners. Scans are obtained on patients in
supine position with breath holding at full
inspiration. The acquisition parameters and
use of intravenous contrast agents vary
depending on the indication of the study.
Basic acquisition parameters used are: 120
kVp with mAs selected from the reference
range (80, 100, or150), pitch of 1.0 with
0.5-second rotation time. We reconstruct
scans at section widths of 1 mm (high-
resolution CT and pulmonary embolism
studies) or 3 mm (regular CT) at 1- and
1.5-mm intervals, respectively. The images
are analyzed using mediastinal windows
(window width, 400; window center, 40).
The axial diameter of the main PA is
measured at the level of the PA bifurcation,
along the line that originates from the
center of the adjacent aorta and is
perpendicular to the long axis of the PA (9).
The PA diameter includes the vessel wall in
noncontrasted studies and the vascular
lumen in contrasted CT.
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Figure 1. Dilated pulmonary artery (PA, indicated by the asterisk in each panel) on contrast-
enhanced computed tomography (CT) of the chest. (A) A 22-year-old man with idiopathic pulmonary
arterial hypertension (PAH). Mean PA pressure 83 mm Hg and pulmonary vascular resistance (PVR)
18.3 Wood units. Aorta and PA measure 21.8 and 39.5 mm, respectively. (B) A 46-year-old woman
with PAH due to congenital heart disease had a ventricular septal defect corrected at the age of

5 years. Right heart catheterization at the time of CT scan showed mean PA pressure of 55 mm Hg
with a PVR of 12 Wood units. Aorta and PA measure 29.3 and 44.9 mm, respectively. (C) A 64-year-
old woman with chronic thromboembolic portopulmonary hypertension after pulmonary
thromboendarterectomy. Due to severe (80%) extrinsic compression of the left main coronary trunk
she required percutaneous coronary intervention with stent placement. Mean PA pressure 55 mm Hg
and PVR 7.5 Wood units. Aorta and PA measure 31.5 and 80.0 mm, respectively.

Causes of Dilated PA

The differential diagnosis of causes of
dilated PA is wide (Tables 1 and 2) and
likely involves a “two-hit” model with

a genetic predisposition and long-term
exposure to abnormal pulmonary
hemodynamics, hypoxia, atherosclerosis,
or certain diseases (28). PH is possibly

the most common contributing factor to

a dilated PA (29). Patent ductus arteriosus,
atrial and/or ventricular septal defects may
result in left-to-right shunting, yielding
increased PA blood flow and shear stress
that lead to PA dilation. In the case of
patent ductus arteriosus, the constant “jet
stream” of blood into the PA causes local
injury at the point of impact (30). This may
in turn increase the risk of endovascular
seeding and subsequent mycotic aneurysm
formation (31). Bicuspid pulmonic valve
stenosis is associated with larger mean PA
due to post-stenotic turbulent blood flow
patterns and increased wall shear stress
(32). Furthermore, larger main PA and
aortic dimensions may be seen in patients
with a bicuspid aortic valve, which may
indicate an underlying genetic connective
tissue predisposition (33).

Less common causes of dilated PA
include rheumatologic or vasculitic illnesses
(the majority of which are from Behget
disease), connective tissue diseases, or
infections. Behget disease is a chronic
multisystem vasculitis characterized by
recurrent oral and genital ulcerations, eye
and skin lesions, and inflammation of
small, medium, or large blood vessels (34,
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35). Of the many pulmonary manifestations
of Behget disease, PA aneurysm is the most
common (35, 36).

Certain connective tissue diseases have
been implicated in PA dilation; nevertheless,
the exact prevalence is not known, and
mechanisms are poorly understood (37-39).
Marfan syndrome traditionally affects the
aorta; however, increased diameters of the
main PA have also been reported (38-40).
In a study of 50 patients with Marfan
syndrome who underwent MRI, the mean
main PA diameter was 38.4 mm (38).
Interestingly, patients with Marfan
syndrome who had undergone elective aortic
root replacement had significantly larger PA
diameters than the nonoperated ones (38).

Syphilis and tuberculosis were
common causes of PA dilation before the
introduction of effective antibiotic therapies.
Chronic progressive tuberculosis may lead
to the formation of a Rasmussen aneurysm
(31), which is a vascular aneurysm due
to pathological replacement of portions of
the vessel with granulomatous tissue (31).
Mycotic aneurysms may develop from
spread of adjacent pneumonia or from
intravascular bacterial seeding.

Mechanism of Dilated PA in PH

Laplace’s law informs us that wall tension
(T) is directly proportional to intravascular
pressure (P) and radius (R), whereas T =

P X R. This formula explains why PA
dilations may approach very large sizes even
in patients with low PA pressures (41-43).
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The association between PA dilation
and PH is well known, and dilation has
been documented in patients across all
groups of PH (3, 5, 7, 43-46). The increased
intrapulmonary pressures lead to vascular
remodeling, which includes vascular
thickening and dilation to cope with
increased vascular wall shear stress (47).
Pulmonary arterial thickening and
stiffening is largely mediated by increased
collagen and elastin deposition (48-52).
Limited information exists describing the
intricate mechanisms of PA dilation at
the cellular level in patients with PH.
Mechanisms described include phenotypic
alterations of resident smooth muscle cells
and adventitial fibroblast migration to
the intima and media (53). Adventitial
fibroblasts have been shown to migrate,
transdifferentiate, and proliferate in hypoxic
conditions as well as release factors that
regulate smooth muscle cell tone and growth
(54, 55). Therefore, the adventitia layer is

Table 1. Known causes of main dilated
pulmonary artery

Causes

Pulmonary hypertension
Pulmonary arterial hypertension
Thromboembolic disease (acute or

chronic)
Eisenmenger syndrome
High altitude
Schistosomiasis

Increased or turbulent blood flow
Left-to-right shunting
Patent ductus arteriosus
Atrial septal defect
Ventricular septal defect
Valvular pulmonic stenosis
Arteriovenous malformation
Congenital
Infectious
Hereditary hemorrhagic telangiectasia

Rheumatologic/vasculitis
Behget disease
Hughes-Stovin syndrome
Takayasu arteritis

Connective tissue disease
Marfan syndrome
Loeys-Dietz syndrome
Ehlers-Danlos syndrome
Cystic medial necrosis

Infectious
Tuberculosis
Syphilis
Bacterial

Trauma
Blunt
Penetrating

Idiopathic
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Table 2. Characteristic findings in different causes or illnesses associated with dilated pulmonary artery

Cause

Pulmonary hypertension
PAH

Thromboembolic disease
(acute or chronic)

Eisenmenger syndrome
High altitude

Schistosomiasis

Increased or turbulent blood flow
Left-to-right shunt (PDA, ASD,
VSD)

Pulmonic valve stenosis

Arteriovenous malformations

Vasculitis
Behcet disease

Hughes-Stovin syndrome

Takayasu arteritis

Connective tissue disease
Marfan syndrome

Loeys-Dietz syndrome

Ehlers-Danlos syndrome

Cystic medial necrosis

Infectious
Pyogenic bacteria, syphilis,
tuberculosis, fungi

Others
Trauma

Idiopathic

Mechanism

Increased pulmonary vascular
resistance by endothelial and
smooth muscle cell proliferation
(78)

Increased pulmonary artery pressure
from thrombus load (acute) or
fibrous stenosis (chronic) (79)

Vascular remodeling from
longstanding increased flow (80)

Sustained alveolar hypoxia (81)

Chronic inflammation/immunological
reaction with vascular remodeling
(82)

Increased blood flow and
hemodynamic stress

Post-stenotic flow pattern leads to
increase wall shear stress (32, 83)
High pulmonary flow

Chronic vasculitis

Chronic vasculitis

Large vessel granulomatous
vasculitis

Abnormal microfibrils from mutated
fibrillin-1 gene

Missense mutation of TGFBR1,
TGFBR2, or SMAD3 genes (37)

Disarray of collagen biosynthesis

Disruption of smooth muscle,
elastin, and collagen in vascular
media (85)

Bacteremia with septic emboli or
spread from adjacent pneumonia
or lymphatics (39)

Trauma from chest tube or
pulmonary artery catheter
Unknown

Clinical Signs

Loud P2, sternal heave,
hepatomegaly, jugular venous
distension, edema

Hypoxia, increased A-a gradient,
hemoptysis

Cyanosis, clubbing, loud P2

Nonspecific (exertional dyspnea),
polycythemia, hypoxemia

Nonspecific (exertional dyspnea and
PAH signs)

Continuous machine-like murmur
(PDA), fixed split of S2 (ASD),
pansystolic murmur (VSD)

Delayed S2, systolic ejection
murmur increased on inspiration

Asymptomatic or dyspnea,
hypoxemia, hemoptysis, or
cerebrovascular accidents

Recurrent oral and genital ulcers,
uveitis, hemoptysis

No oral or genital ulcers, no uveitis or

skin lesions (39, 42)

Arm or leg claudication (“pulseless
disease”), renal artery stenosis,
Raynaud phenomenon

Various musculoskeletal
manifestations, murmur of aortic
regurgitation

Hypertelorism, cleft palate, club foot,
craniosynostosis, vascular dilation
and tortuosity (37)

Hyperextensible skin, hypermobile
joints with frequent dislocations,
tissue fragility (84)

Often present in Marfan and Ehlers-
Danlos syndromes (85)

Various presentations of infectious
diseases, endocarditis

Asymptomatic to hemoptysis

Asymptomatic

Characteristic Imaging

Dilated central PA with rapid
tapering to peripheral vessels,
vascular pruning (39). Mosaic
pattern of lung attenuation.

PA filling defects, irregularities,
bands and webs.

Peripheral PA pruning and
neovascularity.

Dilation of central PA and smaller
arterial vessels.

Dilation of the pulmonary trunk.

PA may approach aneurysmal size.
Increased pulmonary vascularity
that extends to the periphery of
the lung fields.

Post-stenotic PA dilation.

Well demarcated lung nodule(s) with
taillike extension (supplying artery
and draining vein).

PA aneurysms in large proximal
branches, pulmonary infarction,
pneumonia, organizing pneumonia
39

PA aneurysm-thrombosis
combination. Like Behget, prone
to rupture (22, 39).

Narrowing of the aorta and/or main
branches with thickening of the
vascular wall.

Aortic dilation and/or dissection.
May have pulmonary root
involvement (38, 40).

Aortic aneurysm (39). May affect
vessels other than the aorta.

Aneurysm of the iliac, splenic, or
renal arteries (22).

Dilation of large arteries, particularly
the aorta.

Indolent infections often with true
aneurysms, virulent organisms
often with pseudoaneurysms (39).

Pseudoaneurysm from blood
contained within adventitia (22).

May approach aneurysmal size
(86, 87).

Definition of abbreviations: ASD = atrial septal defect; P2 = pulmonic component of the second heart sound; PA = pulmonary artery; PAH = pulmonary

arterial hypertension; PDA = patent ductus arteriosus; S2 = second heart sound; VSD = ventricular septal defect.

Patients with pulmonary hypertension may have dilated right ventricle and right atrium when compared to left side chambers. In addition, these patients may also
have a smaller angle between the interventricular septum and the horizontal line or deviation of the interventricular septum toward the left (11). A vascular cause of
the mosaic pattern is suggested when large-caliber vessels are surrounded by high attenuation areas and small-caliber vessels by low attenuation zones (88).
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important in cell activation and vascular intravascular pressure. Other causes include (3, 4, 9, 13, 14, 27, 43, 56, 57). The dilation
remodeling in hypoxia-induced PH (28). age, sex, body constitution, blood flow, of the PA may occur in the absence of PH,
Factors that affect the size of the main  vessel compliance, vascular pathology, in conditions such as in diffuse pulmonary

PA are complex and not only depend on the  duration of PH, and interstitial lung disease  fibrosis (7, 8, 27, 58, 59) and congenital

Table 3. Sensitivity and specificity of different pulmonary artery diameter cut-offs for identifying pulmonary hypertension

Study PH WHO Mode of PH Size of Imaging Vessel SN SP Comments
[Patients/  Group of Diagnosis PA* (Contrast) Parameter (%) (%)
Total (%)] PH (mm) Measured’
Kuriyama 11/27 (41) Mixed RHC 28.6 CT (V) External 69 100 Vessels measured using
et al. (4) (density a CT density profile of the
profile) artery and adjacent
tissues

A mean PA pressure >
18 mm Hg was
considered PH

Tanetal (7) 36/45 (80) 3 RHC 29.0 CT (V) NA 87 89 PPV very high because
studied population
included mostly those
with PH (four times as
many patients as control
subjects)

A PA diameter of 29.0
mm + ABR > 1.1 had
a specificity of 100%

Edwards 12/112 (11) 1 RHC 33.2 CT (N) External 58 95  Unenhanced CT (external
et al. (24) diameter of vessel
measured)
Ng et al. (27) 37/50 (74) Mixed RHC 30.0 CT (V) Variable 68 100 PH was considered as
a mean PA pressure =
20 mm Hg
Pérez- 34/59 (58) 3 RHC 29 CT (V) NA 65 61  Clinical diagnoses were
Enguix predominantly
et al. (8) emphysema, pulmonary
fibrosis, and cystic
fibrosis
Alhamad 37/63 3 RHC 25 CT (V) External 86 41.2 Mixed cohort did not
et al. (63) 15/19 Mixed RHC 31.6 CT (V) External 47 93 include patients with
interstitial lung disease
Lange et al. 26/78 (33) Mixed RHC 29.0 CT (V) NA 77 62  Included patients with
(5) mean PA pressure of
21-24 mm Hg
Mahammedi 298/102 (75) Mixed RHC 29.5 CT (V) Variable 71 79 A main PA over aortic
et al. (9) diameter > 1 has

a sensitivity and
specificity for detecting
PH of 71 and 77%,

respectively
McCall et al. 32/48 (66.7) 1,8 RHC 30.8 CT (NA) NA 81.3 87.5 Included patients with
(6) scleroderma and several

with unidentified
connective tissue

disease
Burger et al. 37/100 (37) Mixed ECHO 30.0 CT (N) External 78 91  Unenhanced CT
(26)
Sanal et al. 51/190 (27) 4 ECHO 28.6 CT (Y) NA 75 75  Only studied patients with
(89) acute pulmonary
embolism

Estimate RVSP for
considering PH was
50 mm Hg

Definition of abbreviations: ABR = artery to bronchus ratio; CT = computed tomography; ECHO = echocardiography; N =no; NA = not available; PA =
pulmonary artery; PH = pulmonary hypertension; PPV = positive predictive value; RHC =right heart catheterization; RVSP = right ventricular systolic pressure;
SN = sensitivity; SP = specificity; WHO = World Health Organization; V = variable (some patients received contrast while others did not); Y =yes.

*Cut-off value selected by the investigators, above which predicted the presence of PH.

TInternal (lumen) or external (entire vessel) diameter.
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bicuspid valve. In patients with pulmonary
fibrosis, a few studies (7, 58, 59) found

a lack of association between mean PA
pressure and main PA diameter. The PA
dilation in pulmonary fibrosis was initially
related to the traction effect of pulmonary
fibrosis on the PA (59), but a subsequent
investigation found no association between
PA diameter and total lung capacity or
the extent of fibrosis noted at CT (58).
Patients with a congenital bicuspid aortic
valve have less fibrillin-1, an enzyme
essential for formation of elastic fibers in
the aorta and PA (60).

Predictability across Different
Groups of PH

Although larger PA diameters seem to
increase the likelihood of having PH, and
smaller diameters suggest its absence, there is
a wide range of overlap in between. Although
Mahammedi and colleagues (9) found no
difference in mean PA diameter among
different etiologies of PH, the radiographic
presentation of PH may vary depending on

Women > 27 mm
Ratio > 0.9

the underlying disease, and a degree of main
PA dilation in one condition (e.g., idiopathic
PAH) may not be easily comparable to
another (e.g., interstitial lung disease, mitral
stenosis, etc.) (27, 57).

Group I: PAH

Most of the studies that assess the PA size in
patients with PH included patients from
different groups, and most of the time group
I was underrepresented (Table 3). These
relatively small studies included a variable
proportion of patients with PH, and
different cut-offs were selected. In general,
the comparison group included patients
without PH but with other diseases that
motivated the CT of the chest. Hence, the
sensitivities and specificities to detect PH
showed a wide variation.

Boerrigter and colleagues studied 51
patients with PA hypertension and 18
subjects with normal PA pressures who had
right heart catheterization and cardiac MRI
(43). The PA diameter was significantly
larger in patients with PH, and the main PA
diameter was significantly associated with
mean PAP pressure. A ratio of main PA

_|

PA diameter
or main PA/aorta diameter

4

Enlarged®
Men > 29 mm

Any of the following:
*Symptoms / signs suggestive of PH
ellinesses associated with PH

*Testing indicative of PH (abnormal ECG,
elevated BNP, low DLCO, etc)
*PA diameter > 33 mm or main PA/Ao

Yes | diameter > 1.1

}_

to aorta diameter greater than 1 had

a sensitivity of 92%, a specificity of 72%,
and a positive predictive value of 92% for
PH. Interestingly, during follow-up the PA
diameter significantly increased, even in
patients in whom the PA pressures
decreased (43).

Group lI: PH Associated with Left
Heart Diseases

There are limited data examining PA
diameter in PH due to left heart disease. Yu
and colleagues analyzed 550 patients with
congestive heart failure who underwent
echocardiography to evaluate for pericardial
effusion (61). Mean PA diameter on
ultrasound was found to be an independent
predictor of pericardial effusion; however,
it was not associated with greater
mortality.

Group llI: PH Associated with Lung
Diseases and/or Hypoxia

Several studies have evaluated the role of CT
scan in predicting PH specifically in patients
with parenchymal lung disease. A small
study of 55 patients who underwent

Normal
Men <29 mm

Women < 27 mm
Ratio < 0.9

Symptoms or
findings suggestive
of PH

No
}—»{ No further work-up ]

A

Yes

No ‘

Refer to 5th PH World
Symposium guidelines

A
Echocardiogram

Elevated RVSP or
abnormal RV size or
function

{ Right Heart Catheterization ]

Follow up?

A
Consider other
conditions
associated with PA
enlargement (table 1)

Figure 2. Algorithm for evaluation of dilated pulmonary artery (PA) in adult patients without interstitial lung disease. *We used the PA diameter cut-offs of
29 mm for men and 27 mm for women, following the upper limit of normal (90th percentile) proposed by the Framingham investigators (23). A ratio of main
PA to aorta diameter cut-off of 0.9 is supported by the same study (23). A PA diameter cut-off of 33 mm and ratio of main PA to aorta diameter
of greater than 1.1 had a specificity of 95 and 92%, respectively, for detecting pulmonary hypertension (PH) (24, 43). ANo recommendations are
made regarding the frequency and method for follow-up, given the absence of data. Ao = aorta; BNP = brain natriuretic peptide; DLso = diffusing capacity
of carbon monoxide; RV = right ventricle; RVSP =right ventricle systolic pressure.
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unenhanced CT and right heart
catheterization before heart or lung
transplantation found a PA diameter of less
than 21 mm to predict normal PA pressures
with 95% accuracy; nevertheless, normal
PA pressures were found in patients with
a main PA diameter as large as 36 mm (3).

Patients with idiopathic pulmonary
fibrosis who develop PH have worse survival
(62). Tan and colleagues studied patients
with PH with interstitial lung disease (ILD)
(n=20), pulmonary vascular disease
(chronic thromboembolic portopulmonary
hypertension [CTEPH], portopulmonary
and idiopathic PAH) (n=12) and healthy
control subjects (n=9). Mean PA diameter
was a strong predictor of PH, but there was
no significant association between PA
pressure and diameter (7). This relationship
was later studied in 65 patients with
advanced ILD. Zisman and colleagues
found no difference in main PA diameter
between patients with and without PH, and
the mean PA pressure was not associated
with the extent of parenchymal changes
(59). Alhamad and colleagues prospectively
reviewed the CT scans and right heart
catheterization measurements of 100
patients with ILD and noted that PA
diameter was a poor predictor of PH in
these subjects (63). Pérez-Enguix and
colleagues (8) observed a relatively low
sensitivity and specificity of PA diameter in
patients with parenchymal lung disease,
including pulmonary fibrosis. Based on
these studies, it is reasonable to conclude
that main PA diameter is not a reliable
method of diagnosing or screening for PH
in patients with ILD. This may not be true
for patients with scleroderma-related
ILD, because McCall and colleagues
found that the main PA diameter was
associated with the mean PA pressure in
these patients (6).

A PA enlargement in patients with
COPD, defined as a ratio of main PA to
aorta diameter greater than 1, was associated
with severe exacerbations of COPD and the
need for hospitalizations (64). This likely
identified patients with pulmonary vascular
disease and limited capacity to tolerate
causes of acute exacerbations (64).
Haimovici and colleagues evaluated 35
individuals with chronic lung disease and
pulmonary vascular disease. In these
patients, main PA diameter did correlate
with mean PA pressure but could only
predict mean PA pressure within 5 mm Hg
in less than half of the population studied
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(3). Moore and colleagues studied the same
relationship in 18 patients with pulmonary
vascular disease (idiopathic PAH and
CTEPH) and chronic lung disease and were
unable to find any statistically significant
association between main PA diameter and
mean PA pressure (56).

PH can be observed in patients with
bronchiectasis (65). Devaraj and colleagues
retrospectively reviewed the CT scans of 91
patients with bronchiectasis and found that
a greater averaged diameter of the left and
right main PA was strongly associated with
increased mortality (66). Severe PH has been
associated with mortality in patients with
obstructive sleep apnea (67) and individuals
with severe obstructive sleep apnea have
a greater right descending PA diameter
measured on chest X-ray (68).

Group IV: CTEPH

Main PA diameter on CT has been shown
to correlate with mean PA pressure in
CTEPH (69). Zylkowska and colleagues
retrospectively analyzed the PA diameter in
264 patients who had either PAH or CTEPH
(46). PA dilatation was found to be an
independent risk factor for unexpected death
in both PAH and inoperable CTEPH (46).
Heinrich and colleagues retrospectively
evaluated CT scan findings and
hemodynamic measurements in 60 patients
with CTEPH who underwent pulmonary
thromboendarterectomy (44). Interestingly,
main PA diameter on CT correlated with
preoperative mean PA pressure but

was not associated with postoperative
hemodynamic improvement. Schmidt and
colleagues compared CT scans before and
after pulmonary thromboendarterectomy.
They found that mean PA pressure before
surgery correlated best with main PA
diameter. In addition, PA diameter was the
CT determination with the most significant
reversibility after surgery; nevertheless, the
PA remained enlarged (>28 mm) in the
majority of patients (70). A recent larger
retrospective study of 114 patients with
CTEPH who underwent pulmonary
thromboendarterectomy did find main PA
diameter to be associated with increased
30-day mortality as well as postoperative
clinical worsening on follow-up (71).

Group V: PH Due to Unclear
Multifactorial Mechanisms

Patients with sarcoidosis who develop PH
have a worse prognosis than those with
normal PA pressures (72). In a cohort of

251 patients with sarcoidosis, a greater
main PA diameter to ascending aorta
diameter ratio and extent of pulmonary
fibrosis were found to be associated
with increased mortality; however,
hemodynamics from right heart
catheterization were not incorporated
in this cohort (45).

Complications Associated with
Dilated PA

A dilated PA could be life threatening,
especially in those with elevated PA
pressures. A fairly large retrospective study
(n=264) found a PA diameter of 48 mm
to be an independent risk factor for
unexpected death in patients with PAH or
CTEPH (46). The risk of death was highest in
patients in whom PA dilation overlapped
with very high PA pressures and heart
rate. Mechanisms for death were
numerous and not limited to left

main coronary compression, PA
dissection, and/or rupture with cardiac
tamponade (46).

Extrinsic compression of the left
main coronary artery (LMCA) is well
documented in patients with dilated PA,
and its risk of occurrence correlates with
elevated PA pressures and PA size (21, 73,
74). Compression of the LMCA can
manifest as chest pain, left ventricular
dysfunction, arrhythmias, and, less
commonly, sudden death (75). The exact
incidence of LMCA compression in
patients with a dilated PA is unclear, but
ranges between rare to as high as 19 to
44% (74, 76, 77). Its management involves
aggressive treatment of PAH and in
certain cases stenting of the LMCA.

Evaluation and
Diagnostic Work-up

The fifth World Symposium on Pulmonary
Hypertension does not include the PA
diameter or the PA/aorta diameter ratio

in the algorithm for PH diagnosis (19).
However, the literature on the PA diameter
in PH is rapidly growing, and we cannot
ignore the fact that chest radiologists are
certainly more aware of the association.
Therefore, not uncommonly the reports of
the CT of the chest contain a phrase similar
to “dilated PA, consider the presence of
PH.” In the right context, statements like
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this certainly lead to further investigations
(i.e., echocardiogram and/or a consult with
a physician who has expertise in this
condition).

There are no algorithms that help with
the evaluation of patients with dilated PA.
For this reason, we propose the approach
shown in Figure 2. Two concepts need to be
underscored. First, this algorithm is not
applicable to patients with ILD. Second, the
cut-off points for considering PA dilation
in Figure 2 are derived from a large study
on “healthy” individuals (90th percentile)
(23). This is a conservative cut-off that is
lower than the one suggested (29-30 mm)
in the majority of studies presented in
Table 3. In general, these studies did not
take into account sex differences and
included patients with a variety of
comorbidities. As the cut-offs for the PA
diameter and the ratio of main PA to aorta
diameter increase, the specificity to predict
PH improves and therefore may motivate

a more aggressive diagnostic approach
(Figure 2). Further research may help better
define the cut-offs that achieve the best
relationship between sensitivity and
specificity.

We suggest first considering
conditions that are associated with
dilated PA. If PH is suspected, an
echocardiogram should be the next
investigation. If this investigation shows
findings suggestive of PH (dilated and/or
dysfunctional right ventricle and/or
elevated right ventricular systolic pressure),
then we would continue with the algorithm
suggested by the fifth World Symposium
on Pulmonary Hypertension, where right
heart catheterization is performed to
confirm the diagnosis and other tests are
ordered to identify conditions associated
with PH (19). If the echocardiogram is
normal, other less common causes of
a dilated PA need to be considered
(Table 2).

Conclusions

A normal PA diameter has been suggested to
be less than 29 mm for men and less than 27
mm for women. PA dilation is associated with
many illnesses; however, PH is the most
common cause. Studies testing the ability

of PA dilation to predict PH show wide
variability in sensitivity and specificity. More
importantly, there is a paucity of data showing
the clinical significance of PA dilation.
Management of a dilated PA is individualized,
but work-up usually begins with
echocardiography, followed by right heart
catheterization to confirm the diagnosis. There
are no studies at the present showing whether
PA diameter decreases with treatment of
PH or if a smaller diameter after treatment
correlates with improved morbidity and
mortality. l

Author disclosures are available with the text
of this article at www.atsjournals.org.
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