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Abstract
Objectives Double inversion recovery (DIR) “black blood”
MRI suppresses the signal from flowing blood, slow
flowing blood causes incomplete suppression resulting in
pulmonary blood flow artefact (PFA). This study examines
the diagnostic utility and prognostic value of a PFA scoring
system in a mixed cohort of patients with pulmonary
hypertension (PH).
Methods DIR-MRI images were reviewed for 233 patients
referred with suspected PH who underwent right heart
catheterisation (RHC) within 48 h of MR. The degree of
PFA was visually scored in all patients from 0 to 5 (0 =
absent, 1 = segmental, 2 = lobar, 3 = distal main, 4 =
proximal main and 5 = trunk). Pulmonary artery (PA), aorta
(Ao), and PA main branch diameters were measured from

which PA/Ao ratios and mean PA branch diameters
(MPAB) were calculated.
Results PFA >1 demonstrated high sensitivity (86%) and
specificity (85%) for the diagnosis PH in our mixed patient
cohort. A good correlation was found with PFA and
haemodynamic parameters, PVR (r=0.70), mPAP (r=0.65)
and CI (r=−0.53). PFA predicted mortality (P=0.005) during
the mean follow-up for 19 months. PFA scoring demonstrated
good inter-observer agreement (k=0.83).
Conclusions PFA scoring is of diagnostic and prognostic
value in the assessment of patients with suspected PH. and
is a predictor of mortality.
Key Points
• A simple magnetic resonance method of assessing

pulmonary blood flow is presented
• This involves a qualitative scoring system of black blood
pulmonary flow artefacts

• This is simple to perform and seems reproducible in
pulmonary hypertension patients

• The degree of artefact correlates well with right heart
catheter measurements

• Prominent pulmonary flow artefact predicts mortality in
patients with pulmonary hypertension

Keywords Pulmonary hypertension . Pulmonary arterial
hypertension .Magnetic resonance . Survival . Pulmonary
artery . Diagnostic imaging

Introduction

Pulmonary hypertension (PH) is a heterogeneous condition
characterised by a mean pulmonary artery pressure (mPAP)
≥25 mmHg. Certain types of PH such as pulmonary arterial
hypertension (PAH) and chronic thromboembolic pulmonary
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hypertension (CTEPH) are progressive and if untreated have a
poor outlook with rapid clinical deterioration and death
occurring as a result of right ventricular (RV) failure [1, 2].
The role of MRI in the diagnostic work-up of patients with
PH is evolving [3–7] and the majority of studies have
concentrated on measures investigating the right ventricular
function. Right heart catheterisation (RHC) remains the gold
standard investigation for establishing a diagnosis of PH,
however, this is an invasive test. There is a need for further
study of non-invasive MR markers in large patient cohorts to
establish their correlation with pulmonary haemodynamics
and diagnostic accuracy in patients with suspected PH.

ECG-gated spin echo double inversion recovery (DIR)
“black blood” imaging is an MR sequence that suppresses the
signal from flowing blood [8]. The high spatial resolution
images provide fine morphological details of boundaries
between the lumen and the wall of cardiac chambers and
vascular structures [9, 10]. Excellent suppression is achieved
with fast blood flow such as in the aorta, however it is
significantly less effective in the presence of turbulent or
sluggish flowing blood such as that observed near the carotid
bifurcation [10], and in the pulmonary arteries of patients
with PH [11, 12]. Several groups have reported a correlation
between the slow-flow phenomenon and systolic pulmonary
artery pressure and pulmonary vascular resistance (PVR)
with small patient groups [11–14] but none have examined
the diagnostic utility of this investigation in patients with
suspected PH. It is believed that the underlying cause of the
flow artefact is a decrease in flow reflecting a low cardiac
output as a consequence of increased PVR. If this flow
phenomenon is to be interpreted in the clinical setting, its
diagnostic value needs to be evaluated. This study presents a
simple scoring system to grade pulmonary flow artefacts
(PFA) on “black blood” imaging and examines its utility as a
diagnostic and prognostic tool in the routine evaluation of
patients with suspected PH in a large pulmonary hyperten-
sion referral centre.

Materials and methods

Two hundred and forty-eight consecutive patients attending
a specialist PH centre over a 2-year period were retrospec-
tively assessed. In our institution MR imaging is part of the
standard diagnostic work-up of patients with suspected PH
and is performed in the majority of these patients. Inclusion
criteria required RHC and DIR MR imaging to have been
performed within 48 h of each other. Patients were
excluded if the imaging was of non-diagnostic quality.
Approval for this analysis of imaging techniques was
granted by our institutional review board.

Magnetic resonance imaging was performed on a 1.5T
whole body system (GE HDx, GE Healthcare, Milwaukee,

WI, USA) using a DIR fast spin echo (FSE) sequence.
Imaging parameters were as follows: 8-mm slice thickness,
spacing 2 mm, axial slice orientation, approximately 4–6
slices through the pulmonary arteries, TI1 50 ms, TI2
551 ms, ETL 32, bandwidth 31.2 kHz, ASSET (parallel
imaging acceleration factor) 2, FOV 4 cm (0.9 Phase), TR,
TE 42 ms, 256×256 matrix. Images were acquired during a
cardiac gated breath-hold.

Image analysis

The degree of PFAwas visually scored in all patients from 0 to
5 (0 = absent, 1 = segmental, 2 = lobar, 3 = distal main, 4 =
proximal main and 5 = trunk) for both right and left PAs, our
PFA score was the average artefact value of the right and left
sides (Fig. 1). Image scoring was performed on an MR
workstation (GE Advantage Workstation 4.1) by a radiolo-
gist (A.S.) who was blinded to the patients’ RHC data. A
visual score value of >1 was used to define the presence of
significant flow artefact. Forty random DIR MRI were
scored by a second radiologist (S.R.) who was blinded to
the first observer’s MR scores, clinical information and RHC
data. See Fig. 2 for examples of the varying severity of PFA.

Pulmonary artery and aortic measurements

Double inversion recovery images were used to calculate PA
and aortic (Ao) size. The diameter of the PA and aorta (Ao)
were measured, fromwhich a PA/Ao ratio was calculated. The
main PA branches were measured in their mid-point, and a
mean PA branch (MPAB) diameter was calculated (Fig. 3).

Clinical evaluation

Right heart catheterisation was performed using a balloon-
tipped 7.5 Fr thermodilution catheter (Becton-Dickinson,
USA). Patients referred for the investigation of suspected
PH also underwent systematic evaluation including blood

Fig. 1 Diagram showing how pulmonary blood flow artefact (PFA) is
scored. Artefact on the left was scored as has been demonstrated on
the right side

696 Eur Radiol (2012) 22:695–702



testing, echocardiography, lung function testing, exercise
testing, CT and perfusion lung imaging. The form of PH
was identified according to standard criteria [15].

Statistics

Comparisons of MR measurements in “No PH” and PH
patients were made using the independent t-test for continu-
ous data, the Chi-squared for categorical data and ANOVA

testing with Bonferroni corrections for multiple variables.
Spearman’s correlation coefficient was used to assess the
correlations between MR parameters and RHC values.
Receiver operating characteristic (ROC) analysis was used
to test the diagnostic strength of MR parameters for the
detection of the presence or absence of PH. Kappa (k) was
used to assess inter-observer agreement. Prognostic impor-
tance was assessed with univariate Cox regression analysis
and Kaplan–Meier analysis using median threshold values.
Outcome was identified from medical records and all causes
of mortality were included in the mortality analysis. A P-
value <0.05 was considered statistically significant. To
perform and display the statistics, SPSS 18 (SPSS, Chicago,
IL, USA) and GraphPad Prism 5.03 (GraphPad Software,
San Diego, CA, USA) software were used.

Results

Two hundred and forty-eight patients underwent DIR MRI
and RHC within 48 h. Images of 15 patients were of non-
diagnostic quality (6%). Of the remaining 233 patients, 194
had PH as defined by mPAP ≥25 mmHg measured at RHC.
Our PH patient group included 85 patients with PAH (37

Fig. 3 Diagram showing pulmonary artery (PA), aorta (Ao), right
pulmonary artery branch (RPAB) and left pulmonary artery branch
(LPAB) measurements

Fig. 2 “Black blood” images of
the main pulmonary arteries in
four patients referred with sus-
pected pulmonary haemorrhage
(PH). a PFA is visualised in the
pulmonary artery trunk. b Arte-
fact visualised in the right prox-
imal main PA. c Artefact seen in
the right distal main PA. d Flow
artefact in a segmental vessel
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patients with idiopathic PAH, 39 patients with PAH in
association with connective tissue disease, 4 patients with
PAH in association with portal hypertension and 5 patients
with PAH associated with congenital heart disease).
Twenty-eight patients had PH owing to left heart disease,
29 patients had PH due to lung diseases and/or hypoxia and
52 patients had chronic thromboembolic pulmonary hyper-
tension (CTEPH) [15].

Demographic and haemodynamic information of patients
with PH, PAH and “No PH” are presented in Table 1, and
for the main subgroups with PH in Table 2. The mean PFA
score for patients with PH was 2.96±0.08 and 1.38±0.20 in
“No PH” patients (P<0.0001). PFA correlated more
strongly with mPAP (r=0.65), than PA size (r=0.45), PA/
Ao ratio (r=0.46) or PA branch diameters (MPAB) (r=
0.27). Furthermore, DIR-PFA demonstrated the strongest
correlation with PVR and cardiac index (Table 3 and
Fig. 4). The area under the curve for the prediction of PH
from the ROC analysis were as follows PFA= 0.86, PA size =
0.81, PA/Ao ratio = 0.75, and MPAB = 0.73. ROC analysis
identified an optimal cut-off value for PFA of >1 for
identifying the presence of PH. PFA >1 was identified in
166 of the 194 patients with PH (sensitivity 86%). 172 of 233
patient’s demonstrated PFA, and 166 of these 172 were
patients with PH [positive predictive value (PPV) 97%].
Within the “No PH” group 6 of 39 patients demonstrated flow
artefact (specificity 85%); however, the negative predictive
value was lower at 55%. Table 4 shows the sensitivity,
specificity, positive and negative predictive values of PFA,
PA/Ao ratio, PA size and MPAB diameters for the prediction
of the presence of PH.

When PFA and PA/Ao ratio were combined the
sensitivity for the detection of PH was increased to 92%,
however the specificity was reduced to 51%. Sensitivity of

PFA for PH detection was highest in the CTEPH and
idiopathic groups (96% and 97% respectively). The
sensitivity of PFA was lower in patients with mPAP
between 25 and 40 mmHg (sensitivity 70%), than patients
with mPAP of 40–55 mmHg (sensitivity 94%) and
>55 mmHg (sensitivity 100%) (Table 5). During a mean
follow-up of 19 months, 35 patients with PH died. Analysis
of Kaplan–Meier plots showed that PFA >2.5 (median
value) predicted mortality (log rank test, P=0.013) (Fig. 5).
Furthermore, PFA proved to be a predictor of survival using
univariate Cox regression analysis (P=0.005). WHO class,
RAP, V02 and patient age also predicted patient mortality
(Table 6). PA/Ao ratio, cardiac output (CO), mPAP and
PVR did not significantly predict mortality in our follow-up
period. PFA scores demonstrated good inter-observer
agreement, k=0.83 (95%CI 0.768 to 0.898). Seventeen
patients with PAH died during the follow-up period.
Kaplan–Meier plot analysis for patients with PAH alone
showed PFA >2.5 (median value) predicted mortality (log
rank test, P=0.020). However PFA did not significantly
predict adverse outcome in patients with PAH from
univariate Cox regression analysis (HR 1.29, CI 0.91–
1.81; P=0.149).

Discussion

In a large retrospective study of unselected consecutive
patients undergoing routine evaluation with MR imaging
for suspected PH, we have demonstrated that a simple
qualitative scoring system of PFA has diagnostic value,
with a high sensitivity (86%) and specificity (85%) for the
diagnosis PH. In addition, we have demonstrated for the
first time that black blood flow artefact has prognostic

Table 1 Demographic informa-
tion for the patient groups

Values presented as mean±stan-
dard deviation
aValues for patients with PAH
significantly different from ‘No
PH’ (P<0.05)
bValues for patients with PH
significantly different to ‘No
PH’ (P<0.05)

No PH PAH PH
n=39 n=85 n=194

Age (years) 62±16 59±16 64±15

Female (%) 26/39 (67%) 28/57 (67%) 113/194 (58%)

WHO

I 2 (2%) 4 (2%)

II 15 (18%) 35 (18%)

III 58 (68%) 129 (66%)

IV 10 (12%) 26 (13%)

Body surface area (m2) 1.9±0.3 1.8±0.3 1.8±0.3

mRAP (mmHg) 6±3 10±5a 12±5b

mPAP (mmHg) 20±5 46±15a 45±13b

PCWP (mmHg) 10±3 11±4a 13±5b

CO (L.min−1) 6.7±1.7 5.0±1.6a 5.2±1.7b

CI (L.min−1.m−2) 3.6±0.8 2.6±0.8a 2.7±0.8b

PVR (dyn.s.cm−5) 149±161 643±434a 576±402b
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value in patients with PH, with a higher degree of PFA
identifying early mortality in our patient cohort. The
scoring system was simple and quick to perform with good
inter-observer reproducibility.

We demonstrated reduced sensitivity in patients with
pulmonary arterial hypertension in association with con-
nective tissue disease (PAH-CTD) and PH owing to left
heart disease (PH-LHD). This is likely to be due to the
significantly lower PVR, and mPAP found in patients with
PAH-CTD and PH-LHD compared with the CTEPH and
idiopathic PAH groups (P<0.0001). Indeed we found that

the sensitivity of PFA was significantly lower in patients
with mPAPs between 25 and 40 mmHg (sensitivity 70%)
than patients with mPAPs of 40–55 mmHg (sensitivity
94%) and >55 mmHg (sensitivity 100%), implying the
technique’s overall lower sensitivity to mild PH. However,
it is noted that PFA has a high sensitivity (97%) in patients
with PH due to lung diseases and/or hypoxia despite the
significantly lower PVR and mPAP compared with the
idiopathic and CTEPH groups. Simply combining the
morphological measures of PA/Ao ratio, PA diameter and
MPAB diameter with PFA improved the overall sensitivity

Table 2 Demographic information and MRI indices for the main
patient subgroups, idiopathic PAH (IPAH) in PAH in association with
connective tissue disease (PAH-CTD), PH owing to left heart disease

(PAH-LHD), CTEPH and PH due to lung diseases and/or hypoxia
(PH-RESP)

IPAH PAH-CTD PH-LHD PH-RESP CTEPH
n=37 n=39 n=28 n=29 n=52

Age (years)a 53±17 67±9 74±9 67±12 64±14

mPAP (mmH)b 54±13 40±13 35±8 39±8 49±10

PCWP (mmHg)c 11±3 11±4 21±4 12±4 12±5

mRAP (mmHg)d 11±5 9±5 14±5 9±4 12±6

CO (L.min−1)e 4.6±1.4 5.2±1.6 6.2±1.7 5.3±1.3 4.8±1.5

CI (L.min−1.m−2)f 2.5±0.7 3.1±0.7 3.4±0.8 3.0±0.6 2.5±0.7

PVR (dyn.s.cm−5)g 876±439 484±337 183±87 428±206 736±373

PFAh 3.7±0.9 1.9±1.4 1.4±1.1 2.9±1.2 3.0±1.3

PA/Aoi 1.1±0.2 1.0±0.1 1.0±0.2 1.0±0.1 1.2±0.2

PA diameterj 3.6±0.8 3.1±0.4 3.1±0.4 3.1±0.4 3.4±0.6

MPAB diameter 2.6±0.5 2.4±0.3 2.5±0.3 2.6±0.3 2.6±0.3

Values presented as mean±standard deviation
a IPAH vs. PAH-CTD P<0.0001; IPAH vs. PH-LHD P<0.0001; IPAH vs. CTEPH P<0.0001; IPAH vs. PH-RESP P<0.0001
b IPAH vs. PAH-CTD P<0.0001; IPAH vs. PH-LHD P<0.0001; IPAH vs. PH-RESP P<0.0001; CTEPH vs. PAH-CTD P<0.0001; CTEPH vs.
PH-LHD P<0.0001; CTEPH vs. PH-RESP P<0.0001
c PH-LHD vs. IPAH P<0.0001; PH-LHD vs. PAH-CTD P<0.0001; PH-LHD vs. CTEPH P<0.0001; PH-LHD vs. PH-RESP P<0.0001
d PH-LHD vs. PAH-CTD P=0.009; PH-LHD vs. PH-RESP P=0.004
e PH-LHD vs. PAH-IPAH P<0.0001; PH-LHD vs. PH-CTEPH P=0.001
f IPAH vs. PAH-CTD P=0.008; IPAH vs. PH-LHD P<0.0001; PAH-CTD v CTEPH P=0.005; PH-LHD vs. CTEPH P<0.0001
g IPAH vs. PAH-CTD P<0.0001; IPAH vs. PH-LHD P<0.0001; IPAH vs. PH-RESP P<0.0001; CTEPH vs. PAH-CTD P=0.006; CTEPH vs. PH-
LHD P<0.0001; CTEPH vs. PH-RESP P=0.001;PH-LHD vs. PAH-CTD P=0.005
h IPAH vs. PAH-CTD P<0.0001; IPAH vs. PH-LHD P<0.0001; PAH-CTD vs. PH-RESP P=0.004; PAH-CTD vs. CTEPH P<0.0001; PH-LHD
vs. PH-RESP P<0.0001; PH-LHD vs. CTEPH P<0.0001
i IPAH vs. PAH-CTD P=0.012; IPAH vs. PH-LHD P=0.002; IPAH vs PH-RESP P=0.014
j IPAH vs. PAH-CTD P=0.016; IPAH vs. PH-LHD P=0.04; IPAH vs PH-RESP P=0.05

Table 3 Correlations between
DIR MRI measurements and
RHC parameters

mPAP PVR CI

r value P value r value P value r value P value

PFA 0.65 <0.0001 0.70 <0.0001 −0.53 <0.0001

PA/Ao ratio 0.45 <0.0001 0.42 <0.0001 −0.16 0.030

PA diameter 0.46 <0.0001 0.45 <0.0001 −0.26 0.001

MPAB diameter 0.27 <0.0001 0.29 <0.0001 −0.21 0.005
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for the detection of PH, however, the specificity was
significantly reduced.

PFA was a predictor of mortality in our patient cohort
during the mean follow-up period of 19 months. When
patients with PAH alone were considered, Kaplan–Meier
analysis showed PFA to be a predictor of adverse
outcome, however this was not substantiated using
univariate Cox proportional hazards analysis. Six out of
39 patients with “No PH” demonstrated significant PFA;
these patients all had significant co-morbidities or
abnormal imaging features. 2/6 had marked interstitial
fibrosis, 3/6 showed enlarged right-sided cardiac cham-
bers and 1/6 had evidence of chronic thromboembolism
on CT pulmonary angiography. It is possible that the
abnormalities of flow observed in these patients are
related to the effects of underlying parenchymal abnor-
malities on the pulmonary vasculature or abnormalities
of flow not sufficient to raise mPAP.

In terms of the utility of PFA in the diagnostic work-up
of patients with suspected PH, it had an excellent PPV of
95% but a lower NPV of 55%. This could be explained by

population bias due to the relatively small cohort of patients
with “No PH”. Our results, however, are representative of
the target population investigated through a tertiary referral
PH centre; hence the results must be interpreted with
caution in a centre with a lower incidence of presenting
cases of PH as a lower PPV and higher NPV would be
expected.

The morphology of the pulmonary vasculature can be
assessed using high resolution MR pulmonary angiography,
this is particularly of value in the identification of surgically
accessible disease in patients with chronic thromboembo-
lism [16]. Furthermore, time-resolved 3D MR pulmonary
perfusion can be used to track the passage of a contrast
bolus through the pulmonary vascular system in 3D,
previous studies assessing 3D MR perfusion data derived

Fig. 4 Demonstration of the
correlation between PFA and
right heart catheterisation (RHC)
parameters

Table 4 Diagnostic accuracy of MR measurements for the detection
of PH

Sensitivity Specificity PPV NPV

PFA >1 86% 85% 97% 55%

PA/Ao ≥1 62% 73% 93% 25%

PA diameter ≥2.8 cm 85% 50% 91% 36%

MPAB ≥2.2 cm 83% 56% 91% 36%

Table 5 Accuracy of PFA at varying severities of PH and in the
patient subgroups

Sensitivity Specificity PPV NPV

PH severity

25–40 mmHg 70% 85% 90% 60%

40–55 mmHg 94% 85% 93% 87%

>55 mmHg 100% 85% 86% 100%

Subgroups

IPAH 97% 85% 86% 97%

PAH-CTD 67% 85% 80% 73%

PH-LHD 60% 85% 74% 75%

PH-RESP 97% 85% 82% 97%

CTEPH 96% 85% 89% 94%
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from lung regions of interest have shown that the time-
resolved data correlates well with invasive haemodynamics
in patients with pulmonary hypertension (PH) [17–19].
Simple measurements of pulmonary artery size, however,
have less diagnostic value than PFA measures.

The PFA scoring system is qualitative and this is a
limitation of the method. Several studies using phase-
contrast imaging have attempted to quantify pulmonary
blood flow using MRI. Phase-contrast MR allows accurate
quantification of blood velocity and flow [20, 21] and
previous studies [22–24] suggest a potential role in the
assessment of PH. However, Ley et al. showed no
correlation between invasive pressure measurements and
the MRI phase-contrast-derived parameters of pulmonary
blood flow. They postulate that accurate estimates of
pulmonary artery pressure and resistance cannot be derived
from the blood flow through a single slice position across
the pulmonary artery [25]. MR flow measurements of pulse
wave velocity will likely allow more precise spatial and
temporal estimates of pressure and flow in the pulmonary
arterial system in the future [26]. Qualitative analysis of
PFA has the advantage that given the orientation of the
pulmonary arteries with respect to the axial slice, blood
flowing in the pulmonary vascular circulation can often be
visualised passing from the pulmonary trunk to the
segmental vessels in a single axial slice. This provides
a regional assessment of the passage of flowing blood
through the pulmonary arteries within a slice rather than
studying flow dynamics at a single anatomical vessel
cross-section.

Magnetic resonance imaging parameters which are
sensitive to slow flow artefacts were kept constant between
subjects (slice thickness, TI, TE, echo train length, echo
spacing, number of slices acquired after each non-slice

selective inversion pulse, point of cardiac triggering). The
slice orientation with respect to vessel orientation was
harder to replicate exactly from patient to patient, and this
factor could lead to differences in the artefacts observed
between patients even if blood flow characteristics were
similar. These imaging parameters are easily transferable to
other MR systems, and should be standardised across
systems if the pulmonary artery flow phenomenon is to be
interpreted in other centres.

Segmental “slow flow” artefacts were visualised in most
patients without PH, this naturally represents the deceler-
ation of blood from the main PA flowing towards the
capillaries, resulting in more sluggish flow in the segmental
vessels. The finding of segmental or sub-segmental flow
artefact is likely to be a normal physiological phenomenon.
The more perpendicular a vessel in relation to the image
slice the less “slow flow” artefact was observed, this is a
potential pitfall of the technique and the image orientation
should be considered when interpreting this artefact. It is
clear that understanding the vessel orientation is crucial to
accurate interpretation of PFA. False positives could
potentially occur in patients with central embolic disease
if high signal from a central clot is misinterpreted as PFA,
or vice versa. However, in our patient cohort artefact could
be clearly differentiated from central pulmonary emboli in
subjects with chronic thromboembolic disease.

Echocardiography is currently the first line non-invasive
test to assess pulmonary artery pressure, however a
significant proportion of patients will have suboptimal
images which hinders interpretation. MRI allows good
delineation of cardiac morphology and function in patients
who are technically difficult to investigate with echocardi-
ography. MRI may therefore be of value as a second line
investigation for patients with suboptimal echocardiography
or for patients in whom echocardiographic findings are
equivocal. Cardiac MRI has high accuracy and reproduc-
ibility in measurements of cardiac morphology and function
[16, 27, 28], and may in the future play a more central role

Fig. 5 Kaplan–Meier survival plot comparing the prognostic value of
PFA at the median value of 2.5, values below signify patients at risk

Table 6 Cox regression analysis

MR parameter Univariate hazard ratio (95% CI) P value

WHO class 2.65 (1.56–4.50) 0.0001*

mPAP 1.02 (1.00–1.04) 0.07

PVR 1.00 (1.00–1.00) 0.48

mVO2 0.94 (0.91–0.97) <0.0001

RAP 1.08 (1.03–1.14) 0.004*

CO 0.87 (0.73–1.02) 0.088

Age 1.03 (1.01–1.05) 0.001*

PFA 1.34 (1.10–1.66) 0.005*

PA/Ao ratio 0.31 (0.06–1.74) 0.19

(*denotes significant result)
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in the diagnosis of patients with pulmonary hypertension
and in the assessment of response following treatment.

This is, to our knowledge, the largest study assessing PA
size in patients with PH, our work has shown relatively
weak correlations with PA size and invasive haemodynam-
ics and modest diagnostic accuracy. PFA scoring out-
performed the established imaging markers of PH
identified on “black blood” imaging such as PA size and
the PA/Ao ratio. Importantly, the method was simple to
perform and was highly reproducible emphasising its
potential utility. PFA scoring has a good diagnostic
accuracy for the diagnosis of PH and is a predictor of
mortality potentially identifying “at risk” patients who may
benefit from early intensification of treatment.
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