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Purpose:  To evaluate  whether  the  extent  of perfusion  defects  assessed  by  examining  lung  perfused  blood
volume  (PBV)  images  is a stronger  estimator  of  the clinical  severity  of chronic  thromboembolic  pulmonary
hypertension  (CTEPH)  compared  with  other  computed  tomography  (CT)  findings  and  noninvasive  param-
eters.
Materials  and  methods:  We  analyzed  46  consecutive  patients  (10  men, 36 women)  with  CTEPH  who  under-
went  both  dual-energy  CT and  right-heart  catheter  (RHC)  examinations.  Lung  PBV  images  were  acquired
using  a second-generation  dual-source  CT scanner.  Two  radiologists  independently  scored  the  extent  of
perfusion  defects  in each  lung  segment  employing  the  following  criteria:  0,  no defect,  1,  defect  in <50%  of
a  segment,  2,  defect  in  ≥50%  of  a segment.  Each  lung  PBV  score  was  defined  as  the sum  of the  scores  of 18
segments.  In  addition,  all of  the  following  were  recorded:  6-min  walk  distance  (6MWD),  brain  natriuretic
peptide  (BNP)  level,  and  RHC  hemodynamic  parameters  including  pulmonary  artery  pressure  (PAP),  right
ventricular  pressure  (RVP),  cardiac  output  (CO),  the cardiac  index  (CI),  and  pulmonary  vascular  resistance
(PVR).  Bootstrapped  weighted  kappa  values  with  95%  confidence  intervals  (CIs)  were  calculated  to  eval-
uate the  level  of  interobserver  agreement.  Correlations  between  lung  PBV  scores  and  other  parameters
were  evaluated  by  calculating  Spearman’s  rho  correlation  coefficients.  Multivariable  linear  regression
analyses  (using  a stepwise  method)  were  employed  to  identify  useful  estimators  of  mean  PAP  and  PVR
among  CT,  BNP,  and  6MWD  parameters.  A  p value  <  0.05  was considered  to  reflect  statistical  significance.
Results:  Interobserver  agreement  in terms  of  the  scoring  of perfusion  defects  was  excellent  (� =  0.88,  95%
CIs:  0.85,  0.91).  The  lung  PBV  score  was  significantly  correlated  with  the PAP  (mean,  rho = 0.48;  systolic,
rho  = 0.47;  diastolic,  rho  = 0.39),  PVR  (rho  =  0.47),  and  RVP  (rho =  0.48) (all  p values  <  0.01).  Multivariable

linear  regression  analyses  showed  that  only  the lung  PBV  score  was  significantly  associated  with  both
the  mean  PAP  (coefficient,  0.84,  p  < 0.01)  and  the  PVR  (coefficient,  28.83,  p < 0.01).
Conclusion:  The  lung  PBV  score  is  a useful  and  noninvasive  estimator  of  clinical  CTEPH  severity,  espe-

cially  in  comparison  with  the  mean  PAP  and  PVR,  which  currently  serve  as  the gold  standards  for  the

management  of CTEPH  .
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Table 1
Patients’ characteristics.

Number of patients 46
Sex Men, 10 (21.7%), women, 36 (78.3%)
Age Median, 69, range (21–81)
BMI  Median, 24.9, range (19.4–34.6)
Clinical diagnosis CTEPH
Cardiopulmonary comorbidities None
WHO-FC I (n = 9), II (n = 33), III (n = 3), IV (n = 1)
Prior therapy Medication only (n = 12)

Medication with PEA (n = 1)
Medication with BPA (n = 33)
H. Takagi et al. / European Journ

. Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH)
evelops in 2–4% of patients with acute pulmonary embolisms
1,2]. Deposition of thromboembolic materials obstructs the
ulmonary vascular bed [3], triggering vasoconstriction and vas-
ular remodeling [4]. Progressive pulmonary hypertension (mean
ulmonary arterial pressure [PAP] ≥ 25 mmHg) combined with

ncreased pulmonary vascular resistance (PVR) causes right-side
ardiac failure. The prognosis of CTEPH patients is poor without
reatment: the 2-year survival rate is 20% for those with a mean
AP > 50 mmHg  and the 5-year survival rate 30% for those with a
ean PAP > 30 mmHg  [5,6]. However, pulmonary endarterectomy

PEA) [7] and (recently introduced) balloon pulmonary angioplasty
BPA) [8], combined with optimal medications, have improved
rognosis. It is obviously necessary to evaluate CTEPH severity
hen seeking to predict prognosis and when contemplating ther-

peutic decisions. The 6-min walk distance (6MWD) [9] and the
rain natriuretic peptide (BNP) level [10] are commonly used as
oninvasive measures of the severity of pulmonary hypertension.
owever, the 6MWD  is influenced by other physical conditions,
nd BNP levels are influenced by age, gender, and the assay system
mployed [11]. Invasive right-side heart catheter (RHC) examina-
ion is the gold standard used to diagnose the presence and evaluate
he severity of CTEPH [12]; the procedure remains associated with
isks of morbidity and mortality [13].

In terms of imaging modalities, radionuclide ventila-
ion/perfusion (VQ) scanning has been recommended as a
seful screen for CTEPH [12]. However, such scans have not been
sed to evaluate the clinical severity of CTEPH . CT pulmonary
ngiography (CTPA) is widely used both to diagnose CTEPH and
o screen for other cardiopulmonary abnormalities [14]. The
ensitivities of CTPA used to diagnose CTEPH were reported as
6–98% in recent studies [15,16]. In recent years, dual-energy
omputed tomography (DE-CT) has emerged as a promising tool
or lung imaging. This scan mode allows the simultaneous acqui-
ition of two datasets, one at low and one at high tube voltage.
hese datasets are post-processed to generate 120 kV gray-scale
mages and color-coded overlays highlighting the locations of the
maging material of choice (e.g., xenon or iodine) [17]. The lung
BV imaging reveals the distribution of intravenously injected
odine contrast material in the parenchyma. In CTEPH patients,
he areas of concern in lung PBV images correspond well to
uch areas evident on pulmonary perfusion scintigraphs [18].
ecause persistent macrovascular obstruction, vasoconstriction,
nd arteriopathy are considered to be fundamental in terms of
he development of pulmonary hypertension in CTEPH patients
4,19], we hypothesized that the extent of hypoperfusion of the
ulmonary arterial system, as reflected in color-coded lung PBV

mages, might indicate the clinical severity of CTEPH . However,
ew studies have tested the potential correlations between lung
BV findings and the clinical severity of disease [27,28].

We evaluated whether the extent of perfusion defects evident
n lung PBV imaging better estimates the clinical severity of CTEPH
ompared to other CT and noninvasive parameters.

. Materials and methods

This prospective study was approved by our local ethics com-
ittee, and written informed consent was obtained from all of the

atients.
.1. Patients

Fifty-two patients who underwent both DE-CT and RHC exam-
nations between April 2014 and July 2015 were enrolled. Six
BMI  = body mass index, CTEPH = chronic thromboembolic pulmonary hypertension,
WHO-FC = World Health Organization functional class, PEA = pulmonary endarterec-
tomy, BPA = balloon pulmonary angioplasty.

patients for whom DE-CT and RHC examinations had been con-
ducted more than 2 weeks apart were excluded because the clinical
severity of the disease might have changed between examinations.
The remaining 46 patients (10 men, 36 women; mean age 69 years
[range: 21–81 years]) were included in further analyses. All of the
patients were diagnosed as CTEPH by experienced cardiologists at
our institution based on Nice guidelines [12]. Thirty-eight (82.6%)
patients had been diagnosed with CTEPH before the study com-
menced; their DE-CT and RHC examinations were preoperative
work-ups or postoperative follow-ups. The remaining eight (17.4%)
CTEPH patients underwent both examinations for diagnostic pur-
poses. All patients had been managed with medications including
anticoagulants, diuretics, and vasodilators. Patient demographic
characteristics and the interventions performed are summarized
in Table 1.

2.2. CT acquisition protocol

Dual-energy CT data were acquired using a second-generation
dual-source CT scanner (SOMATOM Definition Flash; Siemens
Healthcare GmbH, Forchheim, Germany) operating in the dual-
energy scan mode with the following scan parameters: tube A with
a tin (Sn) filter, tube A voltage 140 kVp yielding an effective 60 mA,
tube B voltage 80 kVp yielding an effective 141 mA,  gantry rota-
tion speed 0.28 s per rotation, collimation 64 × 0.5 mm,  and pitch
1.00. Automatic tube current modulation (CareDose4D; Siemens
Healthcare GmbH) was  enabled.

We scanned all patients in the pulmonary arterial phase to
minimize the influence of the systemic collateral supply [22]. Con-
trast medium containing 350 mg/mL  iodine was administered at
0.075 mL/s/kg body weight over a period of 6 s, followed by a
40-mL saline flush delivered via a 20-gauge intravenous catheter
placed in the right antecubital vein using the aid of a double-
headed power injector (Dual Shot-Type GX; Nemoto-Kyorindo,
Tokyo, Japan). The scan delay was determined using a test injection
technique: 12 mL  iodine-containing contrast medium followed by
20 mL  normal saline. A region of interest (ROI) was placed within
each main pulmonary artery, and the time-density curve within
the ROI was recorded. The DE-CT scan commenced 1 s after test
injection-mediated enhancement peaked. To reduce streak arti-
facts from dense contrast media in the superior vena cava or right
atrium, images of the whole chest were acquired in a feet-to-head
direction during a single inspirational breath-hold.

Both the low- and high-voltage spiral data were reconstructed
at a thickness of 1 mm using 1-mm increments in the axial plane.
To this end, we employed a medium-soft convolution kernel
optimized for analysis of dual-energy images (D30f). Two image

datasets were generated. First, mixed images obtained using a
single energy of 120 kV were created by fusing the high- and low-
voltage images using the aid of dual-energy application software
on a commercially available workstation (syngo CT Workplace,
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ig. 1. A 72-year-old woman with CTEPH . In the lung PBV images, areas colored 

ypoperfused. Perfusion defects are evident peripherally in both lungs (the white ci
efect in the left S9 (score 1), and a more-than-half perfusion defect in the left S5 (s

A44A; Siemens Healthcare GmbH). Next, color-coded lung PBV
mages 5-mm in thickness were reconstructed at 5-mm intervals
n both the axial and coronal planes using the same dual-energy
pplication software. The parameter default settings suggested by
he manufacturer were employed. Thus, an ROI 0.5 cm2 in area
as placed in the pulmonary trunk; this was the reference ves-

el employed to calibrate the color-coding. The air density was
et to −1000 HU on both the 80 kV and 140 kV (Sn) images; the
oft tissue density was set to 60 HU on the 80 kV images and to
5 HU on the 140 kV (Sn) images; the contrast medium ratio was
et to 3.01, the minimum border to −960 HU, the maximum bor-
er to −300 HU, the range to 5, and the contrast medium cutoff
o −50 HU; all of these parameters were maintained in the fac-
ory default settings except for the following two parameters: the

aximum border to include parenchymal regions with elevated CT
alues due to gravity-dependent opacity and/or insufficient maxi-
al  inspiratory scanning, and the range to reduce the graininess of

he image appearance.
All adverse events associated with DE-CT examination were

ecorded and reviewed retrospectively. Both the volumetric CT
ose index (CTDIvol) and the dose-length product (DLP) were
ecorded for each patient. The corresponding effective radiation
ose was calculated using a standard conversion factor for chest
T; this was 0.0145 mSv/mGy cm [23].

.3. Image analysis

Two radiologists (one board-certified and one not) with 13 and
 years of experience, respectively, blinded to the patient demo-

raphic and clinical information, independently scored the extent
f perfusion defects in each lung segment using a 3-point scale (0,
o defect, 1, defect in less than half the volume of a segment, 2,
efect in more than half the volume of a segment), using both the
 or bright orange are normoperfused, and those colored dark orange or black are
 No perfusion defect (score 0) was evident in the right S4, a less-than-half perfusion
). The lung PBV score (the sum of the scores of all segments) of this case was 22.

axial and coronal color-coded lung PBV images (Fig. 1). On these
images, areas that were black or dark orange were considered to
be hypoperfused and areas that were bright orange or yellow to
be normoperfused (Fig. 1). Artifacts caused by cardiac motion or
the presence of the iodine contrast agent in the superior vena cava
and/or right atrium constitute pseudo-perfusion defects evident
on lung PBV images [20]. Both readers carefully identified and dis-
counted such artifacts. In cases of disagreement, a final consensus
was attained by discussion. The final lung PBV score was  the sum
of the scores of the 18 lung segments (Fig. 1); this score was cal-
culated for all 46 patients. To explore possible non-uniformity of
iodine-mediated lung parenchymal enhancement, the mean seg-
ment defect score was  compared with those of the upper and lower
regions of both lungs. The right upper part included five segments in
the right upper and middle lobes, and the right lower part included
five segments in the right lower lobe. The left upper part included
four segments in the left upper lobe, and the left lower part included
four segments in the left lower lobe.

To assess the severity of pulmonary hypertension, a single
radiologist calculated the PA/Ao ratios by CT angiography. Vessel
diameters were measured at the level of the principal PA bifurcation
on the plane perpendicular to the course of each vessel. The mean
CT values at the same levels of the principal PA and the descending
aorta (dAo) were documented. ROIs were manually positioned at
the centers of vessels evident on axial mixed images. All ROIs of the
PA and dAo were greater than 100 mm2 in area.

2.4. Assessment of clinical severity
6MWD  data were obtained for 40 of the 46 patients, and
BNP was  recorded for all patients. Parameters measured via RHC
examination included the PAP (systolic, diastolic, and mean), sys-
tolic right ventricular pressure (RVP), right atrial pressure (RAP),
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ardiac output (CO), cardiac index (CI), and pulmonary capillary
edge pressure (PCWP). The PVR was calculated using the fol-

owing formula: PVR = (mean PAP − PCWP)/CO × 80 (dyne s cm−5).
he systolic RVP was recorded for 42 of the 46 patients. All
linical and RHC-associated parameters were measured within 2
eeks of DE-CT examination (median: 1 day; range, 0–12 days).
o patient exhibited symptom changes in the interval between CT
nd any other clinical examination, although all medications were
aintained. No patient underwent either surgical or endovascular

ntervention during the between-test intervals.

.5. Statistical analysis

Descriptive statistics are presented as means with standard
eviations for normally distributed variables, as medians with

nterquartile ranges for non-normally distributed variables, and as
umbers of cases (and percentages) per group for categorical vari-
bles. Within-subject variables were compared using the paired
-test or the Wilcoxon signed-rank test. Interobserver agreement of
erfusion defect scoring per segment was evaluated by weighted
ohen’s kappa values. To accommodate the use of multiple seg-
ents per patient, the weighted kappa values with 95% CIs were

alculated using a bootstrap method (10,000 samples). Correlations
etween lung PBV score and the PA/Ao ratio, on the one hand, and
he 6MWD,  BNP level, and RHC-derived data, on the other, were
valuated by Spearman’s rho correlation coefficients. Multivariable
inear regression analyses using a stepwise method were used to
xplore whether noninvasive parameters were associated with the
ean PAP and PVR. Non-normally distributed variables were sub-

ected to log10-transformation prior to inclusion in the models. A p
alue < 0.05 was considered to indicate statistical significance. All
omputations were performed using the aid of JMP  Pro 11 (SAS
nstitute Inc., Cary, NC, USA) and R3.1.3 (R Foundation for Statistical
omputing, Vienna, Austria) software.

. Results

All DE-CT examinations were successful, and no adverse
vents were noted. All patients exhibited good pulmonary arterial
nhancement (mean CT value of the PA, 427 ± 117 HU) with less
ystemic arterial enhancement (mean CT value of the dAo, 108 ± 44
U). The mean PA CT value was significantly higher than that of

he dAo in all patients (p < 0.01). The mean CTDIvol and DLP val-
es were 5.4 ± 1.1 mGy  and 161 ± 35 mGy  cm,  respectively, and the
ean effective radiation dose was 2.3 ± 0.5 mSv.
The extent of interobserver agreement in terms of perfusion

efect scoring within each segment was excellent (bootstrapped
eighted � value = 0.88, 95% CIs: 0.85, 0.91). All patients exhibited

bnormal (bilateral) lung perfusion; the median lung PBV score was
7 (25th percentile 12, 75th percentile 20, [range] 5–27). The dis-
ributions of the mean defect scores within each lung segment are
ummarized in Fig. 2. The mean defect scores were as follows: right
pper part 1.11 (95% CIs: 0.90, 1.23); right lower part 0.81 (95% CIs:
.60, 0.94); left upper part 0.93 (95% CIs: 0.79, 1.07); and left lower
art 0.64 (95% CIs: 0.50, 0.77). The upper parts of both lungs had sig-
ificantly higher PBV scores than those of the lower parts (p < 0.01

or both lungs). The mean principal PA diameter was  31.4 ± 3.7 mm,
nd the mean PA/Ao ratio was 0.98 ± 0.15. The results of the 6MWD
nd BNP evaluations, the RHC-derived data, and the correlations
etween the CT findings and these other measures of clinical sever-

ty are summarized in Table 2. Twenty-eight (61%) patients had

ean PAP values < 25 mmHg, because they had undergone prior

urgical or endovascular interventions. Moderately positive corre-
ations between the lung PBV and systolic PAP, diastolic PAP, mean
AP, systolic RVP, and PVR were evident (p < 0.01 for all compar-
Fig. 2. The mean perfusion defect scores of each segment. The upper parts of both
lungs had significantly higher PBV scores than those of the lower parts (right lung
1.11 vs. 0.81, left lung 0.93 vs. 0.64, respectively; p < 0.01 for both comparisons).

isons) (Fig. 3). We  found no significant correlation between the lung
PBV score and either the 6MWD,  BNP, CO, or CI. The PA/Ao ratio
was mildly-to-moderately (positively) correlated with the systolic
PAP, diastolic PAP, mean PAP, and RVP. No significant correlation
between the PA/Ao ratio and either the 6MWD,  BNP level, or PVR
was evident.

The BNP levels were log10-transformed prior to multivariable
linear regression analyses. Such analyses were performed in 40
patients who  had available data on CT, RHC-derived, and clinical
parameters. Among the independent variables, only the lung PBV
score (coefficient, 28.83, 95% CIs: 13.3, 44.28, p < 0.01) was signifi-
cantly associated with the PVR. Log10-transformed BNP (coefficient,
7.53, 95% CIs: 2.15, 12.91, p < 0.01) and lung PBV scores (coefficient,
0.84, 95% CIs: 0.32, 1.37, p < 0.01) were significantly associated with
the mean PAP.

4. Discussion

We found that the extent of pulmonary hypoperfusion in the
pulmonary arterial phase, as evaluated by calculating lung PBV
scores, was positively correlated with the systolic RVP, PAP, and
PVR. Furthermore, the lung PBV score was the only parameter to
exhibit a significant association with both the mean PAP and PVR,
among both CT and other noninvasive parameters. The mean PAP
and PVR as measured by RHC are useful estimators of long-term
prognosis [5,6] and are commonly employed to measure the sever-
ity of CTEPH . Although RHC remains the gold standard for diagnosis
and evaluation of CTEPH, noninvasive estimation of disease sever-
ity using lung PBV scores will be valuable, particularly to reduce
the need for repeat RHC procedures during long-term follow-up.
CTPA combined with lung PBV is accurate when used to diagnose
CTEPH (sensitivity, 100%, specificity, 92%) [24]. However, measure-
ment of the clinical severity of disease by calculation of lung PBV
will enhance the utility of CT when managing patients with CTEPH
.

Hoey et al. evaluated the correlation between visual lung PBV
findings and clinical measures of CTEPH severity [20]. In the cited
study, the visual perfusion impairment score did not correlate
significantly with the mean PAP or PVR [20]. This discrepancy (com-
pared with what we found) may  be explained by the different scan

delays used. The scan delay of the cited work was 7 s after pul-
monary trunk peak enhancement, in contrast to the 1 s of our study;
85% of patients in the cited study exhibited good systemic arterial
enhancement. CTEPH patients develop extensive collateral supply
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Table 2
Results of clinical severity parameters and correlation with lung PBV score and PA/Ao ratio.

Parameters Median (range) Lung PBV score Spearman’s rho (95% CI) P-value PA/Ao ratio Spearman’s rho (95% CI) P-value

6MWD  (m)  487 (90–673) −0.26 (−0.43, −0.10) =0.11 0.02 (−0.14, 0.18) =0.93
BNP  (pg/ml) 34.2 (5.8–560.0) 0.27 (0.12, 0.43) =0.68 0.13 (−0.02, 0.28) =0.40
Systolic PAP (mmHg) 41 (29–98) 0.47 (0.36, 0.66) <0.01* 0.31 (0.17, 0.47) =0.036*
Diastolic PAP (mmHg) 15 (5–34) 0.39 (0.26, 0.56) <0.01* 0.41 (0.28, 0.59) <0.01*
Mean  PAP (mmHg) 24 (15–52) 0.48 (0.37, 0.68) <0.01* 0.39 (0.24, 0.54) <0.01*
Systolic RVP (mmHg) 42 (28–98) 0.48 (0.36, 0.68) <0.01* 0.41 (0.28, 0.60) <0.01*
RAP  (mmHg) 5 (0–16) 0.08 (−0.07, 0.23) =0.60 0.21 (0.06, 0.37) =0.16
CO  (l/min) 3.95 (1.82–6.22) −0.10 (−0.25, 0.05) =0.50 0.18 (0.03, 0.33) =0.23
CI  (l/min/m2) 2.58 (1.21–3.68) −0.13 (−0.28, −0.02) = 0.38 0.12 (−0.03, 0.27) =0.39
PVR  (dyne s cm−5) 267 (110–1450) 0.47 (0.36, 0.66) <0.01* 0.25 (0.10, 0.41) =0.10

Fig. 3. Correlations between lung PBV scores and other clinical parameters. Moderate positive correlations were evident between the lung PBV score and the systolic PAP,
diastolic  PAP, mean PAP, systolic RVP, and PVR (p < 0.01 for all comparisons). No significant correlation was  evident with any other parameter.
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etworks from the systemic arterial system, which may  cause the
xtent of pulmonary hypoperfusion to be underestimated upon
ung PBV evaluation [22,25–27]. Therefore, we employed a shorter
can delay; all patients exhibited slight systemic arterial enhance-
ent but significantly higher PA enhancement (mean CT values,

27 ± 117 HU [PA] vs. 108 ± 44 HU, respectively, p < 0.01). There-
ore, lung PBV during the pulmonary arterial phase minimizes the
nfluence of the collateral systemic supply, and the data correlate
etter with other severity parameters. A potential drawback of our
rotocol may  be that the brief scan delay is associated with a risk
hat the contrast medium may  not include the lung parenchyma. If
he scan delay were in fact too short, the lower parts of the lungs
ould be more obviously hypoperfused compared with the upper
arts when the scan direction is feet-to-head. However, we found
hat the defect scores of the lower parts of the lungs were in fact
ower than those of the upper parts. Therefore, our protocol may  in
act be optimal.

Meinel et al. correlated automatically calculated lung PBV
easurements with the PAP, PVR, CI, and 6MWD  in 25 CTEPH

atients [21]. Although their data are in partial agreement with
urs, the limited statistical power of the cited work resulted
n a significant correlation only between the lung PBV and PAP
21]. The advantages of automated quantification include reader-
ndependence and speed. However, when used to calculate lung
BVs, such quantification misinterprets artifacts caused by cardiac
otion or the iodine contrast medium. Therefore, we preferred

isual evaluation; we manually measured pulmonary perfusion
hile carefully discounting artifacts. Although visual assessment

s reader-dependent, our interobserver agreement was  excellent
bootstrapped weighted � = 0.88, 95% CIs, 0.85, 0.91).

An earlier report found a significant correlation between the
A/Ao ratio and PAP [28]; we thus evaluated the PA/Ao ratio as

 potentially noninvasive estimator of the severity of CTEPH. We
onsidered that PA dilatation had developed secondarily to long-
tanding pulmonary hypertension. However, age, sex, and other
ardiopulmonary conditions may  confound PA and Ao data [29].
lthough a significant (albeit moderate) correlation was  evident
etween the PA/Ao ratio and PAP, multiple regression analysis
howed that the lung PBV score was a stronger estimator of disease
han was either the PA/Ao ratio or any other noninvasive parameter.

Our study had several limitations. First, 27 of the 46 (58.7%)
atients had mean PAPs < 25 mmHg  because they had been treated
or CTEPH before their enrollment. In the European and Ameri-
an guidelines, pulmonary hypertension is defined by a resting
ean PAP ≥ 25 mmHg  [14,30]. However, the upper level of nor-
al  for the resting mean PAP is considered 20 mmHg, and a mean

AP between 21 and 24 mmHg  is considered borderline pH [30].
mong the 27 patients, 23 (85.1%) had a mean PAP > 20 mmHg,
nd 4 patients had mean PAPs between 15 and 20 mmHg  and ele-
ated PVR (>240 dyne s cm−5). Therefore, all of the patients in our
tudy had pathophysiological conditions in the pulmonary circu-
ation caused by CTEPH . Although we assume that the PAP and
VR improvements evident after the earlier interventions were
ttributed to (some) recanalization of the pulmonary arteries, fur-
her evaluation of correlations between lung PBV or the PA/Ao ratio
nd the clinical severity of disease before and after intervention is
arranted. Enrollment of medication-naïve patients was not possi-

le; diagnosis required the use of medication to distinguish CTEPH
rom an acute or subacute pulmonary embolism. Second, our scor-
ng did not consider volume differences among lung segments. In
ddition, although we evaluated lung PBV based on the extent of
ulmonary hypoperfusion, we did not consider regional reductions
n perfusion. We  categorized both severely affected (black) and
oderately affected (dark orange) areas as simply “hypoperfused”.

[
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However, our scoring system may  be clinically useful because the
inter-reader agreement is excellent.

5. Conclusions

The lung PBV score is a noninvasive estimator of the clinical
severity of CTEPH than is calculation of the mean PAP and PVR val-
ues; these latter values currently serve as the gold standards for
management of the condition.
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