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main pulmonary artery diameter (p < 0.01); a significant 
association was found in both between PVR and tricuspid 
regurgitation(p < 0.000) and with PVR and presence of uni-
lateral or bilateral pulmonary thromboembolic occlusion 
(p < 0.05).
Conclusion Our results confirm the diagnostic role of 
CTPA in evaluating patients with CTEPH and in addition 
open a new horizon in assessing hemodynamic changes in 
patients with CTEPH, only employing a CTPA, especially 
when RHC is contraindicated or not possible.

Keywords Chronic thromboembolic pulmonary 
hypertension · CT-pulmonary angiography · Right heart 
catheterization · Pulmonary endarterectomy · A new 
CT-score for CTEPH

Abbreviations and acronyms
AV  Azygos vein
BAH  Bronchial arteries hypertrophy
CC  Collateral circles
CPB  Cardio-pulmonary bypass
CS  Coronary sinus
CTEPH  Chronic thromboembolic pulmonary 

hypertension
CTPA  Computed tomography pulmonary angiography
ISB  Interventricular septum bowing
LV  Left ventricle diameter
MP  Mosaic perfusion
PEA  Pulmonary endarterectomy
PA  Pulmonary artery
PE  Pulmonary embolism
PH  Pulmonary hypertension
RA  Right atrium
RV  Right ventricle
RVFWT  Right ventricle free wall thickness

Abstract 
Purpose The aim of this study was to retrospectively 
assess the relationship between radiological and hemody-
namic parameters in patients with chronic thromboembolic 
pulmonary hypertension (CTEPH). We introduced a new 
CT-score to evaluate hemodynamic changes, only employ-
ing CT-pulmonary angiography (CTPA).
Materials and methods 145 patients affected by CTEPH 
underwent hemodynamic and CTPA evaluation. Among 
these 145 patients, 69 underwent pulmonary endarterec-
tomy (PEA) and performed a CTPA evaluation even after 
surgery. Hemodynamic assessment considered the values 
of mean pulmonary artery pressure (mPAP) and pulmonary 
vascular resistance (PVR), obtained through right heart 
catheterization (RHC). Radiological evaluation included 
CTPA signs of pulmonary hypertension.
Results A highly significant statistical correlation was 
observed between the new CT-score and both mPAP and 
PVR (p < 0.000) in the whole sample and also in the sub-
group who underwent PEA. In addition, mPAP and PVR 
showed an important association with the severity of 
mosaic perfusion (p < 0.000). mPAP also correlated with 
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SD  Standard deviation
SVC  Superior vena cava
TR  Tricuspid regurgitation

Introduction

Chronic thromboembolic pulmonary hypertension 
(CTEPH) results from incomplete resolution of the vascu-
lar obstruction caused by pulmonary thromboemboli. If left 
untreated, over time, a gradual hemodynamic and sympto-
matic decline can be observed in these patients. As a con-
sequence, prognosis in CTEPH is poor and proportional to 
the degree of pulmonary hypertension. Advanced CTEPH 
leads to cardiac remodeling, involving right ventricular 
(RV) dilatation and hypertrophy, tricuspid regurgitation 
(TR), and interventricular septal bowing (ISB), with conse-
quent impact on cardiac function [1].

Pulmonary endarterectomy (PEA) represents the ther-
apy of choice for patients with surgically accessible dis-
ease. PEA may be performed with a low mortality risk and 
results in clinical improvement and improved prognosis 
[2–4].

Radiologic assessment, most commonly with computed 
tomography (CT), is central in the evaluation of pulmonary 
hypertension (PH) and can assist in elucidating the under-
lying cause [5–9].

Our purpose was to retrospectively evaluate the relation-
ship among radiological, clinical and hemodynamic param-
eters in patients with CTEPH and in a subgroup of them 
who underwent PEA. In the literature, different scores were 
introduced to quantify arterial obstruction in acute pulmo-
nary embolism (modified Miller and Walsh, Qanadli and 
Mastora) [10–14], whereas a validated score for chronic 
pulmonary embolism does not exist yet.

Thus, we introduced a new CT-score to evaluate the 
severity of chronic pulmonary embolism; finally, we ana-
lyzed the relationships of our new CT-score with hemody-
namic and clinical parameters.

Materials and methods

Study population

Between February 2006 and March 2015, 145 patients 
(M:F = 64:81, mean age 60) affected by CTEPH underwent 
hemodynamic and radiological evaluation at the Department 
of Cardio-Thoracic Surgery of our University Hospital.

All patients had undergone a cardiovascular examina-
tion with clinical, functional and hemodynamic assess-
ment (New York Heart Association class determination, 

echocardiography, Right Heart Catheterization) and a radi-
ological evaluation through CTPA.

CTEPH diagnosis was based on values of mean 
pulmonary artery pressure (mPAP) ≥25 mmHg meas-
ured through right heart catheterization (RHC) and 
on the presence of specific vascular and parenchymal 
signs on CTPA examination (in particular mPA diam-
eter ≥2.9 cm and the presence of pulmonary artery 
occlusion).

Finally, cardio-surgical examination had been performed 
to verify eligibility criteria for PEA.

In addition, we analyzed a subgroup of 69 patients 
(M:F = 24:45, mean age 57) among 145 patients who 
underwent PEA and performed a cardiovascular and a 
radiological evaluation also after surgery; in particular New 
York Heart Association (NYHA) class determination, right 
heart catheterization (RHC) and CTPA were repeated post-
operatively in a period of time ranging between 1 month 
and 6 years later.

CTPA acquisition and interpretation

Radiological evaluation has been performed with a CTPA 
exam, a first-line diagnostic technique with a high sensibil-
ity and specificity in the detection of imaging features of 
CTEPH, in the differentiation of this disease from other 
causes of PH and in the assessment of the technical feasi-
bility of surgery.

After having acquired an informed consent, a first non-
contrast scan was performed with a 16-detector Siemens 
Sensation Cardiac CT scanner; craniocaudal spiral scans 
have been acquired, with the patient in the supine position, 
during an inspiratory breath-hold without contrast enhance-
ment. Scanning parameters were as follows: 120 kV, 210 
mAs, slice thickness 0.75 mm with 0.5 mm increments, 
acquisition time 11 s; the images were reconstructed using 
high spatial frequency (bone) algorithm and visualized with 
window level of −500/−700 HU and window width of 
1500/1800 HU.

CTPA was obtained after intravenous injection (brachial 
antecubital vein) of 100 mL of nonionic water-soluble con-
trast agent (Iomeron 400, Bracco, Milan, Italy), at a rate 
of 4.0 ml, followed by 40 ml of saline bolus chaser, using 
a double-syringe power injector (Stellant, MedRad, Pitts-
burg, PA, USA).

Imaging was automatically started 5 s after detection of 
contrast enhancement in the main pulmonary artery (mPA) 
(threshold, 80 HU) with bolus tracking software (CARE 
Bolus, Siemens Medical solutions, Forchheim, Germany).

Radiological parameters evaluated in our sample are 
listed in Table 1.

The main pulmonary artery (mPA) diameter was meas-
ured proximal to its bifurcation, perpendicular to the 
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vessel wall. Right and left ventricular short axes, meas-
ured on a reformatted four-chamber view, were defined as 
the largest distance between the interventricular septum 
and the free wall of ventricle. Diameter of superior vena 
cava (SVC) was measured at the level of arch of azygos 
vein. Tricuspid regurgitation was split into four grades of 
gravity according to the degree of contrast medium reflux 
into the inferior vena cava and hepatic veins [15].

Among all parameters, special attention has been 
focused on pulmonary vascular signs, in particular on the 
evaluation of presence, location and degree of obstruction 
due to organized thromboemboli.

Since there does not exist a CT-scoring system to 
quantify the severity of CTEPH, we tried to create a new 
radiological CT-score that could reflect hemodynamic 
changes in patients with chronic pulmonary embolism, 
considering only radiological signs; in particular we con-
sidered: unilateral or bilateral disease (U/B), main pul-
monary artery diameter (Ø mPA), mosaic perfusion pat-
tern (MP) and tricuspid regurgitation (TR).

The new score was calculated as follows: 

Scores assigned to each item are listed in Table 2.
MP was considered as mild if it was <10%, moder-

ate if <20 and >30% and severe if >30%, using a visual 
score.

The total score can reach a maximum value of 15.
Radiological evaluation was made independently and 

with unblinded clinical information by two Radiologists 
of our Department, respectively, with 40 and 5 years of 
radiological experience. Discrepancies were resolved by 
consensus.

Score = U/B + ∅ mPA + MP + TR.

Hemodynamic evaluation

Hemodynamic study was performed with RHC, the refer-
ence technique for the assessment of PH severity. mPAP 
and Pulmonary Vascular Resistance (PVR) were measured 
through this invasive technique.

Indications and surgical technique

The selection criteria for patients undergoing PEA and 
operative technique have been thoroughly described by 
Jamieson and Kapelanski [16, 17]. In particular, surgery 
is considered technically feasible if at imaging the organ-
ized thrombi are not located distal to the lobar arteries or to 
the origin of the segmental vessels. Surgical resectability is 
further influenced by the severity of hemodynamic impair-
ment, the presence of concomitant diseases, in particular 
underlying lung disease, and the patient’s age [18].

After median sternotomy and full heparinization, cardio-
pulmonary bypass (CPB) is instituted by cannulation of the 
ascending aorta and both inferior and superior venae cavae. 
A passive drain is placed in the main pulmonary trunk. 
The left ventricle is drained through the right upper pul-
monary vein with negative pressure. While cooling, before 
18 °C nasopharyngeal temperature is reached, the aorta is 
clamped and cold crystalloid cardioplegia (Custodiol—Dr 
Koehler GMBH Chemie-Alsbach-Haehlein) is admin-
istered. Right pulmonary artery is exposed and opened. 
When the cleavage plane is identified proximally, the sys-
temic circulatory arrest is achieved and endarterectomy 
performed distally towards the lobar, segmental and sub-
segmental arteries. Every 15–20 min of arrest is followed 
by 15 min of systemic reperfusion. After right pulmonary 

Table 1  Radiological parameters evaluated

Pulmonary vascular findings Systemic vascular findings Cardiac findings Parenchymal findings

Thromboembolic filling defects Bronchial arteries hypertrophy Right atrium diameter, left ventricle 
diameter, right ventricle diameter

Mosaic perfusion

Main pulmonary artery diameter Collateral circles (inferior phrenic, inter-
costal, internal thoracic arteries)

Right ventricle free wall thickness

Left pulmonary artery diameter Superior vena cava diameter Interventricular septum bowing

Right pulmonary artery diameter Azygos vein diameter Coronary sinus diameter, tricuspid regur-
gitation

Table 2  Score of each parameters used for the new CT-score

Parameter Score

Disease distribution Unilateral = +1 Bilateral = +2

Main pulmonary artery diameter <2.9 cm = +0 ≥2.9 cm and ≤3.4 cm = +1 ≥3.5 cm and ≤3.9 cm = +2 ≥4 cm = +3

Mosaic perfusion Absent = +0 Mild = +2 Moderate = +4 Severe = +6

Tricuspidal regurgitation Grade 0 = +0 Grade 1 = +1 Grade 2 = +2 Grade 3 = +3 Grade 4 = +4
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artery is reconstructed, cardioplegia is reinfused. As previ-
ously described, the endarterectomy in the left side is com-
pleted. CPB is suspended when normothermia is reached.

Statistical analysis

Pearson correlation was used to analyze linear associations 
between continuous radiological parameters and hemody-
namic data.

Student’s T test was used to assess differences between 
pre- and post-surgical values of continuous radiological 
and hemodynamic parameters.

Comparisons of categorical radiological parameters 
were performed by Chi-square, McNemar Test or Wilcoxon 
signed-rank test.

Values of p < 0.05 were considered statistically 
significant.

All analyses were performed with Stata/SE 12.1 Statisti-
cal Software.

Results

Patient characteristics

145 patients (M:F = 64:81, mean age 60) were selected for 
the study and their radiological and hemodynamic param-
eters were evaluated at the baseline before PEA.

In addition, was identified a subgroup of 69/145 
(M:F = 24:45, mean age 57) that underwent PEA and had a 
radiological and hemodynamic assessment before and after 
PEA.

Cardiovascular risk factors and thrombophilic disorders 
assessed are displayed in Table 3.

In physical examination before surgery, only 2/145 
patients were asymptomatic, while all others had a variety 
of symptoms reported in Table 3.

All 145 patients had hemodynamic evidence of PH 
(mPAP values >25 mmHg), which was also confirmed by 
radiological evaluation through the presence of typical CT 
signs (in particular mPA diameter ≥2.9 cm and the pres-
ence of pulmonary artery occlusion).

The distribution of pulmonary vascular occlusion 
(Figs. 1, 2) assessed on CTPA is displayed in Table 4.

Results in the whole sample

In all 145 patients, highly significant statistical correlations 
were observed between the new CT-score and hemody-
namic parameters (mPAP, PVR) with a p < 0.000 (Table 5).

mPAP was also correlated with the main pulmonary 
artery diameter (p < 0.01); a significant association was 
found between PVR both with tricuspid regurgitation Ta
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(p < 0.000) and presence of unilateral or bilateral pulmo-
nary thromboembolic occlusion (p = 0.05); in addition, 
mPAP and PVR showed an important relationship with 
the severity of mosaic perfusion (p < 0.000) in all 145 
patients.

Finally, we observed that bronchial artery hypertrophy did 
not show a significant correlation either with mPAP or PVR.

Radiological, hemodynamic and clinical variations

The relationship between variation of radiological, hemo-
dynamic and clinical parameters evaluated at baseline and 
after surgery in the subgroup of 69 patients is displayed in 
Table 6.

All radiological and hemodynamic parameters evaluated 
showed an improvement except for collateral circles (CC), 
interventricular septum bowing (ISB) and BAH (Fig. 3) 
which were unchanged, respectively, in 92, 81 and 79% 
(Table 6).

In particular, MP evaluated before and after PEA showed 
a normalization in the 40% and a reduction of the group 
with severe grade of MP from 30 to 4% (Fig. 4); mPA 
diameter presented an improvement in the 80% (Fig. 5); 
TR grades were grouped as 1 as mild, 2 as moderate, 3 and 
4 as severe and the severe grade declined from 30 to 4%.

As regards NYHA class variations the group that 
included NYHA III and IV passed from 92% of pre-sur-
gery to 34% in post-PEA. Moreover, NYHA I and II passed 
from 8 to 66%.

A significant statistical difference was observed for 
mPAP and PVR (p < 0.01) and for radiological parameters 
evaluated before and after PEA (Table 6).

Therefore, statistical correlations between radiological 
and hemodynamic parameters (mPAP and PVR) before 
and after PEA are displayed in Table 7. In particular, mPAP 
presented a significant correlation with the MP and mPA 
diameter both before and after PEA; PVR correlated with 
MP before and after PEA, while presented a significant sta-
tistical correlation with mPA diameter only after PEA.

Finally mPAP percent difference correlated significantly 
with NYHA clinical classification (p = 0.002, each one 
evaluated in terms of improvement, stability or worsening).

The new CT‑score

The statistical analysis of comparison between radiological 
and hemodynamic parameters is shown in Table 5. In par-
ticular, the CT-score correlated both with mPAP and PVR 
in the whole sample (145 patients).

We calculated a cutoff of the CT-score = 9 as the 
median value of all the scores considering the CT-
scores and the hemodynamic parameters at baseline 
(145 patients); so we divided patients into two groups as 
follows:

–– patients with a baseline CT-score ≤9;
–– patients with a baseline CT-score >9.

Fig. 1  Image of a 66-year-old man with chronic thromboembolic 
pulmonary hypertension and a complete central occlusion of the right 
pulmonary artery

Fig. 2  Image of a 66-year-old man with chronic thromboembolic 
pulmonary hypertension and a partial peripheral occlusion (web) of 
the left basal pyramid pulmonary artery

Table 4  Localization of pulmonary vascular occlusion on CTPA 
expressed in numbers in the whole sample (145 patients)

Disease distribution

Unilateral 10

Proximal 6

Bilateral 135

Peripheral 106

Mixed 33
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We found that a baseline CT-score ≤9 corre-
sponded to a mean value of mPAP of 46 mmHg ± 11 
of standard deviation (SD) and a mean value of PVR of 
7.9 mmHg ± 3.6 SD; whereas for a baseline CT-score >9 
we obtained a mean value of mPAP of 50.7 mmHg ± 9.3 
SD and a mean value of PVR of 10.3 mmHg ± 4 SD.

Comparison of the mean values of mPAP in the group 
with a baseline CT-score ≤9 and the mean values of 
mPAP in the group with a baseline CT-score >9 was sig-
nificant (p = 0.006) and the same was for the mean val-
ues of PVR (p = 0.000) in both groups.

Another step of our study consisted in evaluating the 
subgroup of patients who underwent surgery (69 patients); 
we compared the new CT-score with mPAP and PVR 
before and after surgical intervention and observed highly 
significant correlation (p ≤ 0.005) as displayed in Table 8.

In addition, as before in all 145 patients, consider-
ing the CT-score and the hemodynamic parameters after 

PEA in the subgroup of 69 patients, we recognized a CT-
score = 6 as the median of all the scores and divided the 
patients into two groups as follows:

Table 5  Statistical correlations resulted from our analysis in the whole sample (145 patients)

Statistical correlations with a p value ≤ 0.05 are highlighted in bold

Score Mosaic perfusion degree mPA diameter Tricuspid regurgitation Unilateral/bilateral disease Bronchial artery hyper-
trophy

mPAP p < 0.000 p < 0.000 p = 0.01 p > 0.05 p > 0.05 p > 0.05

PVR p < 0.000 p < 0.000 p > 0.05 p < 0.000 p = 0.05 p > 0.05

Table 6  Changes of radiological, hemodynamic and clinical param-
eters before and after PEA and the “p” value of each parameter evalu-
ated before and after surgery

Statistical correlations with a p value ≤ 0.05 are highlighted in bold

Improved 
(%)

Unchanged 
(%)

Worsened (%) p value

Ø mPA 80 16 4 <0.01

Ø Right PA 94 4 2 <0.01

Ø Left PA 92 4 4 <0.01

Ø RV 84 10 6 <0.01

Ø RA 81 15 4 <0.01

Ø LV 56 19 27 >0.05

Ø SVC 61 26 13 <0.01

Ø CS 56 22 22 <0.01

Ø AV 51 32 17 <0.01

RVWT 68 30 2 <0.01

TR 65 33 2 <0.01

BAH 15 79 6 >0.05

MP 90 10 0 <0.01

CC 0 92 8 >0.05

ISB 13 81 6 >0.05

NYHA 59 41 0 >0.05

mPAP 98 2 0 <0.01

PVR 100 0 0 <0.01

Fig. 3  Images of 35-year-old (a) and 66-year-old (b) men with 
bronchial artery hypertrophy in chronic thromboembolic pulmonary 
hypertension
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–– patients with a CT-score after PEA ≤6;
–– patients with a CT-score after PEA >6.

We observed that a CT-score after PEA ≤ 6 corre-
sponded to a mean value of mPAP of 24.3 mmHg ± 8.5 
SD and a mean value of PVR of 2.9 mmHg ± 1.5 SD; 
whereas for a CT-score after PEA >6 we found out a 
mean value of mPAP of 31.2 mmHg ± 7.7 SD and a 
mean value of PVR of 4.3 mmHg ± 1.5 SD. Compar-
ison of the mean values of mPAP in the group with a 
CT-score after PEA ≤6 and the mean values of mPAP in 
the group with a CT-score after PEA >6 was significant 
(p = 0.001) and the same was for the mean values of 
PVR (p = 0.000) in both groups.

Discussion

Pulmonary endarterectomy offers curative treatment for 
CTPEH patients with profound improvements in hemo-
dynamics, symptoms, and survival [19–21].

The results of the present study confirm the impor-
tance of CTPA in the evaluation of patients with CTEPH 
undergoing PEA. Initially, CT scanning was employed 
mostly to identify occlusion in the central pulmonary 
arteries, which has been considered as a criterion for the 

operability of CTEPH. Nowadays, it has been recognized 
the role of CT scanning in providing more information on 
different components of the disease, predicting surgical 
success in the individual patient [22–24].

In particular, the highly significant correlation 
emerged for each radiological parameter, evaluated 
before and after PEA (p < 0.01), allows us to reconfirm 
the fundamental role of CTPA in assessing the outcome 
of PEA [3, 25].

As shown in Table 6, some radiological parameters did 
not show substantial modifications on CT executed after 
surgery; in particular, it was observed that collateral cir-
cles, BAH and leftward interventricular septum bowing 
did not change much after PEA, which could be linked 
to a minor reversibility of these parameters after surgical 
intervention. The study by Herre J. Reesink [1] analyzed 
the effect of pulmonary endarterectomy on the restoration 
of right ventricular remodeling in patients with chronic 
thromboembolic pulmonary hypertension by magnetic 
resonance imaging and observed that after pulmonary 
endarterectomy, pulmonary hemodynamic improved, as 
we demonstrated as well. They also assessed the nor-
malization of leftward ventricular septal bowing; this last 
result is different from ours, probably due to the absence 
of the ECG gating in our study and/or a better evaluation 
of it through MRI [1].

Fig. 4  Images of 48-year-old man with chronic thromboembolic pulmonary hypertension; the mosaic perfusion before (a, b, c) and after (d, e, 
f) pulmonary endarterectomy
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A further step of our study consisted in evaluating the rela-
tionship between variation of radiological and hemodynamic 
parameters. From this analysis, it resulted that the absolute 
values of mPAP and PVR were strongly correlated with 
the degree of MP evaluated before and after PEA (Table 7). 

Also Marc Heinrich et al. [22] correlated CT scan findings 
with hemodynamic measurements in sixty patients who had 
undergone PEA, analyzing preoperative and postoperative 
hemodynamic with preoperative CT imaging features. They 
found out the MP as the best parameter for correlation with 
preoperative hemodynamic measurements, considering MP 
as a perfusion score demonstrating a strong correlation with 
mPAP and PVR.

These outcomes strengthen ours in which patients with a 
major reduction of mPAP after PEA also showed a consistent 
improvement of mosaic perfusion pattern on CT. This result 
can be probably explained as surgical disobstruction of pul-
monary vessels causes both a reduction in mPAP values and 
the reperfusion of lung areas which were poorly vascularised 
before PEA, with the consequent disappearance of hypo-
perfused lung areas on chest CT after surgical intervention. 
So the MP is the most sensible radiological parameter of the 
surgical success.

In addition the significant relationship between mPAP 
and mPA diameter, evaluated both as absolute value and as 
percent difference, confirms the relationship between mPA 
size and PH severity. Over the last three decades, this rela-
tionship has been extensively investigated by several studies 
which demonstrated a moderate to strong correlation between 
mPA diameter and mPAP, to the extent that a cutoff value of 
PA size has been proposed to help in the diagnosis or exclu-
sion of PH [26–32]. Some authors [22, 33] also investigated 
this relationship in patients with CTEPH who underwent 
PEA, coming to the same conclusions, in particular, among 
other parameters, mPA diameter measured on CT showed 
the strongest correlation with mPAP and the most significant 
reversibility after surgery [33].

Another aim of our study was evaluating the rela-
tionship between mPAP percent difference and varia-
tion in NYHA class after PEA; this variation was also 
expressed dividing our sample into improved, unchanged 
and worsened patients. We observed that mPAP percent 

Fig. 5  Images of 28-year-old man with chronic thromboembolic 
pulmonary hypertension. Axial CTPA images of the main pulmonary 
artery before (a) and after (b) pulmonary endarterectomy

Table 7  Statistical correlation between radiological parameters and mPAP and PVR before and after PEA

Statistical correlations with a p value ≤ 0.05 are highlighted in bold

Mosaic perfusion degree MPA diameter Tricuspid regurgitation Unilateral/bilateral disease Bronchial artery hyper-
trophy

mPAP pre-PEA p = 0.019 p = 0.04 p > 0.05 p = 0.01 p = 0.04

PVR pre-PEA p = 0.004 p > 0.05 p < 0.000 p > 0.05 p = 0.02

mPAP post-PEA p = 0.012 p = 0.001 p > 0.05 p > 0.05 p > 0.05

PVR post-PEA p < 0.001 p = 0.01 p > 0.05 p = 0.02 p > 0.05

Table 8  Our new CT-score, 
calculated before and after 
surgery (69 patients), showed 
a significant correlation with 
hemodynamic parameters 
evaluated, respectively, before 
and after PEA

Statistical correlations with a p value ≤ 0.05 are highlighted in bold

MPAP pre-PEA PVR pre-PEA MPAP post-PEA PVR post-PEA

Score pre-PEA p = 0.005 p < 0.000

Score post-PEA p = 0.001 p < 0.000
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difference correlated significantly with variation of 
NYHA class in our sample. These data confirm the good 
correspondence between clinical and hemodynamic 
improvement after PEA and, as many authors already 
demonstrated [34, 35], further confirm NYHA class as a 
useful parameter in the evaluation of clinical severity in 
patients with CTEPH.

As concerns the scoring system of CTEPH, in past 
years, different scores (modified Miller and Walsh scores 
and, more recently, Qanadli and Mastora scores) have 
been proposed for the quantification of clot burden with 
CTPA in acute pulmonary embolism. However, until 
now, there is not still a CT index designed to quantify 
the severity of chronic PE. As some authors already did 
[26, 36], we preliminarily applied Qanadli score to our 
patients with chronic PE and similar to other authors’ 
results, we established that Qanadli score could not accu-
rately reflect the severity of pulmonary artery obstruction 
in CTEPH (statistical analysis with linear regression did 
not show a significant correlation between post-surgical 
change in Qanadli score and hemodynamic parameters 
with p > 0.05).

We introduced a new CT-score using those radiological 
parameters with the best statistical correlation with hemo-
dynamic parameters (MP, mPA diameter, TR and the pres-
ence of unilateral or bilateral pulmonary artery occlusion).

In the course of our analysis, we demonstrated that the 
CT-score proposed could accurately reflect hemodynamic 
changes in patients with CTEPH. In fact, it was observed 
both in whole sample and in the subgroup of patients who 
underwent PEA that a greater reduction of CT-score cor-
responded to a consistent reduction of both hemodynamic 
parameters considered. We correlated each radiological 
parameter of the CT-score with mPAP and PVR and we 
also tried to use central or peripheral occlusion of pul-
monary arteries; our results led to a stronger correlation 
of both hemodynamic parameters with the presence of 
unilateral or bilateral occlusion in pre- and post-surgical 
evaluations.

From these results, it follows that the CT-score is 
directly proportional to the hemodynamic severity of 
CTEPH; therefore, it could be used as an index of hemo-
dynamic changes in all CTEPH patients for a quick 
assessment of hemodynamic impairment. The difference 
between the median value of the CT-score in the two 
groups of patients is probably due, in our opinion, to the 
amount and the different characteristics of the two sam-
ples. In fact, the median value of all CT-score in the group 
of 145 patients is evaluated only at the baseline CT, while 
the one of the other group (69 patients) is evaluated on the 
pre- and post-surgical CT. These characteristics determine 
a lower median value of all the CT-score in the subgroup 
of 69.

In particular, we noticed, in the evaluation before and 
after PEA, that CT-score values ≤6 corresponded to a 
mPAP values closer to normal; then a cutoff = 6 could help 
in identifying hemodynamic values almost close to normal.

Finally, the CT-score proposed seems to be simple, fast 
to apply and useful in evaluating hemodynamic profile and 
consequently the severity of PH, using only a CT exam; 
in this way the new Index could be used to give cardiolo-
gists an estimate of hemodynamic changes in patients with 
CTEPH, either in those who carry out the intervention and 
in those who cannot, especially when a RHC is contraindi-
cated or difficult to be performed.

RHC is an invasive procedure and the use of an alterna-
tive non-invasive imaging modality to reduce the need of 
RHC at diagnosis or follow-up is an attractive proposition.

The limitations of our study are due to the absence of 
ECG gating and to the fact that our proposed CT-score 
needs to be largely evaluated in terms of reproducibility.

Conclusion

The results of the present study confirm the fundamental 
role of CTPA in the evaluation of pulmonary vascular and 
parenchymal alterations in patients with CTEPH, highlight 
the usefulness of CTPA in the radiological evaluation of 
this patients and in the assessing the outcome of the surgi-
cal procedure when executed.

Finally, our results open a new “horizon” in the use of 
CTPA, through the use of the CT-score introduced, even if 
more studies are needed to assess the reproducibility of the 
method. We can affirm that CT-score here proposed could 
represent a quick and easy index of hemodynamic changes, 
not only in surgical but also in not surgical CTEPH 
patients, either associated with right heart catheterization or 
as a substitute for this invasive technique, when it is con-
traindicated or not possible.
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