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Dilatation of Bronchial Arteries Correlates With Extent
of Central Disease in Patients With
Chronic Thromboembolic Pulmonary Hypertension

Hidefumi Shimizu, MD; Nobuhiro Tanabe, MD; Jiro Terada, MD; Masahisa Masuda, MD*;
Seiichiro Sakao, MD; Yasunori Kasahara, MD; Yuichi Takiguchi, MD;
Koichiro Tatsumi, MD; Takayuki Kuriyama, MD

Background Dilatation of the bronchial arteries is a well-recognized feature in patients with chronic thrombo-
embolic pulmonary hypertension (CTEPH). The purpose of the current study was to use computed tomography
(CT) 1o assess the relationship between dilated bronchial arteries and the extent of thrombi, and to evaluate the
predictive value of the former for surgical outcome.

Methods and Results Fifty-nine patients with CTEPH and 16 with pulmonary arterial hypertension (PAH)
were retrospectively evaluated. The total cross-sectional area of bronchial arteries was measured by CT and its
relationship with the central extent of thrombi or surgical outcome was assessed. The total area of the bronchial
arteries in CTEPH patients was significantly larger than that in PAH patients (median [range], 6.9[1.7-29.5] mm?
vs 3.2[0.8-9.4]mm?), with the total area of bronchial arteries correlating with the central extent of thrombi. In
patients who had undergone pulmonary thromboendanierectomy (PTE) (n=22), the change in PaOz after surgery
had a tendency to correlate with the total area of the bronchial arteries.

Conclusion The total cross-sectional area of the bronchial arteries correlated with the extent of central disease in
patients with CTEPH, and it might predict gas exchange improvement after PTE.  (Circ J 2008; 72: 1136-1141)
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n patients with chronic thromboembolic pulmonary
hypertension (CTEPH), dilatation of the bronchial
arteries (BAs) is a well-recognized feature on conven-

tional angiography' and computed tomography (CT) angio-
graphy?3 As the finding of dilated BAs is rarcly seen in
patients with idiopathic pulmonary arterial hypertension
(PAH) or acute pulmonary embolism, it has been suggested
that this feature could help distinguish patients with
CTEPH from those with other diseases causing pulmonary
hypertension!-}+

The presence of dilated BAs represents increased system-
ic collateral blood supply'2 and it plays a important role in
maintaining the viability of ischemic lung parenchyma
after pulmonary artery occlusion? However, the mechanisms
of bronchial arterial development are not well understood.
It is thought that both hemodynamic and nonhemodynamic
factors might be involved® In a canine model, Rehulova et
al showed that the development of collateral bronchopul-
monary circulation depended on the size of the occluded
branch of the pulmonary arteries? In patients with CTEPH,
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the location of thrombi varies between individuals, but to
our knowledge no study has evaluated the relationship be-
tween the location of thrombi and the dilatation of BAs in
humans.

Previous studies showed a lower pustoperative mortality
rate and lower postoperative pulmonary vascular resistance
(PVR) after pulmonary thromboendarterectomy (PTE) in
patients with dilated BAs according o the preoperative eval-
uation, compared with patients without dilated BAs®? Those
studies classified patients into 2 groups, with (21.5mm) or
without (<1.5mm) dilated BAs. Ley ¢t al showed a correla-
tion between the cross-sectional area of BAs assessed by
CT angiography and the bronchopulmonary shunt volume
assessed by magnelic resonance imaging? Those results
prompted us to use the cross-sectional area of the BAs, in-
stead of their diameters, for assessment of the relationship
with surgical outcome after PTE, as the bronchopulmonary
shunt volume may contribute directly to supporting ischemic
parenchymal tissue caused by occlusion of the pulmonary
arteries.

The purpose of our study was to use CT angiography to
assess the relationship between the cross-sectional area of
the BAs and the central extent of thrombi, as well as to eval-
uate the predictive value of dilated BAs for surgical out-
come

Methods

Study Population
For this retrospective study, we searched the computer
database of Chiba University Hospital 10 identify patients
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with CTEPH (n=74) and PAH (n=19) who had undergone
CT angiography between January 2002 and August 2007,
All patients, except | with PAH, had undergone right-heart
catheterization. The diagnosis of CTEPH or PAH was made
on the basis of muluple diagnostic tests, including a detailed
history, physical examination, pulmonary function testing,
perfusion scanning, CT scanning, echocardiogram, right-
heart catheterization and serologic tests,

Fourteen patients (11 with CTEPH, 3 with PAH) were
excluded because of suboptimal contrast material delivery
for evaluation of the BAs. Four patients with CTEPH were
also excluded because the duration between CT angiography
and right-heart catheterization was more than 3 months
Finally, 59 patients with CTEPH (CTEPH group) and 16
patients with PAH (PAH group: 8 with idiopathic PAH, 4
with PAH associated with collagen vascular discase, 2 with
arterial septal defect and 2 with PAH associated with portal
hypertension) were evaluated. Right-heart catheterization
and selective pulmonary angiography were performed in all
patients of the CTEPH group.

Twenty-four patients in the CTEPH group had undergone
PTE: 2 of them died in the early postoperative penod, and
the remainder, except | patient (n=21), underwent post-
operative CT angiography within 3 months (median [range],
| [1-3]) after PTE. Postoperative blood gas analyses were
performed for all patients and compared with preoperative
blood gas levels.

As for the control of the total area of the BAs, we evalu-
ated 12 patients who had acute pulmonary thromboem-
balism (APTE), whose thrombi were treated and resolved
almost completely (post-APTE group).

The Human Subject Committee of Chiba University
approved the study, and written informed consent was
given by all patients at the time of diagnosis.

CT Protocol

All CT scans were obtained with a | 6-row multidetector
CT scanner (LightSpeed Ultral6; General Electric Medical
Systems, Milwaukee, WI, USA) with 1,25-mm slice thick-
ness, Patients were injected with 100ml of contrast material
with 350mg of iodine/ml at 3mi/s. All CT examinations
were performed for a normal workup to diagnose or evaluate
CTEPH or PAH, with a scanning delay of 20-30's for opti-
mal pulmonary artery visualization.

Image Interpretation

CT images were reviewed by 2 investigators using a
cine-mode display on a computer workstation, and final
cvaluations were achieved by consensus. All BAs arising
from the descending aorta in each patient as depicted by CT
angiography were identified. At the mediastinal window sct-
ting of the axial images, right and/or left BAs were identified
as contrast material-enhanced round or curvilinear struc
tures (Fig 1). Their diameters were measured at the most
proximal site from their origin. We calculated the cross-
sectional area of each BA based on its diameter, and then
summed the cross-sectional areas in each patient to yield
the total area of the BAs.

The CTEPH group was divided into 3 subgroups, main
type, lobar type and segmental type, according to the most
proximal location of thrombi observed on CT angiography.
[_h.: muin type (n=Y) was defined as thrombi of main arte-
ries with or without more distal thrombi location, the lobar
type (n=29) was defined as thrombi of lobar arteries with or
without more distal thrombi location, and the segmental
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Figl. Computed tomography angiography in a patient with chronic
thromboembelic pulmonary hypertension shows dilated bronchial
areries (2mows).

type (n=21) was defined as thrombi in segmental arteries or
distal location.

We also evaluated pulmonary infarction by the periph-
eral scar score as described by Heinrich et al? In short, CT
scun images at the lung window seilings were analyzed for
peripheral, irregular, wedge-shaped or linear densities. By
adding up the number of involved lobes (lingual was re-
garded as a lobe), the peripheral scar score was obtained up
to a maximum score of 6.

Statistical Analysis

Group compansons were performed by Mann-Whitney
U-test or 1-way analysis of variance on ranks (Kruskal-
Walhis method) with post-hoc test using the Steel-Dwass
method. When data were normally distributed with con-
stant variance, corrclations were measured using Pearson’s
correlation. Otherwise, the Spearman rank sum correlation
was used. Comparison of the total areas of the BAs be-
tween before and after PTE was performed by Wilcoxon
matched-pairs signed-ranks test. For all comparisons, a
p-value of less than 0.05 was considered to indicate a sta-
tistically significant difference

Results

Clinical and Hemodynamic Chararteristics of the Patients

Table I summarizes the clinical and hemodynamic data
from the 75 patients included in the current study. No sta-
tistical significant differences were found in terms of age,
mean pulmonary artery pressure, cardiac index and PVR
among the groups and subgroups

Comparisons Between Patient Groups

The median total area of the BAs in the CTEPH group
was significantly larger than that in the PAH group and the
post-APTE group (Fig2a; median [range], 6.911.7-29.5]
mm? vs 3.210.8-9. 4] mm? vs 2.0[0.9-5.1] mm?). When the
CTEPH group was divided into 3 subgroups according to
the most proximal location of thrombi, the median total area
of the BAs in the segmental type was significantly smaller
than in the other 2 types (Fig 2b). No significant difference in
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CTEPH growp
e — - — p value*
Main (n=31) Lohurin=18)  Negmental (n=13)
60.249.4 53.7412.6 5448124 -
(43-71) (34-72) (36-78) '
T 8721 2l
4R 62124 4124128 62134 NS
{32-70) f23-71) (23-71) o
2.36+0.91 2.4640.54 2.7940.58 Ny
(1.444.33) {L61-31.34) (1.82-424) o
YR6+467 830+468 7461368 NS
(515-1.699) (289-2,285) (316-1,930) :

Table 1 Clinical and Hemodynamic Characteristics of the 75 Patients in the Present Study
PAH group .
(n=16) All (n=59)
Age (vear) JO4L16.6 5498422
(17-69) (347K}
Sex IM/F) 244 16r43
Mean pulmeonary artery pressure 42.719.84 44.5£12.9
(mmHg) {26-55) (23-71)
Candive index 2.73:053 2564063
{L-min'-m=?) (2.154.31) (1.44-4.35)
Pulmonary vascular rexivtance 694£202 8281425
{dvnes 571 cm) (343-4947) (289-2.283)

Data are mean =80 {range), unless otherwise stated.
*Study groupy were analveed by Kruskal-Wallis rest.

PAM. pulmonary ateial hypertension; CTEPH, chromic thromboembolic pulmonars hypertension; NS, not significan
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bronchial urteries in the chronic thromboembolic pulmonary hyper-
lension group.

total area of the BAs was observed between the PAH group
and the segmental type of CTEPH. In the CTEPH group, the
total area of the BAs showed a slight correlation with the
peripheral scar score, but it did not reach staustical signifi-
cance (Fig 3; r=-0.26, p=0.08).

and cardiac index in chronic thromboembolic pulmonary hyperten-
sion group.

Correlation With Tetal Area of BAs und Preoperative
Hemodynamics

The total area of the BAs was significantly correlated with
the preoperative cardiac index (Fig4: r=-0.32, p<0.05). No
significant correlation was found between the total area of
the BAs and preoperative mean pulmonary artery pressure
(r=-0.05, p=0.72) or PVR (r=0.12, p=0.37).
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Table 2 Surgicul Outcomes of Patients Undergoing PTE (n=22) and Correlation With Total Area of Bronchial Arteries

Postoperative mean pulmonary artery pressure (mmig)
Postoperative cardiac index (L-min™" m~)
Fostoperative pulmonary vascular resistance (dynes-s " om)
erechuction i pulmenary vawular rexistance (%)

Change in Pal): after PTE (mmHg)

Change in AaDO: after FIE {(mmHg )

Data ure mean 2 8D (range), unless otherwise stated.

PTE, pulmonary thromboendarterectonmy, PaQz, arterial oxygen tension; AaDOy, alveolur-arterial avegen pressure difference.

Correlation of Tatal Cross-Sectional Area of BAs
With Outcome and its Change Ajter PTE

Twenty-two patients (10 men, 12 women), mean 51.5
years (range, 18-69 years), underwent PTE and pustopera-
live right-heart catheterization, and the relationship be-
tween the total cross-sectional area of the BAs and surgical
ouicome was evaluated, In this subgroup, the median total
area of the BAs was 14.8mm? (range, 3.6-29.5 mm?).
Every patient, except 1, had at least | BA with a diameter
Z1.5mm. Based on the location of thrombi, 7 patients were
classified as main type of CTEPH, 14 as lobar type. and
only 1 patient was classified as the segmental type. Table2
summarizes the surgical outcomes of the 22 patients. The
total area of the BAs showed a slight correlation with
changes in PuOz, but it did not reach statistical significance
(r=0.40, p=0.06). Other parameters regarding surgical
outcome showed no correlation with the total area of the
BAs. The total area of the BAs after PTE was significantly
reduced compared with before PTE (Fig 5; median [range],
7.7[2.3-18.91mm? vs 11.2[3.6-17.5]mm?).

Discussion

The current study demonstrated that the location of
thrombi is related to the total cross-sectional area of the
BAs in CTEPH patients. Although the BAs in the CTEPH
patients were significantly dilated compared with those in
the PAH patients, there was no significant difference in the
total area of the BAs in the segmental type of CTEPH
group and those in the PAH group. We also showed that the
total area of the BAs in patients with CTEPH significantly
decreased after PTE and might predict surgical outcome.
With the advances in CT, the potential of CT angiography
for diagnosing CTEPH has been demonstrated by a number
of studies!%-'3 Moreover, CT angiography is also being rec-
ognized as a useful test for evaluating the development of
systemic collateral supply to the lung?-#89.14 Remy-Jardin
ct al showed that multidetector row helical CT angiography
depicts the BAs more precisely than conventional angiogra-
phy!* Therefore, in the present study we also used multide-
tector row helical CT angiography 1o evaluate the dilatation
of the BAs,

Consistent with previous studies? **%15 dilated BAs
were frequently seen in the patients with CTEPH in the
present study. The total arca of the BAs in the CTEPH pa-
tients was significantly larger than that in the PAH patients.
[n the CTEPH group, as in earlier studiest” we did not find
any significant correlation between the total area of the BAs
and the preoperative mean pulmonary artery pressure or the
PVR, meaning that the severity of pulmonary hypertension
was not a stimulus for the development of dilated BAs.
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and after pulmonary thromboendarierectomy. *p<0.05,

However, the total arca of the BAs was negatively corre-
lated with the cardiac index. Although the onset of CTEPH
is difficult to detect, disease duration might cormrelate with
the development of dilated BAs. On the other hand, reduc-
tion in the cardiac index occurs in the symplomatic and de-
compensated phase of pulmonary hypertension]? so disease
duration might lead to this negative correlation between the
total area of the BAs and cardiac index.

Of the CTEPH subgroups, the total area of the BAs in the
segmental type was significantly smaller than in the other
types. To our knowledge, this is the first study to investi-
gate the correlation between BA enlargement and the cen-
tral extent of thrombi in humans. The inverse relationship
between the total area of the BAs and the peripheral scar
score, possibly representing prior pulmonary infarction,
might support this finding. Onc study using a dog model
showed that the BAs did not become enlarged upon emboli-
zation of muscular artenies or arterioles, although enlarge-
ment occurred when the elastic branches of the pulmonary
arteries were occluded? This suggests that occlusion of the
pulmonary arteries at the proximal sites of bronchopulmo-
nary arterial anastomoses might open them up. In humans,
preexisting bronchopulmonary arterial anastomoses are
commonly seen slightly proximal 1o the lobular anteries!”
The pressure gradient between the systemic arteries and the
pulmonary arteries distal to the site of occlusion would
increase when small distal arteries and arterioles are un-
affected in patients with main or lobar type of CTEPH! and
it would result in systemic arterial blood flow increasing in
ischemic areas. Another possibility for the development of
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systemic arterial supply to an occluded lung, related to the
location of thrombi, is hyperplasia of the pulmonary artery
vasa vasorum, which is of bronchial arterial origin®!7 In
addition, the extent of central disease per se may lead to
nonhemodynamic factors, including pro- and anti-angio-
genic factors. Our previous study showed that monocyte
chemoattractant protein-1 is produced in endothelial cells,
mononuclear cells, and smooth muscle cells in the fibrinous
portion adjacent to the vascular lumen in endarterectomized
tissue!® Herve and Fadel speculated that macrophages infil-
trating the wall of an occluded pulmonary artery stimulate
proliferation of the vasa vasorum and lead to delivery of
bone marrow-derived endothelial progenitor cells for local
vasculogenesis within the nonresolving clots® Other non-
hemodynamic factors that are elevated in patients with
CTEPH, such as endothelin-1!* might play a role in devel-
opment of dilated BAs.

We also showed that the total area of the BAs was sig-
nificantly reduced after PTE. However, the total area of the
BAs after PTE was greater compared with that in the post-
APTE group. A certain number of thrombi remained after
PTE, which would keep the BAs dilated. Fadel et al showed
that in piglets revascularization after a period of left pulmo-
nary artery occlusion normalized the systemic blood fow
to the left lung?" Our finding is consistent with their experi-
mental model and we believe that reduction in the total area
of the BAs after PTE can prevent hemoptysis, a life-threat-
ening complication of CTEPH.

When we divided the CTEPH group into main type,
lobar type and segmental type based on the most proximal
location of thrombi. we did not find any significant differ-
ence between the 1otul urea of the BAs in the segmental type
of CTEPH and that in PAH. Some previous studies have
indicated that the finding of dilated BAs can help distin-
guish CTEPH from idiopathic PAH? or APTE;* however,
those studies made no mention of the central extenl of
thrombi in the CTEPH patients. Although dilatation of the
BAs is acommon finding in CTEPH, it seems to be relative-
ly limited to the central type of CTEPH.

Although it did not reach statistical significance (p=0.06),
the change in PaO2 after PTE moderately correlated with the
total area of the BAs. In patients without lung disease, the
bronchial circulation supplying the systemic arterial flow is
estimated to be 1% of cardiac output?! In CTEPH patients,
this bronchopulmonary shunt volume can increase up (o ap-
proximately 30% of cardiac output!2 Some animal models
have confirmed that bronchial circulation supports ischemic
parenchymal lung tissue’ Besides that support, prolonged
lung i1schemia damages the pulmonary endothelium and
leads to increasing permeability in the lung?? In that condi-
tion, ischemic —reperfusion injury after PTE could happen
1o varying degrees. Development of bronchial circulation
was shown to attenuate ischemic - reperfusion lung injury
in some experimental models?**5 and our data also suggest
a supportive role of the BAs in the ischemic lung and their
importance for gas exchange after PTE.

We did not find any other relationships between surgical
outcomes, including %reduction in PVR, and the total area
of the BAs. Kauczor et al found a lower postoperative mor-
tality rate in patients with dilated BAs after PTE® In our
study, only 2 patients died during the early postoperative
period. so we did not evaluate the mortality rate. Heinrich
el al reported that the postoperative PVR was significantly
lower in patients with dilated BAs than in those without,”
they classified patients into 2 groups, with (21.5mm) and
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without (<1 .5mm) dilated BAs. In our study, as 23 of 24
patients undergoing PTE had BAs 21.5mm, it is likely that
we performed surgery only for the relatively central type of
CTEPH and assessed only the patients with dilated BAs,
and thus we could not apply their criterion for determining
any correlation between postoperative PVR and bronchial
arterial dilatation,

The major difference between the current study and
carlier studies is that we used the total cross-sectional area
of the BAs to evaluate the development of the systemic
collateral supply instead of their diameters. Evaluation of
bronchial arterial dilatation in CTEPH is intended for as-
sessment of the role of systemic circulation to the lung, so a
method of quantifying the systemic collateral supply would
be desirable. In our study we could determine a relationship
between the rotal cross-sectional area of the BAs and the
central extent of thrombi or the increase in PaO: after PTE,
and we believe that it is reasonable to use the total area of
the BAs to assess the role of systemie circulation to the lung
in patients with CTEPH.

Study Limitations

First, none of our patients underwent conventional angio-
graphy of the BAs or measurement of the bronchopulmo-
nary shunt volume, so we could not confirm the accuracy of
our findings with 4 "gold standard”. Second, the CT proto-
col was optimal for pulmonary anery visualization because
all CT examinations were performed for a normal workup
1o diagnose or evaluate CTEPH or PAH. However, we
could depict the BAs sufficiently for evaluation, except for
14 cases. Third, the number of patients in each group was
small. Larger studics are needed to confirm the relationship
hetween dilaled BAs und the central extent of thrombi or
surgical outcomes after PTE.

In conclusion, the total cross-sectional area of the BAs
correlated with the extent of central disease in patients with
CTEPH and it might be useful for predicting gas exchange
improvement after PTE.
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Survival and Quality of Life for Patients With
Peripheral Type Chronic Thromboembolic
Pulmonary Hypertension

Seishi Yoshimi, MD; Nobuhiro Tanabe, MD; Masahisa Masuda, MD*;
Seiichiro Sakao, MD; Takahiro Uruma, MD; Hidefumi Shimizu, MD;
Yasunori Kasahara, MD; Yuichi Takiguchi, MD; Koichiro Tatsumi, MD:
Nobuyuki Nakajima, MD**; Takayuki Kuriyama, MD

Background The validity of pulmonary thromboendarterectomy for treatment of relatively peripheral type of
chronic thromboembolic pulmonary hypertension (CTEPH) remains uncertain. The survival and quality of life
(QOL) of patients with relatively peripheral type of CTEPH was investigated at [ollow up.

Methods and Results Between April 1999 and March 2006, 83 consecutive patients with CTEPH were evalu-
ated for surgical indication and underwent computed tomography angiography. The exient of central disease was
scored (ie, CD score), and a CD score of <1 was judged as relatively peripheral disease. Forty-three patients were
excluded from surgery, and 40 patients, including 14 cases of relatively peripheral disease, underwent surgery.
Long-term survival and QOL scores at follow up (1-3 years) were compared between the surgically and medi-
cally treated groups of relatively peripheral disease. Survival curves between the 2 treatment groups were not
significantly different (p=0.78) because of high operative mortality (21.4%). However, improvement in physical
functioning, role function (physically related), general health perception (as assessed by the Medical Outcome
Study Short Form 36), and baseline dyspnea index were significantly higher in the group treated surgically com-

pared with the medically treated group.

Conclusions Pulmonary thromboendarterectomy offers better QOL even in those patients with relatively
peripheral type of CTEPH, although operative mortality must be reduced, (Cire J 2008; 72: 958 -965)

Key Words: Chronic thromboembolic pulmonary hypertension; Prognosis: Quality of life

(CTEPH) is a relatively rare disease. Its natural

history and etiology remain unclear!-* There have
been a number of reports that pulmonary thromboendarte-
rectomy (PTE) is an effective modality for treatment in
selected patients with CTEPH!-*4-'! However, the hemody-
namic benefit varies according to the location and extent of
the thromboembolic occlusion, and Bergin and colleagues
reported that the computed tomography (CT) angiographic
extent of central disease (ie, CD score) is related to a low
pulmonary vascular resistance (PVR) after surgery!? Our
preliminary data also showed high operative mortality with
CD scores of 0 (25%) and | (20%), compared with those
with a CD score of 22 (7.7%), so we classified those pa-
tients with a CD score of <1 as having relatively peripheral
type CTEPH. The cause of operative death was related to
residual pulmonary hypertension as a result of failure to

C hronic thromboembolic pulmonary hypertension
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remove a distal obstruction. New guidelines have recom-
mended a post-surgical estimated reduction in PVR of
>50%!9 The validity of PTE might be limited to central-type
patients, especially in institutions in which the operation is
performed infrequently,

The prognosis of CTEPH in the medically treated group
had been thought to be poor!3-13 but Ono et al reported that
oral beraprost sodium improved their survival!® Recently,
there have been some reports about improved 6-min walk
distance and pulmonary hemodynamics after epoproste-
nol!718 sildenafil!® and bosentan?-2! in patients with
CTEPH. These new drugs might improve vascular remod-
eling, and may offer improved survival in patients with
relatively peripheral type CTEPH, in whom we predicted a
poor reduction in PVR after surgery. We retrospectively
tested the validity of PTE from the aspects of survival and
quality of life (QOL) at long-term follow up in patients with
relutively peripheral type CTEPH,

Methods

Patients

Between April 1999 and March 2006, a total of 83 pa-
tients admitted consecutively to Chiba University Hospital
were diagnosed as having CTEPH and evaluated for surgi-
cal indication. CTEPH was defined as having a mean pul-
monary arterial pressure (Pea) of 225mmHg with normal
wedge pressure in patients who had dyspnea on exertion
during a period of more than 6 months, [n addition, lung
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| All patients (n=83)

|

Medical group with mild
disease (n=11)

Medical group other than mild

disease (n=32)

| Surgical group (n=40) |

CDscore On=6 | Cenwal type | (Relatively peripheral | (Centraltype | | Relatively peripheral
173 (=6) type (n=26) (26) type (n=14)
2m=1 CDscore 2:=4 CD score O:n=17 CD score 2n=12 CD score 0:04
3=l Y2 1:n=9 =10 1:e=10
| |
Warfarin: n=11 Warfann r=6 Warfarin: 0=16 Warfarin: r=24* Warfarin: n=11"
Oxygen: n=7 Oxygen: =6 Oxygen: w26 Oxygen: n=3* Oxygen: v=5*
Beraprost; n=2 Beraprost: n=6 Beraprost: n=23 Beraprost: n=3 Beraprost: =6
IVC filler: =5 IVC filter: n=5 Bosentan: n=4 IVC fiter: =26 Epoprustenol: =1
Sildenafil: n=2 IVC filter: n=14
Epoprostenol: =2
IVC filter: n=15
[3
Dead n=| Dead n= Dead n=5 Dead n=2 Dead n=3
(Mortality 9.1%) Monaliy 30%) (Mortality 19.2%) Mortality 7.7% (Mortality 21.4%)
{mycloma) QO assessment (n=4 right cardiac failure,| | | perioperative { perioperative
QoL n=2 i ) death) death)
n=8 QOL assessment QOL asssssment QOL assessment
=19 n=19 n=10

Figl.  Algorhythm of management and course for chronic thromboembolic pulmonary hypertension (CTEPH). IVC, infe-
rior vena cava filter; CD score, central disease score; QOL, quality of life. *Patients who died in hospital were excluded.

perfusion scans were required 1o demonstrate a segmental
or larger defect concomitant with a normal ventilation scan.
Finally, chronic thromboembolic findings were confirmed
by pulmonary angiography?

The population studied comprises more female patients
(n=56) than male patients (n=27). Duration from the symp-
tom onset to cardiac catheterization was 3437 months. Age
al catheterization varied from 18 to 78 years, with a mean +
SD of 54x13 years. Altogether, 33 patients (39.8%) had a
history of deep vein thrombosis, 27 (32.5%) revealed abnor-
malities in the screening for coagulopathy, and 19 (24.1%)
had antiphospholipid antibodies. Mean Ppa, cardiac index
and PVR were 44.1x11.7mmHg, 2.5940.54 .- min-!-m-2,
and 876x303 dynes-s-!-cm-3, respectively. Arterial oxygen
tension (Pa0z2) was 58.6210.7 torr, Patients were classified
according to criteria of the New York Heant Association as
cither functional class I (n=2), Il (n=22), Il (n=55), or IV
(n=4). Forty patients underwent PTE (Fig1). Forty-three
patients were excluded from surgery because of: a mild dis-
ease (mean Ppa <30mmHg) (n=11); relatively peripheral
type of thrombi (n=26); aged >70 years (n=3); having an
associated disease (n=2); and too severe (n=1) (Fig 1).

Helical CT Angiography and CD Score

CT angiography was performed with a Somatom Plus 4
(Siemens, Forcheim, Germany) between 1999 and 2001,
and the scanning parameter setting was 2-mm collimation.
From 2002, the LightSpeed Ultra (GE Medical Systems,
Milwaukee, W1, USA) was used, and the scanning parame-
ter settlings changed to 8%1.25mm between January 2002
and December 2002, and to 16x1.25mm between January
2003 and 2006, according to hardware and software modi-
fications24
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By the method of Bergin et al, central arteries were de-
fined as vessels proximal to the segmental branches and
were divided into 4 portions!? These portions included the
right and left main pulmonary arteries proximal (o the upper
lobe branches, and the right and left descending portions of
the central arteries between the upper lobes and the segmen-
tal branches. Disease within central vessels was identified
by the presence of abnormal tissue lining the arterial wall
or by irregularity of the intimal surface. The CD score was
quantified by adding up the number of abnormal central
portions in each patient up to a maximum score of 4. Two
investigators retrospectively calculated the scores indepen-
dently by workstation, and if the score differed, it was
changed to either 1 score up or down by consensual agree-
ment of the 2 investigators. The inter-observer agreement
between the 2 investigators was also confirmed by Kendall's
rank correlation coefficient for concordance for the first 22
patients (concordance=0.92, p<0.01, n=22).

Study Group

Reluatively Peripheral Type In the surgically treated
group, 14 cases were classified as relatively peripheral type
(CD score <1), and 26 cases in the medically treated group
{other than mild discase) were enrolled in the smudy as rela-
tively peripheral type (Fig 1).

Central Type and Mild Disease Twenty-five surgically
treated patients who were classified as central type (CD
score 22), as well as 6 patients who had central type but
were medically treated for other reasons, served as central
type. Eleven patients excluded from surgery because of mild
disease (mean Pra <30 mmHg) were also analyzed (ie, mild
disease) (Fig 1).
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Table 1 Clinical Characteristics of Subgroups
. Rri;riurl‘vpr_n;;h:n;:m-e ) (_'cnfm.’h]u_( o
Treated surgically  Treated medically ~ Treated suryically  Treated medically
N 14 26 26 ]
Age at dingnosix (veurs) Siiclod 5124132 21024 60.5219.1
FiM 10/4 23/3 2714 1
Duration af symptoms (months ) 5561437~ 31442790 4060433 19.2£19.2
Mean P (mmHg) 50.1211.2 44.9:9.4 46.9210.8%* 44.0¢10.7%4+
PVR {dynes-5!-cm~) Y7310 8682453 Q43670 734237700
PaO: (rarr) 54.949.8 57.9210.5 59.318 3% 17.419.5%4%7
NYHA functional clouss U7V 02,140 0/5/20/1 O/5720/1%~ 0s2/371
Valwes are presented as the mean= 5D,
*p=0.054 by unpaired t-test, *****'p<0.0! by unpaired r-test or chi-square test.
Duration of symptoms, duration from sympiom onset to cardiae catheterizution, P, pulmonary arterial pressure; PVR. pulmonary
vascular resistance; NYHA, New York Heart Association
Measurements Assessment of QOL

At least 3 months after an acute episode, pulmonary
hemodynamics, cardiac output by thermodilution technigue,
and blood gases were measured with the patient in a supine
position while breathing air. The cardiac index was calcu-
lated as cardiac output divided by body surface area. PVR
was calculated conventionally as the ratio of the difference
between mean Pea and pulmonary wedge pressure 1o cur-
diac output. The data of initial diagnosis were evaluated in
79 of 83 patients, and 4 surgically treated patients were re-
examined just before surgery and their data were evaluated
for pre-operative data. Cardiorespiratory variables were
also measured after surgery.

Criteria for PTE

The selection criteria for PTE were slightly modified
from those defined by Moser and colleagues? Our criteria
were: (1) Mean Pea of >30mmHg, resulting in caleulated
PVR of >300dynes-s-'-cni®, even after oral anticoagulant
therapy for >6 months; (2) WHO functional class of 23; (3)
Thrombi defined as accessible to current surgical tech-
niques (ie, presence at main, lobar or segmental arteries);
and (4) Absence of severe associated disease?? For patients
with relatively peripheral type in whom we might be able
to access a few thrombi, the patient's willingness for surgery
despite the high operative mortality at the time was the most
important indication. Median sternotomy under cardiopul-
monary bypass with deep hypothermia and circulatory
arrest technique has been performed. Since 1999, 40 oper-
ated patients were enrolled in this study. An inferior vena
cava filter was inserted in all patients pre-operatively,
Home oxygen therapy and beraprost sodium were also used
for patients in whom PVR was insufficiently reduced by
surgery.

Treatment in Medically Treated Patients With Relutively
Peripheral Type

All patients received warfarin therapy and home oxygen
therapy. We used beraprost sodium in patients with symp-
tomatic CTEPH, including 23 of 26 patients with a CD
score of 1, Three patients had severe flush and refused this
treatment. More recently, bosentan (n=4), sildenafil (n=2),
as well as epoprostenol (n=2), were also used in progressive
patients even after beraprost sodium therapy. An inferior
vena cava filter was inserted in 15 of such patients. Change
in QOL. at follow up was demonstrated before additional
treatments 1n 24 patients and after additional treatments in
2 patients (ie, one for bosentan, the other for sildenafil).

Pauents were asked to complete a self-administered
questionnaire, which included health-related QOL scores,
as set by the Medical Ouicome Study Short Form 36 (SF-
36)2*-77 and the baseline dyspnea index?® within 2 wecks
after the date of buseline right heart catheterization. We also
sent out questionnaires to patients between 12 and 36 months
of follow up after the date of diagnosis for medically treated
cases or after surgery. Both questionnaires were collected
from 58 (85.3%) of 68 patients after excluding 5 postopera-
tive deaths and 6 deaths that occurred within | year of medi-
cal therapy, as well as 4 survivors with <1 month of follow-
up. Ten patients did not return their questionnaires.

Investigation of Long-Term Outcomne

We contacted all of the 83 patients and/or their families
by mail or telephone in October 2006, Sixty-nine patients
survived and 14 patients had died. Survival time was calcu-
lated from the initial date of diagnosis by right heart cathe-
terization in the medical group, and was calculated from the
date of surgery in the surgical group.

The Human Subject Committee at Chiba University
approved the study, and written, informed consent was ob-
tained from each patient at the time of diagnosis.

Statistical Analysis

Cardiorespiratory variables and QOL before and after sur-
gery or at follow up were compared using the 2-tailed paired
t-test. Log rank test was used to compare the survival curves
between groups. Comparisons of 2 groups were analyzed by
unpaired t-test and chi-square test, where appropriate.
Pearson's correlation coefficient was also used to compare
postoperative QOL with postoperative parameters. A p-
value of <(.05 was considered significant.

Results

Baseline Characteristics of Relatively Peripheral Type

The mean age of the surgical and medical groups at diag-
nosis was similar. The duration of symptoms from the onset
of symptoms to diagnosis for the surgically treated group
was slightly longer than that for the medical group (55.6x
43.7 vs 33.1£27.9 months, p=0.054). Pulmonary hemody-
namics and blood gasses were similar between the 2 groups
(Table 1).

Baseline Characteristics of Central Type
For patients with central type, the PaO2 in the surgical
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Fig2. Comparison of survival curves between medically treated und
surgically treated groups in relatively peripheral type. There was no
statistically significant difference between the 2 groups (p=0.78, Log
rank test),

group was significantly higher than in the medical group
(Table I).

Surgical Outcome

In 14 patients with relatively peripheral type, 3 patients
died in hospital because of residual pulmonary hypertension
during the early postoperative period within | month after
surgery (operative mortality 21.4%). In 26 patients with cen-
tral type, 2 patients died (7.7%) in hospital: 1 from residual
pulmonary hypertension and the other from pulmonary
hemorrhage (Fig 1).

In both relatively peripheral and central types, pulmonary
hemodynamics improved significantly. but postoperative
mean Pra and PVR were significantly higher in patients
with relatively peripheral type. Although there were no sig-
nificant differences between them in terms of improvement
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Table 2 Comparisons of Pre und Post Data and Surgical Oulcome Stratified by Relatively Peripheral and Central Types
Relunvely peripheral nipe ‘ l.'-'mml!' l']w )
N 14 26
Mean Pra (mmiig) Pre 50.0841.2 46.9210.5%*
Pos1 31438 2102858~
Cardiac index (L. min~!-m?) Pre 2.5040.50° 2.460.79
Past 2.9140.45° 2.8110.57
PVR (dynes-s~'em ') Pre 97243107 Q04367
Past 54524474 2594188 40
PaOt (torr) Pre 54.9:9.8" SP.448 e
Foxt 72.9415.0" 76,7410 5%
NYHA functional class I/I/T/AV (n) Pre [ i 0/5/2001
Post 1/6/4/0 6/15/3/0
Decrease in mean P (mmHg) 16.2£14.0 24.8+1313
Decrease in PVR (dynes -s-cm%) J05:243 619418
Percentage decrease in PVR (%) 47.8+25.9%~ 0t 3224 | **
Increase in PaOz {torr) 15.1£17.7 16.8+13.5
Mortality (%) 214 7T
Values are presented as the mean+ 5D, -
*p<0.05, **p=0.05 berween relatively peripheral and central types by unpaired t-test,
***fp<llO}, TTp<0.05 betwren pre-operative and posioperative data by 2-iailed paired i-rest.
Pre, pre-operative; Post, postoperative; Decrease in mean Prs, Pre mean Pra-Post mean Prs; Decrease in PVR, Pre PVR-Pust PVR;
Percentage decrease in PVR, [Pre PVR - Post PYR ) x100(%)/Fre PYR; Increase in PaOz, Post PaO1-Pre PaOy. Other abbreviations
see in Table |,
Survival rate Survival rate
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Fig3. Comparisons of survival curves in mild disease, medical
(medically ireated group with central type for other reasons) and sur
gically treated group with central rype. Medical group with central
type showed significantly poorer survival compared with mild disease
(p=0.039, Log rank test) or surgically treated group with central type
(p=0.014, Log rank test).

in mean Ppa, PVR and PaO:, the percentage decrease in
PVR was significantly smaller in patients with relatively
peripheral type (Table2).

Survival Analysis of Patienis With Relarively Peripheral
Type

In 26 medically treated patients with relatively periph-
eral type, 5 died during follow up ( 1-42 months), 4 patients
died of right cardiac failure, and one of recurrence, and all
patients continued to need oxygen therapy (Fig1). No death
was observed during follow up in the 1] survivors of the
surgically treated group. Six of 11 patients did not need oxy-
gen therapy at follow up. Fig2 shows the Kaplan-Meier sur-
vival curves from the operation date in the surgical group
and the diagnosis date in the medical group to the time of
death or last follow up in the 40 patients with relatively
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peripheral type. In survivors, the time since the operation
date or the diagnosis date to last follow up was an average
of 3.9£2.0 (median 4.1, range 1-7) years. The initial de-
cline in the surgical group represents in-hospital deaths. No
statistically significant difference was found in the survival
curves between the 2 groups (p=0.78). The 6-year survival
rates in the surgically and medically treated groups were
78.6% and 77.6 %, respectively.

Survival Analysis in Others

Fig3 shows the Kaplan—Meier survival curves for the
groups mild disease, medical (medically treated group with
central type for other reasons), and surgically treated with
central type. The 6-year survival rate in the surgically
treated group was 92.3%. The medicul group with central
type showed a significantly poorer survival rate compared
with the mild disease group (p=0.039) or surgical group
with central type (p=0.014). In 11 patients with mild disease,
none died of CTEPH, although | patient died of multiple
myeloma (Fig 1). In the medical group with central type, 3
patients died (2 of right cardiac failure and | of hemoptysis).

(n=26, solid squares), at follow up in the
medical group (n=19, open squares); #p<0.05,
index 'p<).01, between pre-treatment and a1 follow
up by paired (-test

In the surgical group with central type, all survived except 2
patients from peri-operative deaths. Only 3 patients needed
oxygen therapy at follow up (Fig1).

QOL at Follow up in Patients With Relatively Peripheral
Type

QOL was reassessed at follow up (range 1.0-3.3, median
1.8 years) in 19 of 26 medically treated patients and in 10
of 11 post-surgery survivors (Fig1). In the surgical group,
5 of 8 SF-36 and baseline dyspnea index scores improved
significantly at follow up, but in the medical group only 2
SF-36 scores improved (Fig4), Improvement in the scores
of physical functioning (27.0+24.9 vs 2.7+18.0, p<0.01),
role function (physically related) (60.0+44.4 vs 20.8+32.4,
p<0.05), general health perception (20.2426.0 vs -3.6+13.3,
p<0.01), and baseline dyspnea index (6,3£2.3 vs -0.2£2.4,
p<0.01) were significantly greater in the surgically treated
group than in the medically treated group.

QOL at Follow up in Others
QOL was reassessed at follow up in 19 of 24 survivors in
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Table 3 Correlations of SF-36 Scores and Baseline Dyspnea Index With Post PVR, Percentage Decrease in PYR in

Relatively Peripheral Type (n=10)

Phystcal functioning

Role funcrion {physically related)
Bodily pain

General health perceptions
Viraliry

Social functioning

Role function (emonon-related)
Mental health

Raseline dyspriea index

PVR {r-value) Decrease in PVR (%) (r-valie)

0.84=+ 0,84+

-0.31 048

0.54 0.65*

0‘ ? s U. m L1
156 .68*

-0.40 .63
024 0.51

-0.51 0.68*

do .

092

Abbreviations see in Table 2
Expressed as Pearson’s r-value. *p<0.05, **p<0.0}.

the surgical group with central type, and in 8 of 10 survi-
vors in the mild disease group (Fig | ). However, QOL was
reassessed in only 2 patients in the medical group with
central type because 3 patients had died and another did not
complete the questionnaire. In the surgically treated group
with central type, 7 of 8 SF-36 scores and baseline dyspnea
index improved at follow up. In the mild disease group, 5
of 8 5F-36 scores improved significantly at follow up.

Prediction of QOL at Follow up in the Surgically Treated
Group

In patients with relatively peripheral type, physical func-
tioning (r=-0.88, p<0.01) and general health perception
(r=-0.75, p<0.01) of the SF-36 and baseline dyspnea index
(r=—0.93, p<0.01) at follow up significantly correlated with
postoperative PVR, and 6 of the SF-36 scores and baseline
dyspnea index at follow up significantly correlated with a
percentage decrease in PVR (Table3). In all cases that in-
cluded central type, physical functioning (r=-0.69, p<0.01),
role function (physically related) (r=—0.38, p=0.049), gen-
eral health perceptions (r=-0.45, p=0.018), role function
(emotion-related) (r=-0.39, 0.045) of SF-36 and bascline
dyspnea index (r=-0.68, p<0.01) at follow up significantly
correlated with postoperative PVR. Similarly, 6 of the SF-
36 scores and baseline dyspnea index at follow up corre-
lated with a percentage decrease in PVR.

Discussion

PTE did not otfer a survival benefit for patients with re-
latvely peripheral type because of high operative monality,
but did result in significantly better QOL. The 6-year
survival rate for the surgically treated group was 78.6% for
relatively peripheral type and 92.3% for central type,
values which are close to that obtained by Archibald et al's
study (ie, 75% 6-year survival rate)?® However, medical
treatment offered better survival for patients with relatively
peripheral type and with a mean Pra of >30mmHg when
compared with previous reports!?-15

Several issues need to be considered when interpreting
the results. We used CT angiography to classify the patients,
which was then confirmed by selective pulmonary angio-
graphy. We agree that selective pulmonary angiography is
a gold standard technique for diagnosing CTEPH? Yet, the
mortality of patients with visible thrombi in a central pul-
monary (ie, CD score=1) by CT was similar to that of pa-
tients with a score of 0. Hence, we then classified those pa-
tients with a CD score of <1 as having relatively peripheral
type by CT findings only. Only 1 patient had thrombi
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limited to subsegmental arteries, and the other patients had
al least surgically accessible thrombi in 1 of the segmental
arteries, even in the medical group with relatively peripheral
type. High operative mortality and the report of improved
survival by beraprost sodium allowed us to legally choose
medical treatment in these marginal cases.

Although we cannot ignore the fact that the medical
group had more penpheral thrombi (ie, CD score of 0) or
subsegmental thrombi compared with the surgical group
with relatively peripheral type, survival curves were similar
between the medical and surgical groups when only those
patients with a CD score of 0 were selected (p=0.61, 6-year
survival 75% vs 81.4%). Improvements in physical func-
tioning and general health perception of SF-36, as well as
in the baseline dyspnea index, were significantly greater in
the surgical group than in the medical group, even in those
patients with a CD score of 0.

In their study, Thistlethwaite and colleagues divided pa-
tients into 4 groups, according to intraoperative classifica-
tion*®: type 1, fresh thrombus in the main-lobar pulmonary
arteries; type 2, intimal thickening and fibrosis proximal to
segmental arteries; type 3, disease within distal segmental
arteries only; type 4, distal arteriolar vasculopathy. In the
present series, all patients with central type (CD score 22)
had type 1 or 2, whereas of the patients with relatively
peripheral type, 2 patients with a CD score of 0 were type
3, and | patient with a CD score of 1 was type 4. Type 4
disease might be more common in the medical group with
relatively peripheral type.

Despite a mean Ppa of >30mmHg, the 6-year survival
rate was 77.6% for the medically treated group with rela-
tively peripheral type, which was better than that of previ-
ous reports!3-'5 Ono et al reported a S-year survival rate of
76% for the beraprost group and 46% for the conventional
group!® In the present series, most of the patients received
beraprost sodium and a few patients were given bosentan,
sildenafil, or PGI2. Recent developments in the medical
treatment for pulmonary arterial hypertension may also
offer improved survival for patients with relatively periph-
eral type CTEPH.

In the surgical group, improvement in QOL at follow up
was significant for patients with either central or relatively
peripheral type. These results are similar to those of
Archibald and colleagues? whose study showed that post-
operative patients had significantly betier SF-36 scores (ex-
cept for mental health) compared with those of pre-opera-
tive patients. In addition, for those with relatively peripheral
type, 6 of 11 survivors after the survey did not need oxygen
therapy, but all medically treated patients needed to con-
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tinue oxygen therapy. Surgery offered better QOL even m
relatively peripheral type patients with CTEPH,

In the present study, QOL at follow up correlated with
postoperative PVR and a percentage decrease in PVR.
Hoeper recommended that an estimated reduction in PVR
of >50% could be indicated for surgery? In the present
study, when patients were divided into 2 groups (ie, suffi-
ciently improved group and modestly improved group)
according to percentage decrease in PVR >50%, the suffi-
ciently improved group showed significantly better QOL
scores in physical functioning (p=0.01), role function
(physically rclated) (p=0.045), general health perceptions
(p=0.019), social functioning (p=0.017), role function (emo-
tion-related) (p<0.01), mental health (0.03), and baseline
dyspnea index (p=0.03) than those in the modestly improved
group at follow up. Furthermore, the number of patients with
a percentage decrease in PVR was significantly smaller in
patients with relatively penipheral type compared with
those with central type. To achieve better QOL at follow up
in patients with relatively peripheral type CTEPH, a reduc-
tion in PVR by sufficient PTE could be of major impor-
tance.

We recently reported that the D allele carrier in angioten-
sin-converting enzyme (ACE) gene polymorphism might
be a poor prognostic factor for CTEPHY! In the present
series, ACE-ID genotypes were determined in 29 of 32
medically treated patients other than those in the mild dis-
case group. Of 7 patients with II genotype type, no patient
died, whereas of 16 with ID or DD genotypes, 6 died. All 7
patients with Il genotype were classified as having relative-
ly peripheral type. ACE gene polymorphism might also be
associated with a better prognosis for patients with relative-
ly peripheral type in the present series.

We have also reported the change in health-related QOL
scores in medically treated paticnts. Although the data were
limited in survivors with relatively peripheral type at
follow up <3 years, SF-36 scores did not decrease, and role
function (physically related) and vitality significantly im-
proved. Medical treatment that includes beraprost sodium
might offer better QOL. even in relatively peripheral type
patients with a mean Ppa of >30mmig.

The limitations of the study are that it was retrospective
and that the number of patients in each subcategory was
small. Unconfirmed and insufficient data regarding medical
treatment for CTEPH ethically prevented us from random-
izing the patients into medical and surgical groups, even
those patients with relatively peripheral type. Large ran-
domized studies using beraprost sodium, bosentan, or
sildenafil in inoperable patients will be warranted. Recent-
ly. between 2003 and December 2006, the morality in our
series decreased to 9.1% compared with the rate of 19.0%
between 1999 and 2002, Ogino et al also reported decreased
mortality (8.0%) in CTEPH in Japan3?

However, the mortality rate of 21.4% for patients with
relatively peripheral type is high. In agreement with us,
Hoeper et al have also reported that a pre-operative PVR
value of >900dyn-s "-cm 7 is a risk factor for surgery?” In
patients with relatively peripheral type, all who had a pre-
operative PVR value of <900dyn- s cm* survived, but all
who had a pre-operative PVR value of >%00dyn-s-!.cm-3
did not (n=3).

Recent improvements in surgical skill and management
in Japan can be expected to further decrease operative mor-
tality, even in patients with relatively peripheral type. But
until then caution should be exercised when evaluating

YOSHIMI 5 et al.

relatively peripheral type patients with a PVR value of
>900dyn-s!-cm-5.

In conclusion, this is the first study to investigate the
change in QOL at follow up in patients with CTEPH, and
PTE was found to result in significantly better QOL com-
pared with medical treatment, even for patients with rela-
tively peripheral type, although it must be emphasized that
a reduction in operative mortality is essential.
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Abstract

Purpose. Chronic pulmonary anerial thromboembolism (CPATE) often causes nght ventricular (RV) pressure overload but the relationship
between the degrees of CPATE and RV pressure overload 1s not clear. To quantify the degrees of CPATE and RV pressure overload, we
performed mulhislice computed tomography (CT) and Tissue Doppler Imaging (TDI) and compared the two modalities.

Materials and methods: Sixieen ¢ ive subjects (4 men, 12 women; age 27- 72 with proven CPATE underwent CT. The right vascular
obstruction index (VOI), the left VOL, and the total VOI (TVOI) were determined using the scoring system of Qanadli. The early systolic
myocardial velocity (Sw) and diastole myocardial velocity (Ew) at the tricuspid annulus and the early diastolic tricuspid inflow (E) were
obtained by TDI in the apical four chamber view; RV systolic pressure (RVSP) was estimated by pressure gradient of tricuspid valve
regurgitation. £/Ew was calculated as the par of RV diastolic function

Results: The right VOI was 23 = 10%, the left VOI was 18 10%, and TVOI was 41£14% The means with ranges of Sw, Ew, £/Ew, RVSP,
and brain patnuretic peptide (BNP) were 10.7 (range 7.7-14.6) cm/s, 7.7 (range 4.2-10.6) cmy's, 5.0 (range 2.2-8.1), 55 (range 26--90) mm
Hg, and 503 (range 12.2-165) pg/ml, respectively. The correlation coefficients between Sw, Ew, £/Ew, RVSP, and BNP and either larger of
right or left side (LVOD) and TVOI were 0,041, -0.163 (Sw vs. LVOI, TVOI), -=0.153, =0.232 (Ew vs. LVOI, TVOI), 0.145, 0.241 (EFw
vs. LVOL, TVOI), 0.255, 0.401 (RVSP vs. LVOI, TVOI), and 0.192, 0.170 (BNP vs. LVOL, TVOI), respectively. The correlation coefTicient
between RVSE and BNP was 0,390

Conclusions: TVOI was better correlated with RVSP (R=0.401) than the other parameters (Sw, Ew, £/Ew, and BNP), and this was similar to
the degree that BNP was correlated with RVSP (R=0.390). TVOI can be a better indicator of RVSP than LVOL CT VOI may be a useful
parameter to assess CPATE morphologically

L1 2007 Elsevier Ireland Ltd. All nghts reserved.

Kevwonds: Chronic pul y thromb

1. Introduction

Chronic pulmonary artenal thromboembolism (CPATE)
often causes nght ventricular (RV) pressure overload [1] and
RV pressure overload has a strong association with increased
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boli, Multislice CT, Pulsed Tissue Doppler Imaging;, Brain natriuretic peptid

mortality of patients with pulmonary hypertension [2- 8] But
the relationship between the degrees of CPATE and RV pressure
overload 15 not clear. In this study, to quantify the degrees of
CPATE, we performed multislice computed tomography (CT)
and estimated the results using CT vascular obstruction index
(VOI) by the method of Qanadli which is widely used to assess
acute pulmonary artenal thromboembolism [9]. We applied this
index to the assessment of CPATE.
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1A' and A? partial obstruction
score is 1+1=2 points

2)A* and A’ total obstruction
score is 2+2=4 points

3A? partial obstruction
score is 1 point

@A total obstruction

Total score = 9 points
CT obstruction index (right side) =9/20=45%

Fig 1. {Modified figure from Ref. [9]) Schema of measurement of ©T vascular obstruction index (VOI) for pulmonary arterial (PA) thromboembolism. The
followmng scores are assigned in the scoring system of Qanadli: the score is equal to 0 when no thrombus is observed, the score 15 equal 1w 1 when a partally
occlusive thrombus is observed, and the score is equal to 2 when there is total occlusion. A- To define the CT VOI according to Qanadli, the PA tree of cach
lung was regarded as having 10 segmental arteries (three to the upper lobes, two to the middle lobe and to the lingula, and five to the lower lobes). B
Measurement of PA thromboembolism in the right PA in schema. Pink circles indicate thrombi, For example, if the Al and A2 segments of the right PA are
partially obstructed the score of this thrombus is calculated as | +1=2 pomnts. If Ad and AS segments of right PA are totally obstructed the score of the
thrombus is calculated as 24 2 =4 points. If there is a thrombus which partially blocks the A% segment of the right PA, the score of this thrombus is | point. If
the thrombus totally blocks the A10 segment of the right PA, the score of this thrombus is 2 points, As a result, the total score of the right side in this case is
caleulated as 9 points and CT VOI of right side 1s calculated as 920 =45% (For interpretation of the references 1o colour in this figure legend, the reader is
referred to the web version of this anicle. )

We also used pulsed Tissue Doppler Imaging (TD1) echo-
cardiography to evaluate RV function. Both the systolic and

diastolic function of the right heart 1s an important factor of

prognosis in the patients with CPATE [10]. Pulsed TDI has been
widely used to estimate LV systolic function [11 - 14], and now
it can be applied ro assessment of RV diastolic function [15].
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Fig. 2

B

Actual measurement of CT vascular obstruction index (VOI) for pulmonary arterial (PA) thromboembolism using axial source images of enhanced multislice

CT. Al There are thrombi (arrows) which partially block the right main PA. We counted the thrombi distally from the segmental arteries. In this case the obstruction
score was 20 points. B. There is a thrombus (arrow) which totally blocks the A8 and A9 segments of the lefi PA; the score of the thrombus was caleulated as 2 + 2=4
puints. C: There is a thrombus (arow) partially blocking the A10 segment of right PA; the score of the thrombus was | point. D: There were intimal irregularities
(amow) in the PA and the findings were diagnosed as the presence of a partial obstructions; the score of each thrombus was caleulated as | point

I'herefore we compared the two modalities and deter-
mined its relatonship with brain natriuretic peptide (BNP).

2. Materials and methods
2.1, Muliislice CT

Sixteen consecutive subjects (4 men, 12 women; age 27
72) with proven CPATE underwent multislice CT (Light
Speed Ultra 16, GE). Twenty-five seconds after contrast
injection, the thorax was scanned and 1,25 mm CT slices were
acquired. Using the CT data, pulmonary arterial thrombo-
embolism was quantified using the CT vascular obstruction
index (VOI) proposed by Qanadli. This method has been used
for evaluating acute pulmonary thromboembolism. We used
this method to determune the right, left, and total VOL.

To define the CT VOI by the method of Qanadli, the arterial
tree of each lung was regarded as having 10 segmental arteries
(three to the upper lobes, two to the middle lobe and to the
lingula, and five to the lower lobes) (Fig. 1A). VOI is the
percentage of vascular obstruction of the pulmonary arterial
tree caused by pulmonary embolism using the scoring system
of Qanadli. The presence of an embolus is scored | point, and
emboli on the most proximal arterial level were scored a value
equal to the number of segmental arteries ansing distally. To
provide additional information about the residual perfusion
distal to the embolus, a weighting factor was assigned to each
value, depending on the degree of vascular obstruction. This
factor was equal o 0 when no thrombus was observed, |, when
a partially occlusive thrombus was observed; and 2, when
there was total occlusion. Thus, the maximal CT vascular
obstruction score 15 40 per patient. An 1solated subsegmental



0% Y Shiina et al. 7 Intern

Ew Aw

3. These

xamples of Doppler
wild o
{Ew) at

ulus on A, we

in a clear spectral Doppler recondi

myocardial velog

he tnicuspid ar
and Aw was identibied as the late dinstolic wave. RV, RA, LV

embolus was considered to be a partially occluded segmental
artery and was assigned a value of |

'he percentage of vascular obstruction was calculated by
dividing the patient sc¢ore by the maximal total score and by
multiplying the result by 100. Therefore, the CT VOI can be
expressed as: X(nd)/40 = 100, where n is the value of the
proximal thrombus in the pulmonary arterial tree equal to the
number of segmental branches arisir

Ll!\f‘!“_\ [ nnnmum, I

maximum, 20), and ¢/ is the degree of obstruction (minimum,

()} maximum, 2)

nal Journal of

fissue images recording st the tncuspid annulus in i}
of myocardial velocity at the t

ulus can be observed in B. Sw was identificd as the peak systolic velocit

{ v 130 (2008) 305

512

apical four chamber view (A). By putting a refere ¥

€ potnt of uspad
locity (Sw) and diastole

7

2.2 Pulsed Tissue Doppler Imaging by echocardiography

For all 16 patients with CPATE, we also measured pulsed
I'DI echocardiography (Aplio 80 SSA-770A, Toshiba). The
early systolic velocity (Sw) and diastolic myocardial velocity
(Ew) at the tricuspid annulus and the early diastolic tricuspid
inflow (£) were obtained by TDI in the apical four chamber
view, and RV systolic pressure (RVSP) was esnimated |

pressure gradient of the tricuspid valve regurgitation. E/Ew

was calculated as the parameter of RV diastolic function
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2.3, Brain natriuretic peptide

A high level of plasma BNP has a strong association with
increased mortality rate in patients with pulmonary hyper-
tension [ 15 19]. We measured BNP within 48 h after pulsed
TDI.

3. Results
31 Multislice CT

Measurement of PA thromboembolism in the right PA 1s
shown in Fig. 1B, and the actual measurement of CT VOI for
PA thromboembolism using axial source images of enhanced
multislice CT are shown in Fig, 2.

In MSCT, the nght VOI was 23+ 10%, the left VOI was
18=10% and TVOI was 41+ 14%,

An example of TDI recording at the tneuspid annulus 1s
shown in Fig. 3. By putting a reference point on the tncuspid
annulus we could obtain a spectral Doppler recording of
myocardial velocity at the tricuspid annulus (Fig. 3B). The Sw
and Ew at the tricuspid annulus can be observed in Fig. 3B. Sw
was identified as the peak systole velocity and Ew was iden-
tified as the early diastolic velocity and Aw was identified as
the late diastolic wave.

Fig. 4 Relationship between either larger of right or left side vascular
ebstruction index (VOI) (LVOI) and total VOI (TVOI) using the scoring
system of Qanadli by multislice CT and several parameters indicating right
ventricular (RV) function acquired by pulsed Tissue Doppler Imaging (TDI)
and brain natriuretic peptide (BNP) (pg/ml). Several parameters indicating RV
function acquired by TDI including the eardy systolic velocity (Sw) aml
diastolic myocardial velocity (Ew) at the tricuspid annulus, the early diaswlic
tricuspid inflow (£) in the apical four chamber view, and RV systolic pressure
(RVSP) (mm Hg) were estimated by pressure gmdient of tncuspid valve
regurgitation, £/Ew was calculated as the parameter of RV diastolic function
A: Relationship of LVOI and Sw. There was no significant correlation between
LVOI and Sw (¥=0.025Tx + 10374, R =0.0017, R=0.041, P=not significant
(NS)), B: Relationship of TVOI and Sw, There was no significant correlation
between TVOL and Sw (y=- 008715 +11.621, R'=00266, R=-0.163,
P=NS) € Relationship of LVOl and Ew. There was no significant correlation
between LVOI and Ew (v=-00829v+ 83989, R =00233, R=-0.153,
P=NS), 1 Relationship of TVO] and Ew. There was no significant correlation
between TVOI and Ew (y=-0.0705¢+8.7228, R:’(}.USW-, R=-0232,
P=NS). E: Relationship of LVOl and EEw. There was no significant
correlation between LVOL and EEw (v=0.0BI5vi 41694, & =0.021,
A=0.145, P=NS) F: Relationship of TVOl and EEw There was no
significamt correlation between TVOI and E/bw (v=0.075Tx+3.741,
R=0.0581, R=0.241, P=NS) G: Relationship of LVOI and RVSP. There
was no significant correlation between VO] amd RVSP (y=2.0195x + 33 149,
R*=0.065, R=0.255, P=NS). H: Relationship of TVO! and RVSP. There was
a weak bul significant positive correlation between TVOL and RVSP
(v=17563v+ 24,803, R =0.1612, R=0401, P=0.0%5) | Relationship of
LVOT and BNP. There was no significant correlation between LVO! and BNP
(v=2875Tv+21.291, B =0.037, R=0.192, #=NS}. J: Relationship of TVOI
and BNP. There was no significant corelation between TVOI and BNP
(v=14221v4 27504, FF=0029, R=0.170, P=NS) K: Relationship of
RVSF and BNP. There was a weak but significant positive comrelation
between RVSP and BNP (v=07387v+12.5%, R =0.1518, R=0.390,
P=005
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Fig. 4 (continued )

In TDI, Sw, Ew, E/Ew, and RVSP ranged 7.7-14.6 cmu's
(mean 10.7), 4.2- 10.6 cm/s (mean 7.7), 2.2-8.1 (mean 5.0),
and 26-90 mm Hg (mean 35), respectively.

In TDI, the mean of Sw, Ew, £/Ew, and RVSP were 10.7
(7.7-14.6) env/s, 7.7 (4.2 -10.6) cmy's, 5.0 (2.2-8.1), and 55




