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he prognosis of patients with chronic thromboembolic 
pulmonary hypertension (CTEPH) after pulmonary 
thromboendarterectomy (PTE) depends on multiple 

factors, including the degree to which thrombi have occluded 
the small peripheral pulmonary arteries.1,2 However, patho-
logical features of the small pulmonary arteries can only be 
assessed with a lung biopsy in patients who undergo PTE. In 
the present study, a lung biopsy was performed during PTE to 
evaluate the severity of pulmonary vascular disease and the 
postoperative prognosis. More accurate criteria for the lung 
biopsy diagnosis of CTEPH were established retrospectively 
based on postoperative hemodynamic parameters and clinical 
symptoms. Then, a lung biopsy was performed and the results 
were assessed using these criteria for prognosis.
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Methods
The ethics committee of Tohoku University Hospital ap-
proved the study protocol and all patients at Fujita Health 
University provided written informed consent.

A lung biopsy was performed on a total of 41 patients (13 
men, 28 women) with CTEPH who underwent PTE from 
August 2009 to February 2012.1 There were twice as many 
female patients as male patients (Table 1).3 Thirty-four pa-
tients had central-type CTEPH and 7 had peripheral-type 
CTEPH.4,5 The mean age was 56.7±11.4 years among patients 
with central-type CTEPH and 56.4±13.4 years among those 
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Background: To evaluate the prognosis after pulmonary thromboendarterectomy (PTE) in patients with chronic 
thromboembolic pulmonary hypertension (CTEPH), a lung biopsy was performed in 34 patients with central CTEPH 
and in 7 patients with peripheral CTEPH during PTE.

Methods and Results: Postoperative prognosis was classified from A to E based on the postoperative hemody-
namic parameters and clinical condition, and was compared with the index of occlusion (IOCTEPH), which indicates 
the degree of occlusion in the small pulmonary arteries. Criteria of (A–E) were established only for central CTEPH. 
Category (A) corresponded to an IOCTEPH from 1.0 to 1.4, (B) from 1.5 to 1.7, (C) from 1.8 to 2.0, and (D) from 2.1 
to 2.4. One patient with an index of 3.0 was rated as (E). This patient had collateral vessels around the obstructed 
small pulmonary arteries and died postoperatively. In all 12 patients who underwent PTE after the criteria were es-
tablished, postoperative hemodynamic parameters and clinical conditions were consistent with the IOCTEPH. One 
patient with a high degree of medial atrophy in their small pulmonary arteries died after PTE.

Conclusions: These results indicate that a lung biopsy during PTE is useful for prognostication in patients with 
CTEPH.  (Circ J 2014; 78: 476 – 482)
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Results
There was no perioperative complication as a result of a lung 
biopsy. Examination of the histopathological lung-biopsied 
samples from patients with CTEPH yielded the following 
findings:

1)  The degree of occlusion in the preacinar small pulmo-
nary arteries and intraacinar small pulmonary arteries 
strongly determined the postoperative prognosis. Unless 
the occlusion in the preacinar small pulmonary arteries 
was 70% or more, complete occlusion of the intraacinar 
small pulmonary arteries peripheral to the correspond-
ing preacinar small pulmonary arteries was not observed 
frequently.

2)  Fibrous thickening of the intima of the pulmonary veins 
was observed in most patients, while the degree of pul-
monary venous occlusion was 70% or less (Figure 2A).

with peripheral-type CTEPH. We performed a lung biopsy at 
the site with the most severe narrowing of the pulmonary ar-
tery, as determined by pulmonary angiography.

The lung biopsy tissues sampled from the lobe, which had 
the most obstructive lesions, were approximately 3×1×1.5 cm 
and the wound was closed by a continuous suture. They were 
fixed in 10% formalin and divided into 2 blocks in each case. 
Fifteen semiserial histological sections were obtained from 
each block at intervals of 50 μm, thus providing 30 sections 
from each case. All sections were stained with Elastica-Gold-
ner stain.1,6,7

Because the degree of occlusion in the small pulmonary ar-
teries contributes most to the evaluation of prognosis after PTE, 
the degree of occlusion in each small pulmonary artery was 
rated on a 4-point scale.8 Small pulmonary arteries with 50% or 
less occlusion were rated as 1 (Figure 1; Score 1), those with 
50–60% occlusion as 2 (Figure 1; Score 2), those with 60–
70% occlusion as 3 (Figure 1; Score 3) and those with 70% or 
more occlusion as 4 (Figure 1; Score 4). The index of occlu-
sion in small pulmonary arteries in CTEPH (IOCTEPH) was 
defined by using the following equation:

 1 × n1 + 2 × n2 + 3 × n3 + 4 × n4IOCTEPH =  　　　　　n1 + n2 + n3 + n4　　　　　

Diagnosis by lung biopsy was made for 12 patients in order to 
verify the criteria for prognostication after the study of 41 
patients.

Figure 1.  Degree of thrombotic occlusion corresponding to index scores between 1 and 4.

Table 1. Clinical Findings in Patients With Chronic 
Thromboembolic Pulmonary Hypertension

Patient Male Female Mean age  
(years)

Central type 34 13 21 56.7±11.4

Peripheral type   7   0   7 56.4±13.4

Total 41 13 28 56.6±11.6
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7)  The patient who died after the surgery had a large num-
ber of collateral vessels surrounding the obstructed 
small pulmonary arteries (Figure 3A).

Thus, surgery should not be performed when collateral 
circulation has formed or when there is severe atrophy of the 
small peripheral pulmonary arteries. In the absence of these 
findings, the degree of occlusion of each individual small 
pulmonary artery is considered to affect the prognosis.

The severity of clinical symptoms (as assessed using the 
New York Heart Association classification [NYHA]) and he-
modynamic parameters before and after surgery are shown in 
Table 2. In patients with central CTEPH, NYHA class, pul-
monary artery mean pressure (PAMP), and pulmonary vascu-
lar resistance (PVR) greatly improved after surgery. However, 
in patients with peripheral CTEPH, postoperative improve-
ment of NYHA, PAMP and PVR was not as pronounced.

Disease severity was re-evaluated, that is, rated retrospec-

3)  Most patients had old thrombi with a 2- to 4-layer struc-
ture. Older layers contained fibers with greater elasticity 
(Figure 2B). Some small pulmonary arteries were com-
pletely obstructed and disorganized, and had lost their 
vascular function.

4)  The degree of thickening of the small pulmonary arteries 
is important as it reflects intravascular pressure and 
blood flow. Medial thickening is considered as evidence 
of current or fairly recent blood flow.

5)  When there are few thrombi in the preacinar or intraaci-
nar small pulmonary arteries with severe medial atro-
phy, complete occlusion exists upstream. When com-
plete occlusion is resolved by surgery, a pressure load is 
generated, causing pulmonary hemorrhage or edema.

6)  Slight recanalization was observed in 2 patients with 
new thrombi, while recanalization was barely noticeable 
in other patients.

Figure 2.  (A) Pulmonary vein with intimal fibrous thickening in chronic thromboembolic pulmonary hypertension. (B) Preacinar 
small pulmonary artery with occlusion by post-thrombotic intimal fibrosis in some stages. Many elastic fibers are observed in the 
older stages.

Figure 3.  (A) Lung biopsy findings in the patient rated (E) who died after surgery. There are many collateral vessels around the 
occluded small pulmonary arteries. (B) Autopsy findings in the same patient of (A). Collateral vessels are ruptured by the sudden 
pressure load generated by pulmonary thromboendarterectomy, leading to a massive pulmonary hemorrhage.
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class I in all 29 patients with central or peripheral CTEPH clas-
sified as (A) or (B). Patients classified as (C) included 2 pa-
tients whose symptoms were rated as NYHA class I and 5 
whose symptoms were rated as class II. Patients classified as 
(D) consisted of 1 with class I symptoms, 2 with class II symp-
toms, and 1 with class III symptoms. Therefore, we speculated 
that the categories (A–E), determined by PAMP or PVR, close-
ly reflect the clinical severity of symptoms.

From the results of this postoperstive hemodynamic data, in 
patients with central CTEPH, 17 were classified as (A), 8 as 
(B), 5 as (C), 3 as (D) and 1 as (E). The patient rated as (E) 
showed a PAMP of 55 mmHg and a PVR of 1,559 dynes · sec/cm5 
before PTE. She died of a pulmonary hemorrhage after PTE in 
the hospital. Prior to surgery, most of the small pulmonary ar-
teries in this patient were obstructed by thrombi, and pulmo-
nary circulation was maintained by collateral vessels formed in 
the surrounding area (Figure 3A). After surgery, pressure gen-
erated by the removal of the thrombus in the main pulmonary 
artery was transmitted to the collateral vessels, leading to de-

tively as A, B, C, D or E, based on postoperative hemody-
namic parameters and clinical symptoms: (A) no problems are 
likely after PTE; (B) neither operative death nor hospital death 
occurs, but pulmonary hypertension remains; (C) neither op-
erative death nor hospital death occurs, but there is a small 
possibility of remote death; (D) no operative death occurs, but 
there is a high possibility of hospital death or remote death; 
(E) operative death or hospital death is very likely.

The absence of pulmonary hypertension, that is, PAMP 
below 20 mmHg or a PVR below 200 dynes · sec/cm5, was de-
fined as: severe postoperative pulmonary hypertension repre-
sented by PAMP of 40 mmHg or higher (A), or a PVR of 
600 dynes · sec/cm5 or higher was rated as (D). The periopera-
tive course of these patients was critical and PTE was not 
recommended. (B) was defined as PAMP of 20–29 mmHg or 
a PVR of 200–399 dynes · sec/cm5, and (C) was defined as 
PAMP of 30–39 mmHg or a PVR of 400–599 dynes · sec/cm5. 
Hospital death was rated as (E).

Postoperatively, clinical symptoms were rated as NYHA 

Table 2. Preoperative and Postoperative Data in Patients With Chronic Thromboembolic Pulmonary 
Hypertension

Preoperative Postoperative

NYHA mPAP PVR NYHA mPAP PVR

Central type 3.1±0.3 45.1±10.3 1,016.0±440.6 1.1±0.4 20.3±9.1 241.9±176.9

Peripheral type 3.0±0.0 41.4±6.9　　 1,170.0±567.8 1.6±0.5 26.6±7.3 370.3±102.2

NYHA, average of New York Heart Association classification; mPAP, average of mean pulmonary arterial pressure 
(mmHg); PVR, average of pulmonary vascular resistance (dynes · sec/cm5).

Figure 4.  Comparison between the index 
of occlusion in small pulmonary arteries in 
chronic thromboembolic pulmonary hyper-
tension (IOCTEPH) and rating from (A to E) 
based on postoperative hemodynamic pa-
rameters. (A–E) also show the prognosis 
after surgery. *Patients showed low IOCTEPH 
because of medial atrophy.
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preacinar and intraacinar small pulmonary arteries (Figure 6) 
was noted. In more than half of the preacinar small pulmonary 
arteries, thrombosis was mild, but medial atrophy was signifi-
cant (Figure 6). These findings suggest that patients with at-
rophy in more than half of the preacinar small pulmonary ar-
teries should not be treated with surgery.

Discussion
Since it was first performed for the treatment of CTEPH by 
Moser et al. in 1973,9 PTE has become a common surgery.10 
Although lesions in the small pulmonary arteries in CTEPH 
have been described in detail,11 few studies have compared the 
histopathological findings of thrombi and the clinical presenta-
tion, or have examined the relationship between pathological 
findings of the small peripheral pulmonary arteries on lung 
biopsy and the prognosis after PTE. Moser et al reported plexi-
form lesions, similar to those observed in congenital heart 
disease, in CTEPH.2 Such lesions were not noted in our study. 
Although we found lesions similar to fibrous intimal thicken-
ing seen in congenital heart disease, examination of serial 
sections of these lesions did not confirm the concentric struc-
ture, but rather revealed cushion-like or elevated eccentric 
intimal fibrosis unique to thrombi. Although thrombi in pul-
monary veins have been previously reported,12,13 the fibrous 
intimal thickening observed in the present study was clearly 
different from thrombi. It consisted of a layer of old fibrous 
thickening identical to the thickening observed in pulmonary 
veno-occlusive disease. Intimal fibrous thickening in small 
veins was seen in almost all the patients examined in this 
study, but it resulted in incomplete obstruction of the intravas-
cular lumen. Therefore, it was considered not to affect hemo-
dynamics and was excluded from the criteria regarding wheth-
er surgery was indicated.

In central CTEPH, IOCTEPH was well-correlated with post-
operative hemodynamic parameters and clinical symptoms. 

struction of the collateral vessels and a pulmonary hemorrhage 
(Figure 3B). Among patients with peripheral CTEPH, 1 each 
was classified as (A), (B) and (D) and 4 as (C), indicating that 
most patients had severe disease.

Next, the IOCTEPH was calculated for each patient and 
retrospectively compared with the (A–E) classification based 
on hemodynamic values (Figure 4). There was a significant 
correlation between the IOCTEPH and the (A–E) (hemody-
namic classification); that is, there was a correlation between 
IOCTEPH and mPA (P<0.01) as well as between IOCTEPH 
and PVR (P<0.01) for the central-type CTEPH. In this type, 
IOCTEPH of 1.0–1.4 corresponds to (A), 1.5–1.7 to (B), 1.8–
2.0 to (C), 2.1–2.4 to (D) and 3.0 to (E) (1 patient with collat-
eral circulation). In patients with peripheral-type CTEPH, all 
the observed categories (A–D) showed high IOCTEPH and 2 
patients with medial atrophy had low IOCTEPH. Criteria re-
garding indications for surgery could not be developed for the 
peripheral type due to the low number of patients.

Preoperative and postoperative PAMP and PVR values are 
shown in Figures 5A and B, respectively. Patients with a post-
operative PAMP of 30 mmHg or higher had a preoperative 
PAMP of 45 mmHg. Patients with a postoperative PVR of 
400 dynes · sec/cm5 or higher had a preoperative PVR of 
800 dynes · sec/cm5 or higher. It is thus indicated that a lung 
biopsy should be performed prior to surgery in patients with a 
preoperative PAMP of 45 mmHg or higher and those with a 
preoperative PVR of 800 dynes · sec/cm5 or higher.

After retrospectively developing the criteria for lung biopsy 
evaluation including IOCTEPH, lung biopsy diagnosis was 
made for 12 patients during surgery in accordance with these 
criteria based on hemodynamic values. The IOCTEPH was 
consistent with postoperative hemodynamic values and clini-
cal symptoms. However, there was 1 case of death associated 
with surgery due to postoperative pulmonary hemorrhage. In 
this patient, a preoperative PAMP was 48 mmHg and a PVR 
was 962 dynes · sec/cm5, and severe medial atrophy in the 

Figure 5.  Pulmonary artery mean pressure (PAMP) (A) and pulmonary vascular resistance (PVR) (B) of each patient before (pre 
op) and after (post op) surgery.
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absence of central occlusion14 and are thought to benefit from 
bosentan.15,16 Recently, percutaneous transluminal pulmonary 
angioplasty has been performed for peripheral-type CTEPH.17,18 
In our study, criteria on whether surgery is indicated could not 
be developed for peripheral-type CTEPH due to the low num-
ber of patients. Recanalization has been frequently reported, 
but is generally not observed in old thrombi with multiple lay-
ers. In our study, recanalization was noted only in 2 patients 
with new thrombi.

Conclusions
Diagnosis made by lung biopsy during PTE in 41 patients with 
CTEPH allowed for the retrospective development of criteria 
on whether PTE is indicated. In most patients with central 
CTEPH, hemodynamic values and clinical symptoms improved 
after surgery, suggesting a satisfactory surgical outcome. How-
ever, there was 1 case of operative death. The high degree of 
occlusion in the small peripheral pulmonary arteries, as indi-
cated by a high IOCTEPH and the large number of collateral 
vessels surrounding obstructed small pulmonary arteries, were 
suspected to be causative factors. The lung biopsy diagnosis 
subsequently made in 12 patients demonstrated that the criteria 
we developed were reliable, but there was 1 case of operative 
death. In this patient, almost no thrombi were found in the small 

For this reason, we concluded that open lung biopsy prior to 
PTE is useful in patients with a high preoperative PAMP or 
PVR and also severe clinical symptoms. The patient who died 
after surgery had many collateral vessels around the obstructed 
small pulmonary arteries. We concluded that such patients 
should not be treated with surgery because when the pressure 
is suddenly transmitted to the collateral vessels upon surgical 
removal of the upstream obstruction, pulmonary hemorrhage 
occurs. Such a pressure load is also generated in patients with 
severe atrophy in the small pulmonary arteries by removal of 
the obstruction, causing pulmonary hemorrhage or edema. 
Therefore, we considered surgery to be contraindicated in these 
patients as well. In particular, we speculated that surgery should 
not be performed when more than half of the preacinar small 
pulmonary arteries have medial atrophy. However, if severe 
atrophy of media in small pulmonary arteries is found by per-
forming an open lung biopsy prior to surgery, percutaneous 
cardio-pulmonary support just after surgery might be effective 
to prevent a pressure load from suddenly occurring after PTE.

While IOCTEPH was shown to be well-correlated with post-
operative hemodynamics and clinical symptoms in patients with 
central CTEPH in this study, patients with peripheral CTEPH 
had high IOCTEPH even when pulmonary arterial pressure 
was relatively low. In clinical practice, many patients with 
peripheral CTEPH are not treated with surgery because of the 

Figure 6.  Severe medial atrophy of a preacinar small pulmonary artery (A,B) and an intraacinar small pulmonary artery and pul-
monary hemorrhage (C) from fragile vascular walls caused by the sudden pressure load generated by pulmonary thromboendar-
terectomy.
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pulmonary arteries, but medial atrophy was observed. We spec-
ulated that after surgery, pressure generated by re-established 
blood flow caused a fatal pulmonary hemorrhage. We conclude 
that histopathological assessment of pulmonary vascular dis-
ease by intraoperative lung biopsy was useful to predict the 
prognosis after PTE for CTEPH, and that it will be possible to 
predict postoperative hemodynamics and clinical symptoms 
based on the pathological diagnosis during surgery by lung bi-
opsy in patients with a PAMP of 40 mmHg or higher or a PVR 
of 800 dynes · sec/cm5 or higher.
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