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We report an autopsy-proven case of a 33-year-old man who died of intimal sarcoma of the pulmonary
artery. A large mass (5x4cm) occluded the main and bilateral pulmonary arteries. Tumor cell
morphology was consistent with that of undifferentiated pleomorphic sarcoma. Comprehensive histo-
logical observation of 18 pulmonary arteries from proximal to distal revealed continuous extension of the
tumor from the main to the subsegmental arteries along the intima, forming an arteriosclerosis-like
intimal thickening. Distal small arteries were also affected by eccentric intimal thickening or recanali-
zation. Lung parenchyma was not involved, although there were two wedge-shaped small pulmonary
infarctions caused by tumorous obstruction of the associated arteries. Histological results indicated that
the intimal sarcoma in the pulmonary artery, which appeared occlusive with growth limited to the
proximal artery, had in fact already spread more peripherally than expected. Both the proximal lesions
and the distal small arteries were affected by peripheral tumor emboli or by pulmonary hypertension
induced by the proximal tumor. However, as seen in this case, most of the occlusive tumor was located
locally and intraluminally, in the proximal artery, and removing the proximal tumor by pulmonary
endarterectomy was considered effective for symptomatic improvement.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Pulmonary artery intimal sarcoma (PAIS) is an extremely rare
malignant tumor, with only approximately 500 cases reported to
date [1]. Because PAIS has the characteristic growth pattern of
arising at the proximal pulmonary artery and developing intra-
luminally [2], it is usually misdiagnosed as chronic thromboembolic
pulmonary hypertension (CTEPH) [3,4]. The small number of pub-
lished case reports includes autopsy cases [5,6] because of the high
mortality rate of this tumor [1]. However, previous autopsy reports
focused on the proximal large tumor, with little information
regarding the distal lesions in the pulmonary arteries. We experi-
enced a case of sudden death in a young man with undiagnosed
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PAIS. We performed a detailed histopathological examination of the
entire pulmonary artery focusing not only on the proximal tumor
but also on the distal arterial lesions to investigate the distribution
of the tumor and the related lesions.

2. Case report

A 33-year-old man visited a hospital because of two episodes of
syncope; no specific findings were found on echocardiography and
chest X-rays (Supplementary Fig. 1). Electrocardiography showed
slight right axis deviation and R-wave progression at V1 and V2
(Supplementary Fig. 2). A Holter electrocardiogram revealed early
repolarization, and blood brain natriuretic peptide level was within
normal limits. He returned home without medication and did not
undergo additional examinations. Seventeen days after his first
visit, he was admitted to the emergency department because of
abdominal pain and was diagnosed as having acute cholecystitis.
He was treated with fasting and antibiotics; however, he collapsed
suddenly and died the next morning. Medicolegal autopsy was
performed 24 h postmortem.
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Fig. 1. (a) An occlusive tumor in the main pulmonary artery (arrows). (b) The cut surface of the tumor and pulmonary artery after formalin fixation. (c) Histological section of panel b
with hematoxylin & eosin staining (original magnification: x1).

Fig. 2. (a) Histological section of the tumor with hematoxylin & eosin staining (original magnification: x2). Atypical spindle cells arranged in a storiform pattern. (b) Higher-
magnification photo of panel a. Multinucleated cells are seen (original magnification: x20). (c¢) Immunohistochemistry of the tumor for vimentin (original magnification: x20).
(d) Immunohistochemistry of the tumor for CD34 (original magnification: x20).
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Fig. 3. (a) Cut surface of the tumor in the left pulmonary artery (A3). (b) Histological section of panel a with elastica Van Gieson staining (original magnification: x2). The arrows
indicate arterial wall destroyed by the tumor. (c) Small pulmonary infarction caused by tumor emboli at the periphery of the left pulmonary artery (A8). (d) Histological section of
panel c with elastica Van Gieson staining (original magnification: x1). The arrow indicates the dominant artery destroyed by tumor invasion.

The autopsy revealed that a widely dilated main pulmonary
artery with white or yellowish solid mass, 5x4 cm in size, was
occluding the pulmonary trunk and bilateral main pulmonary ar-
teries (Fig. 1a). The tumor was partly coated with black thrombi
(Fig. 1b and c). Invasion of the pulmonary valves and right ventricle
was not observed.

Microscopically, the tumor was composed of spindle cells
exhibiting partial mitosis or multinucleated cells (Fig. 2a and b).
Multinucleated cells were positive for vimentin and CD31 immu-
nostaining and negative for CD68 immunostaining. These results
indicated that the multinucleated cells were not reactive histiocytic
giant cells but tumor giant cells. The majority of the tumor showed
a storiform pattern, although a small part (less than 5%) had an
angiomatous or chondromatous appearance. The results of immu-
nostaining were as follows: diffusely positive for vimentin (Fig. 2c);
partially positive for CD34 (Fig. 2d) and CD31; slightly positive for
caldesmon; and negative for desmin, cytokeratin, ETS-related gene,
and factor VIIL This cell morphology was consistent with that of
undifferentiated pleomorphic sarcoma. Our department could not
afford to perform MDM2 amplification.

We performed detailed histological analyses to incorporate all
pulmonary arterial lesions in accordance with our previous study
on pulmonary thromboembolism [7]. We detected 18 segmental
arteries and made 5 histological sections representing different
arterial sizes from proximal to distal (segmental, subsegmental,
tertiary, small elastic arteries, small muscular arteries, and alveoli)
for each of the arteries. The results revealed continuous intravas-
cular extension of the proximal tumor to segmental arteries. To
some extent, the occlusive tumor destroyed the arterial wall (Fig. 3a

and b). Although pulmonary parenchyma was not involved, there
were two wedge-shaped small pulmonary infarctions at A5 and A8
of the left pulmonary artery with tumorous obstruction of its
associated arteries (Fig. 3c and d). The tumor continuously spread
to the subsegmental arteries along the intima, forming an
arteriosclerosis-like intimal thickening (Fig. 4a).In addition to the
proximal lesion, we identified intimal thickening caused by tumor
emboli in the distal elastic arteries (Fig. 4b). Eccentric intimal
thickening or recanalization of peripheral muscular arteries as a
result of organized tumor emboli was detected in peripheral small
arteries (Fig. 4c). Neither medial thickening of the muscular artery
nor plexiform lesions were observed. Platelet thrombi were
perceptible in some parts of small elastic pulmonary arteries
(Fig. 4d). The schematic appearance of the distribution of the tumor
and related lesions is shown in Fig. 5. Regarding other organs, the
heart showed dilation and mild hypertrophy of the right ventricle
as a result of prolonged pulmonary hypertension (Supplementary
Fig. 3). There was no tumor metastasis to other organs or lymph
nodes. The gallbladder contained some small gallstones, but there
was no cholecystitis. No deep vein thrombosis was present in either
leg. Based on these findings, the cause of death was certified as
acute right heart failure caused by a giant PAIS.

3. Discussion

PAIS is a rare malignant mesenchymal tumor for which only 381
cases have been reported in the past 20 years [1]. The true inci-
dence of PAIS is unclear because a certain proportion of PAIS pa-
tients are believed to die without a clinical diagnosis [5]. In fact, the
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Fig. 4. (a) Tumor invasion resembling intimal thickening in the segmental arteries and accompanying small arteries. Hematoxylin & eosin staining (original magnification: x2). (b)
Eccentric intimal thickening caused by tumor emboli in a distal elastic artery (hematoxylin & eosin staining; original magnification: x10). (c) Eccentric intimal thickening (arrows)
and recanalization (arrowhead) of the peripheral muscular arteries (elastica van Gieson stain; original magnification: x10). (d) Platelet thrombi in a small elastic artery (arrow)

(hematoxylin & eosin staining; original magnification: x4).

reported proportion of patients whose PAIS was initially diagnosed
by autopsy among all case series was as high as 60% in 1989 [5].
However, because of advances in diagnostic imaging technology,
this proportion decreased to 14% in 2008 [8] and 5% in 2016 [1]. Our
case is also an autopsy-proven PAIS. We believe that the patient's
antemortem symptom of syncope was caused by the PAIS because
it is a frequently reported symptom of this disease [4,5,8].

PAIS is also known as a disease with exceptionally poor prognosis,
with a median survival time of 1.5 months without surgical treatment
reported in 1989 [5]. Even in 2018, the median survival was as short as
18 months even with surgical treatment [4]. The main reason for the
poor prognosis is the characteristic growth of the tumor. PAIS usually
arises in the pulmonary trunk and/or main pulmonary artery and
grows intravascularly to a size of 4—5 cm [8]. The large occlusive mass
in the proximal pulmonary artery causes severe pulmonary hyper-
tension. The clinical manifestation caused by PAIS resembles that of
CTEPH, and pulmonary endarterectomy (PEA) is often performed to
remove the proximal tumor and relieve the associated pulmonary
hypertension, similar to patients with CTEPH [3,4]. Because of the
peculiar tendency of PAIS tumor growth being restricted to the
vascular lumen, PEA often results in significant improvement of
symptoms [4,9]. However, because the resection margins are rarely
clear, the procedure is deemed noncurative [9].

In our case, the majority of the proximal tumors were located
within the vessel lumen (Fig. 1b and c). However, in some parts, the
tumor showed invasive growth that broke through the arterial wall
(Fig. 3b). Furthermore, histological sections revealed that the
proximal tumors spread broadly along the intima to the sub-
segmental arteries where the lesion could not be reached by PEA
(Fig. 4a). Broad extension of residual tumor through the intima has
been confirmed previously by autopsy after PEA [6].

Little is known about lesions in more distal areas in the case of
proximal PAIS. In our case, multiple tumor lesions thought to be
fragmented from the proximal large tumor were found in the small
elastic arteries (Fig. 4b). Eccentric intimal thickening and recana-
lization of peripheral muscular arteries were also seen (Fig. 4c).
“Small vessel disease,” such as intimal thickening, eccentric intimal
fibrosis, and intimal fibromuscular proliferation at distal arteries, is
known to be a result of mechanical obstruction of proximal arteries
in CTEPH patients [10]. These findings indicate that PAIS patients
undergo the same pathological changes as do CTEPH patients not
only in the proximal artery but also in the distal lesions. In CTEPH
patients, small vessel disease contributes to persistent pulmonary
hypertension after PEA and a higher risk of postoperative mortality
[10]. Therefore, distal arterial lesions also represent an important
prognostic factor for PAIS patients.

Our case showed small vessel lesions; however, medial hyper-
trophy or plexiform lesions reflecting sustained pulmonary hyper-
tension were not observed. Furthermore, X-ray images and
echocardiographic findings 17 days before death showed no specific
change (Supplementary Fig.1 and 2). Retrospectively, right axis de-
viation and R-wave progression at V1 and V2 in his electrocardio-
gram indicated right ventricular hypertrophy; however, according to
the other examination results, the physician concluded that the
electrocardiographic results were nonsignificant changes at the time
of examination. Because of the rapid growth of our patient's tumor,
the duration of his pulmonary hypertension was shorter compared
with CTEPH patients. Increased cardiac reserve because of his young
age might also explain the lack of X-ray and echocardiographic
changes in our patient. The difficulty diagnosing this disease might
have resulted from the lack of specific clinical changes on cardiac
examination despite the presence of the large tumor.
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Fig. 5. Schematic appearance of the tumor and related lesions. The tumor is present continuously from the proximal trunk to the segmental or subsegmental arteries. In contrast,
the distal arteries are affected by organized tumor emboli or secondary platelet thrombi. Two small pulmonary infarctions are also seen.

Small pulmonary infarctions were observed as a result of distal
tumor embolism (Fig. 3c and d). Yin et al. reported that three-
fourths of late deaths in patients with pulmonary arterial sar-
coma were associated with recurrence in the distal pulmonary ar-
tery or pulmonary trunk [4]. Distal tumor embolism might induce
both distal tumor recurrence and peripheral pulmonary infarction.

A surgical review concluded that because of the very poor
prognosis, complete surgical resection of the tumor could never be
achieved in PAIS [3] and that surgery is performed mainly for palli-
ation to prolong survival rather than to cure the disease [4]. Indeed,
Wong et al. reported no difference in median overall survival be-
tween patients who underwent PEA and those who did not,
although surgery did provide significant symptomatic and hemo-
dynamic improvement [9]. Our histological findings indicated that
the PAIS, which appeared to be occlusive with growth limited to the
proximal artery, had already spread more peripherally than expected
and that as well as the proximal lesions, distal small arteries were
affected by peripheral tumor emboli or by pulmonary hypertension
induced by the proximal tumor. However, even in our case, most of
the occlusive tumor was located locally and intraluminally in the
proximal artery; therefore, removing the proximal tumor by PEA is
considered effective for symptomatic improvement.

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.carpath.2019.07.002.
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