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Abstract: Pulmonary sclerosing hemangioma is a rare neoplasm with polymorphic histological features. The frozen
section diagnosis of sclerosing hemangioma can be difficult, as it can be confused for malignancy, creating intraop-
erative dilemmas for pathologists. To identify the histopathologic features that may be of value in making a correct
diagnosis on frozen sections, we retrospectively analyzed thirteen cases of pulmonary sclerosing hemangioma
diagnosed on frozen sections in China-Japan Friendship Hospital from 2009 to 2014. We characterized the pre-
dominant patterns: solid, papillary, hemorrhagic or sclerotic. Two or more patterns were identified in twelve cases.
One case exhibited only papillary pattern. A frozen section diagnosis of ‘sclerosing hemangioma’ was reported in
ten cases, and ‘benign lesion’ was given in one case. Because of technical artifact and the uncommon morphology,
the diagnosis was deferred in two cases. Significant cytological atypia was present in one case. Because sclerosing
hemangioma is a benign tumor, accurate frozen diagnosis may avoid unnecessarily excessive surgery. Awareness
of its varied patterns and distinctive cytological features, together with careful gross examination and sampling may
help to avoid a diagnosis of malignancy and lead to conservative management.
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Introduction 1) round stromal cells and 2) surface cells [7].
) ) Since larger sclerosing hemangiomas may have
Pulmonary sclerosing hemangioma, recently increasing F-18 FDG PET uptake [8], clinical and

renamed as sclerosing pneumocytoma, is a
rare lung tumor, which was first described in
1956 by Liebow and Hubbell [1]. It predomi-
nantly affects middle-aged adults with a
marked female predilection [2]. Generally the
tumors are solitary and peripheral. Multifocal
sclerosing hemangiomas have been reported
rarely [3, 4]. Although metastases to regional
lymph nodes have been observed [5], the bio-

radiological characteristic of sclerosing heman-
gioma are not specific enough to diagnose the
condition preoperatively. It also cannot be accu-
rately diagnosed by transbronchial or needle
biopsies, because an intrinsic facet of the his-
tology is the multiplicity of patterns. The frozen
section diagnosis is of great importance,
because the cellular proliferation within fibrosis

logic behavior is almost always benign. can suggest invasion by adenocarcinoma and
Sclerosing hemangiomas are listed under the lead to unnecessary lobectomy. Although prob-
group of ‘Adenomas’ in 2015 WHO classifica- lems with frozen section diagnosis of sclerosing
tions [6]. Histologically, sclerosing hemangioma hemangioma are encountered in routine pathol-
has as a cardinal feature of variegated histolo- ogy practice, a limited number of studies
gy including solid, hemorrhagic, papillary and addressing this issue have appeared in the lit-

sclerotic areas. Two types of tumor cells occur: erature [9].
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Table 1. Clinicopathological features of pulmonary sclerosing hemangiomas

E?)s.e Gender (?f: Location (S(;rzne) r:/tlillzlfli Mitosis Necrosis Surgery Z?qli)or:’:;;?
1 F 68 LUL 3.5 No 0 0 Lobectomy 56
2 F 27 LUL 2 No 0 0 Enucleation 36
3 F 57 RLL 2.5 No 0 0 Enucleation 26
4 F 59 LLL 4 No 0 0 Lobectomy 35
5 M 25 RLL 3.7 No 0 0 Wedge excision 26
6 F 25 The fissure of the left lung 4.5 No 0 0 Enucleation 75
7 F a7 RLL 2.5 No 0 0 Enucleation 10
8 F 57 RML 1 No 0 0 Wedge excision 10
9 F 62 Right hilus 3 No 0 0 Enucleation 13
10 M 43 LLL 4 No 0 0 Lobectomy 15
11 F 47 RLL 2;2.2 No 0 0 Wedge excision 16
12 F 24 RUL 2 Yes 0 0 Enucleation 16
13 F 80 RLL 1.5 No 0 0 Wedge excision 21

LLL, left lower lobe; LUL, left upper lobe; RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe.
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Figure 1. Macroscopy of sclerosing hemangioma
(Case 4). The tumor was solid, tan, with hemorrhage
and shelled out from the surrounding parenchyma.

We report thirteen cases of pulmonary scleros-
ing hemangioma with intraoperative consulta-
tions and identify salient diagnostic features on
frozen sections.

Materials and methods

We reviewed thirteen cases of pulmonary scle-
rosing hemangioma where intraoperative fro-
zen section diagnosis had been requested
between 2009 and 2014 at the Department
of Pathology, China-Japan Friendship Hospital
(Beijing, China). All were surgical resection spe-
cimens. The pathology reports of all cases were
reviewed, and the frozen sections were com-
pared with the paraffin sections. This study was
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approved by the institutional review board of
China-Japan Friendship Hospital.

The tissue were embedded and frozen within
optimal cutting tissue (OCT) medium (Tissue-
Tek OCT, Sakura Finetek-USA) and cooled to at
least -25°C in a Leica CM3050S Cryostat
device (Leica Biosystems, Wetzlar, Germany). It
was cut into sections measuring 5 to 6 pym in
thickness. The sections were treated with 95%
alcoholic formalin, and subsequently stained
with hematoxylin-eosin. The rest specimens
were fixed in 10% neutral formalin for perma-
nent histological evaluation.

Immunohistochemical stains were applied to
paraffin sections with a Polink-1 HRP detection
system (Golden Bridge International Inc, Muki-
Iteo, WA). The following mouse monoclonal anti-
bodies were used: AE1/AE3, TTF-1, Napsin A,
and EMA. The staining procedure followed man-
ufacturer’s instruction.

Results
Clinical features

Table 1 showed a marked female predomi-
nance, with a female to male ratio of 11:2. The
patients ranged in age from 24 to 80 years
(mean age, 48 years). All patients were non-
smokers except for Case 10 with smoking index
of 20. Six patients were asymptomatic and
seven presented with cough. Multiple, bilateral
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Figure 2. Variegated histological patterns of sclerosing hemangioma (frozen sections): A. Solid pattern (Case 5). B.
Papillary pattern (Case 2); Insert: papillary adenocarcinoma. C. Sclerotic pattern (Case 4). D. Hemorrhagic pattern

(Case 4).

nodules were found in Case 13, with only one
nodule for wedge excision. One patient (Case
11) had two nodules in the right lower lobe, all
other lesions were solitary. Six patients under-
went enucleation and four underwent wedge
excision. Three patients had a lobectomy, be-
cause the lesions were close to main pulmo-
nary vessels. All the patients are alive and well
(mean follow-up, 22 months; range, 10 to 75
months).

Gross features

Tumors ranged in size from 1 to 4.5 cm, with an
average of 3.3 cm. In ten cases, the tumors
were round, well circumscribed, nonencapsu-
lated lesions, while in Case 1, Case 3 and Case
9, the specimens were fragmented yellow tis-
sues when received. Cut surfaces were solid,
grey to yellow to tan, with foci of hemorrhage
and calcification (Figure 1).
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Intraoperative frozen sections

At the time of frozen section, ten cases were
diagnosed as ‘sclerosing hemangioma’, one
case was interpreted as ‘benign, sclerosing
hemangioma cannot be completely excluded’,
and the diagnosis was deferred in Case 1 and
Case 13.

Two or more patterns with varying proportions
were present in twelve cases (Figure 2). Case 3
showed only papillary growth (Figure 3A and
3B).

The papillary pattern predominated in Case 3
was characterized by fronds which were cov-
ered by cuboidal to hobnail cells with round or
oval nuclei and eosinophilic cytoplasm (Figure
3C). Intranuclear inclusions and multinucle-
ation were seen occasionally. The surface cells
exhibited modest variation in nuclear size and
pleomorphism. Mitotic figures were rare (Figure

Int J Clin Exp Pathol 2016;9(7):7140-7147
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Figure 3. Papillary pattern of sclerosing hemangioma (Case 3, frozen sections). A. Complex papillae covered by
cuboidal surface cells. B. A lepidic growth pattern, mimicking bronchioloalveolar carcinoma. C, D. The surface cells
display moderate to marked nuclear atypia. Note the prominent hobnail cells and the intranuclear inclusions. E. The
stalks of the papillae contain the round cells. F. Round cells with a signet ring appearance.
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Figure 4. A. Variable blood-containing spaces lined by flat epithelial cells. Note the diffuse growth of round stromal
cells (Case 1, frozen section). B. A solid proliferation of bland spindle cells and clear cells (Case 1, frozen section).
C. Round cells with a signet ring appearance contain clear cytoplasm and eccentric nuclei (Case 13, frozen section).
D. The cells forming glandular or tubular structures are large, hyperchromatic and atypical (Case 13, frozen section).
E. The presence of the mucinous cystic space lined by ciliated bronchiolar epithelium (Case 4, frozen section). F.
Polygonal cells with bland, centrally located nuclei admixed with histiocytes (Case 1, frozen section).

3D). The stalks of the papillae were acellular or 3F). Histiocytes lay in the spaces between the
contained round stromal cells which some- papillae. In one case (Case 2), the papillae had
times had a signet appearance (Figure 3E and sclerotic cores covered by columnar cells.
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The hemorrhagic pattern was characterized by
the presence of large, dilated spaces filled with
red blood cells. The cystic spaces of varying
sizes were lined by a single layer of cytologically
bland fattened cells, which resembled a true
hemangioma (Figure 2D). The dense groups of
round cells were found in the interstitium
between the blood-filled spaces (Figure 4A).

The solid pattern was characterized by sheets
of the round stromal cells. The cells were uni-
form and bland-appearing, with round-to-oval
nuclei, fine chromatin, and inconspicuous nu-
cleoli. The cytoplasmic border was indistinct
(Figure 4B). Because of the histological arti-
fact, the round cells showed eccentric nuclei
with clear cytoplasm and resembled signet-ring
cells (Figure 4C). Mitoses were absent. Irregular
spaces lined by cuboidal cells represented
entrapped alveolar pneumocytes (Figure 4D).
Numerous mucinous cystic spaces were lined
by ciliated epithelium in one case (Figure 4E).
Occasionally, interspersed histocytes caused a
picture that mimicked inflammatory myofibro-
blastic tumor (Figure 4F).

In the sclerotic pattern, there was dense colla-
gen within the solid areas, within the papillary
stalks, or around the hemorrhagic areas. Irre-
gularly shaped gland-like spaces were present
within a hyaline stroma. Calcifications were
also encountered (Figure 2C).

In Case 13, the lesion is a well circumscribed
but unencapsulated nodule with central calci-
fication. Cords of round to spindle cells with
clear to eosinophilic cytoplasm were embed-
ded in the abundant sclerotic stroma in the
center. Sheets of monotonous round to polygo-
nal cells with small, bland nuclei and eosino-
philic cytoplasm were present at the peripheral.
These merged with cords and poorly developed
glandular or tubular structures of large, hyper-
chromatic polygonal cells, some with atypia.

Immunohistochemical finding

Nuclei of the round cells stained for TTF-1, as
did many of the surface lining tumor cells. Both
types of tumor cells expressed EMA, while only
the surface lining cells expressed AE1/AE3 and
Napsin A.

Discussion

Intraoperative frozen section diagnosis is a
challenging area for diagnostic surgical pathol-
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ogy [10]. The diagnostic clues of sclerosing
hemangioma on frozen sections are similar to
those of permanent sections. The diagnosis is
evident when one observes the mixture of the
four major histological patterns (solid, papillary,
sclerotic, and hemorrhagic) and the distinctive
cellular components (surface cells and round
stromal cells) within the single tumor [7, 11].
Difficult situations may arise in tumors with one
pattern predominant [12, 13]. Intraoperative
consultation may be complicated by frozen sec-
tion artifact as well.

A papillary pattern with moderate to marked
cytological atypia can lead to misdiagnosis as
malignancy. The differential diagnosis can
include papillary adenoma, bronchioloalveolar
carcinoma, papillary adenocarcinoma, and
metastatic thyroid carcinoma. Sclerosing hem-
angioma may be confused with papillary ade-
noma when cytologically bland cuboidal to
columnar cells line the surface of a fibrovascu-
lar stroma [14, 15]. Varied architectural growth
pattern favors a diagnosis of sclerosing heman-
gioma rather than papillary adenoma. Cuboidal
to columnar shaped cells may grow along alveo-
lar walls in a lepidic fashion and may resemble
bronchioloalveolar carcinoma. If obviously ma-
lignant nuclear features are observed, a scle-
rosing hemangioma can be excluded. However,
the cells of a bronchioloalveolar carcinoma
usually are bland, and may mimic normal or
atypical respiratory epithelium. Infiltration into
surrounding lung parenchyma and the severe
nuclear atypia cause concern for papillary ade-
nocarcinoma, which is the most deceiving con-
dition. Frozen section slides or reactive pneu-
mocytes frequently look disturbing. The pre-
sence of uniform small nucleoli, homogenous
chromatin, lack of hyperchromasia, and low
nucleus-to cytoplasm (N/C) ratio are more sug-
gestive of reactive change rather than atypical
pneumocytes [10]. If the papillary pattern pre-
dominates, the differential diagnosis of meta-
static papillary thyroid carcinoma is also well
considered. However, the typical nuclear fea-
tures of papillary thyroid carcinoma are not
seen in sclerosing hemangioma. Recognition of
nuclear clearing, enlargement, overlapping, in-
tranuclear grooves and pseudoinclusions pro-
vides sufficient evidence for diagnosis of papil-
lary thyroid carcinoma.

The solid pattern of sclerosing hemangioma
that presents with regular cells may simulate

Int J Clin Exp Pathol 2016;9(7):7140-7147
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carcinoid tumor. Carcinoid tumors may have a
mixed pattern, including solid, organoid, trabec-
ular and papillary as well as spindle cells [16].
Not only frozen section but permanent section
may resemble carcinoid tumor, and occasion-
ally immunohistochemistry is the decisive test.

The diagnosis was deferred in Case 1 which
was composed mainly of hemorrhagic and solid
patterns. Due to the artifact which modifies the
architecture, two slides showed slightly atypical
spindle cells admixed with clear cells, but the
mitotic figures were rarely evident. The charac-
teristic stromal cells could not be easily recog-
nized. Although the clear cells raised a consid-
eration of clear cell tumor, the thin-walled
sinusoidal vessels were absent [17]. In another
slide, histocytes were scattered throughout
sheets of cytologically bland spindle cells that
gave this lesion a fibroxanthomatous appear-
ance. Inflammatory myofibroblastic tumor
should be separated from sclerosing hemangi-
oma, but it is usually composed of myoblastic
spindle cells accompanied by an inflammatory
infiltrate of plasma cells, lymphocytes, and
eosinophils [18]. Identification of varied pat-
terns would argue strongly against inflammato-
ry myofibroblastic tumor. It was hard to make a
precise diagnosis of an uncommon tumor at
the time of frozen section. The characteristic
histological morphology of sclerosing hemangi-
oma was better appreciated on paraffin sec-
tions. The diagnosis was further confirmed by
immunohistochemical stains. The spindle cells
and the clear cells showed an immunohisto-
chemical profile consistent with the round stro-
mal cells: TTF-1+EMA+AE1/AE3-Napsin A-.

In Case 4, the areas showing the hemorrhagic
pattern were composed of large blood-filled
spaces lined by epithelial cells. But the spaces
separated by septa of the round tumor cells
were not always observed, the tumor was remi-
niscent of an alveolar adenoma [19, 20].
Sclerotic areas and foci of stromal cells provide
evidence to exclude the diagnosis of alveolar
adenoma. Moreover, the single architecture
growth pattern and large ectatic spaces lacking
blood distinguish alveolar adenoma from scle-
rosing hemangioma.

The clear cells of Case 13 showed a signet pat-
tern and were devoid of significant cytological
atypia. The clinical presentation of multiple,
bilateral small nodules in an old woman should
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raise the suspicion of epithelioid hemangioen-
dothelioma and metastatic tumors. One of the
clues to the diagnosis of epithelioid hemangio-
endothelioma is the presence of cytoplasmic
vacuoles consistent with intracytoplasmic vas-
cular lumen formation, which are the hallmarks
of the lesion [21]. But it was not observed in
this case. The clinical history and immunohisto-
chemistry are necessary to distinguish meta-
static tumors from sclerosing hemangioma.
Another important differential diagnosis when
dealing with sheets of bland cells in the lung is
the need to rule out the possibility of carcinoid
tumors. The identification of a characteristic
delicate and highly vascular stroma is helpful in
establishing the diagnosis of carcinoid tumors
[16]. Definitive diagnosis of this case may be
impossible, because it’s not feasible to appreci-
ate the admixture of the various patterns. It's
more appropriate to require deferral of the fro-
zen section diagnosis in such instances.

Case 3 which had a single pattern emphasizes
that only one pattern predominant can lead to
diagnostic misinterpretation, particularly on
frozen sections. In the rest cases, two or more
patterns are present. So it is not difficult to
make an accurate diagnosis. In eight cases,
one additional histological pattern not revealed
on frozen section was identified on paraffin
sections after additional sampling. Thus in
order to avoid the possibility of a wrong diagno-
sis, careful and thorough gross examination is
a critical component of intraoperative patho-
logical consultation. In the gross evaluation,
heterogeneity of gross appearance, circum-
scription and the color of the tumor are all help-
ful features.

Conclusion

Pathologists need to be aware that sclerosing
hemangioma can be difficult to diagnose on fro-
zen sections, especially when the characteris-
ticvariegated patternis notevident. Recognition
of the varied patterns and dual type cells should
allow one to arrive at the correct diagnosis. The
peculiar bland cytological feature can be help-
ful in confirming a diagnosis of sclerosing hem-
angioma in equivocal cases. Adequate biopsy/
sampling is also important to improve the diag-
nostic accuracy of sclerosing hemangioma on
frozen section. The differential diagnosis is very
difficult when only a single pattern is identified

Int J Clin Exp Pathol 2016;9(7):7140-7147
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or when there is significant cytological atypia,
and pathologists should defer the definitive
diagnosis.

Sclerosing hemangioma has been termed the
lawyers’ favorite tumor, because of the possibil-
ity of unnecessary resection for a benign lesion.
If the pathologist cannot be confident of the
diagnosis on frozen section, this uncertainty
including the possibility of benign sclerosing
hemangioma should be conveyed to the sur-
geon, so that this will be taken into consider-
ation when the decision is to perform a comple-
tion lobectomy.
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