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Abstract

Background: Osteochondromas, also known as exostoses, are the most common benign tumors of bone and can
be classified into isolated and multiple osteochondromas. A great majority of osteochondromas is asymptomatic,
painless, slow-growing mass, and incidentally found. However, osteochondromas occurring in adolescence or in adult
patients can grow in size and become symptomatic as a result of mechanical irritation of the surrounding soft tissues
or peripheral nerves, spinal cord compression, or vascular injury.

Case presentation: \We present a case of a 13-year-old girl with spontaneous hemothorax, the cause of which was
identified by limited thoracotomy with the aid of video-assisted thoracic surgery to be bleeding from a diaphragmatic
laceration incurred by a costal exostosis on the left sixth rib. Preoperative chest computed tomography (CT) depicted
a bony projection arising from the rib and bloody effusion in the intrathoracic cavity, but was unable to discern the
bleeding cause from the lung or the diaphragm. This case will highlight our awareness that costal exostosis possibly
results in bloody pleural effusion. Meanwhile, English literatures about solitary costal exostosis associated with hemo-
thorax were searched in PubMed and nineteen case reports were obtained. Combined our present case with available
literature, a comprehensive understanding of this rare disease entity will further be strengthened.

Conclusions: Injury to the diaphragm is the primary cause of hemothorax caused by costal osteochondroma, includ-
ing the present case. Thoracic CT scan can help establish a diagnosis of preoperative diagnosis of costal osteochon-
droma. Surgical intervention should be considered for those patients with symptomatic osteochondroma of the rib.
Combined with our case and literature, prophylactic surgical removal of intrathoracic exostosis should be advocated
even in asymptomatic patients with the presentation of an inward bony spiculation.
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Background

Osteochondromas represent the most common bone
tumor accounting for 20-50% of all benign osseous
tumors [1]. They develop during bone maturation at the
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metaphysis in the period from early childhood through
the late teens, which can be sessile or pedunculated.
Osteochondromas may be solitary or multiple. A per-
centage of 85% of osteochondromas present as solitary
lesions, while 15% occur in the context of hereditary
multiple exostoses or familial osteochondromatosis, a
genetic disorder that is inherited in an autosomal domi-
nant manner [2]. Osteochondromas tend to occur at the
metaphyseal region of the long bones of the extremities,
but have also been reported to exist in other areas such
as the scapula, pelvis, clavicle, rib and vertebra. The key
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radiological features of osteochondroma are cortical
and marrow continuity between the lesion and the par-
ent bone, and a cartilage cap [3]. When these tumors are
found within the thoracic skeleton, clinicians face unu-
sual diagnostic and therapeutic dilemmas. Radiologists
must be aware of the potential life-threatening second-
ary complications from rib osteochondromas and the
role of CT scan for full diagnostic work-up. Nowadays,
the mainstay of conservative treatment is observed with
plain radiographs initially and subsequently by clini-
cal examination. Indicators for surgical therapy include
pain, complications, cosmetic reasons, increased risk of
malignant transformation, and uncertain diagnosis. Here,
a costal osteochondroma manifesting as spontaneous
hemothorax is reported and treated successfully via lim-
ited thoracotomy with the aid of VAT. Meanwhile, similar
English literature about hemothorax caused by solitary
rib osteochondromas is also reviewed and incorporated
into our case so as to better highlight this disease entity.

Case presentation

On August 12, 2021, a 13-year-old girl presented to our
hospital with persistent left shoulder pain for more than
2 months, which was accompanied by left chest pain for
2 days. She denied the history of any familial diseases,
recent chest trauma or having anticoagulant drugs. Phys-
ical examination revealed reduced respiratory movement
and decreased breathing sounds in the left lung field. Per-
cussion sounds of the left chest were solid. Besides, blood
hemoglobin levels on admission was 108 g/L(reference
range, 110-150 g/L) and clotting parameters were also
normal. Chest CT demonstrated a left pleural effusion
associated with passive atelectasis of the lung and a 2 cm
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long spear-shaped osseous proliferation originating from
the visceral side of the left sixth rib (Fig. 1). The osseous
proliferation showed medullary continuity with the par-
ent rib-bone which prompted the probable diagnosis of
osteochondroma. For further diagnosis and treatment of
the pleural effusions, the patient underwent ultrasound-
guided thoracentesis, and 350 ml of dark blood fluid was
aspirated in the intrathoracic cavity, which was indica-
tive of hemothorax. Subsequently, a contrast-enhanced
multi-slice computed tomography (MSCT) scan of the
thorax ruled out potential pulmonary vascular malfor-
mation and neoplasms. The osseous projection abutted
the left diaphragm downward (Fig. 2), but there was no
visible extravasation of intravenous contrast in the left
intrathoracic cavity.

Surprisingly, the patient’s hemoglobin level dropped
to 88 g/L at the interval of 1 day, a clue of mild anemia
from the probability of chronic active bleeding. After
homotypic packed red blood cells of 2U were given, the
patient was hemodynamically stable. Based on the shape
and growth pattern of the bony protrusion on CT and
relevant clinical data by now, the hemothorax was prob-
ably associated with this costal lesion. Therefore, surgical
intervention was necessary to clarify the cause of hemo-
thorax and certain diagnosis of costal lesion.

On August 25, 2021, exploratory VAT revealed that
a bony protrusion spanned from the medial aspect of
the left sixth rib toward the chest cavity, in close con-
tact with the diaphragm. The diaphragm had been lac-
erated by the bony protrusion (Fig. 3) and was locally
covered with residual clotted blood and fibrin layers,
suggesting the aetiology of bloody pleural effusion.
There was no obvious injury to the visceral pleura, but
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Fig. 1 (left): Axial oblique reconstruction showing the inferoposterior course of the osteochondroma. (Right): 3D volume rendered image
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Fig. 2 (left), (right): Obliquely axial and sagittal contrast-enhanced CT showing focal impression of hepatic left lobe from the bony lesion, indicative
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Fig. 3 (left): Intraoperative views illustrating the bony lesion compromising the thoracic cavity, diaphragmatic injuries and serious pleural adhesion.
(Right): Resected specimen consisted of part of the left sixth rib and an attached lesion of bony protrusion (arrow)

heavy adhesion of pleural space was noticed. Then the
bony protrusion was excised along with partial ante-
rior sixth rib through limited thoracotomy with the aid
of VAT. After the closure of wounds, a chest tube was
inserted and left until the postoperative 7th day. The
gross specimen consisted of rib part and an attached
bony protrusion (Fig. 3). Pathology confirms the osse-
ous proliferation consistent with an osteochondroma-
tous proliferation with no signs of dysplasia or concern
of malignancy, namely osteochondroma. The patient
was discharged home on postoperative 8th day in good

clinical condition. At a 6-month follow-up, there was
no evidence of any residual or recurrent exostosis.

Discussion

Osteochondromas, also known as exostoses, are the most
common benign tumors of bone and can be classified
into isolated and multiple osteochondroma, and they can
be observed in 1-2% of the population [4]. The multiple
form is an autosomal dominant syndrome referred to
as hereditary multiple exostosis or familial osteochon-
dromatosis, accounting for 55% of rib osteochondromas
[5]. Osteochondromas are lesions on the surface of the
bone composed of both cortical and medullary bone with
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hyaline cartilage caps, which tend to grow away from the
joint through tensile forces of tendons and ligaments.
The presence of cortical and medullary continuity of the
tumor with the underlying bone is a pathognomonic fea-
ture that establishes the diagnosis.

Osteochondromas tend to occur at the metaphyseal
region of the long bones of the extremities, but have also
been reported to exist in other areas such as the scapula,
pelvis, clavicle, rib and vertebra. Among primary chest
wall tumors primarily occurring in the rib, fibrous dys-
plasia is the most common cause of a benign rib growth,
followed by osteochondromas [6]. Osteochondromas of
the ribs generally originate from the costochondral junc-
tion but may also occur at the costovertebral junction.
Despite our patient coming in with an osteochondroma
slightly more lateral to the costochondral junction, it
was histopathologically confirmed to be consistent with
a benign osteochondromatous proliferation. A great
majority of osteochondromas is asymptomatic, painless,
slow-growing mass, and incidentally found. Those symp-
tomatic osteochondromas usually present in younger
patients, 75—-80% are discovered before the 20th year of
age. However, osteochondromas occurring in adoles-
cence or in adult patients can grow in size and become
symptomatic as a result of mechanical irritation of the
surrounding soft tissues or peripheral nerves, spinal cord
compression, or vascular injury. In the case of a patient
with a symptomatic osteochondroma of the rib, symp-
toms may range from hemothorax or pneumothorax to
cardiac symptoms, diaphragmatic rupture and spinal
nerve injuries due to extrinsic compression, and a pal-
pable lump or malignant transformation. The diagno-
sis of the patient is osteochondroma located on the rib
and manifests as spontaneous hemothorax owing to the
diaphragmatic injury. In addition, our patient reported
her repeated left shoulder pain lasting for more than
2 months, which was probably a clue of left diaphragm
friction by the exostosis. The mechanisms underlying
diaphragmatic injury due to exostosis include direct force
by a sharp bony spur or repetitive erosion by particularly
pointed bony extrusions during respiratory movements.
Injury to the diaphragm, pleura, heart, and lung have all
been reported rarely [7-21], and they could cause a life-
threatening condition if untreated timely. Most previous
reports have also not addressed any significant traumatic
event or impact prior to the occurrence of symptoms
[7-10, 13-18, 21-23], including the case of our patient.
Literatures concerning solitary rib osteochondroma
leading to hemothorax are listed in the Table 1, which
demonstrates different organs injury including the dia-
phragm, lung, pleura and pericardium in turn. Occasion-
ally it is unable to judge the exact cause of hemothorax,
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but a favorable outcome after the resection of solitary rib
exostosis.

Osteochondromas are most often diagnosed depend-
ing on radiographic evidence. Radiographs are often
diagnostic, and however, cross-sectional imaging may be
indicated to assess for complications, assess the cartilage
cap or in some challenging cases establish the presence of
medullary continuity. CT and magnetic resonance imag-
ing (MRI) may be of some use in defining the extent of
tumor spread locally. Compared with plain X-ray film,
cross-sectional imaging offers a more accurate tool in
the diagnosis of this condition. Recognition of the radi-
ologic spectrum of osteochondroma and its variants
usually allows prospective diagnosis and differentiation
of the numerous potential complications, thus helping
guide therapy and improving patient management [26].
As described in literature review and our patient, cur-
rently CT investigation has become the main method.
Its reconstructed image and 3D volume rendering clearly
described the morphology, extent and growth pattern of
solitary osteochondroma.

Surgical removal of osteochondromas is not usually
indicated, especially in childhood. However, surgical
resection is indicated for osteochondromas developing in
adolescence after puberty or in adult patients with pain,
increased size, mechanical complications and malig-
nant transformation. Surgical management of thoracic
osteochondroma, with excision for painful, sympto-
matic, malignant lesions or lesions adjudged to be at risk
of intrathoracic complications, yields good outcomes in
terms of symptom control, establishing histologic diag-
nosis, and prevention of thoracic complications [27].
Cases of rib exostosis were surgically approached using
different techniques. Minimally invasive thoracoscopic
techniques are the preferred method for surgical man-
agement of patients with symptomatic costal osteo-
chondromas, but mini-incision thoracotomy is needed
depending on factors including dimension of the rib
lesion and localization involving the rib [9, 10, 13, 14,
16, 18, 19, 21]. In our case, costal osteochondroma was
resected safely via limited thoracotomy with the aid of
VAT. VAT can help visualize the internal thoracic struc-
tures at locations that are hard to reach and inaccessible
through other imaging modalities. Various studies have
shown that the surgical resection of osteochondroma is
necessary to avoid further complications of hemothorax,
pneumothorax or intercostal neuralgia. However, osteo-
chondroma of the ribs can even be conserved if not asso-
ciated with complications and patient does not need to
undergo unnecessary surgery [28].



Page 5 of 8

(2022) 17:230

Pan et al. Journal of Cardiothoracic Surgery

30| 1uddelpe 1DUXD uled (1
wbeiydeig Awojodeioy | JO sise1dajaly SOA Yy 1ybiy ‘sIs9IUadRIOY] 1S3y papis-1ybry SUON SUON 4/€1 /007/0ullely v
$1S0150X3 9|diynw
[eljiuIey Jo A10isiy
12'9x0 uted Ajiwey ‘219ymas|a (2] 9002/ Bueny
mouun uoneAIdSqO SUON SOA Y1/ 1ybry ‘Sis9juadRIOY| 153U papIs-1ybry 3SIDISXT  SPWIOIPUOYD031SO 1/6 Buoy-uensH
$1S0150X3 9|dinw
[eljiuey Jo A10isiy
12'9x0 uted Ajiwey ‘219ymas|a (911 9007/ ewiys
wberydeig VA SUON SOA U6 1ybly  ‘obeurelp d1deIoy]  1S3YD papIs-1ydiy SUON  SBWOIPUOYD03ISO  UBN/E|  -NSIBN dpIYnzey
129X eaudsAp ‘ured
wbelydelg Awolodeioy  Yuys [eunseipsiy SOA W9 ya ‘sbeutelp ddeioy 159> PapIs-Ya1 SUON SUON 4/11 [S1] S00T/uIr 300M
uopdeal
109X |ebenosea ‘eau obe yiuow 1] 5002/2nQ
punq VA SUON SOA Y18 Yo7 ‘sisouadeioy]  -dsAp ‘uled 1s9yD MOoUNUN e uled 3oeq mon 4/51 -Wweyd yur reyy
xeloyl
Awoyodesoyy 1D79XD ured -ownaudolpAy [e1] €00z/1uig
puny pajwi| pue YA QUON SOA Y6 1ybly  ‘obeutelp d1oeIOy] 159D papIs-1ybly MOUNUN snosueiuods N/9€ 0IPUBSS3|Y
yiealq
1DYXD  jossaumoys ‘ued [z1] €00c/el
wbeiydeig Awojodeioy | SUON SOA y191ybry  ‘sbeuteipdpeIoy]  159YD PapIs-1ybly EZCENIS SUON N/0Z -[eH "\ W23sep
104x0 uled (111 Looz/
wniplesuad Awojodeioy | QUON SOA Uiy Yo ‘SIS91UdRIOY | 159UD PapIS-Ya]  ISIDI9X3 SNONUINS SUON /LT ueyong o yuay
SISO1SOXD
1D9X0 s|dnnw jerjiuey [01] 2661/Ms
wbeiydelg VA SUON SIA U6 1ybiy ‘sisouadeIoy]  2d0odUAS ‘eaudsAiQ UON Jo KIoisiy Ajiwieq W/ZL -URWIS Y pIAeQ
1D4XxD eaudsAp ‘uted 144
Moudun Awojodeioy| SUON SOA Yy Yo7  ‘obeutelp opesoy 159D papIs-4a Mmousun SUON 4/9€  $661/U0SIIR Y N
eluowl 1DY¥D uled EIENVENE] 6]
einald IVA  -naud ‘sise1dsay SOA [CRISRIV]SIY 'SIS9IUSDRIOY ] 159D Papis-1ybly MOUNUN  SEWOIPUOYI0ISO N/E 661/ S2IPWOL N S
eaudsAp
1D'YxD 'ssaulzzip ‘uled SY99M OM] [8]
wbeiydeig Awojodeioy | QUON SOA Y12 Yo ‘SISo1ULdRIOY | 159D papIs-4a] SUON  J0j ured Jsp|noys /%L 0661/ SP|ouAay Y [
uted Japnoys 1ybu
'S150150x3 9|diynw
|eljiwey jo A1oisiy
ured Ajlwie ‘219Yymas|a (/10861
einald Auwojodeioy| SUON SOA Y19 1ybly  YxD ‘sisaruadeioy]  1sayd papis-1ybiy MOUNUN  SPWOIPUOYD031SO N/6 /iaddoud v Y
uoisnya
sbulpuy J9YlQ  |eINB|d SISOISOX [BISOD
spoyiaw X9s
?)s painfu) jJuswlealr] sbuipuy A6ojoipey Jnsoubelq swoldwAs  si0ldej padnpuj £103sIH /2by 1eak/ioyiny

=2Jnlelall| 9yl WO SISO1SOXo |e1SOD \A\_E__Om \AQ pasned Xeioyloway snoaueuods JOseose) L 9|qel



Page 6 of 8

(2022) 17:230

Pan et al. Journal of Cardiothoracic Surgery

(POPNIX3 SeM 31X} ||Ny 3|qe[IeA_UN 10 sjudlled JO UOIFRWIOUI JUSIDLYNSUL YHM saInieall| ysijbu3) ‘A1961ns d1oe10y ] PaisIssy-03pIA 1VA punosey|n :n ‘Aydesbowo) paindwo) | ‘Aei-X 153y XD ‘ojewsa 4 ‘Dje W

ured

Awoiodeioyy Bun| ya 1D ’dXD 'sIs21usd  Isp|noys o) ‘uled
wberydeig pa1WI| PUB [YA 94} JO SISE1D9|91Y SIA yi9ya1  -eioyi papinb-sn 153D papIs-1a] SUON SUON 4/l 95eD JU3sald
1o'sn
Awoj0oeI0y) "YXOD ‘SIS91USDRIOYY eaudsAp ‘ured [12] 020T /we
Bun| ‘ein3|d PRUWI| PUB YA SUON SaA Y12 49 papInb-sn 159D PapIs-14a] SUON SUON /L -eyoeunIy leAed
sieak 7
uonezijoquia Aiaye djuaiyd Ul SaWl} € paLInd20
J1919y1edsueny Jaye 1ybu 2y jo uon 2doduAs Xeloyioulay 07
wbherydeig AWOJODRIOY|  -BSPARIIXS SANDY SoA U15 1461y vSa‘lD  soulje ‘esaudsAQg 351219X3 snoauejuods N/8Y  GLOT/91ed [PUIN
SIS03S0X3 o|dnnw
HESIER ured [eljiuey Jo KIo1sly
-ejoy1 Ag pasned 1D "dXD 'sis1uad [eUILIOPGE JUEl AJIUde} 2194Mas|2 [€27] L LOZ/oMO)elN
mouqun uoneAISSqO XeJoy10Wnaug SOA Y1z by -eioyi papinb-1H  -penb taddn 1ybiy SUON  SBWOIPUOYD091SO IN/OL 'S Aiobain
12%XD (611 600z/0UBYEN
wberydeig 1VA SUON SIA 419 1461y ‘sisapuadRIOy | ured 1s3yD 351219X3 SUON N/SL nAowo]
$I150150%a 9|dnNw
[eljiuIey Jo A10isiy
ured AJIUde} 2U3YMIS|2 [81]
wnipiestisd 1VA SUON SOA YL Yo 1290 1592 PopIs-}YoT] MOUNUN  SBWOIPUOYD091sO /€ 600C/0UNSIBIA'A
9d0odUAs ‘asiejew
1D 'YxD ‘sisauad - ‘ybnod aandnpoud 2IYMS|D [sa]
mouyun Awoyodeioy| SUON SaA y191ybry  -esoyl papinb-sn ‘uted 159YD 3SI2I9X]  SPWIOIPUOYD03150 IN/SL 8007/Weyeio [
uoisnya
sbulpuy JI9YlQ  |eINB|d SISOISOX [B1SOD)
spoylaw X9s
Ms painfu| jJuswiealr] sbuipuy A6ojoipey snsoubeiq swoldwAs  si0)oej padnpu| K103sIH /aby 1eak/ioyiny

(panunuod) | sjqel



Pan et al. Journal of Cardiothoracic Surgery (2022) 17:230

Conclusions

Osteochondromas are a very common entity, but rarely
occur at the ribs. Osteochondroma of the rib may cause
non-specific, occasionally serious complications for
mechanical frictions or mass effect. Thoracic CT scan
can help establish a diagnosis. Surgical intervention
should be considered for those patients with symp-
tomatic osteochondroma of the rib. Combined with
our case and literature, prophylactic surgical removal
of intrathoracic exostosis should be advocated even
in asymptomatic patients with the presentation of an
inward bony spiculation.
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