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Background: The hemi-clamshell (HCS) approach provides a wide anterior view of the mediastinum as
well as outstanding exposure of the pulmonary hilum. Here, we evaluated the utility and outcomes of this
approach in cases of advanced thymic malignancy with hilar invasion.

Methods: We performed a retrospective analysis of 14 patients with thymic epithelial malignancy surgically
resected with an HCS approach. All required lung resection because of suspected pulmonary hilar vessel
invasion.

Results: Histological findings showed that 8 patients had a thymoma and 6 a thymic carcinoma. Thirteen
patients underwent lung resection, a lobectomy or bilobectomy in 8 and wedge resection in 5, while 1 had an
exploratory thoracotomy. Seven patients with a thymoma underwent resection of disseminated lesions and 8
of 10 who underwent phrenic nerve resection received diaphragmatic plication through an HCS procedure.
There were no postoperative mortalities. Macroscopic complete surgical resection was achieved in 13 cases.
Conclusions: An HCS approach was helpful for lung resection performed for advanced thymic malignancy
with hilar invasion by providing multiple access paths to the tumor and hilum, allowing for a sufficient

surgical margin. Furthermore, it was useful for resection of disseminated lesions and diaphragmatic plication.
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Introduction to the hilar, such an approach is not adequate, because

Epithelial tumors of the thymus, including thymoma the tumor itself blocks the surgical view and complicates
thymic carcinoma, and thymic carcinoid, are the most mampulatlol.“l. ) )
commonly encountered type of mediastinal tumors (1,2). The hemi-clamshell (HCS) approach s a surgical method

They occasionally invade or disseminate to surrounding that includes a partial median sternotomy and anterior

tissues, such as the aorta, superior vena cava (SVC), thoracotomy, and may also include cervical extension (4),

pericardium, or diaphragm, which makes complete resection which provides outstanding exposure to the apex of
difficult, though rarely metastasize to distant extra-thoracic the chest. Thus, large and apical intrathoracic tumors,
sites (3). When invasion is located near the center of the cervicothoracic masses including superior sulcus tumors,
body, resection can be performed via a median approach. and trauma to the subclavian or innominate vessels are
However, when a lobectomy is needed because of invasion the most common indications for HCS (5). Furthermore,
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Figure 1 CT scan images from a representative case. A mediastinal
tumor suspected of invading the pulmonary trunk (A) and left
upper pulmonary vein (B), together with the pericardium or

ascending aorta.

this approach also provides a wide anterior view of the
mediastinum, making it useful for mediastinal surgery,
especially in cases of advanced malignancy. Unfortunately,
there are few case reports showing adaptation and
advantages of this approach for thymic malignancy. We have
used an HCS approach for complete resection of advanced
thymic malignancy when preoperative imaging suggests
tumor invasion of the unilateral pulmonary hilum.

For this study, we retrospectively investigated 14 patients
who underwent an operation with an HCS approach for
advanced thymoma or thymic cancer with lung invasion in
order to evaluate its advantages.

Methods
Patients

This was a retrospective analysis of 14 patients with
thymic epithelial malignancy who underwent surgical
resection between 2010 and 2016 at Osaka University
Hospital. Approval for this study was provided by our
Institutional Review Board (#10026-3), and written
informed consent for surgery and this analysis was
obtained from each patient.
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Treatment strategies

All patients with a thymic tumor underwent chest computed
tomography (CT), while some also received chest magnetic
resonance imaging (MRI) to determine the degree of
invasion to surrounding organs. When a tumor showed
only contact with or slight invasion of a large vessel,
surgical resection was immediately planned. If complete
resection was not expected because of severe tumor invasion
to surrounding organs, a tumor biopsy using CT-guided
or video-assisted thoracic surgery (VATS) was performed,
then induction therapy was scheduled according to the
diagnosis. For the thymoma patients, chemotherapy, which
usually included cisplatin and doxorubicin, was given,
with steroid pulse therapy also utilized in some. For the
thymic carcinoma patients, radiotherapy was generally
performed concurrently with chemotherapy. Most of the
chemotherapy regimens included cisplatin and docetaxel,
though carboplatin, paclitaxel, and etoposide were given
instead to some patients. Following induction therapy,
resectability was judged again using chest CT findings,
then surgical resection was planned within 4 to 8 weeks
after completion of therapy. Thymoma patients with
disseminated lesions were considered to be indicated for
surgery, while disseminated lesions in thymic carcinoma
patients were thought to be a contraindication for surgery
and chemoradiotherapy was continued in those cases. Most
patients with a thymic tumor underwent surgical resection
via a median approach, while an HCS approach was selected
for those who required a lobectomy, because of suspected
invasion of the lung parenchyma or hilar vessels.

Representative case

Chest CT findings of a representative case are shown
in Figure 1. The patient was a 41-year-old male with
myasthenia gravis. A mediastinal tumor 7 cm in diameter
was found on the left side, and invasion to the pulmonary
trunk and left upper pulmonary vein together with
the pericardium or ascending aorta was suspected. We
performed an extended thymectomy via an HCS approach
with excision of the tumor, left upper lobe, disseminated
lesions, pericardium, and left phrenic nerve. Although
tumors with invasion to large vessels of the mediastinum
can be resected via a median approach, HCS was needed
in this case to resect the mediastinal tumor showing hilar
invasion.
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Figure 2 Representative surgical view offered by the HCS
approach, by which a wide antero-lateral view of the mediastinal

vascular complex can be obtained. HCS, hemi-clamshell.

Operative procedure

In general, the operative procedure used in the present
cases was based on our previous report regarding an
HCS approach for advanced primary lung cancer (6,7).
The patient is placed in a semi-lateral decubitus position
and secured firmly to the surgical bed to allow for
rotation. Prior to beginning this approach, we often use
thoracoscopic inspection for confirmation of tumor invasion
extending to the hilum as well as to rule out dissemination
in patients with thymic cancer. A cutaneous incision with
an L or inverted L shape is used so as to avoid a T-shape.
Thoracic access is then obtained with an upper median
sternotomy, and a fourth or fifth intercostal thoracotomy,
followed by retraction of the flap of the anterior chest wall
in a vertical direction (Figure SI). When tumor involvement
includes the apex of the chest such as the subclavian vessels,
we perform a pulmonary resection via an HCS approach
after dividing the first costal cartilage to provide greater
lift of the flap of the chest wall, which allows lateral access
to the subclavian vessels (7). For cases with deep pleural
dissemination, a fifth intercostal thoracotomy is selected.
In most of the present cases, an ipsilateral collar incision is
added to obtain a wider view and prevent skin tightening. A
representative surgical field obtained with our HCS method
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is shown in Figures 2 and S2.

Results

At Osaka University Hospital, 144 patients underwent
surgical resection for thymic malignancies between 2010
and 2016. Of those, 14 (9.7%), including 5 males and 9
females, underwent a radical resection via an HCS approach.
Clinical information for each patient is summarized in
Table 1. Median age at the time of surgery was 52.9 years
(range, 30-77 years). Histological findings showed that
8 patients had a thymoma and 6 a thymic carcinoma. Of
the thymoma patients, 2 were classified as World Health
Organization (WHO) type Bl, 2 were B2, 2 were B3, and
2 were combined B2 and B3. The thymic carcinoma group
consisted of 3 with a squamous cell carcinoma, 1 with
a large cell neuroendocrine carcinoma, 1 with a poorly
differentiated carcinoma, and 1 with a mucoepidermoid
carcinoma. The median size of all tumors was 81.5 mm (41—
124 mm). At the time of initial staging, thymic carcinoma
patients were given a diagnosis of Masaoka-stage III and
thymoma patients were IVa. A list of organs with clinically
suspected infiltration in the patients is shown in 7able 2.

All patients underwent tumor resection with a
thymectomy, with an extended thymectomy performed for
2 with myasthenia gravis. In 4 cases, we initially intended to
perform a median full sternotomy and then later converted
to an HCS approach, resulting in a T-shape skin incision
(Table 2). A fourth intercostal thoracotomy was performed in
9 and a fifth in 5 for the HCS approach. As shown in 7able 3,
13 of the 14 patients underwent lung resection, with a
lobectomy performed in 7, a bilobectomy in 1, and a wedge
resection in 5, while the remaining patient underwent an
exploratory thoracotomy. Organs resected included the
phrenic nerve in 10, pericardia in 9, left innominate vein
in 6, vagal nerve in 2, aortic arch in 1, and SVC in 1, with
overlap in some cases. Eight of 10 patients with phrenic
nerve resection underwent diaphragmatic plication through
an HCS approach to prevent paradoxical diaphragmatic
movement. All thymoma patients, except the 1 who
underwent an exploratory thoracotomy, had disseminated
lesions resected via an HCS approach incision. The median
operative time was 417 minutes (203-678 minutes) and
blood loss was 1,440 mL (330-5,500 mL). Four patients had
cardiovascular complications that did not require treatment,
including 2 with tachycardia, 1 with atrial fibrillation, and
1 with pericardial effusion. One patient had intrapleural
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Table 1 Patient characteristics

Case Age/gender Tumor size (mm) Histology Histological type Clinical stage C?;:E::::Zsy Prre;c;pi):;itri]ve
1 30/F 58 Thymoma B1 IVa (=) (=)
2 41/M 70 Thymoma B2 IVa (=) (=)
3 41/F 113 Thymoma B3 > B2 IVa ADOC (=)
4 44/F 124 Thymoma B1 IVa CODE, CAMP =)
5 49/F 80 Thymoma B3 IVa ADOC (=)
6 54/F 89 Thymoma B2 > B3 IVa CAMP (=)
7 66/F 65 Thymoma B3 IVa (=) (=)
8 75/F 124 Thymoma B2 IVa Steroid pulse (=)
9 37/M 65 Thymic ca. Un-dif 11l Cis/Doc 40
10 44/M 100 Thymic ca. LCNEC 11l Cis/VP16 45
11 45/M 41 Thymic ca. Squamous 11l Cis/Doc 50
12 63/F 58 Thymic ca. Squamous 11l Car/Pac 50
13 74/M 65 Thymic ca. Squamous 1] Car/Pac (=)
14 77/F 89 Thymic ca. Mucoepi 11l (=) (=)

Thymic ca., thymic carcinoma; un-dif, undifferentiated carcinoma; LCNEC, large cell neuroendocrine carcinoma; squamous, squamous cell
carcinoma; Mucoepi, mucoepidermoid carcinoma; ADOC, Adriamycin, cisplatin (CDDP), vincristine (VCR) and cyclophosphamide; CODE,
CDDP, VCR, doxorubicin (DXR) and etoposide; CAMP, CDDP, DXR, methylprednisolone; Cis, CDDP; Doc, docetaxel; VP16, etoposide; Car,
carboplatin; Pac, paclitaxel; PR, partial response; SD, stable disease.

Table 2 Clinically suspected infiltrated organs

Clinically infiltrated organ Converted to HCS-A

Case Histology

Lung Hilar Pleural Aorta Others from sternotomy
1 Thymoma ° ° ° °
2 Thymoma ° ° °
3 Thymoma ° ° Right atrium, SVC °
4 Thymoma ° ° °
5 Thymoma ° ° ° ° Left BCV
6 Thymoma ° ° ° Left BCV °
7 Thymoma ° ° ° Left BCV
8 Thymoma ° ° ° ° Left BCV
9 Thymic ca. ° ° ° Left BCV
10 Thymic ca. ° ° °
11 Thymic ca. ° ° °
12 Thymic ca. ° ° ° Left BCV, chest wall
13 Thymic ca. ° ° °
14 Thymic ca. ° °

The black dot indicates the suspicion of inflation to each organ. Thymic ca., thymic carcinoma; hilar, hilar vessels; pleural, pleural
dissemination; SVC, superior vena cava; BCV, brachiocephalic vein; HCS-A, hemi-clamshell approach.

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com 7 Thorac Dis 2018;10(12):6475-6481



Journal of Thoracic Disease, Vol 10, No 12 December 2018 6479

Table 3 Operative procedure of the lung and surgical results

Case Histology Oper;t it\fe FI)L?](;dure Complication ~ Completeness Patr;:);cg)gical Relapse (yZZ?S) S(;;\;irvs?l Outcome
1 Thymoma LU-Lo Pneumothorax Complete IVa (=) N/A 3.6 Alive

2 Thymoma LU-Lo None Complete IVa Dissemination 1.0 5.2 Alive

3 Thymoma RU, M-BL None Incomplete IVa Dissemination 2.8 4.9 Alive

4 Thymoma RU, M, L-W None Complete IVa Dissemination 0.6 5.4 Alive

5 Thymoma LU-Lo Pericardial Complete IVa Dissemination, 2.6 51 Alive

effusion LN

6 Thymoma LU-W SSI Complete IVa Dissemination 2.0 2.6 Alive

7 Thymoma - None Incomplete** IVa Residual tumor N/A 3.4 DOT

8 Thymoma LU-Lo None Complete IVa Dissemination 2.8 3.0 DOO

9 Thymic ca. LU-W None Complete 1 (=) N/A 5.2 Alive
10 Thymic ca. LU-Lo Bleeding, Complete 1l (=) N/A 6.5 Alive

tachycardia

11 Thymic ca. LU-W None Complete 1l Lung 0.6 2.8 Alive
12 Thymic ca. LU-Lo Tachycardia Complete 11 (-) N/A 6.5 Alive
13 Thymic ca. LU-W None Complete 1l (=) N/A 1.7 Alive
14 Thymic ca. LU-Lo Atrial fibrillation Complete IVb (=) N/A 4.4 DOO

* L, left; R, right; U, upper; M, middle; L, lower; Lo, lobectomy; W, wedge resection; BL, bi-lobectomy. **, Case 7 was performed
exploratory thoracotomy only. LN, lymph node; DFS, disease free survival; N/A, not applicable; SSI, surgical site infection; DOT, dead of

tumor; DOO, dead of other causes; thymic ca., thymic carcinoma.

bleeding after the operation for which surgical intervention
was performed. The median postoperative hospital stay
was 21.0 days (10-30 days). There were no postoperative
mortalities.

Macroscopic complete surgical resection was achieved
in 13 patients. Complete resection could not be achieved
in Patient 7, who underwent an exploratory thoracotomy
because of tumor infiltration into the pulmonary trunk with
pericardial dissemination. Pathologically, 5 patients were
given a diagnosis of Masaoka-stage III, 8 stage IVa, and 1
stage IVb because of metastasis to the anterior mediastinal
lymph nodes. All patients with thymic cancer underwent
microscopic complete resection to the resection margin,
while 7 with a thymoma underwent macroscopic complete
resection of disseminated lesions.

The median follow-up period was 5.4 years. At the time
of analysis, 3 patients had died, 1 from thymoma recurrence
and 2 from other diseases (Table 3). Of the 11 living patients,
6 thymoma and 1 thymic carcinoma patients were alive with
relapse.
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Discussion

To perform a secure surgical procedure in cases of advanced
malignancy, wide exposure is mandatory and of primary
importance. Although a median sternotomy is the gold
standard for access to the mediastinum, that approach does
not provide an adequate view for accessing the upper and
lower chest cavity or deeper inside, and the optimal surgical
approach for advanced thymic malignancy cases remains a
point of discussion (8). The HCS approach has been shown
to provide excellent exposure of tumor-infiltrated organs
(9,10). At our institution, we use such a technique for
patients with thymic malignancy who require a lobectomy
because of suspected hilar vessel invasion. For successful
lung resection, the HCS approach is helpful by providing
multiple points of access to the tumor and hilum, as well as
the interlobar surface.

Among the present cohort, a lobectomy was avoided
in 5 patients who underwent a wedge resection, because
intraoperative findings showed that the tumor had invaded
the lung parenchyma but not hilar vessels. We have found

7 Thorac Dis 2018;10(12):6475-6481
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that even in patients who undergo a wedge resection of the
lung, the wide view provided by this approach is helpful for
a safe lung resection procedure with a sufficient surgical
margin, as well as providing multiple access options to
the tumor and hilum. We have also found that an HCS
approach is useful for resection of deep pleural disseminated
lesions and also suitable for diaphragmatic plication in
cases with phrenic nerve resection, which are advantages
frequently needed for successful resection of advanced
thymic malignancy.

Some have reported that surgical debulking is an
acceptable procedure for an invasive thymoma, because of
the potential for favorable outcome (11). We agree with that
concept and prefer conservative treatment with resection of
visible disseminated nodules by use of a partial pleurectomy
in patients classified as Masaoka stage IVa. While
macroscopic total resection appears to be a promising
prognostic factor for stage IVa, a pleuropneumonectomy
also seems to be warranted for a small number of highly
selected patients with an advanced or recurrent thymoma
extensively involving the pleural space (12). Thus, we often
perform a partial or subtotal pleurectomy, and remove as
much of the disseminated tumor as possible in patients with
a stage IVa thymoma using HCS.

A previous study reported that due to the anatomical
course of the phrenic nerve along the mediastinal
pleura adjacent to the thymus at the level of the upper
mediastinum, it is involved in up to 33% of advanced stage
thymoma cases (13). When the involvement is unilateral,
phrenic nerve resection is possible and may be necessary,
because it is associated with a loss of vital capacity of up to
one third (14). When the phrenic nerve is not detected in
the mediastinal pleura due to tumor invasion, we basically
resect that with the tumor and then perform diaphragmatic
plication. When thymic cancer has invaded the phrenic
nerve, we routinely resect it along with the tumor.

There are some disadvantages associated with the HCS
approach, such as need for an extended incision, which
may lead to a flailed chest, rib fracture, or neuralgia (4).
However, we have never encountered postoperative
paradoxical chest wall motion or rib fracture in such patients
treated at our institution. Additionally, this approach usually
includes an L-shaped sternum disconnection technique in
contrast to a T-shape, which may be an advantage to maintain
the rigidity of the chest wall. As for potential rib fracture, the
wide operative field can prevent excess pressure on bones,
causing breakage. As for neuralgia and postoperative wound
pain, we usually administer a non-steroid anti-inflammatory
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drug (NSAID) after the epidural anesthesia administration
has finished. All in the present cohort stopped medication for
postoperative wound pain at an average of 1.5 months after
the operation, with the exception of 1 patient who continued
taking pregabalin for up to 3 months. Thus, pain was reduced
despite the length of the wound. A potential limitation of this
approach is that it does not allow full access to the posterior
thoracic cavity. We previously reported a patient with a huge
thymoma with multiple pleural dissemination, for whom we
performed a pleuropneumonectomy (12). For such cases, a
one-step surgical procedure using a median sternotomy in
combination with a posterolateral thoracotomy may be an
alternative. When the thymoma has invaded hilar vessels with
dissemination in the posterior thoracic cavity, we often add
support with video thoracic surgery to the HCS approach for
a pleurectomy.

Complete surgical resection and Masaoka stage are
important prognostic factors for thymic malignancy (15,16).
In our study, complete resection was achieved in 13 of 14
patients despite the fact that all were in an advanced stage.
After a median follow-up period of 5.4 years, 11 were
alive, including 5 of 6 patients treated for thymic cancer
and 1 of 8 for a thymoma without recurrence. Six patients
with a thymoma had recurrence in the pleural cavity, and
underwent a repeated resection or radiotherapy for pleural
dissemination, thus the disease is considered to be well
controlled. Although our study population was small and
the observation period not long, our results of surgical
intervention with curative intent for patients with advanced
thymic malignancy are encouraging.

In conclusion, we found that the HCS approach provides
a wide surgical view, making it easier to access tumor
infiltrated organs. Furthermore, it was especially helpful
for situations requiring lung hilum manipulation, resection
of disseminated lesions, or diaphragmatic plication. We
consider this approach to be an attractive option for
managing advanced thymic malignancy.
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Figure S1 An HCS approach was started with a 4™ intercostal
thoracotomy, followed by a median sternotomy, then the flap of
the anterior chest wall was retracted (17). HCS, hemi-clamshell.
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Figure S2 The hilar of the left lung was exposed, followed by the
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