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Background: Thoracoscopic approaches to thymectomy and anterior mediastinal mass resection has
become increasingly common due to the potential for decreased blood loss and hospital length of stay.
However, contralateral mediastinal and phrenic nerve visualization if often difficult from these unilateral
approaches, which may affect the ability to achieve a full phrenic to phrenic dissection Herein, we present
our early experience of robotic assisted minimally invasive thymectomy (RAMIT) with simultaneous bilateral
thoracoscopy and contralateral phrenic nerve visualization.

Methods: This was a retrospective review of all sequential patients undergoing RAMIT with simultaneous
bilateral thoracoscopy from January 2015 to May 2016. This study was approved by our Institutional Review
Board (PRO15080367). Individual patient consent was waived.

Results: Twenty-six patients [median age 58 (range, 29-76) years] were included in this study. Sixteen
operations were performed for anterior mediastinal mass, 7 for non-thymomatous myasthenia gravis,
and 3 for concurrent myasthenia gravis and thymoma. Median blood loss and hospital stay were 25 mL
(range, 3-150 mL) and 3 days (range, 2-8 days), respectively. Twenty-one (80.8%) patients experienced an
uncomplicated hospital course. The highest graded complication by Clavien Dindo Classification was a grade
IIT due to pleural effusion requiring drainage via pleural catheter. One patient experienced asymptomatic
hemidiaphram palsy postoperatively. There were no 90-day postoperative deaths.

Conclusions: RAMIT with simultaneous bilateral thoracoscopy is a feasible approach that may allow
for enhanced visualization and more complete thymic resection compared to existing unilateral minimally
invasive operations. Comparative studies and long-term follow up are needed to adequately assess the
potential benefits of RAMIT.
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Introduction

Thymectomy is most commonly performed for thymoma
and other anterior mediastinal masses, and in cases of
medication-refractory myasthenia gravis with or without
associated thymoma (1-6). While median sternotomy
has been the longstanding approach to thymectomy and
anterior mediastinal resections, numerous minimally
invasive approaches have emerged in the last several
decades (7-9). These minimally invasive approaches appear
to reduce operative blood loss, pleural drainage time,
and hospitalization times, and have equivalent long-term
outcomes to the standard open approaches (10,11). In more
recent years, robotic assisted approaches have also been
added to the minimally invasive armamentarium (12-24).
Potential advantages with this technology include three-
dimensional view, a high degree of instrument and camera
control, and articulated instrumentation.

Regardless of approach, visualization of the phrenic
nerves and complete phrenic to phrenic resection remain
a central technical principal of the operation. During
unilateral thoracoscopic approaches, however, contralateral
phrenic nerve visualization is often challenging to clearly
achieve. This may limit the ability of the surgeon to safely
perform a complete phrenic-to-phrenic thymic resection
without significant potential risk of unintended iatrogenic
nerve injury. In order to potentially minimize this risk, we
incorporated a method of simultaneous and direct imaging
of the bilateral phrenic nerves utilizing independent and
synchronous video thoracoscopy of the right and left pleural
cavities with concurrent visualization of the video images by
the surgeon. This study presents our early experience using
this technique during robotic-assisted minimally invasive

thymectomy (RAMIT).

Methods
Patients

This was a retrospective review of all patients undergoing
RAMIT with simultaneous bilateral thoracoscopy at the
University of Pittsburgh Medical Center from January
2015 to May 2016. All patient information was collected in
accordance with the tenets of the Declaration of Helsinki
and the Health Insurance Portability Act. This study was
approved by the institutional review board at the University
of Pittsburgh (PRO15080367).
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Figure 1 Surgical technique video of robotic assisted minimally
invasive thymectomy (25). 0:10, positioning and port placement;
0:39, mobilization of left phrenic nerve; 1:26, pericardial
mobilization; 2:56, division of thymic horns; 5:27, contralateral
dissection with bilateral thoracoscopy.

Available online: http://www.asvide.com/watch/33092

Operative technique (Figure 1)

The authors typically perform RAMIT from a left-
sided approach, but may elect for a right-sided approach
depending on laterality of the tumor, history of previous
operations, or other concurrent pathology. The patient
is induced under general anesthesia and a double lumen
endotracheal tube is placed. The operation may be
performed without lung isolation, although overall exposure
may be difficult depending on the individual patient.
Insufflation with carbon dioxide to a pressure of 8 mmHg
is routinely used to enhance visualization as well. The
patient is placed in a semi right lateral decubitus position.
The right hemithorax is also exposed and prepped for later
contralateral thoracoscopy.

An 8-mm camera port is placed in the 5" intercostal
space at approximately the anterior axillary line. Two 8-mm

th

ports are then placed, one in the 5 intercostal space at
the mid-clavicular line, and the other in the 3™ intercostal
space approximately in the anterior axillary line. A 12-mm
assistant port is placed between and caudal to the left hand
robotic working port and the camera port, and is also used
for removal of the specimen (Figure 2).

In general, the mediastinal pleura anterior to the
phrenic nerve is incised and the nerve mobilized away
from the operative field, establishing the lateral margin
of resection (Figure 3). This dissection plane is carried
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Figure 2 Patient positioning and robotic port placement. Patient
is placed in semi right decubitus position. The right chest is also

prepped for later installation of contralateral port.

medially, sweeping all thymic tissue and fat en bloc from
the pericardium (Figure 4). The pleural incision line is
continued along the mediastinal pleura medial to the left
internal mammary artery. This dissection plane is continued
caudally, as well as medially towards the contralateral
internal mammary artery with care to remove all soft tissue
and attachments from the posterior sternal table, thus
establishing the anterior margin and also removing any
potential thymus containing tissue. Dissection is carried
to the contralateral pleura, which is opened medial to the
contralateral internal mammary artery. Superiorly, the
innominate vein is identified and all tissue dissected free
and all thymic tributary veins ligated. The left and right
thymic horns are distracted caudally with constant, gentle
retraction and resected en bloc with the specimen (Figure 5).

In preparation for contralateral (usually right sided)
mediastinal dissection and phrenic nerve mobilization,
a standard 5-mm port is placed in the right hemithorax
in the inframammary fold in the midclavicular line. A
thoracoscope is inserted, and video output from this
is linked to the robotic imaging console via dedicated
software. Thus, both the right and left thoracoscopic
images from the standard and robotic scopes are displayed
and viewed concurrently on the robotic surgeon’s console
display, allowing the surgeon to simultaneously visualize
both sides of the anterior mediastinum (Figure 6). This
technique utilized the pre-existing software that is standard
on available robotic operating systems, and does not require
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“Left lung

Figure 3 Mobilization of left phrenic nerve. The mediastinal
pleura is incised along the length of the phrenic nerve and the
nerve is mobilized from the thymus and/or associated thymic mass.

n., nerve.

Figure 4 Pericardial dissection. All thymus, pericardial fat, and

mediastinal soft tissues are mobilized en bloc from the pericardium.

Figure 5 Superior horn division. The left and right superior horns
are retracted caudally and divided with the ultrasonic shears. v.,

vein.
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Figure 6 Bilateral thoracoscopy. Video output from contralateral
thoracoscope is connected to robotic console, allowing the primary
surgeon to maintain simultaneous bilateral visualization of the

mediastinum.

downloading of additional software. The bedside assistant
controls the contralateral thoracoscope, maintaining
synchronous visualization of the right phrenic nerve as
the thymectomy is completed via the left sided robotic
instruments. Thus, a complete phrenic-to-phrenic en bloc
resection is ensured while minimizing risk of contralateral

nerve injury.

Results
Patient demographics

"Twenty-six consecutive patients undergoing RAMIT with
simultaneous bilateral thoracoscopy were included in
this study. The majority of patients were female (61.5%)
with median age of 58 years (range, 29-76 years). Seven
operations (26.9%) were performed for non-thymomatous
myasthenia gravis, 3 (11.5%) for myasthenia gravis with

thymoma, and 10 (38.5%) with thymoma only.
Operative characteristics and outcomes

Twenty-two (84.6%) patients received RAMIT from a
left-sided approach, and 4 (15.4%) from a right-sided

© Journal of Thoracic Disease. All rights reserved.
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approach. In 4 cases, a second 5 mm contralateral port was
placed for lung retraction and adequate visualization of
the contralateral mediastinum and phrenic nerve. Median
operative time and estimated blood loss were 188 minutes
(range, 140-312 minutes) and 25 mL (range, 3-150 mL),
respectively (1able I). In most cases, a single transmediastinal
chest tube was placed. In one case, a planned en bloc
resection of a phrenic nerve was performed due to direct
invasion from a thymic squamous cell carcinoma (stage
T2NO). In this case, a wedge resection of both the left
upper and lower lobes was performed. One patient had a
patent left internal mammary to left anterior descending
coronary artery bypass graft which was mobilized away
from the operative field. There were no conversions to non-
robotic thoracoscopic or open procedures.

Pathological assessment

Thymoma [10 (38.5%)] and thymic hyperplasia [6 (23.1%)]
were the two most common histological diagnoses (1able 2).
Thymomas were predominantly Masaoka stage Ila
[9 (90.0%)] and WHO histological type AB [6 (60.0%)].
In two cases, microscopic positive margins were identified
on final pathology assessment at the anterior (substernal)
margins. In both of these cases, initial frozen section margin
evaluation was negative at the time of surgery. Both patients
underwent subsequent adjuvant radiotherapy.

Postoperative complications and outcomes

Median intensive care unit and hospital length of stay
were 1 day (range, 0-3 days) and 3 days (range, 2-8 days),
respectively (Table I1). Twenty-one (80.8%) patients had a
postoperative course free from complications. The highest
Clavien-Dindo graded complication was a pleural effusion
that developed in a patient with previous sternotomy
and coronary artery bypass grafting. For this patient, a
pigtail catheter was placed and was able to be removed
within two days. One patient underwent re-intubation and
plasmapheresis for myasthenia gravis. This patient had
concurrent myasthenia gravis and thymoma. One patient
with MG and concurrent hemangioma, initially thought
to be thymoma, required significant and tedious neurolysis
to release the phrenic nerve from dense pleural scarring
associated with the mass. Although the nerve was clearly
intact at the conclusion of the dissection, the patient did
develop an asymptomatic ipsilateral hemidiaphragmatic
palsy. This palsy was transient, and patient had full
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Table 1 A summary of demographic, intraoperative, and postoperative outcomes and complications following RAMIT with bilateral mediastinal

thoracoscopy

Demographics

Perioperative outcomes

Age, years, median [range]
Female gender
Indication for surgery
MG with thymoma
Non-thymomatous MG
Anterior mediastinal mass
Total operative time, min, median [range]
Estimated blood loss, mL, median [range]
Chest tubes, median [range]
Pleural drainage time, days, median [range]
ICU LOS, days, median [range]
Hospital LOS, days, median [range]
Complications by Clavien Dindo grade
Grade |
Atrial fibrillation
Supraventricular tachycardia
Urinary retention
Transient hemi-diaphragm palsy
Grade Il
Myasthenic crisis requiring re-intubation
Grade llI

Pleural effusion requiring drainage

58 [29-76]
16

3
7
16
188 [140-312]
25 [3-150]
1[1-2]
1 [1-5]
1[0-3]
3 [2-8]

ICU, intensive care unit; LOS, length of stay; MG, myasthenia gravis.

recovery. Median follow up time for patients with either
thymoma or thymic carcinoma in this series was 7.3 months
(range, 13 days—12.7 months). There was one death at
5.8 months postoperatively due to complications of
idiopathic pulmonary fibrosis. There were no cancer
recurrences.

Discussion

In this series, we present the feasibility of simultaneous
bilateral thoracoscopy during RAMIT. This technique offers
additional and concurrent visualization of the contralateral
phrenic nerve and vascular structures while maintaining
operative times, blood loss, and ICU and hospital stays

© Journal of Thoracic Disease. All rights reserved.

comparable to other robotic experiences (Table 3) (12-24,26).
While minimally invasive approaches to thymectomy
appear to reduce bleeding, intensive care and hospitalization
times when compared to traditional median sternotomy,
long-term outcomes data is lacking (11). Currently, it is not
well understood whether the quality and completeness of
thymic resection is maintained though minimally invasive
approaches, especially in the setting of myasthenia gravis
where resection of small amounts of residual thymus have
demonstrated therapeutic results (27-29). Such findings
may be in part why more limited approaches just as the
transcervical approach have not been widely adopted.
Thoracoscopic approaches provide excellent visualization
to the anterior mediastinum. A unilateral approach,
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Table 2 Histological characterization of resected thymoma and anterior mediastinal masses

Characters Value
Histological identification
Malignant histology, No. (%)
Thymoma 10 (38.5)
Thymic carcinoma 2(7.7)
Hodgkin’s lymphoma 1(3.8)
Benign histology, No. (%)
Thymic hyperplasia 6 (23.1)
Thymic cyst 5(19.2)
Teratoma 1(3.8)
Castleman disease 1(3.8)
Thymoma characteristics, n=10
Diameter, cm, median [range] 5.0 [2.5-7.2]
Completeness of resection, No. (%)
RO 8 (80.0)
R1 2 (20.0)
Pathological Masaoka stage, No. (%)
| 1(10.0)
lla 9(90.0)
WHO histological stage, No. (%)
A 1(10.0)
B1 2 (20.0)
B2 1(10.0)
AB 6 (60.0)

WHO, World Health Organization.

however, does not necessarily provide adequate visualization
of the contralateral side nerve and extent of thymic tissue.
"This may potentially compromise completeness of resection
and/or increase the risk of contralateral phrenic nerve
or vascular injury. The reported rates of phrenic injury
in the existing literature, however, are exceedingly low,
with only one robotic series documenting a long-term
phrenic injury (7able 3). To restore bilateral mediastinal
visualization, bilateral thoracoscopy has been described
(30,31). Arguably, these approaches allow the surgeon
to improve the extent of thymic resection with greater
confidence to avoid injury to the contralateral nerve. A
potential limitation of this approach is the ability to provide

© Journal of Thoracic Disease. All rights reserved.

only unilateral visualization at any given moment. Also, a
full complement of working ports is required to work on
the contralateral side. Patient repositioning may be also be
required. While the impact is likely small compared to the
benefit gained, it is not known how such approaches may
differentially affect operative time, and post-operative pain
and morbidity. Bilateral simultaneous thoracoscopy during
RAMIT may be an approach to moderate some of the
putative limitations of standard bilateral thoracoscopy. The
procedure maintains the high degree of instrument control
offered by robotic surgical platforms, allows for efficient
and concurrent bilateral mediastinal visualization, and
obviates the need for additional contralateral working ports

7 Thorac Dis 2020;12(2):114-122 | http://dx.doi.org/10.21037/jtd.2020.01.11
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Table 3 Literature review of other institutional experience of robotic assisted minimally invasive thymectomy

Author Year pa-:-tci)::ts Indications  Approach i:qzr,art:ils En?:: ’ IClc:aI;SS, Llél)c;s,r;i;a;ls Conr\gi;sion Morbidity F:::E:/C
Keijzers 2015 125 MG = thymoma R 123 - - 3 4% 7% -
Ye 2014 23 Thymoma R, L 97 61 - 3.7 0% 4% 0
Seong 2014 34 All R, L, B/L 157 139 - 2.7 3% 0% 0
Jun 2014 55 All R 140 - 1.8 7.2 0% 11% -
Marulli 2013 100 MG + thymoma L 120 - - 3 0% 6% 0
Melfi 2012 39 All L 134 - - - 4% 7% 0
Schneiter 2012 68 All - - - - 5 0% 10% 0
Freeman 2011 75 MG only L 113 - 0.9 2.2 1% 9% 0
Cerfolio 2011 50 All L 119 - - 1 - 14% 0
Goldstein 2010 26 MG + thymoma R 127 - - 2 15% - 0
Castle 2008 26 All R 210 30 - 1 - - 0
Ruckert 2008 106 MG = thymoma L 186 - - - 1% 2% 1(0.9%)
Augustin 2008 32 MG + thymoma R - - - 6 3% - 0

R, right; L, left; B/L, bilateral; EBL, estimated blood loss; ICU, intensive care unit; LOS, length of stay; MG, myasthenia gravis.

and patient repositioning. While this technique may not
be required for all cases of mediastinal resection, this study
has shown its feasibility and may serve as a surgical adjunct
for cases where visualization is compromised due to either
large degree of mediastinal fat and obstructing soft tissues
or difficult patient habitus and/or anatomy. Future studies
will be required to identify and elucidate the presence and
magnitude of potential benefits.

"This study has several limitations. This was a retrospective
review of a small single center experience using bilateral
thoracoscopy during RAMIT. The patient cohort is
heterogeneous in terms of pathology and indication for
operation. Also, this study represents a non-controlled case
series with no direct comparison to other operative approaches.
While the authors have made inferences regarding benefits of
this approach, longer-term prospective data and patient follow
up is needed to fully evaluate the outcomes of this technique in
comparison to other operative approaches.

Conclusions

RAMIT with simultaneous bilateral thoracoscopy is a
feasible approach that may provide a higher degree of safety
and allow for a more complete phrenic-to-phrenic thymic
resection in comparison to comparable unilateral minimally
invasive operations. Comparative studies and long-term

© Journal of Thoracic Disease. All rights reserved.

follow up are needed to adequately assess the potential
benefits of RAMIT.
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