Surg Today (2007) 37:192-196
DOI 10.1007/s00595-006-3383-6

I\ SurceRy Topay
© Springer 2007

Characteristics of Thymoma Successfully Resected by

Videothoracoscopic Surgery

Yu-JEN CHENG!, Jul-SHENG Hsu?, and EinG-Long KA0?

! Division of Thoracic Surgery, Department of Surgery, E-Da Hospital/I-Shou University, 1 E-Da Road, Jiau-shu Tsuen, Yan-chau Shiang,

Kaohsiung County, Taiwan 824

2Department of Radiology, Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan
3Division of Thoracic Surgery, Department of Surgery, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan

Abstract

Purpose. The inclusion criteria were established for a
videothoracoscopic resection of early-stage thymoma.
We retrospectively evaluated the validity of these crite-
ria in the treatment of early-stage thymoma.

Methods. The computed tomography (CT) image char-
acteristics and clinical information comprised these cri-
teria. The image considerations included the location of
the tumor in the anterior mediastinum, a distinct fat
plane between the tumor and vital organs, unilateral
tumor predominance, tumor encapsulation, the exis-
tence of residual normal-appearing thymic tissue, and
no mass compression effect. All enrollees were expect-
ed to be free of pleural effusion, pericardial effusion,
paralysis of the hemidiaphragm, and the encasement
of great vessels. An elevation of either the serum o-
fetoprotein or B-human chorionic gonadotropin levels,
severe chest pain, superior vena cava syndrome, hoarse-
ness, and age less than 20 years excluded the patient
from enrollment. The heterogeneous content of the tu-
mor was not an exclusion criterion, and the tumor size
was not considered important. According to the above
criteria, 44 patients were enrolled between November
1999 and November 2005.

Results. Twenty-seven patients had stage I thymoma
and 17 had stage II thymoma. All patients success-
fully underwent a complete tumor resection using a
three-port endoscopic technique. There was no open
conversion.

Conclusions. Based on these criteria, we can select suit-
able patients to confidently perform a thoracoscopic
resection of early-stage thymoma.
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Introduction

Thymoma is the most common primary tumor in the
anterior mediastinum in adults.! A total surgical resec-
tion of the tumor is curative for resectable tumors.?? For
Masaoka stage I thymoma, a videothoracoscopic (VTS)
resection has already been accepted as an alternative
approach to a well-established sternotomy.*? For stage
II thymoma, we have reported our preliminary findings
showing beneficial results using a VTS resection.®! To
our knowledge, there has been no report in the litera-
ture describing the criteria for the selection of thymoma
that can be resected by VIS. We therefore reviewed the
image characteristics of computed tomography (CT)
and the clinical information of all our VTS-resected
tumors, and summarize the results. All these patients
were selected under the preliminary criteria which were
set up to decide whether a VTS resection can be suc-
cessfully performed to treat early-stage (Masaoka I and
II) thymoma.

Patients and Methods

Between November 1999 and November 2005, 101
cases of primary mediastinal lesions were resected with
a curative intent. Of these, 44 patients (25 women, 19
men) were enrolled for a VTS resection. The CT image
characteristics and clinical information comprised these
enrollment criteria. Computed tomography image con-
siderations included the location of the tumor in the
anterior mediastinum, a distinct fat plane between the
tumor and vital organ, unilateral tumor predominance,
tumor encapsulation, existence of residual normal-
appearing thymic tissue, and no mass compression ef-
fect. The enrollees were expected to be free of pleural
effusion, pericardial effusion, paralysis of hemidia-
phragm, and the encasement of great vessels. The eleva-
tion of the serum a-fetoprotein (AFP) or B-human


Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.276 785.197 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


Y.-J. Cheng et al.: Characteristics of VTS-Resected Thymoma

Table 1. Patient profiles
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Stage  Age (years) Sex (male:female) Mean size (cm) Follow-up (months)?
1 40.4 £ 18.8 9:18 71x39x%x21 39.6
11 423 +149 9:8 85x4.9x%x2.6 26.6

2 All patients were alive during the follow-up period

chorionic gonadotropin (hCG) levels excluded the pa-
tient from enrollment. Other exclusion criteria included
severe chest pain, superior vena cava syndrome, and
hoarseness. An age of less than 20 years was considered
to be a relative exclusion criterion. The heterogeneous
content of the tumor was not an exclusion criterion, and
the tumor size was not considered important.

The patients were placed in the lateral decubitus posi-
tion with the chest wall draped as for a thoracotomy.
They all underwent a complete thymoma resection us-
ing a three-port endoscopic technique, with the camera
port in the 6th intercostal space (ICS), posterior-axillary
line. The locations of the other two ports were selected
after the target tumor was visualized, usually in the 4th
ICS, mid-axillary line and 5th ICS, anterior-axillary line,
respectively. The sizes of the three port-incisions were
all 1cm at the beginning of the procedure. At the end,
one of the port sites was extended to remove the mass,
usually about 2-3 c¢cm in size without spreading. The dis-
section plane was initiated from the pericardial area
towards the neck base. The normal thymus tissue, if it
existed, was removed together with the tumor. In the
case of a large tumor, which obstructed the manipula-
tion space, the tumor was removed from the thoracic
cavity before the normal thymus tissue was dissected.
The peri-tumor loose tissue was swept away from the
tumor by a blunt dissection, and the adhesion band was
dissected by a coagulation hook. Injury to the phrenic
nerve was strictly avoided. The thymic vein and other
large vessels were clipped with endo-clippers. If the
freed mass was too large to be removed with a retrieval
bag, we then would cut it piece by piece in a double-
layered bag for removal. One chest tube (32 F) was
routinely retained after the operation. The diagnoses of
all resected lesions and their stages were confirmed by
clinical and histopathological examinations. Adjuvant
radiation therapy was regularly given for all cases of
stage II thymoma. Regular chest radiography, and
CT if needed, were performed during the follow-up
examinations.

Results

There were no deaths, open conversion, or major com-
plications in these 44 patients. The mean age of the pa-
tients was 41.1 £ 17.2 years. The mean blood loss was

Fig. 1. Computed tomography image. The thymoma has a
one-sided predominance and is well encapsulated. The fat
plane between the tumor and pulmonary vessel is preserved
(arrow)

118.6 £ 84.0ml and the mean operation time was 194.0
+ 76.0min. Twenty-seven patients had Masaoka stage I
thymomas and 17 had stage II thymomas. The mean
duration of hospitalization was 7.6 + 6.9 days. All pa-
tients survived without any sign of recurrence during
the follow-up period of 34.6 months. The patient pro-
files are summarized in Table 1.

Among these 44 patients, the level of serum AFP and
B-hCG were all within the normal limits. None had
malignant clinical presentations of severe chest pain,
superior vena cava syndrome, or hoarseness. On CT,
the anterior mediastinal location of the tumor, tumor
encapsulation, and a distinct fat plane between the tu-
mor and vital organ were found in all 44 patients. The
predominant location of the tumor was on the unilateral
side (Fig. 1) and this was detected in 40 of the 44 pa-
tients (91.0%). The existence of a residual normal-
appearing thymic tissue (Fig. 2) on CT imaging was
found in 38 patients (86.4%). All were free of pericar-
dial effusion, paralysis of the hemidiaphragm, and me-
diastinal great vessel encasement. There was only one
case with minimal pleural effusion on the ipsilateral side
of the tumor (2.3%). There was no mass compression
affecting the heart in any patient (Fig. 3). The hetero-
geneous content of the tumor (Fig. 2) was not an exclu-
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sion sign; 14 patients (31.8%) had heterogeneous tumor
content on CT image. The mean size of the resected
tumors was 7.8 x 4.4 x 2.4cm with the largest tumor
being 18cm long. The data profiles are summarized in
Table 2.

Discussion

The objective treatment of thymoma is the complete
removal of the tumor and all involved structures.?8!!
The extension of the resection is almost the same for
both the videothoracoscopic surgery (VTS) and trans-
sternal approaches.'*!? We use the term “videothoraco-
scopic surgery” instead of “video-assisted thoracoscopic
surgery” in this article to emphasize that there is no
accessory thoracotomy needed in the VTS procedure.
Therefore, VIS surgery, which has the advantage of

Fig. 2. Computed tomography image. The existence of nor-
mal thymic tissue (arrow) and the heterogeneous content of
the tumor in a case of a thymoma resected by videothoraco-
scopic surgery
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a small incision and rapid recovery, offers a better-
tolerated approach to treat thymoma. Because it is
minimally invasive and has an acceptable resection ex-
tent, we thus consider resection of thymomas by VTS
to meet both anatomic and surgical requirements for
successful treatment. The mean duration of 7.6-day hos-
pitalization was somewhat long for a three-port mini-
mally invasive technique, and this might be due to the
associated myasthenia gravis (MG) in 15 patients
(34.1%).

Thymoma has been reported to be best detected by
chest CT, with an 85% sensitivity, a 98.7% specificity,
and a 95.8% accuracy rate.'> Most thymomas are locat-
ed in the upper anterior mediastinum.'*!> Therefore,
one of our image characteristics is the anterior medias-
tinal location of the tumor. Although there is no hall-
mark to identify an anterior mediastinal mass as a
thymoma, the existence of thymoma can be speculated
if there is any residual normal thymic tissue beside the
mass.

Thymoma usually arises from a single thymic lobe
and then it typically extends unilaterally to one side of
the mediastinum, but bilateral extension is rarely ob-
served.'® For a VTS complete resection of thymoma, the
tumor location on the unilateral side is the most impor-
tant consideration. It is difficult to remove a bilaterally
extending tumor via a one-sided approach, especially
endoscopically. However, for small-sized thymomas, a
central location is not a contraindication for an endo-
scopic approach as shown in our four cases.

The CT images of tumor encapsulation and a distinct
fat plane between the tumor and vital organ are indica-
tive of noninvasiveness, in contrast to the thymomas
showing malignant CT characteristics as demonstrated
by invasion or tumor spread.”” A lack of mediastinal fat
obliteration does not rule out capsular invasion, but
when these planes are preserved, then extensive inva-
sion and disease are unlikely.! We therefore select our
VTS cases strictly to make sure that they fulfill this cri-
terion. This is one of the reasons that we have no open
conversion in all our VTS cases.

Fig. 3a,b. Computed tomography im-
age. a The mass compression effect to
the heart is negative in a case of a thy-
moma resected by videothoracoscopic
surgery (VIS). b A film of the same
patient 2 weeks post-VTS resection
taken for radiation therapy which
showed a complete VTS resection
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Table 2. Clinical data and computed tomography image profiles
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Positive No. Percentage
Clinical characteristics
AFP and hCG 0 0
Severe chest pain 0 0
Superior vena cava syndrome 0 0
Hoarseness 0 0
Age less than 20 years 2 4.5
Image characteristics
Anterior mediastinal location of the tumor 44 100
Tumor encapsulation 44 100
Distinct fat plane between tumor and vital organ 44 100
Predominant location of tumor in unilateral side (Fig. 1) detected in 14 patients (87.5%) 40 91.0
Existence of normal-appearing thymic tissue 38 86.4
No pericardial effusion 44 100
No paralysis of hemidiaphragm 44 100
No mediastinal great vessel encasement 44 100
No pleural effusion 43 97.7
No mass compression effect to the heart 44 100
Heterogeneous content of the tumor 14 31.8

AFP, a-fetoprotein; hCG, B-human chorionic gonadotropin

There is no mass compression effect to the adjacent
heart on CT images in all our 44 cases, which may be a
sign of elastic content. The elastic nature of the tumor
is beneficial for tumor manipulation, which is a key
point for successful VTS performance. The CT images
of pleural effusion, pericardial effusion, great vessel en-
casement, and paralysis of the hemidiaphragm are in-
dicative of more invasive tumors, and therefore they are
classified as VTS-unresectable. Despite a well-described
propensity for pleural metastasis, pleural effusions
are rarely associated with thymoma.!® Indeed, we have
rarely encountered any operable thymoma, even in an
open sternotomy, which involves pleural or pericardial
effusion. Pericardial and pleural effusions are frequent-
ly seen on imaging of thymic carcinoma,'* but not in
thymoma. Mediastinal lymph node involvement is the
major cause of pleural and pericardial effusion in cases
of advanced mediastinal malignancy, which is rarely
seen in noninvasive thymoma.

The heterogeneous content of the tumor is not an
exclusionary sign from the macroscopic view that al-
though most thymomas are solid, necrosis, hemorrhage,
and cystic degeneration can be seen in up to 33% of all
cases.! Furthermore, in our experience, the VTS resec-
tion of thymoma is not contraindicated even if the tu-
mor border is irregular or local lung infiltration is noted
on CT imaging. We can remove the locally involved
lung tissue endoscopically. Whether the tumor size is a
prognostic marker across the various thymomas and
thymic carcinoma subtypes is still not clear.!! A large
tumor size is not considered an absolute contraindica-
tion to VTS-resected surgery based on the fact that a
tumor measuring 18cm in size was VTS-resected in our

study. A large tumor size, however, does interfere with
the VTS procedure while also increasing the chance of
a open conversion.

In general, the differential diagnoses of patients
presenting with a mass in the anterior mediastinal com-
partment are also guided by the patient’s age, sex, and
associated symptoms, besides the appearance on CT."
Clinically, an elevation of serum AFP or of B-hCG is
an indicator of a germ cell tumor,” and therefore such
patients are excluded from our list. Age is also a con-
sideration. If the patients are under 20 years of age
they are excluded from our list because thymomas are
less likely.?! However, two of our patients were less
than 20 years old and they were enrolled for a VTS
thymomectomy owing to an association with MG,
which highlighted the thymoma risk. The patients de-
monstrating either locally advanced or disseminated
thymoma at the time of presentation are usually
symptomatic with significant chest pain, in contrast to
those with localized thymoma and vague chest pain."
We therefore excluded the former patients from our
list.

Magnetic resonance imaging (MRI) rarely adds much
additional information to an optimally performed
contrast-enhanced CT scan, particularly in the era of
multidetector CT (MDCT) scans.”” However, Sakai et
al. demonstrated that Masaoka Stage I and II thymomas
have an earlier peak enhancement than Stage III thy-
moma.?> However, their findings are inconclusive. The
role of positron emission tomography (PET) in the
evaluation of thymoma is also not conclusive.?*?* For
cases suspected to be thymoma, MRI and PET are not
used for a routine evaluation in our institute.
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Adjuvant radiation therapy for stage II thymoma is
widely advocated, but the evidence supporting it re-
mains controversial.?> According to the reports of Sing-
hal et al.» and Mangi et al.,?® adjuvant radiation therapy
does not improve the prognosis of completely resected
stage II thymoma. Therefore, the adjuvant radiation
therapy used in our study is not considered to affect the
outcome.

We believe this is the first report in the literature
confirming the criteria set up for performing a success-
ful resection of thymoma by VTS. The paper would of-
fer significantly more insight into these criteria if we
could describe the characteristics of lesions where VTS
was attempted but proved to be unsuccessful. However,
there was no conversion to an open sternotomy based
on these criteria.

Conclusion

Based on these criteria, it is desirable to distinguish
thymomas from more advanced ones in order to select
suitable patients for a VTS resection.
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