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Introduction

Surgery is one of the most important treatments for patients 
with myasthenia gravis (MG) (1-3). The goal of surgery 
in these patients is to safely remove as much thymic tissue 
and mediastinal fat as possible. Sternotomy has long been 
considered an essential approach for extended thymectomy 

(4-7). However, there is no consensus as to whether 
sternotomy is better than less invasive techniques recently 
reported in terms of efficacy in MG (8,9).

Among many minimally invasive procedures, such 
as video-assisted thoracic surgery (VATS) and a robot-
assisted thoracic surgery (RATS), we believe that the 
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single-port trans-subxiphoid thoracoscopic approach is 
ideal and superior to other approaches in terms of not only 
less intercostal neuralgia, better cosmetic results, faster 
recovery, and lower cost, but also better operative views 
of the bilateral phrenic nerves and the upper area of the 
innominate vein (10,11). However, a single-port procedure 
does not allow easy manipulation, and much time is needed 
to master it.

Here, we report a promising procedure, a modified 
single-port trans-subxiphoid approach (MTXA) that 
improves the maneuverability of the single-port approach 
by adding a 5-mm port on the right side of the chest. 
Furthermore, we compared the clinical outcomes of 
extended thymectomy via our approach to those of extended 
thymectomy via sternotomy in terms of less invasiveness 
and effectiveness for MG.

Methods

This retrospective cohort study was approved by the 
Kitasato University Medical Ethics Committee (B16-233). 
All patients who underwent extended thymectomy for MG 
at our institution between January 1, 2010 and December 
31, 2016 were identified from the database of the Thoracic 
Surgery Department. We excluded patients with Masaoka 
stage III–IV thymoma and/or thymomas greater than  
5 cm because our modified trans-subxiphoid approach 
is only applicable to patients with MG and/or thymoma 
that is up to 5 cm in diameter and have no infiltration 
into the surrounding tissues. Subsequently, we divided the 
remaining patients into two groups, the MTXA group and 
the Sternotomy group, and compared the factors listed 
below.

The patients’ medical records were reviewed for age, 
sex, comorbidities, perioperative laboratory data, surgical 
procedures, history and symptoms of MG, and therapies 
for MG. The Myasthenia Gravis Foundation of America 
(MGFA) clinical classification, which is determined based 
on the worst condition of each patient, was used as one 
of the indicators of preoperative patient condition (12). 
The Quantitative Myasthenia Gravis (QMG) score and 
Myasthenia Gravis Activities of Daily Living (MG-ADL) 
scale were used to evaluate the severity of MG (12,13). 
To evaluate the effect of the two techniques on MG, we 
compared the preoperative QMG score, MG-ADL scale, 
serum level of AChR-Ab (acetylcholine receptor antibody), 
and dose of prednisone with the values at 3 months 
postoperatively because the neurologists in our institutions 

consider the condition of MG at 3 months after surgery to 
be one of the indicators of therapeutic effect on MG. The 
majority of the neurologists make it a goal to reduce the 
amount of prednisone to 5 mg or less per day within 1 year. 
Therefore, they basically reduce the dose of prednisone as 
early as possible after surgery, when the MG symptoms are 
in pharmacologic remission or show minimal manifestation. 
Oral immunosuppressive agents (cyclosporine or tacrolimus) 
are sometimes used in combination with prednisone 
basically to maintain a lower dose of prednisone.

Descriptive statistics for categorical variables are 
reported as frequency and percentage, and continuous 
variables are reported as mean (SD) or median (range) as 
appropriate. The variables in the MTXA and Sternotomy 
groups were compared using a Fisher exact test or Pearson’s 
chi-square test for categorical variables and t-test or Mann-
Whitney U test for continuous variables. A P value of <0.05 
was considered significant. All analyses were conducted 
with JMP version 11.0 (SAS Inc., Cary, NC, USA) and EZR 
[(Saitama Medical Center, Jichi Medical University; http://
www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html; 
Kanda), a graphical user interface for R (The R Foundation 
for Statistical Computing, Vienna, Austria, Ver. 2. 13.0) and 
a modified version of R commander (Ver. 1.8-4)].

Surgical technique

MTXA is performed with general anesthesia, which 
usually does not require differential lung ventilation. 
Patients are placed in the supine position with legs spread 
apart. First, the surgeon stands between the patient’s legs 
while the assistant stands on the right side of the patient 
to operate the camera. A 2.5-cm longitudinal incision is 
made below the xiphoid process. Blind blunt dissection 
with fingers is used to open the retrosternal space. A 
single port, a GelPOINT Mini (Applied Medical, Rancho 
Santa Margarita, CA, USA), is inserted into the incision 
through which carbon dioxide gas (CO2) is insufflated at a 
pressure of 8–10 mmHg. A long rigid endoscope of 50 cm 
in length, with a diameter of 5 mm and angle of 30 degrees 
(Stryker Japan KK Inc.) is used because it helps to minimize 
interference between the forceps in the right hand of the 
surgeon and the camera head of the assistant inserted from 
the single subxiphoid port. The surgeon holds a long, 44-cm  
LigaSureTM Maryland vessel sealing system (Covidien, 
Mansfield, MA, USA) in his right hand and dissects the 
retrosternal space toward the head side of patient. The right 
pleural cavity is entered, and a 5-mm port is placed in the 
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5th intercostal space on the lateral side of the midclavicular 
line. Then, the surgeon switches places with the assistant 
standing to the right side of the patient. Use of the forceps 
with the left hand through the additional port dramatically 
improves operability and enables more delicate movements. 
The left pleura are opened. CO2 insufflation, which pushes 
the bilateral lungs, innominate vein, and pericardium 
away, provides a good view of the bilateral phrenic nerves 
and provides a wider open field at the head side of the 
innominate vein.

The right epiphrenic fat pads are initially dissected 
from the diaphragm and pericardium. The right lobes of 
the thymus and mediastinal fat tissue are dissected off the 
pericardium with the LigaSureTM Maryland toward the 
head side while carefully confirming the right phrenic nerve 
location. The same procedure is done for the left-hand side. 
Then, we begin to dissect the right superior horn and the 
surrounding fat tissue. We can get a good view of the right 
superior horn without dividing the right internal thoracic 
vein because the forceps with left hand naturally move the 
right internal thoracic vein aside during the procedure 
(Figure 1). Furthermore, using the forceps and the 
LigaSureTM Maryland through the additional port makes 
it possible for us to dissect thymic tissue off the inferior 
pole of thyroid at an ideal angle (Figure 1). In this step, it 
is very important to apply gentle and deliberate traction 
on the thymic tissue inferiorly with the long forceps in the 
right hand from the single port. To identify the left superior 
horn of the thymus with certainty and divide it safely, an 
approach from the right alone is not enough. Checking the 
superior edge of the innominate vein from the left approach 

is also important. Thymic veins and some of the inferior 
thyroid veins are sealed by the LigaSureTM. The specimen is 
removed in a plastic bag through the subxiphoid incision. A 
20F chest tube is then inserted into the mediastinum.

Results

Patient characteristics

During the study period, 50 consecutive patients underwent 
extended thymectomy for MG. Excluded were 11 patients 
with advanced-stage thymoma (Masaoka stage III or IV), 
4 patients with a thymoma of greater than 5 cm, and 2 
patients with inadequate information on follow-up. Finally, 
13 patients in the MTXA group and 20 patients in the 
Sternotomy group remained and were analyzed in this 
study.

Patient characteristics are shown in Table 1. There did 
not appear to be any significant differences between the two 
groups in regard to age, sex, BMI, MGFA classification, 
preoperative QMG score, preoperative MG-ADL scale 
and preoperative AChR-Ab level. In terms of the variable 
of thymoma, there were only three patients with thymoma 
in the MTXA group. The breakdowns of thymoma and 
thymus pathology are also shown in Table 1.

The perioperative variables including postoperative 
morbidity between the MTXA group and Sternotomy 
group are summarized in Table 2. Although the operative 
time was longer in the MTXA group, intraoperative blood 
loss, postoperative length of stay, and the value of C-reactive 
protein (CRP) on postoperative day 1 were significantly 
more favorable in the MTXA group than in the Sternotomy 
group. Four patients experienced postoperative crisis in the 
Sternotomy group, and one patient had left phrenic palsy in 
the MTXA group.

The variables related to MG status are reported in Table 3.  
Improvement or no change of symptoms was observed in 
all patients. The frequency of patients with a decrease in 
the serum level of AChR-Ab and that of patients with a 
dose reduction of prednisone was not significantly different 
between the two groups.

Discussion

Our approach was devised to improve the operability of the 
single-port subxiphoid approach, which was reported by 
Suda et al. (10,11). The simple addition of a single 5-mm 
port in the right intercostal space allowed us to perform 

Figure 1 Surgical technique of a modified single-port trans-
subxiphoid thoracoscopic extended thymectomy for patients with 
myasthenia gravis (14).
Available online: http://www.asvide.com/article/view/23847

Video 1. Surgical technique of a modified 
single-port trans-subxiphoid thoracoscopic 

extended thymectomy for patients with 
myasthenia gravis
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Table 1 Clinicopathological characteristics of the patients

Variable
MTXA 
(n=13)

Sternotomy 
(n=20)

P value

Age (years) 45±17 52±14 0.260

Sex (male/female) 4/9 10/10 0.489

Body mass index 24±5.5 22±2.6 0.407

MGFA classification 0.053

I 0 4

IIa 9 14

IIb 4 1

III 0 1

IV 0 0

V 0 0

Preoperative QMG score 2 [0–13] 4 [0–14] 0.393

Preoperative MG-ADL scale 2 [0–7] 2.5 [0–11] 0.118

Preoperative AChR-Ab 22 [0–140] 17.5 [0–390] 0.882

Thymoma/non-thymoma 3/10 14/6 0.013

Thymoma pathology

Size (cm) 2.8±1.0 2.9±1.6

Masaoka stage

I 1 12

II 2 2

III 0 0

IV 0 0

WHO histological type

A 3 4

AB 0 2

B1–3 0 8

Thymus pathology

Hyperplastic 6 4

Atrophic 3 2

Normal 1 0

MTXA, modified single-port trans-subxiphoid approach; MGFA, 
Myasthenia Gravis Foundation of America; QMG, Quantitative  
Myasthenia Gravis; MG-ADL, Myasthenia Gravis Activities 
of Daily Living; AChR-Ab, acetylcholine receptor antibody;  
Masaoka stage, pathological Masaoka stage; WHO, World 
Health Organization.

Table 2 Comparison of operative outcomes

Variables
MTXA 
(n=13)

Sternotomy 
(n=20)

P value

Operative time (min) (mean ± 
SD)

257±65 223±42 0.0694

Operative blood loss (mL) 
(mean ± SD)

21±4 135±88 <0.0001

Postoperative hospital stay 
(days) (mean ± SD)

7±3 21±16 0.0040

CRP on postoperative day 1 2.2±1.9 5.3±3.5 0.0073

Postoperative complications

Crisis 0 4

Paralysis of LPN 1 2

Mortality 0 0

MTXA, modified single-port trans-subxiphoid approach; SD, 
standard deviation; CRP, C-reactive protein; LPN, left phrenic 
nerve.

Table 3 Comparison of outcomes of myasthenia gravis

Variables
MTXA 
(n=13)

Sternotomy 
(n=20)

P value

Improvement or no change 
of MG-ADL scale and/or 
QMG score

13 (100%) 20 (100%) 0.425

Decrease in AChR-Ab 11 (85%) 15 (75%) 0.431

Dose reduction of oral  
prednisone

11 (85%) 14 (70%) 0.676

MTXA, modified single-port trans-subxiphoid approach;  
MG-ADL, myasthenia gravis activities of daily living; QMG, 
Quantitative Myasthenia Gravis; AChR-Ab, acetylcholine  
receptor antibody.

more delicate and safer movements. As a result, we are 
certain that with our VATS procedure, it is now possible to 
remove equal or greater amounts of mediastinal and cervical 
adipose tissue than with the trans-sternal procedure.

Although presently there are, of course, no convincing 
data that our approach is superior, we believe as strongly 
as some surgeons do who use variations of the trans-
subxiphoid approach (15-17) that our approach has 
several advantages compared to other minimally invasive 
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approaches. In comparing our approach with the lateral 
VATS approach, we can obtain a better view of the bilateral 
phrenic nerves and the upper area of the innominate vein, 
and there is less intercostal neuralgia. CO2 insufflation and 
the midline camera make it possible to clearly observe the 
entire length of the bilateral phrenic nerves and to observe 
the left thymic horn carefully from both sides, which are 
essential to a safe operation. Recently, we performed our 
approach on patients weighing over 100 kg and could 
obtain our usual good views. This indicates that obesity 
might not affect the mediastinal view as much as we might 
have imagined.

Compared to RATS, our approach is superior in terms 
of cost, the sense of touch, and, possibly, less intercostal 
neuralgia. The sense of touch is of the greatest importance 
when judging whether the thymoma is invading surrounding 
tissue, especially, the pericardium or the innominate vein.

However, the disadvantages of our approach are 
the necessity of a long scope and long forceps, and the 
procedure is more difficult than the lateral VATS approach 
due to the interference between the instruments controlled 
by the operator’s right hand and the camera inserted in the 
same single port. As well, there can be some complications 
associated with CO2 insufflation. For example, when 
bleeding occurs from the innominate vein, the possibility of 
air embolism might increase. Furthermore, if a large tumor 
is located at the head side area of the innominate vein, 
which is very small space, it is difficult to operate safely 
enough only with our procedure.

In this study, we examined whether our VATS procedure 
is superior to sternotomy in terms of invasiveness and 
efficacy for MG. In regard to invasiveness as reported 
by others (18,19), our data also showed this approach 
to be less invasive than sternotomy in terms of blood 
loss, postoperative length of stay, and the CRP value on 
postoperative day 1. Some reasons for the lower amount 
of bleeding include the delicate movements used to avoid 
hemorrhage that are peculiar to the VATS procedure, the 
pressure of CO2 insufflation on the small vessels, and no 
sternal splitting. The faster recovery, which is indicated 
by the shorter postoperative length of stay and lower CRP 
value on postoperative day 1 in the MTXA group, show just 
how great the stress of a splitting the sternum is to patients. 
Although the operative time was longer in the MTXA 
group, we think this depends largely on the learning curve. 
We think that the reason for the difference in the frequency 
of postoperative crisis was caused not by differences in 
the procedures but by the poorer preoperative condition 

of the patients with MG in the Sternotomy group. The 
differences in the preoperative QMG score and MG-ADL 
scale between the two groups in Table 1 might support this 
hypothesis. This bias may work a little more favorably for 
the MTXA group.

The efficacy of minimally invasive surgery for MG 
remains controversial. However, some reports show that 
in terms of remission rates, minimally invasive surgery is 
equally or more efficacious in MG than the trans-sternal 
approach (18,19). Our data indicated that importantly, 
the efficacy of extended thymectomy using our approach 
is at least not inferior to that of extended thymectomy via 
sternotomy (Table 3). Although we will have to follow our 
patients over the long term to more accurately evaluate 
the effectiveness of our MTXA for MG, it seems that 
our approach can be a viable replacement for median 
sternotomy for MG.

Limitations in our study include all of the biases typically 
caused by a retrospective design and small sample size. 
Furthermore, we could not show long-term results for MG. 
In addition, propensity score analysis was not performed due 
to the small sample size, and we did not measure pain scores 
although the patients in the MXTA group experienced little 
intercostal neuralgia. Nevertheless, this approach has great 
potential to be established as a more minimally invasive 
procedure that does not cut the mediastinal pleura and as 
a more aggressive procedure that requires resection of the 
pericardium, lungs, and brachiocephalic vein.

In summary, the addition of a 5-mm port on the right 
side of the chest has made it possible for us to operate more 
easily, more safely, and more delicately than ever while 
maintaining the advantages of single-port thymectomy from 
the subxiphoid approach. The VATS extended thymectomy 
by our approach might be considered as one of the standard 
procedures for patients with MG unless the superiority 
of sternotomy in terms of its effectiveness for MG can be 
proved in the future.
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