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Background: Completion thymectomy may be performed in patients with non-thymomatous refractory 
myasthenia gravis (MG) to allow a complete and definitive clearance from residual thymic tissue located 
in the mediastinum or in lower neck. Hereby we present our short- and long-term results of completion 
thymectomy using subxiphoid video-assisted thoracoscopy.
Methods: Between July 2010 and December 2017, 15 consecutive patients with refractory non-thymomatous 
myasthenia, 8 women and 7 men with a median age of 44 [interquartile range (IQR) 38.5–53.5] years, 
underwent video-thoracoscopic completion thymectomy through a subxiphoid approach.
Results: Positron emission tomography (PET) showed mildly avid areas [standardized uptake value (SUV) 
more than or equal to 1.8] in 11 instances. Median operative time was 106 (IQR, 77–141) minutes. No 
operative deaths nor major morbidity occurred. Mean 1-day postoperative Visual Analogue Scale value was 
2.53±0.63. Median hospital stay was 2 (IQR, 1–3.5) days. A significant decrease of the anti-acetylcholine 
receptor antibodies was observed after 1 month [median percentage changes −67% (IQR, −39% to −83%)]. 
Median follow-up was 45 (IQR, 21–58) months. At the most recent follow-up complete stable remission was 
achieved in 5 patients. Another 9 patients had significant improvement in bulbar and limb function, requiring 
lower doses of corticosteroids and anticholinesterase drugs. Only one patient remained clinically stable 
albeit drug doses were reduced. One-month postoperative drop of anti-acetylcholine receptor antibodies was 
significantly correlated with complete stable remission (P=0.002).
Conclusions: This initial experience confirms that removal of ectopic and residual thymus through a 
subxiphoid approach can reduce anti-acetylcholine receptor antibody titer correlating to good outcome of 
refractory MG.
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Introduction

Thymectomy i s  an  e f fec t ive  surg ica l  procedure 
complementing medical therapy of patients with myasthenia 
gravis (MG) (1,2). Extended thymectomy entailing complete 
removal of thymic and perithymic tissue has been advocated 
as the desired target for a fast and durable remission of MG 
symptoms (3). However, response to procedure is not often 
prompt and effective, ranging from 23.1% to 46% (4-6)  
in terms of complete remission rate at 5-year follow up. 
The presence of residual thymic tissue (7) or ectopic thymic 
tissue within the mediastinal fat tissue (8-11) still producing 
antibodies against the receptor for acetylcholine (anti-
AChRAb) has been suggested as the main reason for post-
thymectomy refractory MG. Indeed, despite the intent of 
radical thymectomy, residual thymic tissue can be present 
in 64–70% of thymectomized patients (7,11). In this 
regard, completion thymectomy has been advocated after 
unsuccessful thymectomy (12) with quite effective results by 
using extended either maximal trans-sternal (13,14) or, more 
recently, video-assisted transthoracic (VATS) approaches (15).

Lately, the subxiphoid route has been successfully proposed 
to achieve complete extended thymectomy yet avoiding 
trans-sternal as well as trans-costal routes (16). On these 
bases we applied the subxiphoid VATS in patients with 
non-thymomatous refractory MG to allow a complete and 
definitive clearance from residual thymic tissue scattered within 
the thymic bed and elsewhere in the mediastinum or in lower 
neck. Hereby we present our short- and long-term results 
using this approach to accomplish completion thymectomy.

Methods

Between July 2010 and December 2017, 15 consecutive 
pat ients  wi th  refractory  non-thymomatous  MG,  
8 women and 7 men with a median age of 44 years and an 
interquartile range (IQR) of 38.5 and 53.5 years (range, 
31–59), underwent video-assisted completion thymectomy 
through a subxiphoid approach.

Study design

This is a retrospective observational study focused on 
simple evaluation of rare cases operated through a peculiar 
approach for an uncommon pathologic condition that is 
non-thymomatous MG refractory to primary surgery. Due 
to the rarity of the condition and the retrospective nature 
of the study, our Internal Review Board exempted us from 
asking patient’s permission.

Study group

In the study group we included all patients undergoing 
subxiphoid completion thymectomy after a previous 
intentional total-thymectomy for non thymomatous MG. 
Patients refractory to thymectomy were considered those 
with worsening as well as those experiencing unmodified 
persistence of the initial preoperative myasthenic symptoms for 
more than one year postoperatively. Mandatory prerequisite 
for completion thymectomy was the evidence of macroscopic 
residual thymus and/or mediastinal fat tissue, preferably sited 
in the lower regions of the mediastinum (i.e., cardio-phremic 
angle, beyond phrenic nerve), demonstrable at computed 
tomography (CT) and/or positron emission tomography 
(PET) or magnetic resonance. Clinical data of the study 
group is summarized in Table 1. The median duration of 
MG before the initial operation was 21 months (IQR, 15–29 
months and range, 12–38). The prior operations had been 
performed in our institution in 7 (46%) cases, where VATS 
thymectomy was performed in 4 patients and transcervical 
thymectomy was performed in 3 cases. The remaining 8 
patients came from other institutions, 4 after VATS and 
4 after transsternal thymectomy. The median interval 
between initial thymectomy and completion procedure was  
18 (IQR, 13.5–26) months, ranging from 10 to 31 months.

Preoperative study

The worsening as well as the unmodified persistence of the 
initial preoperative myasthenic symptoms after thymectomy 
for more than 1 year defines the status of refractory MG. 
In these patients we repeated all our routine diagnostic 
workup including imaging, instrumental and laboratory 
reassessment as if the patient had never been worked-
up before. CT scan was always performed, preferably 
associated to PET and/or magnetic resonance.

All patients presented characteristic decreasing responses 
to low frequency repetitive nerve stimulation. Thirteen 
patients had elevated serum titers of anti-AChRAb (Table 1).

Decision of carrying out a completion thymectomy was 
always made after a panel discussion with neurologists, 
anesthesiologists, intensivists and physiotherapists. Fully 
informed consent was obtained from all patients, who 
were made thoroughly aware of the benefit and risks of the 
subxiphoid approach including all the possible complications.

Preoperative stabilization

At admission, every patient presented a class 2 or 3 MG 
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(Table 1) without bulbar symptoms. They were all receiving 
large doses of anticholinesterases [pyridostigmine bromide, 
median 560 mg/day (range, 330–740 mg/day)] associated 
with steroids [prednisone, median 45 mg/day (range, 
30–58 mg/day)]. All efforts to decrease medications were 
unsuccessful because of increased fatigue. Eight patients 
underwent plasma exchange immediately before surgery.

Surgery

Nasogastric tube was always inserted to allow early-postoperative 
administration of anticholinesterase drugs. Double-lumen 
intubation was also deemed mandatory in all patients. 

A 2.5–3.5 cm transverse skin incision was made 1–2 cm 

below the lower edge of the xiphoid (Figure 1). The anterior 
layer of the rectus sheath was cut and digitally dissected 
on the reverse side of the xiphoid. A plastic self-standing 
sleeve retractor (Alexis® Applied Medical, Amersfoort, 
Netherlands) was inserted and fixed. Supplementary 
transthoracic port may be added to facilitate lateral vision 
and dissection along the phrenic nerve.

The procedure routinely included en bloc removal of 
the residual thymus, if present, or all of the mediastinal 
lower cervical perithymic adipose tissue (Figure 2). The 
thymus bed was carefully inspected and any residual tissue 
suspected at preoperative imaging was specifically searched. 
Once identified, the residual thymic tissue was carefully 
dissected avoiding prolonged manipulation and capsule 
tears. Subsequently, a systematic resection of all mediastinal 
fat was accomplished including retro-innominate area, 
aorto-caval groove, aorto-pulmonary window, cervical area 
and pro-pericardium region. Furthermore, both pleural 
spaces were routinely opened, and cardio-phrenic angle 
areas were dissected bilaterally. Ultimately the fat beyond 
the phrenic nerve was also carefully removed. All these steps 
were necessary in order to achieve the best results from the 
procedure. All resected specimens were separately removed 
using an endobag through the subxiphoid route and disposed 
on a dedicated paper map to facilitate pathologist’s orientation.

Postoperative evaluation

The therapeutic effect of completion thymectomy was 
investigated for each patient by comparing the preoperative 
clinical status with the status at the most recent follow-up 
examination.

Objective physical examination was based on the 
quantitative MG test, which explores skeletal muscle function 
in the limbs, head, and neck as well as respiratory, swallowing, 
and speaking capabilities (17,18). For the initial evaluation, 
patients were preferably required to be off anticholinesterases 
for 12 hours before testing. The final score included the sum 
of 13 tests after which the examiner could assign a partial 
score from 0 (absent) to 3 (maximum) so that the total ranged 
from 0 to 39. Quantitative MG test, electromyography 
and anti-AChRAb dosages were performed at one month 
postoperatively and matched with preoperative values.

Statistical analysis

Statistical analysis was performed using the SPSS package, 
version 20.0 (IBM, Armonk, NY, USA). Descriptive 

n=1

Aorto-caval groove

n=1
Pretracheal

and
infrathyroid

n=3
Lateral left 

phrenic nerve

n=1
Lateral right 

phrenic nerve

n=5
Right cardio-phrenic 

angle

n=4
Left cardio-

phrenic angle

Figure 1 Position of thymic residual and ectopic tissue removed. 
Incision line is dashed.

Figure 2 Intraoperative image of residual perithymic tissue 
removal.
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statistics was presented as median and interquartile range. 
Due to the non-normal distribution of some variables, 
non-parametric tests for paired, and unpaired comparisons 
(Wilcoxon-sum rank and Mann-Whitney, respectively) were 
used. Significance was set at P<0.05.

Complete stable remission was defined for those patients 
asymptomatic and off-medications (except for 10 mg/day or 
less of methylprednisolone) for at least 12 months. Time to 
complete stable remission from thymectomy was estimated 
with the Kaplan-Meier method. Patients in no-remission 
were censored and their time to complete stable remission was 
defined as time from operation to most recent patient follow-up.

Results

In 11 cases, areas of residual active thymus had been 
identified as mildly avid regions [standardized uptake value 
(SUV) more than or equal to 1.8) at PET compared to 
normal mediastinal background activity (Figure 3) (Table 1). 
In the other 4 cases, we had noticed only residual fat tissue 
deposits at CT in the mediastinal area. Median operative 
time was 106 (IQR, 77–141) minutes, ranging from 90 to 
190 minutes. Median weight of the removed tissue was 29 
(IQR, 21–38) grams (Table 1). Thymic residuals were found 
and histologically proved in all cases.

Intraoperative findings

No thymomatous transformation was found in any 

patient. Table 1 enumerates the site of residual thymic 
tissue in relation to the previous approach. Interestingly, 
we found that the most frequent site of ectopic thymus 
after median sternotomy was the left cardiophrenic 
angle beyond the phrenic nerve. After unilateral VATS, 
thymic remnants were mainly found in the contralateral 
cardiophrenic angle (n=4).

Postoperative recovery

No operative deaths nor major morbidity occurred. 
One-day postoperative Visual Analogue Scale value was 
2.53±0.63. Median hospital stay was 2 (IQR, 1–3.5) days 
(range, 1–9 days). All patients returned to normal activities 
within 2 weeks after operation, and 80% were satisfied with 
their treatment. Only one patient required further plasma 
exchange treatment because of a myasthenic crisis, which 
occurred after 3 months. We experienced a significant 
decrease of the anti-AChRAb at one month [median 
percentage changes −67% (IQR, −39% to −83%)].

Long-term results

Median follow-up was 45 (IQR, 21–58) months (range, 
12–90). At the most recent follow-up complete stable 
remission was achieved in 5 patients (Figure 4). Another 
9 patients had significant improvement in bulbar and 
limb function, requiring lower doses of corticosteroids 
and anticholinesterase drugs. Only one patient remained 
clinically stable although drugs dosage was reduced. 
Interestingly, we found the one-month postoperative drop 
of anti-AChRAb greater than median value was significantly 
correlated with complete stable remission after completion 
thymectomy (P=0.002).

Discussion

Completion thymectomy demonstrated a clear effectiveness 
in treating those patients who develop MG refractory 
to initial thymectomy (12,13). In a recent best evidence 
study Ng et al. showed that repeat thymectomy may 
improve myasthenic symptoms in 60–70% of the patients 
and especially in those who firstly undergo trans-cervical 
thymectomy (19). This effect likely depends on the difficulty 
in reaching complete extended thymectomy through the 
trans-cervical approach (13,14). Nevertheless, despite the 
radical intent, we also experienced refractory MG after 
unilateral VATS (15), especially when this procedure had been 

Figure 3 PET imaging demonstrating hyperplastic residual thymic 
tissue in the aortocaval groove (circle).
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carried out by our residents. This event is attributable to the 
persistence of contralateral thymic remnants or perithymic 
fat tissue, which represents one of the pitfalls of the unilateral 
trans-pleural procedure. However, we described refractory 
MG even after partial trans-sternal thymectomy (15).  
In this case MG was mostly sustained by ectopic thymic 
tissue located in the left pericardio-phrenic angle, which may 
be tricky to resect through an antero-superior access.

Over the time, many options have been proposed to 
increase efficacy and tolerance of the repeated procedure (20).  
First of all, it is recommended to avoid a redo-sternotomy 
especially in these patients who are often under chronic 
steroid-based pharmacological regimen, thus increasing the 
risk of sternal wound infections (15). Second, the procedure 
should be attempted through a different approach in order to 
avoid the possible presence of postoperative adhesions (20).  
Third, the completion procedure should take into account 
the site of the supposed residual thymic tissue (8). For this 
reason, it is pivotal to pursue an accurate imaging evaluation 
demonstrating the presence of potential residual thymic 
or fat tissue and determining their metabolic activity. We 
have already described the diagnostic yield of PET/CT 
in the assessment of the activity of thymic and perithymic  
tissue (21). Hereby we documented the importance of PET/
CT in ameliorating the effects of completion thymectomy. 
In all described cases we have intentionally performed the 
resection of a targeted area, which always resulted residual 
or ectopic thymic tissue at histological examination.

In order to fulfill these requirements up to 2010 we used 
to carry out completion thymectomy through unilateral 
VATS approach (15). Since that time, with the confidence 
acquired by routine use of the subxiphoid approach in 

many pathologic conditions, we started to exploit this route 
for repeated thymectomy. We did not find difficulties in 
employing this access even when previous sternotomy had 
been performed. Incidental adhesions are usually weak 
and rarely interfere on visualization. Subxiphoid approach 
allows marvellous exposure of the whole mediastinal field 
making possible a complete thymic tissue clearance and 
mediastinal fat tissue exenteratio. The introduction of 
curved and articulating instruments allows to reach tissue 
beyond the phrenic nerve and in the cervical area.

We perfectly acknowledge that the study has intrinsic 
limitations of the absence of a control group and the wide 
timespan. All these flaws are inevitable due to the rarity 
of the condition, but they are partially mitigated by the 
homogeneity of data provided by a substantially unchanged 
MG Unit throughout this long period. On the other hand, 
medical therapy for MG has not remarkably changed during 
the last twenty years. On the bases of our results we believe 
that the subxiphoid approach might be considered a reliable 
approach for repeat thymectomy. It allowed to reach any 
district where residual or ectopic thymic tissue might be 
potentially hidden. It is better accepted by both patients 
and neurologists because it is one single, limited and almost 
painless incision. In our experience clinical improvement 
clearly correlated with the reoperation and namely with the 
drop of circulating antibodies.

Conclusions

In conclusion this initial experience confirms that repeat 
thymectomy is a useful procedure in refractory MG. 
The removal of ectopic and residual thymus through a 
subxiphoid approach can reduce anti-AChRAb titer. This 
event is correlated to positive outcome of refractory MG.
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