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Background: Spontaneous ventilation is considered the most physiological anaesthesia method in
thoracic surgery; however, this procedure is controversial because of the potential risk of an unsafe airway.
We conducted a retrospective, monocentric, interventional cohort study, which was a pilot evaluation of
Spontaneous Ventilation using a double-lumen tube Intubation (SVI) technique for video-assisted thoracic
surgery (VAT'S) thymectomy.

Methods: Fifteen patients underwent SVI VATS thymectomy in two groups: myasthenia gravis (MG)
group (n=11) and non-MG group (n=4), with a mean age of 34.6 and 41.1 years, respectively. The mean
body mass index (BMI) was 24.6 (range, 15.9-33.7) kg/m’. SVI VATS thymectomy was performed with a
short relaxation period for intubation, local anaesthesia for the right incision, and vagal and intercostal nerve
blockade. After the relaxant effect, the patient breathed spontaneously, and a thymectomy was performed.
Sufficient oxygenation was achieved with positive end-expiratory pressure (PEEP) and pressure support
ventilation (PSV).

Results: SVI VATS thymectomy was performed without conversion to sternotomy, thoracotomy, or
mechanical ventilation. The patients breathed spontaneously for 77.56% of the operative time. The median
minimal arterial oxygen tension, median maximal arterial carbon dioxide tension, and median operative
time were 82.4 (range, 56.1-247.2) mmHg, 59.2 (range, 44.8-67.8) mmHg, and 75 (range, 60-120) min,
respectively. The median chest tube duration and length of postoperative hospital stay were 1 and 4 days,
respectively. In one patient with MG, reintroduction of a chest tube was necessary because of pneumothorax.
In two patients with MG, myasthenic symptoms progressed postoperatively and required neurological
admittance, although no myasthenic crisis occurred. Histological analysis in the MG group revealed
persistent thymus in seven cases, persistent thymus and follicular hyperplasia in three cases, and fatty tissue
with lymphoid infiltration in one case. In the non-MG group, a persistent thymus was observed in two cases,
while follicular hyperplasia and micronodular thymoma were reported in one case.

Conclusions: The SVI VAT approach is safe and feasible for thymectomy. However, further studies are

required to verify the advantages of spontaneous ventilation during thymectomy for MG.
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Introduction

The surgical approach for thymectomy has evolved
considerably over the last century, from radical, open trans-
sternal approaches originating from the beginning of the
twentieth century to the first less invasive thoracoscopic
approach in 1993 (1-4). Since the millennium, multiple
minimally invasive approaches have been considered
for this operation, such as multiportal and uniportal
lateral approaches, subxiphoid video-assisted thoracic
surgery (VATS), and the latest uniportal robotic-assisted
thoracoscopic surgery (RATS), which is performed in
numerous institutes throughout Europe and worldwide (5).
Currently, radical thymectomy is predominantly performed
using either VATS or RATS, with varying anatomical
approaches and different anaesthesiologic methods (6-9).

In addition to the evolution of surgical approaches for
thymectomies, especially for myasthenia gravis (MG), the
challenges in anaesthesia management during and after
surgery should be addressed. Postoperative respiratory
complications, especially the development of postoperative
myasthenic crisis (MC), can occur in approximately 34%
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Key findings

¢ Double-lumen tube intubation technique [Spontaneous Ventilation
using a double-lumen tube Intubation (SVI)] for video-assisted
thoracic surgery thymectomy is a safe and feasible approach.

What is known and what is new?

* Thymectomy is the surgical treatment for myasthenia gravis,
which is predominantly performed using minimally invasive
techniques. The application of muscle relaxants can lead to serious
postoperative complications such as myasthenic crisis or residual
neuromuscular blockade.

® The SVI technique for myasthenia gravis provides a very short

relaxant period followed by a long spontaneous ventilation time.

What is the implication, and what should change now?

® SVIis a safe technique which can reduce or eliminate the risk of
postoperative neuromuscular complications after thymectomy for
myasthenia gravis.
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of patients who use the most common double-lumen
tube intubation [Spontaneous Ventilation using a double-
lumen tube Intubation (SVI)] method with relaxation
and subsequent mechanical ventilation (10-12). Muscle
relaxation and controlled mechanical ventilation contribute
to the postoperative stress response after surgical trauma
and may trigger MC (13,14). In such cases, the effects
of relaxants can be unpredictable, possibly causing
residual neuromuscular blockade. Regional anaesthetic
techniques are prioritised in MG; however, when general
anaesthesia is used for surgeries such as thymectomy,
prudent anaesthetic management is mandatory. In
addition to the use of short-acting relaxants or even the
avoidance of muscle relaxants (15,16), neuromuscular
blockade monitoring (e.g., train-of-four) with reduced
doses of neuromuscular blocking agents (NMBAs) is
necessary to minimise the incidence of postoperative
pulmonary complications and the development of residual
neuromuscular blockade or even MC.

To minimise the risk of postoperative neurological
complications, innovations in general anaesthesia have
resulted in the application of non-intubated thoracic surgery
(NITS) techniques (17). Awake thoracoscopic thymectomy,
another approach that does not require general anaesthesia,
was experimentally performed in 2004 by Tsunezuka et 4i.
In their study, they performed an extended thymectomy on
a fully awake patient under thoracic epidural anaesthesia
using a median transsternal approach without opening the
mediastinal pleura (18). Furthermore, in 2008, Matsumoto
et al. developed a subxiphoid approach with sternal lifting
for awake thymectomy without pleural damage (19).

The main concerns with NITS are a potentially unsafe
airway and the possibility of a complicated conversion. To
eliminate the issue of an unsafe airway while maintaining
spontaneous ventilation, we developed a technique that
combines spontaneous ventilation with SVI (20,21). In
this study, we present early clinical experiences and results,
as well as the advantages, of SVI in VATS thymectomy.
We present this article in accordance with the STROBE
reporting checklist (available at https://vats.amegroups.
com/article/view/10.21037/vats-23-37/rc).
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Figure 1 Identification of the right vagal nerve.

Figure 2 Lifting the pleura above the of the right vagal nerve.

Figure 3 Administration of bupivacaine near the vagal nerve.

Figure 4 Paravertebral blockade.
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Methods
Study design

All patients who underwent SVI VATS thymectomy in the
Department of Surgery, University of Szeged, Hungary,
between October 9, 2020 and December 31, 2022 were
included in this study. Patient characteristics (sex and age),
indications for surgery, intraoperative and postoperative
data, and results were analysed. The follow-up period ended
on March 31, 2023, so the median follow-up period was
13.5 months (range, 4-29 months).

Patient selection

The only exclusion criterion for SVI surgery was a body
mass index (BMI) of >30 kg/m’. In some cases, a BMI of
>30 kg/m’ was accepted for the SVI technique if the fatty
tissue of the patient was located in the lower part of the
body, away from the chest or abdomen.

Surgical methodology of SVI VATS thymectomy

The SVI VATS procedure has been previously published (20).
This section briefly summarises the procedure. First, a
short-acting muscle relaxant (mivacurium) was introduced,
to insert the double-lumen endotracheal tube. During the
relaxation period, surgical incisions were made on the right
side, as per routine practice, after local infiltration with 2%
lidocaine. Subsequently, the following surgical incisions
were made: a 3-cm utility incision in the mid-axillary line,
a l-cm submammal fold incision for the camera, and a
S-mm incision for the instrument between the submammal
fold and sternum. To block the cough reflex, 5 mL of 0.5%
bupivacaine was administered near the right vagus nerve
(Figures 1-3), and 4-5 mL was administered between two
and five intercostal nerves close to the spine (paravertebral
blockade) (Figure 4). After elimination of the short-
acting muscle relaxant (mivacurium), the patient breathed
spontaneously without coughing, and in some cases,
4-6 positive end-expiratory pressure (PEEP) was
administered to maintain perfect oxygenation. During
MG, complete thymectomy was performed by removing
the thymus and perithymic fatty tissues. As a routine
procedure, the right pericardium-diaphragm angle fat,
aortocaval groove, and aortopulmonary window fat were
removed. Phrenic nerves were identified on both sides. The
innominate vein was visualised, and all horns of the thymus
were dissected immediately into the neck. Additionally,
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accessory horns, commonly under the innominate vein,
were routinely examined and were not overlooked. The
thymus was then dissected up to the left phrenic nerve,
which was identified after opening the left pleura using a
30° viewing-angle optical camera. Anaesthesia provided
pressure support ventilation (PSV) when the left side was
opened, although inspiration and expiration were managed
by the spontaneous ventilation of the patient alone (20).
The specimen was placed in an Endobag and removed from
the thoracic cavity through an axillary incision. At the end
of the operation, a 28-Fr chest tube was inserted through a
10-mm port into the operated area.

Regarding the contraindications of the SVI technique, a
BMI of >30 kg/m’ was the only exclusion criterion for SVI
surgeries, and the other exclusion criteria of the NITS were
not considered contraindications for SVI procedures (21).

Anaesthesiologic methodology of SVI VATS thymectomy

Here, we briefly summarise the anesthesiological
arrangements for the SVI technique, the steps of which
have been thoroughly explained in our previously published
papers and are used in our clinical routine for VATS
thymectomies (20,21). Midazolam and fentanyl were
administered preoperatively. Anaesthesia was induced
and maintained using propofol. After induction, muscle
relaxation with mivacurium chloride was required for
intubation and mechanical ventilation. Spontaneous
breathing was allowed as soon as short-acting non-
depolarising NMBAs were eliminated. During this period,
vagal blockade was performed to prevent the cough reflex;
therefore, when spontaneous breathing returned, the
patient did not cough despite the double-lumen tube being
inserted into the trachea. Oxygen saturation and pCO,
were maintained within or close to the normal ranges,
with higher FiO, and 3-5 PEEP applied to the dependent
lung. In some cases, PSV was administered to maintain
gas exchange within the normal range. Every patient was
observed in our post-anaesthesia care unit for at least 2 h,
and the visual analogue scale score was <3. If required,
oxygen was administered through a face mask at 2—4 L/min
to exceed 94% of blood oxygen saturation (20). None of
the patients required oxygen supplementation or advanced
noninvasive respiratory support in the post-anaesthesia care
unit or later during the postoperative period.

Statistical analysis in this study was not applied, because
this paper is a pilot study to show the feasibility of the
process, only. Comparative analysis will be in alter period of
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the study, with more patients,

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of the Human
Investigation Review Board of the University of Szeged
(No. 4703/2020.01.20) and individual consent for this
retrospective analysis was waived.

Results

In total, 155 surgeries were performed using the SVI
technique. Among these, 58, 82, and 15 were SVI
VAT'S lobectomies, sublobar resections, and SVI VATS
thymectomies, respectively.

Fifteen patients with symptoms of MG (n=11) or
radiologically suspected thymoma (non-MG) (n=4) who
underwent SVI VATS resection for thymectomy were
retrospectively included in this study.

Four patients without symptoms or a clinical diagnosis of
MG were included in the non-MG group, three of whom
had a preoperative diagnosis of thymoma, and one patient
had a post-COVID accidental chest computed tomography
(CT) scan diagnosis of persistent thymus without
myasthenia.

The mean preoperative American Society of
Anesthesiologists (ASA) score was 2.067, and three patients
had ASA grade III. Patient characteristics are listed in Table 1.

No conversion to sternotomy/thoracotomy or
mechanical ventilation was required in any patient. At the
beginning of the operation, during an average of 22.44% of
the operative time, the patients underwent mechanical one-
lung ventilation, whereas for the remaining 77.56% of the
operative time after the return of spontaneous ventilation,
the patients breathed spontaneously. The perioperative
results and patient data are summarised in Table 2.

The postoperative course was generally uneventful for
all patients, and postoperative chest radiography revealed
no signs of serious pulmonary complications, except in the
aforementioned case where re-introduction of a chest tube
was necessary. However, five days later, the patient was
discharged without further complications.

Two patients were transferred to the neurology
department. In one case of MG, the patient experienced
proximal paresis of the upper limbs and impairment of
ocular movement after surgery and was discharged after
5 days of neurological observation. In the other case,
the patient’s sensation of general fatigue progressed, and
additional steroid therapy with pyridostigmine was required.
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Table 1 Clinical details of the patients Table 2 Perioperative results
Patient characteristics Data Perioperative characteristics Results
Females/males 10/5 Operative time (min) 75 [60-120]
Age (year) 38.9 [19-74] Chest tube duration (days) 1[1-5]
BMI (kg/m?) 24.6 [15.9-33.7] Hospital stays (days) 4 [4-7]
Osserman classification of MG (n=11) Abnormality in the radiological results of the

| 3 chest X-ray

lla 4 Fluid (no required intervention) 5/15

b 3 Pneumothorax (no required intervention) 2/15

" 0 Pneumothorax (required intervention) 1/15

v 1 Atelectasis (no required intervention) 3/15
Preoperative treatment of MG (n=11) Infiltration 015

No pharmaceutical treatment 1 Minimal arterial oxygen tension (mmHg) 82.4 [56.1-247.2]

Maximal arterial carbon-dioxide tension 59.2 [44.8-67.8]
PB alone 7
(mmHg)
PB + CS + AZA 1
* * Histology (n=15)

PB+CS+AZA+IVIG 1 Persistent thymus 9

AC +RIX 1 Follicular hyperplasia 4

TPE 0 Micronodular thymoma 1
Data are presented as mean [range] in age and BMI, and as ) )
No. in females/males, Osserman classification of MG, and !_of.tl)tulz:.ted fatty tissue + lymphoid 1

infiltration

preoperative treatment of MG. BMI, body mass index; MG,
myasthenia gravis; PB, pyridostigmine bromide (Mestinon); CS,
corticosteroid; AZA, azathioprine (Imuran); IVIG, intravenous
immunoglobulin; AC, ambenonium chloride (Mytelase); RIX,
rituximab; TPE, therapeutic plasma exchange (also known as
plasmapheresis).

The patient was discharged within one week. None of
the patients experienced MC, and the progression of MG
symptoms after SVI VATS thymectomy was observed in
only 9% of the patients (1/11). Residual neuromuscular
blockade did not develop in any patient.

Discussion

VATS thymectomy is considered a standard minimally
invasive surgical procedure, particularly for the treatment
of MG. However, postoperative complications and the
possibility of residual neuromuscular blockade remain
concerns in patients with MG symptoms. According to
Liu et 4l., the incidence of postoperative MC is 5.88 times
greater after thoracotomy compared to that in operations
conducted after VATS (12,22).

© Video-Assisted Thoracic Surgery. All rights reserved.

Data are presented as median [range] in operative time,
chest tube duration, hospital stays, minimal arterial oxygen
tension, maximal arterial carbon-dioxide tension; and as No. in
abnormality in the radiological results of the chest X-ray, and
histology cases.

To avoid the aforementioned adverse postoperative
neuromuscular reactions in patients with MG, the NITS
technique was applied to VATS thymectomies without the
need for the administration of any type of muscle relaxant
(23,24). A special risk can occur after neoadjuvant treatment
of a thymoma when spontaneous ventilation during
thymectomy is helpful (25).

However, the NITS approach has many important
disadvantages, which limit the wide application this
spontaneous ventilation method. First, careful selection of
patients included criteria such as BMI <28 kg/m’ and ASA
grade I-II, and the lack of the following conditions: sleep
apnoea, deranged preoperative blood gases, preoperative
evidence of pleural adhesions, bleeding disorders or
anticoagulation treatment, insufficient forced expiratory

volume in 1 s, forced vital capacity, and potentially difficult
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airway for intubation (6-8,17). Comparatively, in cases that
used the SVI approach, the only exclusion criterion was
BMI >30 kg/m’.

Second, an unsafe airway that may occur during NITS
increases the risk of conversion to intratracheal intubation
for technical or anaesthetic reasons (10). However, the need
for conversion in everyday practice is limited, and intubation
can be performed relatively easily with the patient in prone.
In SVI cases, this conversion is straightforward and requires
only a few seconds for completion. Anaesthesia induces
muscle relaxation, and no further action is necessary.

Third, spontaneous ventilation may occur when both
pleural cavities are open (10). Although no difficulties
are mentioned with oxygenation in previously published
studies on this method, the use of PEEP has potential
risks. In cases in which PEEP is required on both sides of
the lungs through a laryngeal mask to support ventilation,
surgeons may face technical difficulties because of the
inflated lungs. According to Jiang et al., NITS VATS
thymectomy does not require vagus blockade; however,
6 mL of 2% lidocaine is sprayed onto the lung surface
to reduce the cough reflex (11). However, they did not
mention any problems with the gas exchange. In our SVI
VATS thymectomy cases, no difficulties with gas exchange
were observed because oxygenation was managed with
PEEP or PSV through the tube.

Regarding some postoperative surgical results, no
relevant differences were observed in the chest tube
duration (1 vs. 1.9 and 3.5 days) and hospitalisation duration
(4 vs. 2.66, 2.5, and 4.7 days) between our SVI results and
data from previously published literature that employed
NITS technique (6-8).

In our SVI cases, the patients received relaxants for a
short time at the beginning of surgery, and the duration
of mechanical ventilation under the effect of the muscle
relaxant was only 22.44% of the total surgery duration.
During the remaining period (77.56%), surgeries were
performed under spontaneous ventilation. This method
helps to prevent residual neuromuscular blockade.

This pilot study has some limitations. First, this was a
retrospective, monocentric, interventional cohort study.
Second, the small number of patients, as the most important
limitation, is the key to many further limitations. In this
pilot study, we aimed to demonstrate a new and safe method
for spontaneous ventilation VATS thymectomy which is
applicable in MG cases. Third, the small sample size of
this study prevented a broad statistical analysis of the data,
which were mainly reported descriptively. Fourth, owing

© Video-Assisted Thoracic Surgery. All rights reserved.
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to the lack of a control group, the results of the SVI VATS
thymectomy cases were not compared with those of the
relaxed series. In the future, with an extended number of
SVI VATS thymectomy cases, a comparison between SVI
VATS thymectomy and the standard techniques will be
presented.

Conclusions

The SVI method for VATS thymectomy is a safe and
feasible procedure that reduces the amount of relaxant
drug administered and its possible adverse effects on
postoperative neurological complications in patients with
MG.

During the spontaneous ventilation period of SVI
surgery, patients with MG should be closely monitored
for the development of a possible residual neuromuscular
blockade, in which a ‘biological test’ provides a safe
postoperative period.
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