L))

Check for
updat

Original Article
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Background: Uniportal video-assisted thoracoscopic surgery (VATS) although considered less invasive
than the multi-port techniques, is still an intercostal approach, resulting in intercostal nerve injury. Recently,
some surgeons have tried to address this problem by attempting a subxiphoid approach. The aim of our study
was to assess and compare results between intercostal and subxiphoid uniportal VATS lobectomy in terms of
postoperative pain and quality of life (QoL).

Methods: Patients from January 2014 to January 2018 undergoing subxiphoid and intercostal VATS
lobectomy were prospectively assessed for pain and QoL at 1, 3, and 6 months following discharge.
Postoperative pain was measured using a numeric rating scale (NRS) and QoL was assessed with the
EuroQoL 5-dimension questionnaire (EQ5D)

Results: Eight hundred and thirty-three patients undergoing lobectomy were included: 373 in the
intercostal VATS group and 459 in the subxiphoid group. The proportion of patients with moderate or
worse clinical pain was significantly lower at 1 and 3 months after subxiphoid VATS (P<0.01) compared
with intercostal VATS. QoL was significantly higher following subxiphoid VATS at these same time points
(P<0.001).

Conclusions: Uniportal subxiphoid VATS is a safe and feasible minimally invasive approach for
undertaking pulmonary lobectomy that may result in reduced postoperative pain compared to conventional
VATS. There may also be earlier return of QoL. A randomized controlled trial examining this further would

provide further insight into our observations.
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Introduction thoracic surgery has been associated with reductions in

The move towards minimally invasive surgery has postoperative complications, reduced pain, reduced length

been driven by the desire to achieve equivalent surgical
outcomes but with reduced morbidity. In thoracic surgery, quality of life (QoL), and even possibly survival following

the evolution from large thoracotomies to video-assisted lung resection for lung cancer as a result of more patients

of hospitalization, earlier return to activities, improved
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being operable (1,2). Advances in endoscopic imaging
systems and instrument design have permitted evolution
from initially 3 or 4 port video-assisted thoracoscopic
surgery (VATYS) techniques to the uniportal technique (3,4).
The latter is being increasingly established as the preferred
technique as it is the less invasive and, as suggested by
some, more ergonomic compared to the other multiport
techniques (5,6). However, despite the reduction in the
number of ports, uniportal VATS is not without its long-
term complications related to the intercostal nerve injury
induced by manipulation of the instruments through the
intercostal space (2,7).

Pain, a common symptom for which patients seek
medical care following thoracic surgery, is an important
public health issue that can limit functionality and adversely
affect the QoL. Despite VATS being a minimal access
technique, studies suggest that up to one-third of patients
undergoing VATS procedures develop chronic pain, due to
damage or compression of intercostal nerves (7).

Uniportal subxiphoid VATS (SVATY) is an increasingly
popular alternative VATS approach which avoids
intercostal spaces and therefore prevents damage to the
intercostal neurovascular bundles. Uniportal SVATS was
initially utilized for non-anatomical lung resections and
thymectomy (8,9). However, with experience, the entire
range of thoracic surgical procedures have been reported to
be performed through SVATS (10-17). We have previously
reported data suggesting that SVATS may be associated
with reduced post-operative pain following lobectomy
compared with uniportal VATS (18). The aim of this study
was to compare postoperative pain and QoL at 1, 3 and 6
months postoperatively for patients undergoing lobectomy
via SVATS with uniportal VATS. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/jtd-20-425).

Methods
Patient population

This was a prospective comparative study of patients
undergoing lobectomy via either the uniportal intercostal
or subxiphoid VATS approaches at the Shanghai Pulmonary
Hospital. The trial was conducted in accordance with
the Declaration of Helsinki (as revised in 2013) and the
Harmonized Tripartite Guideline for Good Clinical Practice
from the International Conference on Harmonization.
The study was approved by the Institutional Review Board
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of the Shanghai Pulmonary Hospital IRB No. K17-160).
From January 2014 to January 2018, more than 2,100
patients were operated by our group in the Thoracic
Surgery Department of the Shanghai Pulmonary Hospital.
We diagnosed and staged all patients in accordance with
national guidelines (19). The treatment decision was made
by a multidisciplinary tumor board. All participants provided
written informed consent for participation in this study.
Patients were excluded from the study if any of the following
criteria were met: (I) previous neoadjuvant therapy including
radiotherapy; (II) age >80 years to reduce the impact of
comorbidity and reduced mobility on QoL assessment; (III)
diffuse dense adhesions identified intraoperatively. Clinical
characteristics of the patients were obtained from electronic
medical records. The study was not randomized and patients
underwent SVATS or uniportal intercostal VATS at the
surgeons’ discretion. Over the period of study there has been
a shift in our practice to favoring SVATS, and the period
includes our learning curve.

Surgical procedure

VATS lobectomy is performed using a 10 mm 30-degree
thoracoscope. For intercostal lobectomy this was performed
via a standard uniportal approach. Subxiphoid VATS was
performed as has previously been described (20). A 4-5 cm
vertical incision was made in the subxiphoid area and a
wound protector was placed. Upon entering the pleural
space, the pericardial fat was resected under thoracoscopic
guidance. The operation was performed using instruments
designed for SVATS (Figure 1). After surgery, a 28F chest
tube was positioned through the intercostal incision or
inserted through the subxiphoid incision to the pleural
apex, and the incision was closed. The unit’s standard post-
operative management and analgesia protocol was followed
for all patients.

Pain and QoL evaluation

For pain evaluation, we used the 11-point numeric rating
scale (NRS) questionnaire, where an NRS score of 0
represented “no pain” and a score of 10 represented “worst
pain imaginable”. Clinically relevant pain was defined
as NRS >1. The pain intensity was categorized into two
groups: no or mild pain (NRS from 0 to 2) and moderate to
severe pain (NRS from 3 to 10) (2).

The EuroQoL 5-dimension (EQ5D) questionnaire
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Figure 1 Instruments and positioning for subxiphoid surgery. (A) Instruments designed for subxiphoid video-assisted thoracic surgery (SVATS)

(Shanghai Medical Instruments Group) (http://www.jzsf.com/en/index.aspx); (B) intraoperative photos demonstrating the patient positioned

in lateral decubitus position with black dashes indicate position of incision and arrangement of instruments through wound protector.

consists of five questions (primary dimensions) referring
to mobility, self-care, usual activities, pain-discomfort, and
anxiety-depression, which have three mutually excluding

answers: “no problems”, “some problems”, or “extreme

problems”). Additionally, EQ5D includes a linear hundred
point scale, where 0 is the worst imaginable health state and
100 is the best imaginable health state (21). This instrument
is the established tool for assessing QoL at our centre and
was chosen due to familiarity and ease of use.

We instructed all patients to answer NRS and the EQ5D
questionnaire at 1, 3, 6 months after discharge. These were
performed either on attendance at outpatient clinic follow
up appointments or by telephone follow-up calls.

Statistical analysis

We used Student’s 7-test for normally distributed variables
to compare means, the Mann-Whitney test to compare
non-normally distributed variables, and the y° test to
compare categorical data. Patients with missing data for a
particular variable were excluded from the analysis of that
variable. A P value of less than 0.05 was considered statistically
significant. All analyses were performed using GraphPad
Prism 7.0 (GraphPad Software, San Diego, CA, USA).
Results

Patient characteristics

Opver the period of study, 832 patients undergoing VATS
lobectomy agreed to participate in this study and met
inclusion criteria. Of these, 373 (44.8%) underwent
intercostal VATS and 459 (55.2%) SVATS. Demographic

characteristics are summarized in Table 1. There were no
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significant differences in terms of age, sex and smoking
history. Patients in the subxiphoid group had lower body
mass index (BMI) (23.4+0.14 vs. 24.05+0.18, P=0.01) and
superior pulmonary function tests (forced expiratory volume
in 1 minute (FEV1): 2.383+0.028 vs. 2.247+0.035, P=0.002;
FEV1%: 92.55+0.772 vs. 87.07£0.950, P<0.001). The
preoperative albumin and haemoglobin of the two groups
were comparable (P=0.601 and P=0.549 respectively). In
both groups, right side lobectomies were most commonly,
however a higher proportion of those undergoing SVATS
were right sided procedures (P<0.001).

Operative details

Operative details are summarized in 7able 2. The mean
operative time was 129.7+2.2 min in the subxiphoid group
vs. 125.9+2.2 min in the intercostal (P=0.256). The mean
number of lymph node stations was equivalent between the
two procedures (P=0.785). The intraoperative blood loss
and the first day drainage were similar between the two
groups. The postoperative hospital stay was slightly shorter
in the subxiphoid group (4.24+0.08 vs. 4.57+0.09, P=0.012).
Perioperative complications were similar between the
groups, although there was a slight tendency to increased
wound infection rate for patients undergoing intercostal
lobectomy (P=0.049).

Pathology outcomes

A total of 370 (99.2%) patients in the intercostal group were
diagnosed with lung cancer, 366 (98.1%). In the subxiphoid
group, 451 (98.2%) cases were lung cancer. Other diagnoses
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Table 1 Demographic characteristics of patients included in the study
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Variables Intercostal (n=373) Subxiphoid (n=459) P
Age
Mean 60.83+0.54 60.77+0.43 0.922
<60 167 (44.8) 198 (43.1) 0.601
>60 206 (55.2) 261 (56.9) 0.082
Sex 0.265
Male 196 (52.5) 223 (48.6)
Female 177 (47.5) 236 (51.4)
Smoking history 0.634
Non-smoker 272 (72.9) 342 (74.5)
Current or ex-smoker 101 (27.1) 117 (25.5)
BMI, kg/m? 24.05+0.18 23.4+0.14 0.01
FEVA1 2.247+0.035 2.383+0.028 0.002
FEV1% 87.07+0.950 92.55+0.772 <0.001
Preoperative albumin (mmol/L) 39.24+0.26 39.37+0.26 0.601
Preoperative haemoglobin (g/dL) 131+£0.72 130+0.76 0.549
TNM staging (7th Edition)
1a 150 (40.2) 298 (64.92) <0.001
1b 126 (33.8) 91 (19.83)
2a 40 (10.7) 30 (6.54)
2b 21 (5.63) 4(0.87)
3 33 (8.85) 30 (6.54)
4 3(0.80) 8 (1.74)
Histopathology
Adenocarcinoma 77.70 75.90 0.651
Squamous cell carcinoma 16.50 19.9
Other 5.80 4.20

Data present as mean + SD or percentage. BMI, body mass index; FEV1, forced expiratory volume in 1 minute.

included granuloma, tuberculosis, bronchiectasis, cyst and
hamartoma. The staging, according to the 7" edition The
American Joint Committee on Cancer (AJCC)/Union
for International Cancer Control (UICC) tumour, node,
metastasis (TINM) staging system is presented in Table 1.
There was a significantly greater proportion of patients in
the subxiphoid group with stage la tumours. All tumours
were fully resected and all resections were reported R,.
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Patient pain score and quality of life assessment

The pain questionnaires and EQS5D scores were completed
by 334 (89.5%) patients in the intercostal and 309 (67.3%)
patients in the subxiphoid group. The answers revealed a
higher pain score in the intercostal group at 1 and 3 months
(P=0.002 and P=0.011 respectively) (Figure 2).

EQS5D scores were significantly higher in the subxiphoid
group compared with the intercostal group at all three
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Table 2 Postoperative details and outcomes

Variables Intercostal (n=373) Subxiphoid (n=459) P
Location
Left 140 (37.6) 122 (26.6) <0.001
Right 229 (61.4) 315 (68.6)
Bilateral+ mediastinal 4(1.07) 22 (4.79)
Operative time (min) 125.9+2.2 129.7+2.2 0.256
Intraoperative blood loss (mL) 100.2+8.1 91.15+3.3 0.250
Number of lymph node stations sampled 4.2+0.1 4.1+0.1 0.785
First day drainage (mL) 285.3+8.8 (median: 250) 595.3+329 (median: 250) 0.405
Postoperative complications
Wound infection 8 (2.14) 2 (0.44) 0.049
Subcutaneous emphysema 7 (1.88) 2 (0.44) 0.324
Respiratory failure 2 (0.54) 2 (0.44) 1
Prolonged air leak (>7 days) 5(1.34) 6 (1.31) 1
Conversion 7 (1.88) 9 (1.96) 1
Pulmonary embolism 2 (0.73) 1(0.22) 0.559
Arrhythmias 6 (1.61) 16 (3.49) 0.127
Postoperative hospital stay 4.57+0.09 4.24+0.08 0.012
Intraoperative mortality 0.00 0.00 1

Data present as mean + SD or percentage.

assessment times: 1, 3, and 6 months postoperatively

(P<0.001, P<0.001 and P=0.003, Figure 3).

Discussion

In this study we aimed to compare post-operative pain and
quality of life of patients undergoing VATS lobectomy
via the uniportal intercostal route with the subxiphoid
route. We demonstrate that patients undergoing SVATS
experienced less pain and experienced a greater quality
of life during the early post-operative period, supporting
the belief that disruption of the intercostal neurovascular
bundles is an important determinant of pain following
thoracic surgery, and by avoiding the intercostal spaces,
SVATS offers an alternative approach that is associated with
less post-operative pain.

Although existing data suggest no differences regarding
mortality and morbidity, length of stay, number of
dissected lymph nodes and survival between uniportal and
conventional three port VATS, there is a trend towards
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shifting to the uniportal technique, probably due to it
being even less invasive and more ergonomic (4,22-25).
Interestingly, while both exhibit a clear advantage over
thoracotomy in the aforementioned fields, accumulating
data indicate that almost 30% of patients undergoing a
VAT'S procedure still experience clinically significant pain,
due to intercostal nerve compression or injury (7). This
has brought forward the assumption that the subxiphoid
approach could reduce the incidence of postoperative pain
and chest-wall paresthesia, since there are not intercostal
nerves running along the dissection plane of the subxiphoid
area.

Since its first implementation in 2012, the uniportal
subxiphoid approach has been used for thymomas,
metastasectomy, hyperhidrosis, spontaneous pneumothorax,
and anatomical lung resections—including pneumonectomies
(9,12,20,26,27). SVATS can be challenging to learn and
challenges early in the learning curve include difficulty
controlling a bleeding incidence, due to the distance
between the subxiphoid incision and the site of the vascular
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Pain=3 in the postoperative period

45%
40%
35%
30%
25%
20%
15%
10%
5% .
0% 1 months 3 months Tnonths
M Intercostal Subxiphoid
Pain score =3 Intercostal (n=334) Subxiphoid (n=309) P
1 month 38.32% (n=128) 26.86% (n=83) 0.002
3 months 6.88% (n=23) 2.58% (n=8) 0.011
6 months 1.46% (n=5) 0.64% (n=2) 0.312

Figure 2 Moderate to severe pain rate at 1, 3 and 6 months postoperatively.

Postoperative Quality of Life

100
90
80
70
60
50
40
30
20
10
1 months 3 months 6 months
M Intercostal Subxiphoid
EQ5D (%) Intercostal Subxiphoid P
1 month 71.0+0.72 (n=328) 78.49+0.41 (n=299) <0.001
3 months 79.86+0.41 (n=328) 82.95+0.26 (n=306) <0.001
6 months 83 06+0.26 (n=328) 83.99+0.16 (n=299) 0.003

Figure 3 Quality of life at 1, 3 and 6 months postoperatively.
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injury and difficulty conducting a complete mediastinal
lymphadenectomy. However, with experience these are not
hurdles to using this approach. This study includes patients
during our learning curve for SVATS as such there was some
selection early in the period for patients we perceived to be
easier SVATS candidates. It is important to acknowledge that
SVATS is more challenging in left sided procedures due to
the heart’s location, and this is reflected in the significantly
higher proportion of right sided procedures in the SVATS
group. Furthermore, this approach can be challenging in
obese patients, and we observe a lower mean BMI in the
SVATS group in keeping with this.

Regarding postoperative pain, it is believed that injury
to the intercostal nerve induced by the maneuvering of the
instruments through the intercostal space is an important
etiological factor (28). The post-operative pain experienced
by the patients undergoing SVATS was significantly
lower at all three time points suggesting that avoidance of
intercostal nerve handling and injury may lead to reduced
short and medium-term pain following VATS procedures.
The average pain scores at 1, 3, 6 after subxiphoid surgery
were significantly lower compared to those of the intercostal
group (P<0.001), suggesting that avoiding the intercostal
neurovascular bundle may be a way to reduce postoperative
intercostal neuralgia which can leads to chronic pain and
paresthesia. Furthermore, more patients in the intercostal
group reported moderate-to-severe pain (NRS >3) than did
those in the SVATS group.

QoL after surgery has received increasing attention
over the past decade as a more important outcome than
survival alone (29,30). The use of different questionnaires
to assess the QoL makes comparisons between different
studies difficult but results from one randomized study that
compared VAT lobectomy with thoracotomy demonstrated
improved QoL in patients undergoing VATS (2). In our
present study, QoL, as assessed by EQS5D, was significantly
higher in patients undergoing SVATS compared with
intercostal uniportal VATS. This in part may be attributed
to the reduced postoperative pain experienced by the
patients in the subxiphoid group.

There are limitations of our study. Firstly, there was no
randomization in this work to SVATS wvs. intercostal VATS
and so there is the potential for bias that may have impacted
on our findings. This is important, since there were some
differences between the patient groups—for example,
generally a lower TNM stage. The aim of this retrospective
analysis was to investigate the presence of a trend to
inform a more comprehensive analysis in the shape of a

© Journal of Thoracic Disease. All rights reserved.
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randomized controlled trial. Secondly, almost 30% of the
patients were lost during follow up and did not complete
any or all of the questionnaires at the three time points. We
don’t know if the results would have been different should
we have had a higher completion rate. The operations
in this study were all performed by one group in a single
center with already established expertise in uniportal VATS.
Certainly, prospective studies, especially if comparative and
randomized could contribute a lot towards defining the pros
and cons, the indications and contraindications of the two
techniques. There are more comprehensive tools to assess
QoL, but we chose to use the tool that was established and
for which there was already familiarity for the staff involved
in data collection. It is important to acknowledge that
assessment of pain and QoL is subjective.

In conclusion, uniportal subxiphoid VATS is a safe
and feasible minimally invasive approach for undertaking
pulmonary lobectomy that may result in reduced
postoperative pain compared to conventional VATS. There
may also be earlier return of quality of life. A randomized
controlled trial examining this further would provide
further insight into our observations.
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