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Abstract

The objective is to preliminary evaluated postoperative leukocyte counts as a surrogate for the surgical stress response in
NSCLC patients who underwent RATS or VATS for further prospective analyses with proper assessment of surgical stress
response and tissue trauma. We retrospectively analyzed patients with stagel-IIIA NSCLC who underwent RATS or VATS
at a hospital between 8 May 2020 and 31 December 2021. Analysis of leukocytes (including neutrophils and lymphocytes)
and albumin on postoperative days (PODs) 1 and 3 in patients with NSCLC treated with RATS or VATS after propensity
score matching (PSM). In total, 1824 patients (565 RATS and 1259 VATS) were investigated. The two MIS groups differed
significantly with regard to operative time (p < 0.001), chronic lung disease (p <0.001), the type of pulmonary resection
(»<0.001), the excision site of lobectomy (p=0.004), and histology of the tumor (p =0.028). After PSM, leukocyte and
neutrophil levels in the RATS group were lower than those in the VATS group on PODs 1 and 3, with those on POD 3
(p<0.001) being particularly notable. While lymphocyte levels in the RATS group were significantly lower than those in
the VATS group only at POD 1 (p =0.016). There was no difference in albumin levels between the RATS and VATS groups
on PODs 1 and 3. The surgical stress response and tissue trauma was less severe in NSCLC patients who underwent RATS
than in those who underwent VATS, especially reflected in the neutrophils of leukocytes.

Keywords Postoperative leukocyte counts - Surgical stress response - Robot-assisted thoracoscopic surgery (RATS) -
Video-assisted thoracoscopic surgery (VATS) - Non-small cell lung cancer (NSCLC)
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mainly by robot-assisted thoracoscopic surgery (RATS) and
video-assisted thoracoscopic surgery (VATS). Studies have
shown that RATS improves visibility with a three-dimensional
visibility stereoscopic view and magnified field of view com-
pared to VATS; similarly, it allows for greater precision owing
to multijoint instrumentation and reduction in human hand
tremors [ 1, 2]. Moreover, the clear vision and precise accuracy
of RATS may reduce the surgical stress response and tissue
trauma of the patient.

Currently, postoperative surgical stress response has
been measured after different surgical procedures (esopha-
gus, colon, gastric, liver, etc.) [3-5] , but little is known
about that in NSCLC patients after RATS and VATS. The
stress response to surgery is a complex neuroendocrine-
metabolic and inflammatory-immune process [6]. Recov-
ery after surgery has been tracked by serial measurement
of a number of blood markers, such as cortisol, interleu-
kin 6 (IL-6), Leukocyte, and C-reactive protein (CRP) [7].
Leukocyte, especially neutrophil, play a central role in the
systemic inflammatory response after surgery and also be
used as a surrogate for surgical stress response. Therefore,
we conducted this preliminary study by propensity score-
matched analysis to compare leukocytes on postoperative
days (PODs) in patients with NSCLC treated with RATS or
VATS for further prospective analyses with proper assess-
ment of surgical stress response and tissue trauma.

Patients and methods
Design

This is a retrospective and comparative cohort study that was
conducted at Xiangya Hospital of Central South University.
We included all patients aged > 18 years who underwent
RATS or VATS for stagel-IITA non-small cell lung cancer
between 8§ May 2020 and 31 December 2021. Leukocytes
and albumin were tested preoperatively as well as on PODs 1
and 3. The exclusion criteria were open thoracotomy, preop-
erative infection, HIV infection, history of malignant blood
disease, autoimmune disease, immunosuppression or corti-
costeroid treatment, or history of radiotherapy or chemother-
apy within the last 6 months. Eligible patients were moni-
tored until discharge from the hospital and were followed up
through the outpatient clinic or received a telephone follow-
up 30 days after surgery to track their postoperative pneu-
monia (POP) outcome.

Definitions
POP was defined as pneumonia occurring within 30 days

postsurgery in patients with no evidence of pneumonia pre-
operatively, and the diagnosis of pneumonia required patients
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to meet two major criteria plus one minor criterion or one
major criterion plus three minor criteria. The major criteria
were fever (>38 °C) with no other recognizable cause and
abnormal radiographic findings (new or progressive and per-
sistent infiltrate, consolidation, or opacity). The minor criteria
were leukopenia <4.0x 10° cells/L or leukocytosis > 12.0x 10°
cells/L, a new rise in CRP level, increase and modification of
the expectorate toward a purulent appearance. Three experi-
enced clinicians, namely, two infection prevention and control
specialists and a cardiothoracic surgeon, worked together to
diagnose POP.

Surgical procedures

RATS or VATS was performed with the patient under gen-
eral anesthesia and in the lateral decubitus position. RATS
was performed using the da Vinci (Xi) surgical platform
with a four-arm approach. Usually, RATS has four surgical
incisions, while VATS has two. The surgical method, includ-
ing the type of pulmonary resection and whether lymph node
dissection or sampling was necessary, was selected accord-
ing to the results of intraoperative frozen section exami-
nation and preoperative examination. For patients requir-
ing lobectomy or segmentectomy, anatomic resection was
performed.

Data collection

The NSCLC patients were divided into the RATS group or
VATS group according to the surgical approach. The follow-
ing preoperative, intraoperative, and postoperative variables
were reviewed for the two groups: sex, age, smoking history,
smoking index (cigarettes per year), chronic disease (chronic
lung disease, hypertension, diabetes, coronary heart dis-
ease), American Society of Anesthesiologists (ASA) score,
type of pulmonary resection, excision site of lobectomy,
histology of the tumor, operative time, intraoperative blood
loss, POP, and postoperative hospitalization days.

The leukocyte (including neutrophil and lymphocyte) and
albumin counts analyzed in this study were those determined
from blood drawn on the day of admission and on PODs
1 and 3. The leukocyte was obtained via complete blood
count analysis, and albumin was measured via liver function
analysis. The operative time was calculated as the interval
between anesthesia induction and closure of the incision.

Statistical analysis

Data were entered and analyzed using SPSS version 27.
Qualitative data are summarized as numbers and per-
centages, and quantitative data are reported as medians
(Q25/Q75). Qualitative data were analyzed by Pearson's
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chi-squared test, and quantitative data were analyzed using
the Wilcoxon rank-sum test (also known as the Mann—Whit-
ney U test) to assess differences in these variables between
the RATS group and VATS group before propensity score
matching (PSM). A propensity score-matched analysis was
performed using a multivariable logistic regression model
based on preoperative and perioperative covariates: sex, age,
smoking, smoking index, chronic lung disease, hyperten-
sion, diabetes, coronary heart disease, ASA, histology of
the tumor, type of pulmonary resection, and excision site of
lobectomy. Pairs of patients who underwent RATS or VATS
were derived using 1:1 greedy nearest neighbor matching
within a PS score of 0.02. Quantitative data are reported
as the median (Q25/Q75), and statistical analysis was per-
formed using the Wilcoxon signed-rank test for paired sam-
ples after PSM. A p value of < 0.05 was considered to show
statistical significance.

Results
Patient characteristics

From 8 May 2020 to 31 December 2021, 1969 patients with
NSCLC were screened, among whom 145 were excluded
and 1824 were deemed to meet the inclusion criteria (Fig. 1).

The clinical characteristics of these 1824 patients are
shown in Table 1. Of these, 994 (54.5%) were female, 761
(41.7%) were aged 50-59 years, 590 (32.3%) had a history of
smoking, and 519 (28.5%) experienced chronic lung disease.

A total of 1259 (69.0%) patients and 565 (31.0%) patients
with NSCLC voluntarily chose VATS and RATS, respec-
tively. Lobectomy was performed in 1246 (68.3%) patients,
of which 481 (38.6%) had the right middle lobe removed. A
total of 1657 (90.8%) patients with NSCLC had adenocarci-
noma according to postoperative pathology records.

Preoperative, intraoperative,
and postoperative variable analysis

Patients in the RATS group suffered from prolonged opera-
tive time (p <0.001) compared to the VATS group. The two
MIS groups differed significantly with regard to chronic
lung disease (p <0.001), the type of pulmonary resection
(»<0.001), the excision site of lobectomy (p=0.004), and
histology of the tumor (p=0.028). POP was observed in 39
(6.9%, 39/565) patients and 87 (6.9%, 87/1259) patients after
RATS and VATS, respectively (p >0.05) (Table 2).

Leukocyte and albumin levels after PSM

After PSM analysis, there were 76 matched pairs in the two
groups. After PSM, no differences in the preoperative base-
line levels of leukocytes (including neutrophils and lympho-
cytes) or albumin were observed between the RATS group
and VATS group.

After PSM, increased concentrations of leukocytes were
found on PODs 1 and 3 in both the RATS and VATS groups

Fig. 1 Flow chart of the study.
NSCLC, non-small cell lung
cancer; RATS: robot-assisted

1969 patients with
NSCLC screened

thoracoscopic surgery; VATS:
video-assisted thoracoscopic
surgery

145 patients excluded
1 with malignant blood disease
7 with pre-operative infection

16 with open thoracotomy
104 with chemotherapy
17 with missing data

\ /

1824 patients with
NSCLC included

.

565 patients
with RATS

!

1259 patients
with VATS
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Table 1 Clinical characteristics of 1824 patients with NSCLC

Clinical characteristics Data

Sex, n (%)
Male 830 (45.5)
Female 994 (54.5)

Age groups (years), n (%)

<50 330 (18.1)

50-59 761 (41.7)

60-69 540 (29.6)

70-79 187 (10.3)

>80 6(0.3)
Smoking, n (%)

Yes 590 (32.3)
Smoking index (cigarettes per year), n (%)

<400 190 (32.2)

>400 400 (67.8)

Chronic disease

Chronic lung disease 1 n (%)

Yes 519 (28.5)
Hypertension, n (%)
Yes 424 (23.2)
Diabetes, n (%)
Yes 158 (8.7)
Coronary heart disease, n (%)
Yes 95(5.2)
ASA, n (%)
1 33(1.8)
2 772 (42.3)
3 985 (54.0)
4 34(1.9)
Histology, n (%)
Adenocarcinoma 1657 (90.8)
Squamous cell carcinoma 138 (7.6)
Large cell carcinoma 1(0.1)
Unclassified NSCLC 2 28 (1.5)
Approaches of surgery, n (%)
RATS 565 (31.0)
VATS 1259(69.0)
Type of pulmonary resection, n (%)
Lobectomy 1246 (68.3)
Segment resection 337 (18.5)
Wedge resection 121 (6.6)
Lobectomy + wedge resection 41 (2.2)
Lobectomy + segment resection 7(0.4)
Segment resection + wedge resection 72 (3.9)
Excision site of lobectomy 3.0 (%)
Left upper lobe 251 (20.1)
Left lower lobe 183 (14.7)
Right upper lobe 481 (38.6)
Right middle lobe 116 (9.3)
Right lower lobe 194 (15.6)
Multiple lobes 21 (1.7)
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Table 1 (continued)

RATS robot-assisted thoracoscopic surgery, VATS video-assisted
thoracoscopic surgery, NSCLC non-small cell lung cancer, ASA
American society of anesthesiologists

! Chronic lung disease included chronic obstructive pulmonary dis-
ease, chronic bronchitis, asthma, and bronchiectasis

2 Unclassified NSCLC is when the tumor is NSCLC, but no further
classification has been performed

3 Excision site of lobectomy is for 1246 patients who only underwent
lobectomy

compared to their respective leukocyte levels on preopera-
tive, and the highest leukocyte level occurred on POD 1. The
leukocyte levels in the RATS group were lower than those
in the VATS group on PODs 1 and 3, with those at POD 3
(p <0.001) being particularly notable (Fig. 2a). Similarly,
neutrophil levels were increased on PODs 1 and 3 in both
the RATS and VATS groups compared to their respective
neutrophil levels on preoperative, and the neutrophil level
was highest on POD 1. Neutrophils in the RATS group were
significantly lower than those in the VATS group at POD 3
(»<0.001) (Fig. 2b). In contrast, compared to lymphocyte
levels on preoperative, reduced lymphocyte concentrations
were found on PODs 1 and 3 in both groups, with the lym-
phocyte levels being the lowest at POD 1. The lymphocyte
level in the RATS group was significantly lower than that in
the VATS group only at POD 1 (p=0.016) (Fig. 2c).

After PSM, albumin concentrations at PODs 1 and 3
decreased in both the RATS and VATS groups compared
with albumin levels on preoperative, with the lowest albumin
levels at POD 3. Although there was no difference in albu-
min levels between the RATS and VATS groups on PODs 1
and 3, albumin was slightly lower in the VATS group than
in the RATS group (Fig. 2d).

Discussion

MIS for the treatment of NSCLC has rapidly spread dur-
ing the last decade as a consequence of numerous investi-
gators have proven its safety and effectiveness [8, 9]. The
advantages of MIS compared to open thoracic surgery are
less trauma, less pain, fewer complications (including POP)
and a better quality of life [10-13]. According to guide-
lines, VATS or RATS should be strongly considered for
patients with no anatomic or surgical contraindications [14].
Although VATS is the first non-rib-spreading thoracic pro-
cedure described, the introduction of RATS is undoubtedly
the most recent significant addition to the field of thoracic
surgery. Currently, less consensus has been achieved on
whether to choose VATS or RATS for patients with NSCLC.
Studies have shown no difference in postoperative complica-
tions, the conversion rate to open surgery, mortality, overall
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Table 2 Preoperative, Variables

RATS (n=565) VATS (n=1259) P
intraoperative, and
postoperative variable analysis Preoperative
between VATS and RATS Sex, n (%) 0.410
Male 249 (44.1) 581 (46.1)
Female 316 (55.9) 678 (53.9)
Age groups (in years), n (%)
<50 116 (20.5) 214 (17.0) 0.233
50-59 237 (41.9) 524 (41.6)
60-69 153 (27.1) 387 (30.7)
70-79 56 (9.9) 131 (10.4)
>80 3(0.5) 3(0.2)
Smoking, n(%) 0.343
Yes 174 (30.8) 416 (33.0)
Smoking index (cigarettes per year), n (%) 0.083
<400 65 (37.4) 125 (30.0)
>400 109 (62.6) 291 (70.0)
Chronic disease, n (%)
Chronic lung disease <0.001%**
Yes 240 (42.5) 279 (22.2)
Hypertension 0.318
Yes 123 (21.8) 301 (23.9)
Diabetes 0.992
Yes 49 (8.7) 109 (8.7)
Coronary heart disease 0.558
Yes 32(5.7) 63 (5.0)
ASA, n (%) 0.286
1 13 (2.3) 20 (1.6)
2 230 (40.7) 542 (43.1)
3 315 (55.8) 670 (53.2)
4 7(1.2) 27 (2.1)
Perioperative
Type of pulmonary surgery, n (%) <0.001##*
Lobectomy 266 (47.1) 980 (77.8)
Segment resection 175 (31.0) 162 (12.9)
Wedge resection 63 (11.2) 58 (4.6)
Lobectomy + wedge resection 1(0.2) 40 (3.2)
Lobectomy + segment resection 1(0.2) 6(0.5)
Segment resection + wedge resection 59 (10.4) 13 (1.0)
Excision site of lobectomy, n (%) 0.004%#:*
Left upper lobe 34 (12.8) 217 (22.1)
Left lower lobe 37 (13.9) 146 (14.9)
Right upper lobe 117 (44.0) 364 (37.1)
Right middle lobe 33 (12.4) 83 (8.5)
Right lower lobe 43 (16.2) 151 (15.4)
Multiple lobes 2(0.8) 19 (1.9)
Histology of the tumor, n (%) 0.028*
Adenocarcinoma 530 (93.8) 1127 (89.5)
Squamous carcinoma 28 (5.0) 110 (8.7)
Large cell carcinoma 0 1(0.1)
Uncategorized NSCLC 7(1.2) 21 (1.7)
Operative time (minutes), median (Q25/Q75) 125(100, 160) 99(80, 130) <0.001 %
Intraoperative blood loss (mL), median (Q25/Q75) 50 (50,100) 50 (50,100) 0.135
Postoperative
POP, n (%) 39 (6.9) 87 (6.9) 1.000
Postoperative hospital days (days), median (Q25/Q75) 5 (4,6) 5(4,6) 0.406

1 p<0.05; ##: p<0.01; *** p<0.001; RATS robot-assisted thoracoscopic surgery, VATS video-assisted

thoracoscopic surgery, POP postoperative pneumonia
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survival and disease-free survival between RATS and VATS
as minimally invasive surgery techniques [15, 16], but RATS
is a newer technique for MIS that has addressed some of the
shortcomings of VATS with 3D visibility and mechanical
wrists [2, 17, 18]. The clear vision and precise accuracy of
RATS may reduce tissue trauma in the patient. From this
point of view, one of the hypothesized advantages of the
RATS approach could be considered the reduced surgical
stress response.

The surgical stress response plays a key role in surgical
outcomes. A mild stress response can improve the adapt-
ability of the human body, while an excessive stress response
exacerbates functional impairment of the human body [19].
Lobectomy is the gold standard resection for NSCLC in
patients who can tolerate anatomical lung resection, so
RATS and VATS primarily injure lung tissue and thus can
cause postoperative complications of POP in patients with
NSCLC. Our results showed that the incidence of POP was
6.9% in both the RATS group and VATS group. There was
no difference in the occurrence of POP between the two
minimally invasive surgical approaches [20, 21]. Therefore,
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we quantified tissue trauma in both the RATS group and
VATS group by selecting leukocytes and albumin as indica-
tors of the surgical stress response.

Leukocytes, a type of proinflammatory cytokines, are pro-
duced by injured tissue as a direct consequence of trauma.
Leukocytes include granulocytes (neutrophils, eosino-
phils and basophils), lymphocytes (T cells, B cells and NK
cells), and monocytes (macrophages and dendritic cells).
In general, the total leukocyte count is relatively stable and
increases after surgery or in the presence of inflammation,
so leukocytes are used to assess the degree of postsurgical
trauma and surgical stress response. Mari et al. [22] inte-
grated leukocytes as well as IL-6 and CRP as indicators to
compare the surgical stress response level in two groups of
patients who underwent laparoscopic right hemi-colectomy
with intracorporeal or extracorporeal anastomosis. Likewise,
leukocytes were used as one of the indicators to assess the
surgical stress response of different perioperative manage-
ment measures in patients with gastric cancer complicated
by type 2 diabetes mellitus [23]. In addition, leukocytes
are an important marker of inflammation. Therefore, it is
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reasonable for us to choose leukocytes as the primary indi-
cator of the surgical stress response to assess tissue trauma
by RATS or VATS.

At present, less is known about the differences in surgical
stress response in NSCLC patients who underwent RATS
and VATS. Herein, we preliminary evaluated postopera-
tive leukocyte counts as a surrogate for the surgical stress
response in NSCLC patients who underwent RATS or VATS
in the study. We selected leukocytes, whose production is a
direct consequence of tissue trauma, as the primary indica-
tor of the surgical stress response. In our study, preoperative
and intraoperative variables that may influence leukocytes
or albumin, including demographic information as well as
the type of pulmonary resection, excision site of lobectomy,
and histology of the tumor, were adjusted for baseline dif-
ferences and selection bias by PSM. After PSM, there was
no difference in the preoperative baseline levels of leuko-
cytes (including neutrophils and lymphocytes) and albumins
between the RATS and VATS groups.

After PSM, we found that the leukocyte levels of the
patients peaked at POD 1 in the two MIS groups and gradu-
ally returned to baseline leukocyte levels from POD 3.
Moreover, the patients in the RATS group had a significantly
faster return to preoperative baseline leukocyte levels than
those in the VATS group (Fig. 2a). The above findings are
most evident in neutrophils (Fig. 2b), as a component of
leukocytes. Lung cancer resection is a strong stimulus to the
body, so the most pronounced surgical stress response occurs
on the first postoperative day, followed by a gradual return
to normal, and this trend of the surgical stress response is
also reflected in other surgeries [24]. We also found that the
level of lymphocytes was lower in the RATS group than in
the VATS group at POD 1. This may be related to lymph
node clearance. Adequate lymphadenectomy is a milestone
in the treatment of NSCLS [25]. Studies revealed that RATS
could achieve more lymph node dissections than VATS [26,
27] which indicated that the lymph node dissection of RATS
was more thorough.

Albumin, as a negative acute phase protein and a nutri-
tional biomarker, usually decreases after surgery due to
surgical stress and increased capillary leakage [28]. During
the process of the surgical stress response, capillary vas-
cular endothelial cells are destroyed due to the release of a
large number of inflammatory factors in the blood, result-
ing in increased capillary permeability of the whole body
and hypoproteinemia caused by leakage of intravascular
albumin. Extravasation of plasma albumin from the vessel
wall occurs at the beginning of surgery and peaks at POD
2 or POD 3 [28]. Albumin levels in the two MIS groups
showed a continuous decrease 3 days postoperatively in our
study. Although there was no difference in albumin levels
between the two MIS groups, the level in the VATS group
was slightly lower than that in the RATS group.

In this study, RATS prolonged operating time but not the
postoperative time and did not increase intraoperative blood
loss or the incidence of postoperative POP. However, previ-
ous studies have reported the advantage of RATS over VATS
in reducing hospital stays as well as operative time [29, 30].
Because RATS has more surgical incisions than VATS in the
study, which may have resulted in a longer operation time.

Limilations to this retrospective study that no additional
indicators of surgical stress were tested, including tumor
necrosis factor-o (TNF-a), IL-6, IL-10 and CRP. Because
this is a retrospective study, patients undergoing RATS or
VATS are usually tested for routine postoperative blood and
liver function for the patient's financial benefit, unless the
patient presents with signs of infection, in which case they
are tested for other inflammatory markers, such as TNF-a,
IL-6, IL-10 and CRP.

Conclusions

Our study demonstrates that no difference in the incidence
of POP caused by RATS and VATS as minimally invasive
surgical approaches. However, RATS, a newer technique
for MIS with 3D visibility and mechanical wrists, caused
less surgical stress response and tissue trauma than VATS
in NSCLC patients, and this was especially reflected in the
leukocytes on POD 3. In this study, we preliminary evalu-
ated postoperative leukocyte counts as a surrogate for the
surgical stress response in NSCLC patients who underwent
RATS or VATS for further prospective analyses with proper
assessment of surgical stress response and tissue trauma.
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