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Background: The present study was performed to investigate the perioperative dynamics of coagulation
factor XIII (FXIII) in patients with non-small cell lung cancer undergoing video-assisted thoracoscopic
surgery (VATS) lobectomy compared with open lobectomy.

Methods: Perioperative coagulation factors including FXIII were analyzed in 30 patients who underwent
VAT lobectomy and 10 patients who underwent open lobectomy at Teikyo University Hospital from
December 2017 to April 2019.

Results: Patients in the VATS lobectomy group showed higher FXIII activity on postoperative day (POD)
5 than patients in the open lobectomy group (P=0.028). The FXIII activity was significantly lower on POD3,
PODS5, and POD?7 than that in the preoperative period and on PODI, even in patients who had undergone
VATS lobectomy (P<0.001). No factors were found to affect the maintenance of FXIII in the VATS
lobectomy group.

Conclusion: The postoperative decrease of FXIIT activity differed between patients who underwent VATS
lobectomy and those who underwent open lobectomy. Based on the characteristics of FXIII, the FXIII

activity may be a good marker of the invasiveness of VAT'S lobectomy versus open lobectomy.
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Introduction the delivery of adjuvant chemotherapy (2-5). Moreover,

several multicenter case-control studies have shown that the

Video-assisted thoracoscopic surgery (VATS) lobectomy potential benefits of VAT include less pain, chest drainage,

is now frequently used as the curative surgical approach length of hospitalization, and complications (6-9). However,

in patients with non-small cell lung cancer (NSCLC) (1). these benefits are not as statistically robust in prospective

General thoracic surgeons generally tend to consider randomized trials. Moreover, inflaimmation markers, such

that VATS lobectomy must be less invasive than open as C-reactive protein or erythrocyte sedimentation rate,

lobectomy. Many published papers have suggested that
VATS lobectomy is an adequate oncological operation, is

safe, is better tolerated than open lobectomy, and facilitates
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can be easily affected by other physical factors, therefore
they are not always suitable for the evaluation of surgical
invasiveness.
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Blood coagulation factor XIII (FXIII) is not only a key
factor that functions at the end of the coagulation cascade,
but it also plays an important role in wound healing, making
cross-linking fibrin monomers into stable polymers and
counteracting fibrinolytic degradation (10). Administration
of exogenous FXIII concentrate reportedly aids wound
healing (11-14) and intestinal anastomosis leakage after
gastrointestinal surgery (15,16). Moreover, Inoue et al. (17)
reported that FXIII was not only an important factor for
prolonged air leakage after pulmonary resection but also
that exogenous FXIII helped to treat the air leak.

"To assess the difference in surgical invasiveness between
VATS lobectomy and open lobectomy, we focused on the
area of surgical trauma on the chest wall because surgical
invasiveness is presumed to be correlated with this area of
surgical trauma. From this viewpoint, we considered that
the invasiveness could be directly measured by the factors
involved in the wound healing system and that FXIII would
be a good marker for the evaluation of invasiveness, because
it is an important factor of wound healing.

The present study was performed to investigate the
perioperative dynamics of FXIII in patients with NSCLC
undergoing VATS lobectomy compared with open
lobectomy and to investigate how these dynamics correlate
with those of other perioperative parameters in patients

undergoing VATS lobectomy.

Methods
Patients

This study was approved by the ethics review board of
Teikyo University (approval number: 17-035). Thirty
patients who underwent VATS lobectomy at the
Department of Surgery, Teikyo University Hospital
from December 2017 to April 2019 and 10 patients who
underwent open lobectomy at the same hospital during the
same period were analyzed. All 40 patients were consecutive
cases and were preoperatively diagnosed with NSCLC
without nodal metastasis by the institutional tumor board.
PET scan was basically performed in all cases, except the
patients had severe diabetes. In our institution, all patients
diagnosed with clinical NO lung cancer are candidates for
VATS lobectomy. However, when patients chose to undergo
open lobectomy instead of VATS lobectomy after our
explanation of the difference between open lobectomy and
VATS lobectomy, we preoperatively plan to perform open
lobectomy.
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Patients who underwent intraoperative conversion from
VATS to open lobectomy were excluded. Patients who
received a perioperative transfusion were also excluded
because coagulation factors may be strongly affected by
transfusion.

The preoperative characteristics were the patient’s age, sex,
smoking history, body mass index, preoperative diagnosis and
tumor position, various nutrition indexes, and presence of
comorbidities. The intraoperative parameters were the surgical
procedure, operation time, and blood loss. Intraoperative
blood loss was calculated by weighing blood-soaked gauze and
measuring the amount of blood in suction bottles. Postoperative
complications that occurred within 28 days after surgery were
monitored and classified according to the Clavien-Dindo
classification of surgical complications (18). The index of
prolonged air leakage (IPAL) (19) was also calculated from
the patients’ information.

Perioperative management

Perioperative antimicrobial prophylaxis was performed
immediately before surgery and every 3 to 12 h during
and after surgery (the intervals were determined according
to the half-lives of the antimicrobials) until 2 days after
surgery. No patients underwent postoperative replacement
of FXIII, even if prolonged air leakage was found.

Surgical techniques

All patients underwent lobectomy with mediastinal lymph
node dissection. VAT'S lobectomy was performed entirely
through four small incisions that measured 30, 15, 7, and
7 mm, respectively, without rib spreading. A 5-mm high-
definition camera (Olympus, Tokyo, Japan) was inserted
with 30-degree angulation. The operation was performed
entirely through thoracoscopic images. In contrast,
open lobectomy involved the performance of lobectomy
following thoracotomy with rib spreading. The length of
the skin incision was about 120 mm.

Blood samples for analysis

Blood samples for analysis were obtained within 1 week before
surgery and on postoperative day (POD) 1, POD3, PODS,
and POD7. We measured the FXIII activity, fibrinogen level,
fibrinogen degradation products (FDP) level, and complete
blood count. All laboratory tests were performed according to
the manufacturer’s protocol. FXIII activity was measured via
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the synthetic substrate method (20). All patients’ data were
prospectively collected.

Statistical analysis

Statistical analyses were performed using Prism 8
(GraphPad Software Inc., San Diego, CA, USA). The
results were assessed using unpaired or paired two-
tailed Student’s ¢ tests. A value of P<0.05 was considered
statistically significant. The optimal cutoff values for
continuous prognostic indexes were determined with the
method established by Budczies et al. (21), described at
http://molpath.charite.de/cutoff/. This method fits Cox
proportional hazard models to the dichotomized variable
and the survival variable. The optimal cutoff is defined as
the point with the most significant split.

Results
Patients’ perioperative characteristics

"The patients’ baseline characteristics are shown in Zible 1. Thirty
patients who underwent VATS lobectomy and 10 patients
who underwent open lobectomy were included in this study.
There was no significant difference in age, sex, body mass
index, Glasgow prognostic score, or existence of diabetes
between the two groups, although the smoking history
was heavier in the open lobectomy group and tumor size is
larger in the open lobectomy group. Additionally, the IPAL
did not differ between the two groups in our study.

Among the preoperative data, there was no significant
difference in the operation time, duration of drainage, or
prolonged air leakage between the two groups, although
patients in the open lobectomy group lost 200 mL more
blood than those in the VATS lobectomy group (235 vs.
31 mL in average, P<0.001). There was also no significant
difference in the tumor location, pathological stage, or
histology between the two groups. Among the preoperative
laboratory data, there was no significant difference in
the FXIII activity, prothrombin time, activate partial
thromboplastin time, fibrinogen level, FDP level, or platelet
count between the two groups.

Dynamics of perioperative FXIII activity and other
coagulation factors

Figure 1 shows the following perioperative laboratory
data in both the VATS lobectomy group and open

© Journal of Thoracic Disease. All rights reserved.

Shirai et al. Dynamics of coagulation factor XIll after VATS lobectomy

lobectomy group: FXIII activity (Figure 14), fibrinogen
level (Figure 1B), platelet count (Figure 1C), and FDP level
(Figure 1D).

The FXIII activity was significantly lower on POD3,
PODS5, and POD7 than during the preoperative period
(control) in the VATS lobectomy group (P<0.001). The
fibrinogen level was significantly higher on POD3, PODS,
and POD?7 than during the preoperative period in the
VATS lobectomy group (P<0.001). The platelet count
was significantly lower on POD1 and POD3 than during
the preoperative period in the VATS lobectomy group
(P<0.001), but it recovered on PODS5 and POD7. The FDP
level was significantly higher on PODS5 and POD7 than
during the preoperative period in the VATS lobectomy
group (P<0.001).

In the comparison between VATS lobectomy and
open lobectomy patients in the VATS lobectomy group
showed higher FXIII activity on PODS than those in the
open lobectomy group (P=0.028). However, no significant
difference was found in the other parameters, including the
fibrinogen level, platelet count, and FDP level.

We dichotomized the VATS lobectomy group into
two subgroups to identify parameters that affect the
maintenance of FXIII. Figure 2 shows the comparison
of FXIII activity according to the drainage volume
(Figure 2A4), HbAlc level (Figure 2B), prolonged air
leakage (Figure 2C), operation time (Figure 2D), tumor
size (Figure 2E), and intraoperative blood loss (Figure 2F).
However, no factor reached statistical significance at
any time point.

Discussion

In this study, we assessed the dynamics of preoperative
wound healing factors in patients who underwent VAT'S
lobectomy versus open lobectomy. Our data showed that
the FXIII activity on PODS was higher in the VATS
lobectomy group than open lobectomy group. However,
the FXIII activity was significantly lower on POD3,
PODS, and POD7 than during the preoperative period in
the VATS lobectomy group. Therefore, the difference in
FXIII activity on PODS5 depended on the declining range
of FXIII activity between the VATS lobectomy group and
open lobectomy group. To the best of our knowledge, no
other report has described the perioperative dynamics of
FXIII in patients undergoing VAT'S lobectomy versus open
lobectomy.

The role of FXIII in wound healing is supported by
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Number of patients VATS lobectomy (n=30) Open lobectomy (n=10) P value
Age (years) 69 (53-79) 71 (59-81) 0.17
Gender (F:M) 15:15 5:5 1
Smoking history (pack-year) 17.5 (0-116) 27 (0-105) 0.02
Body mass index (kg/m?) 23.6 (17.2-34.8) 23.5 (17.6-35.4) 0.87
Glasgow prognostic score (2,000/1/2) 24/6/0 2007/1/2 0.35
Index of prolonged air leak (IPAL) 0.26
IPAL <5 1 1
5< IPAL <10 7 2
10< IPAL 22 7
Diabetes mellitus 8 1 0.4
Operation time (min) 241 (141-319) 264 (183-368) 0.29
Blood loss (mL) 31 (2-391) 235 (30-938) <0.001
Duration of drainage (POD) 2 (2-10) 3 (2-8) 0.63
Prolonged air leakage 3 2 0.58
Tumor location 0.48
Upper lobe 19 5
Middle or lower lobe 11 5
Pathological stage 0.39
I 23 3
I 2 4
M 4 3
1Y 1 0
Histology 0.39
Adenocarcinoma 26 6
Squamous cell carcinoma 3 3
Adenosquamous carcinoma 0 1
Typical carcinoid 1 0
Tumor size (mm) 27114 46+28 0.007
Preoperative labor data
FXIII activity (%) 102 (47-183) 93 (66-141) 0.36
PT (%) 100 (80-100) 100 (97.1-100) 0.16
APTT (sec) 28.7 (25.1-38.8) 32.1 (25.3-37.6) 0.16
Fibrinogen (mg/dL) 303 (245-496) 248.5 (164-678) 0.23
FDP (mg/dL) 3.6 (2.5-12.6) 2.5 (2.5-5.4) 0.15
Platelet count (10%/uL) 24.6 (12.4-33.5) 23.5 (14.2-46.4) 0.74

VATS, video-assisted thoracoscopic surgery; POD, postoperative day; FXIIl, factor Xlll; PT, prothrombin time; APTT, activated partial

thromboplastin time; FDP, fibrinogen degradation products.
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Figure 1 Dynamics of the following perioperative coagulation factors are shown: (A) FXIII, (B) fibrinogen, (C) FDP, and (D) platelet

count. These data are described as the proportion to the preoperative data (control). ', significant difference compared with preoperative

control in the VAT lobectomy group; *, significant difference at the same time point between the VATS lobectomy and open lobectomy
group. Higher FXIII activity on PODS5 was found in the VATS lobectomy than open lobectomy group (P=0.028). The FXIII activity

was significantly lower on POD3, PODS5, and POD7 than during the preoperative period or POD1, even in the VATS lobectomy group

(P<0.001). FXTII, factor XIII; FDP, fibrinogen degradation products; VAT, video-assisted thoracoscopic surgery; POD, postoperative day.

research in both animal studies and clinical cases. Schroeder
and Kohler (22) reported that activated FXIII cross-links
fibrin chains in a transglutaminase reaction, leading to a
three-dimensional insoluble fibrin network that supports
wound healing. Additionally, Higaki et /. (23) reported that
the plasma FXIII level was lower in patients with active
Crohn’s disease than in patients in remission, indicating
FXII consumption during the healing of damaged colons.
Moreover, D’Argenio et al. (24) evaluated patients with
ulcerative colitis and found that FXIII was localized in the
extracellular matrix of the damaged mucosa as revealed by
immunohistochemistry, which is strong evidence of the
participation of FXIII in the wound healing process.

How to supply FXIII to the healing tissue remains
unresolved. Katona et 4. (25) examined children with
chronic bronchoalveolar inflammation and found that the
plasma type FXIII level in bronchoalveolar lavage fluid
was elevated, as was the cellular form of FXIII. From this
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point of view, the consumption of FXIII in our study may
reflect the result of FXIII translocation in the healing tissue.
Therefore, our findings suggest that FXIII activity may
reflect the difference in surgical invasiveness between VATS
lobectomy and open lobectomy.

FXIII also interacts with cells of the immune system (26).
Interactions include activation of FXIII by human
neutrophil elastase, down-regulation of activated FXIII
within the clot by granulocyte proteases, and FXIII-
induced enhancement of monocyte proliferation and
migration and inhibition of monocyte apoptosis (26).
Monocytes and macrophages have been discussed as a
source of FXIII-A in plasma, and in spite of some evidence
for a non-classic secretion pathway of cellular FXIII from
these cells (26,27), the origin of plasma FXIII-A is not
yet proven. An association between the FXIIIVal34Leu
polymorphism and monocyte and neutrophil cell counts
after lipopolysaccharide infusions in humans has been
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Figure 2 Dynamics of FXIII activity are shown in the VATS lobectomy group, with the groups dichotomized according to (A) drainage

volume, (B) HbAlc level, (C) prolonged air leakage, (D) operation time, (E) tumor size, and (F) intraoperative blood loss. No factor reached
a significant difference at any time point. FXIII, factor XIII; VAT, video-assisted thoracoscopic surgery.

suggested (28). VATS lobectomy for early-stage NSCLC
has been found to be less immunosuppressive than open
lobectomy as shown by less severely suppressed numbers of
lymphocytes, total T cells, CD4 T cells, and NK cells in the
early postoperative period (29,30).

From these previous papers and our results, the
maintenance of FXIIT activity may be the result of the less
invasive nature of VATS lobectomy. However, this may
also result in the prevention of immunosuppression after
surgery, which may contribute to better perioperative
outcomes.

This study has several potential limitations. First, the

© Journal of Thoracic Disease. All rights reserved.

number of enrolled patients was small. Additionally, the
study was open-label and non-randomized; therefore, it is
hard to know if this trend will be a true finding, because
sampling bias may have occurred. In order to prove this
trend statistically, randomized study with more patients will
be required. Second, we described all coagulation factor
data as proportions to the preoperative data; therefore,
patients with poor coagulation factors tended to show
drastic changes, even if the same amount of coagulation
factors was consumed. However, the preoperative data
of these patients showed wide variation, and proportion
data are thus suitable for the comparison between the
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preoperative and postoperative periods.

In conclusion, we found that the FXIIT activity differed
between patients undergoing VATS lobectomy and those
undergoing open lobectomy. Based on the characteristics
of FXIII, the FXIII activity may be a good marker of
surgical invasiveness in patients with NSCLC undergoing
lobectomy.
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