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Abstract Total endoscopic thyroidectomy (TET) using
low CO, insufflation provides cosmetic advantage, excel-
lent working space and visibility. On the contrary, suctioning
blood or mist/smoke produced by energy device application
causes narrowing of working space especially in neck sur-
gery. In this regard, AirSeal intelligent flow system would be
particularly suitable in TET. However, the benefit of AirSeal
is unknown in TET unlike abdominal surgery. Therefore, the
impact of AirSeal was evaluated in TET in this study. Twenty
patients who underwent total endoscopic hemithyroidectomy
were retrospectively analyzed. Insufflation was conducted by
either conventional or AirSeal system according to the sur-
geon’s preference. Short-term surgical outcomes including
operation time, bleeding, frequency of scope cleaning, and
disappearance of subcutaneous emphysema were compared
as well as actual visibility. AirSeal application dramatically
reduced obstacle smoke/mist and prevented narrowing work-
ing space by suctioning. Frequency of scope cleaning was
significantly less in AirSeal group than that in conventional
group (p = 0.016). In patients with nodule < 5 cm, intraop-
erative hemorrhage was less in AirSeal group than that in
the counterpart (p = 0.077) regardless of larger nodule size
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in AirSeal group (p = 0.058). Notably, subcutaneous emphy-
sema around surgical cavity disappeared significantly earlier
in AirSeal group than in the counter parts (p = 0.019). On
the contrary, AirSeal application did not shorten operation
time in the current study. AirSeal provided excellent vis-
ibility and seamless operation. AirSeal has great potential
to decrease not only surgeon’s stress but surgical invasion
on patients. The results in this study give rational to AirSeal
application to TET.
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Introduction

Although an endoscopic surgery was described with relative
delay in thyroid diseases compared to other organs because
of the narrow operative field, cosmetic advantages of endo-
scopic thyroidectomy are inarguably accepted [1]. After
video-assisted neck surgery (VANS), a gasless endoscopic
surgical approach, was described [2], VANS method has
been widely applied. The VANS method allows manual pal-
pation of the tumor from the chest wall incision, and excel-
lent bleeding control. On the other hand, total endoscopic
thyroidectomy (TET) by the axillary approach or else ena-
bles high degree of freedom in surgical incision that leads to
further cosmetic advantage [3-5] than VANS method. Low
pressure CO, gas insufflation provides excellent working
space and hemostatic effect on minor bleeding, contribut-
ing to excellent visibility. These are also great advantages
of TET compared to a gasless VANS method. However,
suction of blood or mist/smoke produced by energy device
use causes narrowing of working space in TET, which may
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lead to extended operation time or unexpected complication
due to poor visibility. Accordingly, ensuring stable working
space is required to maximize the advantages of TET. Air-
Seal™ intelligent flow system (SurgiQuest, Milford, USA;
ConMed Japan, Tokyo) is an insufflation system that can
maintain a fixed pressure in surgical field by continuously
monitoring and adjusting CO, flow rates. AirSeal system
consists of a contiguous trilumen filter tube set that con-
nects to one valveless access port. AirSeal system allows
immediate response to slight changes in the set pressure by
automatically adjusting flow rate in real time. Such immedi-
ate and automatic compensation of CO, pressure and volume
loss provides great benefit in reducing effects on working
space by intraoperative suctioning. AirSeal system is widely
used in abdominal surgery especially in robotic surgery
[6-9]. Taking the narrower space of neck into account, Air-
Seal system would provide great advantages in visibility of
TET further than abdominal surgery. Therefore, we aimed
to clarify whether AirSeal system can provide benefits in
TET in this study.

Patients and Methods

We evaluated consecutive 20 patients who underwent endo-
scopic hemithyroidectomy at Kitasato University Hospital
from January 2017 to December 2019. Preoperative diagno-
sis for hemithyroidectomy was as follows: 15 patients, ade-
nomatous nodule(s); 3 patients, follicular tumor; 1 patient,
papillary thyroid cancer; 1 patient, intrathyroidal parathyroid
adenoma (Table 1). TET was performed by one surgeon sim-
ilarly as previously described [10-12]. Briefly, a 20-30 mm
incision was placed in the axilla or the lateral anterior chest.
After making working space under the platysma muscle by
blunt dissection and inflation of a PDB™ round balloon
(Medtronic), either two 5 mm trocars (without AirSeal) or
one 5 mm trocar and AirSeal port (with AirSeal) were placed
through XS-size FREE ACCESS™ (TOP, Tokyo) fixed to
the outer ring of a XS-size SMART RETRACTOR™ (TOP)
that was inserted through the skin incision. Carbon dioxide
(CO,) was insufflated to 6-8 mmHg. An additional 5 mm
trocar was inserted supraclavicular and near the incision.
HARMONIC HD 1000i (36 mm) (Ethicon Japan) was
applied as an energy device, and the seven-mode was used to
seal superior/inferior thyroid arteries. The anterior border of
the sternocleidomastoid muscle was dissected from the ster-
nohyoid muscle, then the omohyoid muscle was dissected.
The sternothyroid muscle was dissected from the sternohy-
oid muscle and the working space was made for subsequent
hemithyroidectomy. The information on operation including
(endoscopic) operation time, blood loss, and frequency of
scope cleaning were evaluated (Table 1).
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This study was approved by the ethics committee (IRB)
of the Kitasato University School of Medicine (the IRB
approved #B22-004), and was performed in accordance with
the clinical research guidelines of the IRB of the Kitasato
University School of Medicine. All individuals gave writ-
ten informed consent for pathologic assessment and routine
blood sample analyses on their samples, and clinical data.
The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013).

Mann—Whitney’s U test was used to compare continuous
variables. A p value < 0.05 was considered significant. All
statistical analyses were conducted using a JMP Prol4 (SAS
Institute, Cary, NC).

Results

There was no significant difference in preoperative patient
characteristics (Table 1). Nodule sizes were marginally
larger in AirSeal group without statistical significance
(p=0.181). Average nodule sizes were 36.6 +5.9 (s.e.m.)
mm and 44.6 +2.9 mm in patients without AirSeal and with
AirSeal, respectively.

CO, insufflation was performed at 6 mmHg in most of
cases of AirSeal group (8/11) and 6 mmHg pressure was
sufficient for working space. On the contrary, 8 mmHg insuf-
flation was required for all of cases of conventional group
to obtain enough working space. Application of AirSeal
system dramatically reduced smoke and mist caused by an
energy device, providing excellent visibitily (Fig. 1A-D,
Supplementary videos 1 and 2). On suctioning mist/smokes
produced by an energy device, AirSeal system prevented
narrowing working space and greatly contributed to keep
wide and clear visibility, leading to seamless operation
(Fig. 1E, F, Supplementary videos 1 and 2). Indeed, AirSeal
application significantly decreased frequency of scope clean-
ing from 11.8 + 1.9 times to 6.5 +0.8 times per operation
(p=0.016, Table 1, Fig. 2 left). Frequency of scope cleaning
corrected by endoscopic operation time (hr) further showed
remarkable improvement by AirSeal system which reduced
the cleaning frequency during endoscopic procedure from
4.8+0.6 times to 2.6 +0.4 times (p = 0.006, Fig. 2 right).
AirSeal application only marginally contributed to reduc-
tion of intraoperative blood loss (19.2 +7.6 ml in non—Air-
Seal group vs. 12.7+7.4 ml in AirSeal group, p = 0.161).
In patients with nodule size < 5 cm, AirSeal decreased
intraoperative blood loss from 23.3+9.2 ml to 8.6 +6.1 ml
(p = 0.077) regardless of larger nodule size (40.3+2.3 cm
in AirSeal group vs. 29.7+4.6 cm in non—AirSeal group,
p = 0.058). Notably, time to disappearance of subcutane-
ous emphysema around surgical cavity was significantly
shorter in AirSeal group (2.82 +0.18 days) than in the coun-
ter parts (4.22+0.52 days) (p = 0.019). On the other hand,



117

Indian J Otolaryngol Head Neck Surg (Jan-Mar 2023) 75(1):115-120

159 1y

UONOISSIP JOaU [e1)
-U90 (N ‘AW030opIoI YWY 3J9] L7 ‘AwordoproiAyruiay WS 7y ‘Jown) Ienorfoj ‘74 ‘wsiproifyrerediodAy Arewnd j7H 4 ‘ewourores proiAyy Areqided 574 ‘(s)9[npou snojewioudpe Ny

6100 9000 9100 (60¢°0)'s'u (Lov'0)ysu 191°0 181°0 s'u xd
€ LT 9 81C LST w3ys LH1 9 NV d € Sax
€ ¥l S (444 (44 yss IHY 6S NV 4 v SIX
C €1 € 124! 691 yss IHY oy 14 4 e SIX
C ! € 9¢l €Ll L LHY Sy NV 4 9 SIX
€ L1 4 8¢l CLl 0s LHY 144 NV 4 ¢S SIX
€ (27 L I€l CLl yss LHY Ly NV 4 ¢S SIX
€ Le 6 Il 9L1 yss LHY 09 NV 4 8¢ SIX
€ §cC 9 Il 161 IL LHY 0S NV 4 S SIX
¥ 8T 6 S61 0ore cl LHT LE 14 4 6¢ SIX
C 9v ! (44! L81 yss LHY 8¢C 14 4 1€ SIX
€ Sy 6 ¢l 991 yss LHY 33 NV 4 Ly SIX
L 143 6 191 L0T LENE LHT IS NV d 8¢ ON
9 L1 4 orl 0L1 BN LHY Sy ov d 0¢ ON
S Le 8 I€l 991 01 LHT 0L ov W 9¢ ON
¥ 9¢ 8 €l 891 0s LHT ey ov 4 IS ON
C €L ¥C 961 IvC o1 LHT 94 NV 4 LS ON
€ ['9 4! LEL (41! <9 LHY S1 (porkyenur) TdHd 4 LS ON
¥ 9°¢ 4! 6¢CI SLI 0r LHT (213 NV 4 €l ON
€ 0¢ I €el 8LI 8 dND ‘LHY Sl J1d 4 0ov ON
% L 91 yel 691 0C LHY [43 NV 4 ON

(Kep) (1q) swm aaneIado Sur (urur) (wu)

ewdsAydwo snooueino  ordoosopuo/Surued[o  -uedo odoos  own aanerddo az1s sIsou
-qns jo aouereaddesyq  odoos jo Aouenborj  jo Aouonboig ordoosopug  (urw) swn uoperado ([wr) sso| poorg £1931mng  9[mpoN -3eip oaneradoalrd 1opuen) o3y [edS a1y

woIsAs [BaSry Jo uonedridde junoooe ojur Sunye) soryderdowap juened [ d[qeL

pringer

a's



118

Indian J Otolaryngol Head Neck Surg (Jan—-Mar 2023) 75(1):115-120

w/ AIRSEAL™

Fig. 1 Representative images of total endoscopic right hemi-thyroid-
ectomy taking into account AirSeal application. Smoke/mist caused
by energy device (Harmonic HD) obstructs visibility in non-AirSeal
used conventional group (A and C). AirSeal application dramatically
improved visibility by decreasing smoke/mist (B and D). Suction-
ing of smoke/mist narrows working space in non-AirSeal group (E).
AirSeal system prevents narrowing on suctioning by retaining stable
pressure (F). Video presentations demonstrate excellent visibility by
AirSeal use
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Fig. 2 Frequency of scope cleaning was reduced by AirSeal applica-
tion. AirSeal system significantly reduced frequency of scope clean-
ing. Left, total frequency per an operation. Right, frequency corrected
by endoscopic operation time (hr). *p <0.05, **p <0.01
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total operation time and endoscopic operation time were not
improved by AirSeal application in the current study.

Discussion

In the present study, clinical impact of AirSeal intelligent
flow system was first evaluated in total endoscopic thyroid-
ectomy (TET). We report that AirSeal application dramati-
cally improves visibility and further suggested possibility to
decrease surgical stress on patients.

Recently, AirSeal system have been widely applied in
laparoscopic or intraabdominal robotic surgery since Herati
et al. first clinically evaluated in urologic laparoscopic sur-
gery [13]. The hallmark of AirSeal system is its control unit
which comprises a triple lumen filter tube set connected to
one valveless AirSeal trocar. CO, inflow is supplied from
one lumen of the filter tube set, the second lumen provides
CO, outflow, and real—time monitoring and compensation
of pressure in the surgical space is performed via the third
lumen. In laparoscopy and intraabominal robitic surgery,
such delicate pressure control has allowed a stable pneumop-
eritoneum and excellent visibility which leaded to reduction
of blood loss, and further decreased laparoscopy—associated
shoulder pain [6-9, 14, 15]. In TET, the insufflated operat-
ing field is much smaller than abdominal surgery. Because
of the smaller working space, less smoke/mist produced by
energy device easily obstruct the view and suctioning can
further cause narrowing space. Therefore, AirSeal applica-
tion to TET can contribute to improvement of visibility more
than to abdominal surgery. Indeed, AirSeal use dramatically
improved visibility in patients who underwent TET in our
study (Fig. 1 and Video presentation), statistically confirmed
by reduction of scope cleaning frequency (Table 1 and
Fig. 2). In addition, intraoperative blood loss was decreased
by AirSeal use although it is not statistically significant. On
the other hand, contribution to shortening operation time has
been still contradictory [14, 16]. Similarly, AirSeal applica-
tion did not improve both total and endoscopic operation
time in this study (Table 1).

Of note, subcutaneous emphysema around surgical cavity
disappeared significantly earlier in AirSeal group, maybe
because 6 mmHg CO, insufflation was sufficient in most
of patients by AirSeal application compared to 8 mmHg in
conventional group. This result is consistent with a previous
report in pediatric laparoscopic appendectomy [17]. Sroussi
et al. reported that lower pressure resulted in less postopera-
tive shoulder pain in gynecological laparoscopy [18]. These
results suggest that AirSeal not only improve visibility but
surgical invasion on patients. The valveless trocar allows to
release excessive gas on the unexpected pressure elevation
as a pop—off valve. This may also explain earlier disappear-
ance of subcutaneous emphysema around surgical cavity.
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Previous studies reported that the valveless trocar system
reduces CO, absorption during laparoscopy by keeping
intraabdominal pressures within the acceptable range longer
than the conventional system [16, 19]. Additionally, Galizia
et al. alerted that pulsatile flow fluctuation in conventional
CO, insufflators affects vessel tone regulation, triggering
hypoperfusion and reperfusion injury, inducing oxidative
stress, cellular injury, and organ dysfunction in laparoscopy
[20].

Along with reducing smoke, the filter component of the
AirSeal tube set minimizes the hazards of surgical smoke
by removing carcinogens and pathogens from smoke down
to 0.01 um [16]. This is great advantage of AirSeal system
especially in COVID—19 pandemic as well.

The limitation of this study is that this report is based on
retrospective setting in small number of patients in one insti-
tution. Future studies from case—matching its cohorts and
larger, multi—center, randomized control trials are needed to
demonstrate the impact of AirSeal system on intraoperative
and postoperative patient outcomes.

In conclusion, AirSeal system provides great benefits in
visibility in TET, leading to seamless procedure and mitigat-
ing surgeon’s stress. AirSeal may have benefits in surgical
invasion on patients as well. Further investigation would
define the clinical impact of AirSeal on TET.
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