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Abstract

AIM: To compare natural orifice transluminal endo-
scopic surgery (NOTES) vs standard laparoscopic ovari-
ectomy in mini pigs with respect to technical aspects,
complications and parameters of systemic inflammatory
response.

METHODS: This was a randomized, experimental,
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survival study. Ten female mini pigs underwent NOTES
transgastric ovariectomy (NOTES group) and ten fe-
male mini pigs underwent laparoscopic ovariectomy
(LAP group). A “percutaneous endoscopic gastrostomy”
approach with guidewire and sphincterotome was used
for gastrotomy creation. The ovary was resected us-
ing standard biopsy forceps and a snare. The access
site was closed using a “"KING” closure with a single
endoloop and several clips. In the laparoscopic group,
a three-port laparoscopy and an ovariectomy were
performed with the use of standard laparoscopic de-
vices. C-reactive protein (CRP), white blood count and
interleukin (IL)-6 plasma levels were used as indicators
of systemic inflammatory response. All animals were
euthanized 28 d after surgery.

RESULTS: All animals survived without complications.
The mean procedure time was 41.3 min £ 17.6 min
(NOTES group) and 25.7 min £ 5.25 min (LAP group, P
< 0.02). Postmortem examinations demonstrated that
50% and 70% of animals were free of any complica-
tions in the NOTES and LAP groups, respectively. The
remaining animals developed minor complications (ad-
hesions) in a comparable frequency between the two
groups. In the NOTES group, one animal developed a
small intramural gastric abscess close to the gastrotomy
site. A minor serous exudate that was present in 50%
and 40% of the animals in the NOTES and laparoscopy
groups, respectively, was not considered a complica-
tion. In both groups CRP levels increased significantly
on the 2nd and 7th postoperative days (POD) and re-
turned to normal after 28 d. On POD 2, an increase of
CRP level was significantly higher in the NOTES group
compared to the LAP group. Values of IL-6 did not dif-
fer from baseline values in either of the groups post-
operatively. Interestingly, the platelet count decreased
significantly on POD 2, but returned close to baseline
values on POD 7 and PODs 28-30.

CONCLUSION: Both NOTES and laparoscopic ovariec-
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tomies had a similar frequency of minor complications.
However, the NOTES technique produced an increased
systemic inflammatory response on POD 2.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Natural orifice transluminal endoscopic surgery (NOTES)
is a surgical procedure that enables intraperitoneal surgi-
cal interventions with the elimination of abdominal wall
incisions. The potential benefits of NOTES include no
remnant scars and obviating the possibility of abdominal
wall infection and hernia formation. Although several
NOTES procedutes have already been performed in hu-
mans'!, NOTES still remains an experimental surgical
technique. Since laparoscopy serves as a golden standard
for mini- invasive surgery, NOTES should be compared
to laparoscopy in all imaginable aspects. If NOTES is
to be used in the future, it must at least reach standards
comparable to the existing procedures.

Several small experimental studies have compared
NOTES with laparoscopic procedures. These included
peritoneoscopy, transvaginal cholecystectomy, colon in-
jury repair and distal pancreatectomy”. NOTES proce-
dures were feasible but they usually lasted longer. Most
studies found a comparable frequency of abdominal
complications. Only a few studies tested the differences
in systemic inflammatory response, however, no finding
has ever suggested a clear difference between NOTES
and laparoscopy”*”. Only one study found a potentially
significant relative thrombocytopenia in NOTES as com-
pared to laparoscopy during a simple peritoneoscopy”.

The aim of our randomized experimental survival stu-
dy was to compare both the outcome criteria (mortality,
morbidity and complications such as peritonitis or adhe-
sion formations) and indicators of postoperative systemic
inflammatory response and platelet count in NOTES and
laparoscopic ovariectomy in mini pigs. There is currently
no data available comparing laparoscopic and NOTES
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experimental ovariectomy. In addition, ovariectomy can
serve as a model for appendectomy from a technical point
of view since pigs do not have an appendix. The main
working hypothesis was the non-inferiority of NOTES to
standard laparoscopic procedures.

MATERIALS AND METHODS

Twenty female domestic mini pigs weighing between
10-31 kg were used for this study. Ten animals underwent
a NOTES procedure and 10 animals underwent a lapa-
roscopic procedure. The animals were randomly assigned
to one of the two groups using a block randomization
allowing an equal number of animals in each group.

Before the procedure, the animals were fed with a
liquid diet for 2 d and consequently left fasting overnight.
Premedication with Ketamine 10 mg/kg (Narkamon 1%,
SPOFA, Czech Republic) and Atropine 0.2 mg (Atropine
Biotica 0.5 mg, BB Pharma, Czech Republic) was given
IM 30 min before the procedure. Oral intubation of the
mini pigs was performed, a marginal ear vein cannula was
placed and anesthesia was maintained using 1.5% isoflu-
rane and fentanyl (3-5 mlL/h). Antibiotics were adminis-
tered neither before nor after the procedure.

The protocol was approved by The Committee for
the Protection of Animals of The Czech Academy of
Sciences and the experiment was performed in accor-
dance with Act No. 246/1992.

Natural orifice transluminal endoscopic surgery procedure
All procedures were performed with a double-channel
endoscope (GIF 2T160; Olympus Medical Co., Tokyo, Ja-
pan). The percutaneous endoscopic gastrostomy was used
to gain access into the peritoneal cavitym. After transil-
lumination, the stomach was punctured with a needle and
the guidewire (Jagwire; Boston Scientific, Natick, Mass)
was introduced through the needle into the stomach. The
guidewire was then locked-in with a snare and pulled out
through the endoscope. Consequently, the sphinctero-
tome (KD-V411M-0330 Papillotome, Olympus Medical
Co.) was introduced with the guidewire to the gastric wall.
A gastric wall incision measuring approximately 15-20 mm
was then performed with a tightened sphincterotome,
and the endoscope was advanced into the petitoneal cav-
ity. Afterwards, a brief exploration of the peritoneal cav-
ity was performed with the endoscope.

Air was used for moderate insufflation, but intraperi-
toneal pressure was not measured during the procedure.

The ovary was then exposed and resected using both
standard biopsy forceps and a snare with a coagulation
current.

The endoscope with a resected ovary using a tightened
snare was then pulled back to the stomach and the peri-
toneal cavity was completely desufflated. The desufflation
was possible without reintroducing the scope into the
abdominal cavity since a double-channel endoscope was
used. After the ovary was withdrawn from the mouth, the
endoscope was reintroduced for the gastric wall closure.

The gastric wall closure was performed with one en-
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doloop (HX-400U-30 Aset PolyL.oop Colo5; Olympus
Medical Co.) and 4-5 clips. This technique provides a reli-
able full-thickness closure"”. An open endoloop with a
diameter of 30 mm (MAJ-340, Olympus Medical Co.) was
fixed around the gastrotomy site with 4-5 clips (HX-610-
90L, Olympus Medical Co.). A big endoscopic grasper
(Olympus FG-48L, 026235, Olympus Medical Co.) was
then advanced through an open endoloop. Both edges
of the incision were grasped and pulled through the
endoloop toward the endoscope. Subsequently, the en-
doloop was closed and released.

Laparoscopic procedure

The laparoscopic group consisted of ten animals under-
going a standard three-trocar laparoscopic ovariectomy.
After the induction of anesthesia, a pneumoperitoneum
was established with COz2 using a standard laparoscopic
insufflator. The insufflation pressure was set to 10 mmHg
and gas flow was initiated. After pneumoperitoneum
was established, the intra-abdominal pressure was moni-
tored throughout the procedure. After the exposure of
the fallopian tube, the ovary was resected using scissors
with a monopolar coagulation current, and the ovary
was grasped and withdrawn using grasping forceps. The
pneumoperitoneum was evacuated and all skin incisions
were closed with a single absorbable suture.

Postoperative period and blood drawing

All pigs recovered well after extubation and were placed
in an animal facility unit where they were monitored twice
a day for any signs of complications, whether in feeding
or in general well-being. All pigs resumed pig chow on
the first postoperative day. Their survival was assessed on
the 28-30th postoperative day, at which point the animals
were euthanized and a necropsy was performed. The ad-
hesions were assessed using the Adhesion Scoring Group
system (none; minor = avascular, flimsy; major = dense
and/or vascular or cohesive)"",

Blood samples for the blood count, C-reactive protein
(CRP)-levels, and interleukin 6 (IL-6) levels were taken
before the procedure (15-60 min) and on days 2, 7 and
28-30 after the procedure. The blood count was analyzed
immediately using a fully automatic hematology analyzer
(Scil ABC Vet 16p, ABX Diagnostics, France). Blood
samples for CRP and IL-6 analyses were centrifuged and
plasma kept frozen (-80 C) until the final analysis.

Analysis of C-reactive protein and IL-6

Both CRP and IL-6 were analyzed in duplicate with one
control. A commercially available enzyme-linked immu-
nosorbent assay kit Quantikine Porcine I1L-6 Immunoas-
say (R and D Systems, Inc.) was used to measure 1L-6
levels. The dynamic range of the assay was 39.1-2500
ng/L. An Immunoperoxidase Assay for Determination
of C-Reactive Protein in Pig Samples (Gen Way Biotech,
Inc.) was used for CRP level assessment. Its dynamic
range was 6.25-200 ug/L. An analysis was performed ac-
cording to the manufacturer’s instructions by a researcher
blinded to the operative procedure.
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Table 1 Necropsy findings 4 wk after the procedure » (%)

Laparoscopy Notes
Adhesions 3 (30) 4 (40) NS
Abscess 0 1 (10)" NS
Peritonitis 0 0 NS
Pigs without any complication 7 (70) 5 (50) NS

'Small intramural abscess (8 mm) at the healed gastrotomy site. NS: Not
significant.

Statistical analysis

For descriptive statistics, the data is presented as median
values with appropriate percentiles. As all variables con-
firmed the normality and equal variance assumption, a
Student ~test was performed for testing the differences
between and within the groups. Binary variables (e.g.,
presence or absence of complications) were assessed with
the Fisher exact test. Statistical significance was defined
as a P-value of less than 0.05 and all P-values were two-
sided. For multiple comparisons, a Bonferroni correction
was used.

RESULTS

Procedure

Access into the peritoneal cavity was gained within 3-7
min in all animals in the NOTES group. A peritone-
oscopy did not show any injuries to adjacent organs.
Seven right-sided and three left-sided ovariectomies were
performed without major technical problems. All gas-
trotomies were successfully closed using the technique
described above.

All laparoscopies were performed without major tech-
nical problems. Nine right-sided and one left-sided ovari-
ectomies were performed.

The NOTES procedure took significantly longer than
the laparoscopy procedure - medians were 42.5 min [in-
terquartile (IQ) range: 30-45 min] »s 25 min (IQ range:
25-29 min), P = 0.02.

Survival and complications

All animals had lived and had been fed normally without
any clinical signs suggesting complications until they
were euthanized. They gained the desirable weight after
the procedure. At necropsy no signs of organ damage or
peritonitis were discovered in either group. The gastroto-
my site healed completely in all pigs. Only minor compli-
cations were found (minor adhesions and one small ab-
scess) in similar frequencies in both groups (Table 1). A
minor serous exudate that was present in 50% and 40%
of the animals in the NOTES and laparoscopy groups,
respectively, was not considered a complication.

Systemic inflammatory response and other laboratory
parameters

White blood count and platelets: White blood count
(WBC) had a tendency to increase after the procedure (on
days 2 and 7 after the procedure) and to return to base-
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Table 2 Parameters of systemic inflammatory response

NOTES (n = 10) Laparoscopy (7 = 10)
Before POD 2 POD 7 PODs 28-30 Before POD 2 POD 7 PODs 28-30
CRP (mg/L) 145 (12-17)  52.6 (47-73)*°  51.8 (31-88)*°  22.1(14-38)  16.1(11-35)  37.1 (23-70)°  51.4 (33-55)° 20 (16-31)
WBC (x 10°/L) 14.9 (14-17)  19.6 (15-21) 19.7 (17-23)° 153 (15-20) 183 (14-23)  23.5 (19-24)° 20 (18-26)°  15.4 (14-18)
IL-6 (ng/L) 108 (105-118) 115 (110-121) 110 (100-123) 104 (97-129) 92 (79-117) 1035 (90-146)  98.6 (85-178) 111 (67-130)
Platelets (x 10°/L) 414 (400-465) 314 (261-351)*° 366 (336-442) 381 (325-479) 424 (313-540) 273 (253-412)*° 433 (381-641) 389 (382-498)

Data is median with interquartile range. °P < 0.05 vs before the procedure; P < 0.05 vs POD 28-30; °P < 0.05 vs post-operative day (POD) 7 and PODs 28-30,
no significant differences between the groups [natural orifice transluminal endoscopic surgery (NOTES) vs laparoscopy]. CRP: C-reactive protein; WBC:
White blood count; IL-6: Interleukin 6.

Table 3 Diversion ratios from preoperative values

POD 2 POD 7 POD 28
NOTES Laparoscopy NOTES Laparoscopy NOTES Laparoscopy
CRP (%) 288 (207-357) 64 (4-172)" 154 (70-436) 172 (60-273) 31.6 (3-193) 25 [(-57)-76]
WBC (%) 16 (0.3-43) 21 [(-6)-66] 34 (13-42) 33 [(-8)-60] 8[(-0.3)-26] -15 [(-23)-10]
IL-6 (%) 3.7 (1.6-9) 6 (3-15) -1.6 [(-8)-0.9] 6.6 (0.9-19) -9.8 [(-21)-(-1.6)] -6.7 [(-21)-44]
Platelets (%) 235 [(-24)-(-13)] -17.6 [(-35)-(-10)] 15 [(-13)-19)] 21 (9-30) 2 [(-11)-7] 3[(-2)-12]

Diversion rate (%): (Postoperative value-preoperative value/preoperative value) x 100. Data is median with interquartile range. "P = 0.01 vs natural orifice
transluminal endoscopic surgery (NOTES), no other significant differences between NOTES and laparoscopy groups. POD: Post-operative day; CRP: C-re-

active protein; WBC: White blood count; IL-6: Interleukin 6.

line values (on days 28-30) in both groups (Table 2). No
significant differences were detected between the groups

(Table 3).

CRP: CRP levels increased on days 2 and 7 after the pro-
cedure and returned close to the baseline values on day
28-30 (Table 2, Figure 1A). Changes in CRP levels were
similar among the two groups on PODs 7 and 28. How-
ever, on POD 2, according to the diversion rate analysis,
an increase of CRP level was significantly higher in the
NOTES group compatred to the LAP group (Table 3).

IL-6: No significant changes with respect to IL.-6 within
the groups or between the groups were discovered (Tables
2 and 3, Figure 1B).

Platelets: The platelet count decreased significantly on
POD 2, but it returned close to baseline values on POD
7 and PODs 28-30. The values of platelet count on POD
2 were, however, not dangerously low from a clinical

point of view (Tables 2 and 3, Figure 1C).

DISCUSSION

Currently NOTES still represents an experimental surgi-
cal technique. If NOTES is to be introduced into clinical
practice, it must show advantages in comparison with
commonly available procedures. One of the potential
advantages of NOTES is a “scar-less” surgery, whilst
other real advantages are more or less speculative. Since
laparoscopy is a golden standard for several surgical pro-
cedures, NOTES should be compared to laparoscopy in
different experimental settings.
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Given the potential advantages of the NOTES method
in compatison with the classical laparoscopic techniques,
our survival experimental study compared a standard lap-
aroscopic ovariectomy with a NOTES ovariectomy in a
sample of mini pigs. At the moment, there are no studies
comparing NOTES and lapatroscopic techniques involv-
ing ovariectomy.

All procedures were performed without any significant
technical problems. The NOTES procedure lasted longer
than the laparoscopy. However, the duration of the fast-
est NOTES procedure was 18 min, which was very close
to the time of the fastest laparoscopic ovariectomy (14
min). Most studies comparing NOTES with laparoscopy
also showed a better technical feasibility of laparosco-
py™%. This can be explained by the absence of appropri-
ate equipment currently available for NOTES. We believe
that an improvement of technical performance would
reflect the implementation of new “NOTES” equipment.

Apart from the procedure duration, no significant dif-
ferences between the two techniques regarding any other
outcome criteria were found. All animals survived with-
out any clinical signs of complications. At necropsy only
minor adhesions were found in a small number of pigs in
both groups. One pig in the NOTES group developed a
small intramural abscess next to the gastrotomy site. This
complication was most likely related to our otherwise safe
gastric-closure technique rather than the NOTES proce-
dure itself. Importantly, there were no signs of peritonitis
in cither group. Based on this finding, NOTES is not an
inferior procedure to laparoscopy with respect to main
outcome criteria despite lower aseptic conditions (an
endoscope cannot be sterile as opposed to laparoscopic
equipment), the absence of antibiotics administration and
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Figure 1 Box-whisker plot of C-reactive protein (A), interleukin 6 (B) and
platelets (C) response in Natural Orifice Transluminal Endoscopic Surgery
and the laparoscopic group before the procedure and on post-operative
days 2, 7 and 28-30. Horizontal bars represent medians, °P < 0.05 vs before
the procedure (NOTES group); °P < 0.05 vs before the procedure (LAP group);
°P < 0.05 vs POD 30 (LAP group); °P < 0.05 vs POD 30 (NOTES group); 'P < 0.05
vs POD 2 (LAP group); °P < 0.05 vs POD 2 (NOTES group). IL-6: Interleukin 6.

the absence of disinfection of the gastric lumen. Similar
outcome criteria were used in several other studies com-
paring NOTES with laparoscopy[z’w’lz]. A majority of
these studies did not show significant differences between
the two techniques regarding the frequency of major
complications. This involved procedures such as peritone-
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oscopyp’w’m, transvaginal cholecystectomym, colon injury

1 salpingectomym and distal pancreatectomym.

repair”

However, in some cases the occurrence of adhesions
or histological peritonitis was higher in NOTES as op-
posed to laparoscopy[z’l‘ﬂ. The slightly higher frequency
of adhesions or intraperitoneal infections is possibly re-
lated to the quality of the access site closure. Safe closure
is thus considered a prerequisite for any study comparing
NOTES with laparoscopy. For example, von Renteln
et al'" showed a higher frequency of infectious compli-
cations, including one fatal case of peritonitis with an
incomplete gastrotomy closure using endoclips. In our
study a single-loop and clips technique providing full-
thickness closure was used.

In order to assess the physiological impact of NOTES
compared to laparoscopic surgery, changes in interleu-
kin-6 levels, white-blood cells, platelet count and CRP
levels were analyzed. 1L.-6 has been extensively studied as
an indicator demonstrating a lower invasiveness of lapa-
roscopy in comparison to open surgery“‘;’m. IL-6 altera-
tions have been directly correlated to the operation dura-
tion'”
serum level increases later than the serum level of other
cytokines (tumor necrosis factor-ot and 1L-1f). It also
remains longer in circulation. This cytokine was hence

| 11-6 levels culminate 24 h after surgery and its

chosen for the purpose of our study.

No significant changes with respect to 11.-6 values
were detected in either group. Furthermore, no increase
in I1-6 levels after either procedure was observed. It can
be argued that measuring 11.-6 levels on POD 2 is too late
to detect such an increase. Freeman ez /™" showed a peak
serum concentration of IL-6 levels 2 h after NOTES
ovariectomy in dogs. I11.-6 levels returned to baseline val-
ues within 18 h. The possible explanation for this increase
is that the procedures lasted an average of 157 min, which
is considerably more than in our study. Other studies
investigating 11.-6 levels showed elevated levels even on
POD 5 in a group of patients undergoing laparoscopic
colorectal resection or laparoscopic cholecystectomylw’zoj.
On the other hand, Fan ¢z o/ did not show any signifi-
cant changes with regard to 11.-6 levels after transvaginal
cholecystectomy on PODs 1 and 2. Their study, though,
was rather small with only 2 pigs in the laparoscopic con-
trol group.

We did not assess the peritoneal inflammatory re-
sponse as measured by I1L-6 levels in the peritoneal fluid.
It has been demonstrated that the degree of such a re-
sponse correlated with the extent of adhesions™"”. Since
we detected similar occurrence of adhesions in both
groups we did not expect to find a differing local inflam-
matory response.

Several studies have investigated the way in which la-
paroscopic surgery affects the acute-phase response by
assessing CRP. CRP-levels have been found to be elevated
in a majority of laparoscopic procedures as late as on
POD 14", In agreement with these findings, we ob-
served an increase in CRP-levels on POD 2 and 7 in our
laparoscopic group. CRP-levels returned to the baseline
values on PODs 28-30. In the NOTES group a quite sim-
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ilar behavior in CRP response was found. We detected a
significantly higher increase of CRP levels in the NOTES
group compared to the LAP group on POD 2; however,
on POD 7 this difference was no longer present. This
suggests that an inflammatory response in the NOTES
procedure is not lower than that in the LAP group.

Anincrease of WBC after both laparoscopic and NOTES
peritoneoscopy on PODs 2 and 7 has been reportedm,
however, no significant changes in WBC were found after
the same procedure in another studym. In our study, only
an insignificant trend in WBC increase on PODs 2 and 7
was observed in both groups.

Bingener ez al” showed relative thrombocytopenia
after NOTES peritoneoscopy but not after standard la-
paroscopy. In contrast, we found a decrease in platelet
count in both groups on POD 2. However, the decrease
was not clinically significant. The explanation for this
phenomenon is unclear. Bingener thought that the pos-
sible reason for his finding was heparin-induced throm-
bocytopenia. In our study no heparin was used (for the
flushing of invasive monitoring lines) as in the study con-
ducted by Bingener. It cannot be excluded that throm-
bocytopenia in the porcine environment occurred due
to a bacterial infection”™. A possible explanation could
also be the Stage II of Systemic Inflammatory Response
when small quantities of local cytokines are released into
circulation to improve the local response. This leads to
a stimulation of the growth factor and the recruitment
of macrophages and platelets. We believe that the phe-
nomenon of a decreasing platelet count in the NOTES
procedure should be addressed in further studies.

There are several limitations to our study. Primarily, it
is a study conducted on animals. The clinical implications
and applicability of these findings in human medicine are
unclear.

Secondly, the use of an infant animal model in a lim-
ited number is also a significant limitation when translat-
ing results into practice. The limited number of animals
cannot exclude a type I error when interpreting our re-
sults. Thirdly, intraperitoneal pressure was not measured
systematically and also microbiological contamination
was not assessed. Also, for the NOTES procedures we
used room air for insufflations, while for laparoscopic
procedures we used a standard carbon dioxide insuffla-
tion. This could, theoretically, have influenced the results
regarding the higher CRP levels in the NOTES group.
Finally, I1.-6 levels were not measured on the first day af-
ter the procedure.

In conclusion, both NOTES ovariectomy and lapa-
roscopic ovariectomy were performed without any ma-
jor technical problems and both were accompanied by
a similar frequency of minor complications. However,
the NOTES technique produced an increased systemic
inflammatory response on POD 2 in comparison to the
laparoscopic technique.

COMMENTS

Background

The methods of laparoscopic and standard open surgery are currently the
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commonly used procedures. Natural orifice transluminal endoscopic surgery
(NOTES) is an experimental surgical technique whereby “scar-less” abdominal
operations can be performed with an endoscope passing through a natural
orifice (mouth, anus, efc.) and then through an internal incision in the stomach
or rectum. Although some NOTES procedures have already been performed on
humans (e.g., transvaginal cholecystectomy), NOTES remains an experimental
method.

Research frontiers

Several NOTES procedures have been examined and studied in experimental
studies-NOTES peritoneoscopy, cholecystectomy, colon injury repair, efc.
Should NOTES be implemented into clinical practice, it must be compared to
the current surgical standards (laparoscopy and open surgery). The authors
compared the technical feasibility, complications, and indicators of postopera-
tive systemic inflammatory response in an experimental study.

Innovations and breakthroughs

The authors found that NOTES ovariectomy is not an inferior procedure to the
standard laparoscopic ovariectomy in terms of technical feasibility and frequen-
cy of complications, although the NOTES procedure lasted significantly longer.
The postoperative systemic inflammatory response was mild, almost identical to
laparoscopy. However, C-reactive protein increase on postoperative day 2 was
significantly higher in the NOTES group as compared to the laparoscopy group.

Applications

The study shows the feasibility of the NOTES procedures in the experimental
setting. This is the first research study that compares laparoscopic and NOTES
ovariectomy procedures and that provides evidence to the similarity between
both of them. In other words, the study shows no inferiority of the NOTES ovari-
ectomy as compared to laparoscopy with regard to the majority of variables.

Peer review

This is a rarity of published works in the literature concerning natural orifice
transluminal endoscopic surgery versus laparoscopy. The manuscript is well
structured. NOTES is a challenging topic for recent minimal invasive surgery.
This experimental study claimed that NOTES had similar effects with laparos-
copy for ovariectomy.
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