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Abstract

Background. Anastomotic dehiscence and leaks are major problems in gastrointestinal surgery and result in
increased morbidity and mortality. The ideal device to create anastomoses should ensure good serosal apposition
without requiring either transgression of the bowel wall or the presence of foreign material for an extended period
of time.

Objectives. The aim of this experimental study was to evaluate the safety and efficacy of a new compression anas-
tomosis clip (CAC) for jejunojejunostomies and ileocolostomies by comparing CAC anastomoses with hand-sewn
(HS) anastomoses in pigs in terms of healing, breaking strength and the time to create anastomoses.

Material and Methods. The 11 pigs in the study underwent side-to-side CAC and HS jejunojejunostomies and
ileocolostomies, for a total of 88 anastomoses. The pigs were sacrificed on postoperative day 5 (5 pigs) or 7 (6 pigs).
Macroscopic, histopathological and breaking-strength examinations were performed. The time to create the anas-
tomoses was recorded.

Results. Neither group had anastomotic complications such as leakage or obstruction. Macroscopic examination
showed no statistically significant differences between the groups. In the CAC group, the healing process was
characterized by a lesser inflammatory reaction (p < 0.05) and very thin scar tissue at the anastomotic line (less
collagen deposition and better epithelial regeneration), while the HS group had a much thicker anastomotic line.
The breaking strength was significantly greater in the CAC group compared with the HS group (p < 0.05). The
anastomosis time was shorter in the CAC group than in the HS group (p < 0.01).

Conclusions. Anastomosis using a CAC appears to be safe and less time-consuming than HS; it was also charac-
terized by a good healing process with little inflammatory reaction and a high breaking strength compared with
HS anastomosis (Adv Clin Exp Med 2015, 24, 6, 000-000).

Key words: breaking strength, healing, pig, intestinal anastomosis, compression anastomosis clip.

Anastomotic dehiscence and leaks are major
problems in gastrointestinal surgery and result in
increased morbidity and mortality, thus decreas-
ing overall survival. Intestinal anastomosis healing
depends on the operative technique, the underly-
ing medical condition, medical treatment and oth-
er individual, often unknown, factors [1].

Different types of sutures, staples and suture-
less anastomoses have been used to create anasto-
moses. The ideal device should ensure good serosal
apposition without requiring either transgression
of the bowel wall or the presence of foreign mate-
rial for an extended period of time [2]. Healing oc-
curs when the surgical wound is clean and sharp,

* The study was supported by a grant from the Medical University of Silesia, Katowice, Poland (KNW-1-015/N/3/0).
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and when there is no infection, minimal loss of tis-
sue and good approximation of the wound edges
by suture or adhesive tape. The promotion of pri-
mary healing with anatomic apposition of all lay-
ers is believed to be important [3].

With a compression anastomosis clip (CAC)
made of shape-memory materials, such as a super-
elastic temperature-dependent nickel-titanium al-
loy (NiTi) [4], the metal is shaped at a high tem-
perature and loses its rigidity and becomes flexible
when it is ice-cooled. At room temperature, it re-
sumes its preset shape. The CAC compresses the
walls of the anastomosed gastrointestinal tract to-
gether to induce necrosis and initiate the healing
process, which leads to fusion of the two lumens
(Fig. 1A-D, G) [5, 6]. A scar, which is the basis
for a symmetrical and functional anastomosis, is
formed at the periphery of the necrosis. The time
before the natural expulsion of the clip from the
intestine with the stool varies depending on the
site of its insertion (Fig. 1E, F).

The use of CACs in humans has been report-
ed [2, 5, 6, 7-13], including a comparison of CAC

anastomoses with stapled anastomoses in the stom-
ach, small intestine, and colon [5-8, 13]. However, to
the best of the current authors’” knowledge, no com-
parison of healing between CAC and hand-sewn
(HS) anastomoses has previously been reported.
This experimental study aimed at evaluating
the safety and efficacy of a CAC for jejunojejunos-
tomies and ileocolostomies, and at understanding
the basic biology of anastomotic healing. The nov-
el endpoints of the study were early healing and
the breaking strength (BS) of a CAC anastomosis,
and comparison of these parameters with the same
characteristics of a HS anastomosis.

Material and Methods

Study Design

The ethics committee of the Medical Univer-
sity of Silesia (Katowice, Poland) approved all of
the animal experiments (permit number 16/2013),
and the study was conducted in accordance with

A js% c

<

Fig. 1. Diagram (A-F) and intra-
operative image (G) of the anasto-
mosis technique using a compres-
sion anastomosis clip. CACs in
open positions before insertion in
the bowel lumina for anastomosis
(B, G)
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the Helsinki Declaration of 1975. The experiments
were carried out on 11 domestic male pigs weigh-
ing 50 + 0.5 kg. The following procedures were per-
formed on each pig, for a total of 88 anastomoses:
four side-to-side jejunojejunostomies (two HS and
two CAC) and four side-to-side ileocolostomies
(two HS and two CAC). Each type of anastomosis
was performed on adjacent 10-cm sections of the
intestine (mid-jejunum or spiral colon), which did
not differ anatomically, histologically or function-
ally, and did not affect the result of the test [14, 15].

Preoperative care, postoperative care, and
postoperative observation were performed by
trained animal technicians supervised by veteri-
narians, who attended the animals daily and when
any signs of illness appeared.

The operations were performed by the same two
surgeons after the pigs underwent a 48-h fast with
free access to water. After the initiation of general an-
esthesia using subcutaneous atropine (0.05 mg/kg),
intramuscular xylazine (3 mg/kg intramuscular-
ly), and intramuscular ketamine (10 mg/kg), all the
pigs received similar general anesthesia with intra-
venous propofol (2-5 mg/kg), intravenous fentanyl
(2.5 mg/kg), and inhaled isofluorane (at a concen-
tration of 0.5-3%). The pigs were intubated and
maintained on mechanical ventilation.

After the surgery, the animals fasted for 48 h
with ad libitum access to water, and then were pro-
vided a standard diet. The pigs were monitored for
five or seven days for general behavior, food in-
take, feces production and body temperature. The
pigs were then euthanized on postoperative day
5 (5 pigs) or 7 (6 pigs) by intravenous administration
of xylazine hydrochloride (6-10 mg/kg), ketamine
(6-10 mg/kg) and pentobarbital (0.25 mL/kg).
Postoperative days 5 and 7 were chosen to repre-
sent the first two phases of healing: the inflamma-
tory phase (days 2-5) and the proliferation phase.
The clip separates from the anastomosis after the
formation of necrosis beginning on day 5 (the in-
flammatory phase), and the anastomotic breaking
strength increases progressively from postoperative
day 7 (the proliferation phase) [5, 16, 17].

Compression Anastomosis Clip

The implants were elliptical bispiral rings
made of a NiTi alloy, manufactured in co-opera-
tion with the Institute of Materials Science at the
University of Silesia (Katowice, Poland). The clip
differed in shape and size from the clips available
from NiTi Medical Technologies (Netanya, Israel),
as well as from other clips used in previous stud-
ies [5, 6, 8]. Compared with the clips used in the
current authors’ previous clinical study, the pres-
ent clip had lower Ti content (48.7% Ti) [9, 10].

The width of the anastomosis corresponded to
the external diameter of the clip (longer, 28 mm;
shorter, 11 mm).

Surgical Procedure in the Hand-
-Sewn Group

The anastomotic technique involved parallel
25-28-mm incisions in the intestinal walls. Side-
-to-side double layer HS anastomoses were per-
formed using a running 3/0 polydioxanone suture
(MonoPlus®, B. Braun Surgical SA, Rubi, Spain).
The anastomosis time was recorded.

Surgical Procedure in the
Compression Anastomosis
Clip Group

The anastomotic technique involved parallel
5-mm incisions in the intestinal walls at the pre-
dicted site of anastomosis creation (Fig. 1A). The
CAC was placed in 0°C normal saline for 2 min,
allowing the arms to open and form an angle of
approximately 30-40° (Fig. 1B). The opened CAC
was placed through the incisions into the hollow
viscera previously prepared for the anastomosis,
with the arms extending to separate the viscera
(Fig. 1C and 1G). At body temperature, the clip
returns to its original shape and presses the anas-
tomosed surfaces together (Fig. 1D, 2A). A scal-
pel was then used to create a slit through the en-
trapped anastomosed surfaces to allow free passage
of air and feces through the anastomosis until the
healing process was complete. The small incisions
through which the clip was inserted were closed
with an interrupted polydioxanone 3/0 suture
(MonoPlus®, B. Braun Surgical SA, Rubi, Spain).
The anastomosis time was recorded.

Macroscopic Examination

After the abdominal cavity was exposed, the
total number of intra-abdominal adhesions was
evaluated. During the examination, each anasto-
mosis was macroscopically assessed using the van
der Hamm scale, which includes the formation of
adhesions, the integrity of the anastomosis and the
presence of a perianastomotic abscess or peritoni-
tis (Table 1) [18, 19]. The anastomoses were care-
fully dissected with 5 cm of bowel margin on each
side of each anastomosis.

Histological Examination

After histological sections from each anas-
tomosis were fixed in 10% neutral buffered



K. KU$NIERZ et al.

Fig. 2. A) Anas-
tomosis is estab-
lished by closure
of the compres-
sion anastomosis
clip (arrow),
B-C) CAC anas-
tomosis with thin
scar tissue at the
anastomotic line,
D) much thicker
and uneven line
of a hand-sewn
anastomosis

Table 1. Scales used to macroscopically and microscopically analyze compression anastomosis clip (CAC) and hand-sewn

(HS) anastomoses

Analyzed factors

Score (points)

Van der Hamm scale 0 1 2 3
no adhe- minimal adhe- moderate adhesions, severe and
sions sions, mainly between the omentum extensive adhe-
between the anas- | and the anastomosis site | sions, including
tomosis and the and between the anasto- | abscess forma-
omentum mosis and the loop of the | tion and perito-
small bowel nitis
Ehrlich- 0 1 2 3 4
-Hunt . . . . . . .
inflammatory cell infiltration | no evidence | occasional light scatter- | abundant evi- | confluent
scale . .
(WBC count) evidence ing dence cells or fiber
fibroblast activity
neoangiogenesis
collagen deposition
Epithelial regeneration scale 0 1 2

no epithelium

epithelium with partial

epithelium with com-

closure plete closure for anasto-
motic healing.
Wound healing scale score 1 2 3 4 5
fibrinopuru- | granulation | granula- granulation collagen
lent exudates | tissue less tion tissue tissue more fibers more
than 25% between than 75% than 25%
25-75% or collagen

fibers less
than 25%

WBC - white blood cells.
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formalin and embedded in paraffin (4 pm), they
sections were stained with hematoxylin-eosin
and examined under a light microscope (at 20x,
40x%, and 100x magnification). Histological pa-
rameters were graded from 0 to 4 using the Ehr-
lich-Hunt scale as modified by Philips et al;
the scale included inflammatory cell infiltration
(white blood cell count), fibroblast activity, neo-
angiogenesis, and collagen deposition (Table 1)
[18-20]. Re-epithelialization was scored from
0 to 2, and the degree of wound healing at the
line of the anastomosis was graded on a scale of
1to 5 (Table 1) [17, 21, 22].

Breaking Strength

Breaking strength is typically measured us-
ing a tensiometer [23, 24] by applying increas-
ing force in a longitudinal direction to anasto-
motic segments until disruption takes place [16].
In this study, the resected intestinal segments, with
the sutures in place, were placed in a dynamom-
eter (Haas-Automatyka, Bielsko-Biata, Poland) at
a force of 200 newtons (N); the force was then in-
creased at a rate of 10 mm/min. The peak force
necessary to induce disruption was considered the
BS 6 (MPa) [23], which was calculated by dividing
the maximum force by the intestinal cross-section:
Fmax (N)/S (mm?).

Statistical Analysis

All data are expressed as mean and standard
deviation (SD). The parameters of the two anas-
tomoses of the same type performed in each pig
were compared using the chi-square test for qual-
itative data, Student’s t-test for quantitative para-
metric data and the Mann Whitney U test for non-
parametric data.

Comparisons between the CAC and HS anas-
tomoses in the jejunojejunostomy and ileocolos-
tomy groups on postoperative days 5 and 7 were
conducted using Pearson’s chi-square test and
Yates’ corrected y test for the macroscopic exam-
ination results, the Mann-Whitney U test for the
histological results and anastomosis times, and
Student’s t-test for breaking strength. Compari-
sons of the histological results between days 5 and
7 for the CAC and HS anastomoses (within the je-
junojejunostomy and ileocolostomy groups) and
between the jejunojejunostomy and ileocolostomy
groups for the CAC and HS anastomoses on days
5 and 7 were conducted using the Mann-Whit-
ney U test. All the analyses were performed using
STATISTICA 10.0 (StatSoft Ltd, Bedford, UK).
Results were considered statistically significant
at p < 0.05.

Results

General Results and Agreement

There were no postoperative deaths or mor-
bidity in either the CAC group or the HS group.
In addition, no anastomotic dehiscence, intra-ab-
dominal abscess, or other infectious conditions
were observed. Satisfactory agreement existed be-
tween individual parameters of the same anasto-
mosis type in each pig (Cohen’s kappa coefficient:
0.61-1.0; p < 0.05). Tests for differences did not re-
sult in significant findings between individual pa-
rameters of the same anastomosis type in each pig
(p > 0.05).

Anastomosis Time

The HS anastomoses took significantly longer
to form compared to the CAC anastomoses (Ta-
ble 2). There were no statistically significant dif-
ferences in the time to perform the CAC jejunoje-
junostomy compared with the CAC ileocolostomy
or to perform the HS jejunojejunostomy compared
with the HS ileocolostomy (p > 0.05).

Macroscopic Analysis

There were no statistically significant differ-
ences in adhesion development between the HS
and CAC groups (Table 2). No stenoses were found
in the anastomoses of the CAC or HS groups. Mac-
roscopic examination of the CAC anastomoses
showed very thin scar tissue at the anastomotic
line (Fig. 2B, 2C) and a much thicker anastomotic
line in the HS group (Fig. 2D).

Breaking Strength Results

In four of the 20 anastomoses formed with
CACs and examined on postoperative day 5, the
clip did not separate from the 4-6-mm section of
the inner side of the anastomosis, and the breaking
strength could not be determined. Therefore, the
breaking strength was assessed on postoperative
day 7, as all the clips had separated by that time.
The breaking strength was higher in the CAC je-
junojejunostomies and ileocolostomies than in the
corresponding HS anastomoses (Table 2).

Histological Results

There were statistically significant histological
differences between the jejunojejunostomies in the
CAC and HS groups (Table 3). A comparison of
the CAC and HS anastomoses using the Ehrlich-
-Huntscale revealed significantlyless inflammatory
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Table 2. Comparison of the macroscopic examination, breaking strength, and anastomosis time between CAC

and HS anastomoses

Analyzed factors Jejunojejunostomy

postoperative day 5 postoperative day 7

CAC HS p-value CAC HS p-value
Macroscopic examination: 0/7/70 0/5/50 0.64810°¢ 0/7/58.3 0/2/16.7 0.09533>
adhesions 1/3/30 1/5/50 1/4/33.3 1/9/75.0
(points/n/%) 2/0/0 2/0/0 2/1/8.3 2/1/8.3
Breaking strength © (MPa) n/a 0.32+0.13 | 0.20+0.08 | 0.02005
Anastomosis time CAC (day 5 and day 7, HS (day 5 and day 7, n = 22) | p-value
(min) n=22)

10.00 + 1.87 21.00 + 4.05 0.00000014
Analyzed factors Ileocolostomy

postoperative day 5 postoperative day 7

CAC HS p-value CAC HS p-value
Macroscopic examination: 0/5/50 0/4/40 0.57375b 0/5/41.6 0/3/25 0.10211b
adhesions 1/5/50 1/5/50 1/5/41.6 1/2/16.6
(points/n/%) 2/0/0 2/1/10 2/2/16.6 2/7/58.3
Breaking strength © (MPa) n/a 0.30 £0.08 | 0.20£0.12 | 0.03805*
Anastomosis time CAC (day 5 and day 7, n = 22) HS (day 5 and day 7, n = 22) p-value
(min)

9.09 +2.22 21.90 £ 5.83 0.0000001d

2 Student’s t-test; ® Pearson chi-square test; ¢ Yates corrected chi-square test; ¢ Mann-Whitney U test; CAC - compression

anastomosis clip; HS — hand-sewn.

cell infiltration in the CAC group on postoperative
days 5 and 7. A high-density active granulocytic/
/lymphocytic inflammatory infiltration was visible
in the lamina propria of the mucosa on day 5 in
both the CAC and HS groups (Fig. 3). On day 7,
the density of the dominant lymphocytes of the in-
flammatory infiltrate had decreased, while crypt
abscesses were visible in the dominant active infil-
trate in the HS group (Fig. 4). On day 5, more col-
lagen deposit was found in the HS anastomoses.
On day 7, the HS anastomoses were characterized
by higher fibroblast activity than the CAC anas-
tomoses. Differences in the remaining parameters
were not statistically significant (Table 3).

On postoperative days 5 and 7, statistical-
ly significant differences were detected between
the CAC and HS ileocolostomies in inflammatory
cell infiltration, fibroblast activity, and the degree
of wound healing, with lower values in the CAC
group (Table 3). On day 5, compared with the HS
group, significantly less collagen deposition and
significantly higher epithelial regeneration were
detected in the ileocolostomies in the CAC group
(Table 3). The density and other characteristics of
the inflammatory infiltrate of the ileocolostomies

on postoperative days 5 and 7 were similar to those
of the jejunojejunostomies (Fig. 3, 4).

The collagen deposition in the jejunojejunos-
tomies and ileocolostomies in the HS group were
significantly lower on day 7 than on day 5. The de-
gree of wound healing was significantly lower on
day 7 than day 5 in the ileocolostomies (Table 4).

The differences between jejunojenuostomy
and ileocolostomy histology results for CAC and
HS anastomoses on postoperative days 5 and 7
were not statistically significant (Table 5).

Discussion

In the present study, all of the CAC anasto-
moses resulted in smooth and intact healing with
an anastomotic line that was represented by a very
thin circular band of fibrosis and granulation tis-
sue (Fig, 2B, 2C). Kopelman et al. [25] suggest-
ed that these features of CAC anastomoses are
attributable to the lack of any foreign material
— either suture material or metal staples - with-
in the anastomotic site, and to the gradual com-
pression applied to the tissue on both sides of the
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Table 3. Comparison of microscopic examinations of CAC and HS anastomoses for jejunojejunostomies and ileocolosto-
mies in pigs on postoperative days 5 and 7

Analyzed factors Jejunojejunostomy
postoperative day 5 postoperative day 7
CAC HS p-value CAC HS p-value
Ehrlich- inflammatory cell infiltration | 1.90 + 0.57 | 3.20 £ 0.63 | 0.00149 1.67 £0.78 | 2.75 £ 0.75 | 0.00726
-Hunt (WBC count)
scale fibroblast activity 1.50 £ 0.53 | 1.90 + 0.57 | 0.19877 | 1.50 +0.52 | 2.17 £ 0.39 | 0.01657
neoangiogenesis 2.40 +0.84 | 2.70 £ 0.48 | 0.34471 1.83 £0.39 | 2.25+0.62 | 0.14096
collagen deposition 0.50 £ 0.85 | 2.20 = 1.23 | 0.00911 0.00 £ 0.00 | 0.50 + 1.00 | 0.31232
Epithelial regeneration scale 0.50 + 0.53 | 0.00 + 0.00 | 0.06402 0.58+0.79 | 0.08 +£0.29 | 0.15721
Wound healing scale score 3.20£0.79 | 3.80 £ 0.92 | 0.16197 2.83+£0.71 | 3.33 £ 0.65 | 0.12602
Ileocolostomy
Ehrlich- inflammatory cell infiltration | 2.00 + 0.47 | 3.20 £ 0.79 | 0.00459 2.00 £0.85 | 3.08 £ 0.67 | 0.00511
-Hunt (WBC count)
scale fibroblast activity 130 +0.48 | 190+ 032 | 002575 | 117+ 039 | 2.17 + 0.39 | 0.00038
neoangiogenesis 2.50 £0.52 | 2.20 £ 0.63 | 0.36435 1.92 £0.51 | 2.33 £0.49 | 0.14096
collagen deposition 0.70 + 0.82 | 2.40 £ 0.97 | 0.00319 0.17 + 0.58 | 0.50 + 1.00 | 0.50672
Epithelial regeneration scale 0.80 £ 0.63 | 0.00 + 0.00 | 0.00911 0.25+0.45 | 0.08 £ 0.29 | 0.50672
Wound healing scale score 3.30 £ 0.67 | 4.10 + 0.57 | 0.02837 2.75+0.62 | 3.42+0.51 | 0.03038

WBC - white blood cells; CAC - compression anastomosis clip; HS — hand-sewn. Values are reported as mean + standard

deviation.

Fig. 3. Histopathological examination of a jejunojejunostomy with a compression anastomosis clip (A, B, C) or hand-
-sewn anastomosis (D, E, F), performed on the 5% postoperative day (hematoxylin and eosin; x20, x40 and x100 mag-
nification). The arrows indicate: 1) granulation tissue; 2) mucous membrane with active inflammatory infiltration;

3) regenerating epithelium in the granulation tissue (A, B, C); and 4) necrosis (D, E, F)

anastomosed bowel. The CAC might help avoid
persistent foreign material and the resultant ex-
cessive inflammatory response by the timely nat-
ural expulsion of the device [2]. The previous use

of these anastomoses in animals also resulted in
appropriate mucosal healing and decreased for-
mation of fibrous tissue [2, 26], with very little
scar tissue visible at the anastomotic line under
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Table 4. Comparison of microscopic examinations on postoperative days 5 and 7 for CAC and HS anastomoses in jejunoje-
junostomies and ileocolostomies

Analyzed factors Jejunojejunostomy

CACday5 | CACday7 | p-value | HSday5 HS day7 | p-value

Ehrlich- | inflammatory cell infiltration | 1.90 + 0.57 | 1.67 +0.78 | 0.40981 | 3.20+0.63 |2.75+0.75 | 0.18725

-Hunt (WBC count)

scale fibroblast activity 150 £053 | 150+0.52 | 097369 |1.90+057 |2.17+039 |0.37338
neoangiogenesis 240 £0.84 | 1.83+0.39 0.12125 [2.70+0.48 |2.25+0.62 |0.12937
collagen deposition 0.50 £ 0.85 | 0.00 = 0.00 0.24854 |2.20+1.23 | 0.50+1.00 | 0.01113

Epithelial regeneration scale 0.50 £0.53 | 0.58+0.79 |0.97369 |0.00+0.00 |0.08+0.29 |0.76668

Wound healing scale score 320£0.79 |2.83+0.72 |0.30676 |3.80+0.92 |3.33+0.65 |0.19852

Ileocolostomy

Ehrlich- | inflammatory cell infiltration | 2.00 + 0.47 | 2.00 £ 0.85 0.81748 | 3.20+0.79 | 3.08 £0.67 | 0.71686

-Hunt (WBC count)

scale fibroblast activity 1304048 |1.17+039 |0.62093 | 1.90+0.31 | 2.17+0.39 | 0.33902
neoangiogenesis 2.50+0.53 | 1.92+0.51 0.05175 220+ 0.63 | 2.33+0.49 | 0.71686
collagen deposition 0.70+£0.82 |0.17+£0.58 |0.12937 | 2.40+0.97 | 0.50 £ 1.00 | 0.00334

Epithelial regeneration scale 0.80 £0.63 | 0.25+0.45 |0.06485 | 0.00+0.00 | 0.08 +0.29 | 0.76668

Wound healing scale score 330+0.67 |275+£0.62 |0.09926 | 4.10+0.57 | 3.42+0.51 | 0.02718

WBC - white blood cells; CAC - compression anastomosis clip; HS — hand-sewn. Values are reported as mean + standard
deviation.

Fig. 4. Histopathological examination of a jejunojejunostomy with a compression anastomosis clip (A, B, C) or hand-
sewn anastomosis (D, E, F) performed on the 7 postoperative day (hematoxylin and eosin; x20, x40 and x100 mag-
nification). The arrows indicate: 1) granulation tissue; 2) mucous membrane with active inflammatory infiltration
(chronic in A, B, C; active with crypt abscesses in D, E, F); and 3) necrosis (D)

microscopic examination [27]. Furthermore, the score on the wound healing scale, was similar in
possible extent of scarring is proportional to the CAC and HS jejunojejunostomies on both postop-
amount of granulation tissue that is formed [25]. erative days 5 and 7. However, the HS ileocolosto-
In the present study, the amount of granulation mies resulted in more granulation tissue on both

tissue at the anastomotic line, as indicated by the postoperative days 5 and 7.
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Table 5. Comparison of the microscopic examinations of jejunojejunostomy with ileocolostomy, in the CAC group and in

the HS group on postoperative days 5 and 7

Analyzed factors Type of anastomosis (day 5)
CAC HS
jejunojeju- | ileocolos- p-value | jejunojeju- | ileocolos- p-value
nostomy tomy nostomy tomy
Ehrlich- | inflammatory cell infiltration | 1.90 + 0.57 | 2.00 +0.47 | 0.67001 |3.20+0.63 |3.20+0.79 | 1.00000
-Hunt (WBC count)
scale .
fibroblast activity 1.50 £ 0.53 | 1.30 £ 0.48 0.39211 | 1.90 £0.57 | 1.90 + 0.32 1.00000
neoangiogenesis 2.40 + 0.84 2.50+0.52 |0.75012 | 2.70+0.48 | 2.20 +0.63 | 0.06131
collagen deposition 0.50 + 0.85 0.70 £0.82 | 0.61801 |2.20+1.23 | 2.40+0.97 | 0.69234
Epithelial regeneration scale 0.50 £0.53 | 0.80+0.63 | 0.26023 | 0.00 +£0.00 | 0.00 £ 0.00 | 1.00000
Wound healing scale score 320+£0.79 | 330+0.67 |0.76221 |3.80+0.92 | 4.10+0.57 | 0.39721
Type of anastomosis (day 7)
Ehrlich- | inflammatory cell infiltration | 1.67 £ 0.78 | 2.00 + 0.85 0.33361 |2.75+£0.75 | 3.08 £0.67 | 0.26251
-Hunt (WBC count)
1
4€ | fibroblast activity 150 £0.52 [ 117+0.39 | 009117 |217+0.39 |2.17+039 | 1.00000
neoangiogenesis 1.83 £0.39 | 1.92+0.51 0.66534 |2.25+0.62 |2.33+£0.49 |0.72010
collagen deposition 0.00 +£0.00 |0.17 +0.58 0.33182 | 0.50 £1.00 | 0.50 + 1.00 1.00000
Epithelial regeneration scale 0.58+0.79 | 0.25+0.45 |0.22026 |0.08+0.29 | 0.08+0.29 | 1.00000
Wound healing scale score 2.83+071 |275+0.62 |0.76001 |3.33+0.65 |3.42+0.51 |0.73170

WBC - white blood cells; CAC - compression anastomosis clip; HS — hand-sewn. Values are reported as mean + standard

deviation.

Previous studies of CAC anastomoses in hu-
mans have indicated that they are as safe and ef-
fective as stapled anastomoses [2, 5-13]. The safety
of this device has also been documented in ani-
mal studies [28, 29], including a comparison be-
tween CAC and stapled jejunojejunal anastomoses
in pigs, in which a histological examination of the
CAC anastomoses demonstrated a complete muco-
sal lining with no evidence of stricture formation at
two months [29]. In a dog model, macroscopic and
microscopic examinations of the CAC anastomosis
on postoperative day 14 showed a complete muco-
sal epithelial lining with re-epithelialization of the
mucosa at the anastomotic site and an intact, func-
tioning anastomosis [28]. The present study al-
so demonstrated that CAC anastomosis is safe for
both jejunojejunostomies and ileocolostomies. The
macroscopic assessment showed that the clip did
not increase the formation of adhesions when com-
pared with the HS anastomoses. There was very thin
scar tissue at the anastomotic line (less collagen de-
position and better epithelial regeneration) in the
CAC group, and a much thicker anastomotic line
in the HS group. Moreover, in the early healing pe-
riod, significantly less inflammatory cell infiltration
occurred in the CAC group on postoperative days

5 and 7. Not only was the anastomosis time shorter
in the CAC group, but the breaking strength of the
CAC anastomoses was also greater.

Various methods are available to study the
course of events during experimental anastomotic
healing, typically involving histological studies and
evaluations of breaking strength. Histological eval-
uation is useful to describe the course and results
of the healing sequence at the tissue level as well as
the successive infiltration of various cell types in-
to the wound area. Various histological parameters
of wound repair have been studied in experimental
intestinal anastomoses: mucosal healing based on
inflammatory cell infiltration, epithelial regenera-
tion, the degree of necrosis, proliferation of fibro-
blasts, the formation of collagen fibers, neoangio-
genesis and granulation tissue [18-21].

Mechanical parameters are of great impor-
tance for studying intestinal anastomoses because
the mechanical strength of an anastomosis can af-
fect leakage during the initial postoperative phase.
Ikeuchi et al. [30] reported that tensile strength
was a standard to evaluate the biological aspects
of anastomotic healing, including suture-holding
capacity. Because tensile strength measurements
can only be carried out when the CAC separates
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from the anastomosis, in four cases in the present
study it was impossible to measure tensile strength
on postoperative day 5. It might therefore be more
appropriate to examine the strength of CAC anas-
tomoses on later postoperative days, such as day
7 in the present study.

This study had certain limitations. The com-
parison of CAC anastomoses with HS anastomo-
ses was based solely on two-layer HS anastomoses,
which extended the time it took to create the anas-
tomoses and might have resulted in greater inflam-
mation caused by foreign bodies. However, the
two-layer HS anastomoses increased the adherence
of the anastomosed surfaces, resulting in anasto-
moses that were comparable to the CAC anasto-
moses. As indicated by the statistical agreement
tests, the results were not affected by performing

did not differ anatomically, histologically, or phys-
iologically. In addition, pigs were included in the
study based on the tightness of all the anastomo-
ses performed in that pig. If even one anastomosis
showed leakiness or any other complication, that
would affect all of the anastomoses in that animal.
Also, the study included only the early postopera-
tive period, and a functional assessment of anas-
tomoses requires a longer observation period be-
cause of the potential for anastomotic stenosis.
Further studies are needed to evaluate anastomo-
ses in the later postoperative period and to com-
pare CAC anastomoses with those created using
another technique, e.g., a stapler.

The authors concluded that anastomosis us-
ing a CAC appears to be safe and less time con-
suming than HS; it is also characterized by a good

two CAC and two HS anastomoses in the same an-
imal, because the anastomoses were performed on
the same specific sections of the intestine, which

healing process with little inflammatory reac-
tion and a high breaking strength compared with
HS anastomosis.

Acknowledgements. Special thanks go to Aniela Grajoszek from the Center for Experimental Medicine, Medical
University of Silesia in Katowice.
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