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Abstract
Aim: Background: The aim of this study is to compare the microvessel densities of different normal gastric regions and to determine 
the effects of sleeve gastrectomy on the microvessel density of tissues alongside the remnant stomach. 
Material and Methods: Twenty male Wistar albino rats were divided into two groups. Rats in the control group were immediately 
sleeve gastrectomized under anesthesia and a wedge resection of the esophagogastric junction (EGJ), the fundus, corpus and antral 
gastric regions was performed, before sacrifice. Meanwhile, rats in the experiment group also underwent sleeve gastrectomy but 
were not sacrificed until the 5th postoperative day. At this point, gastric tissues alongside the sleeve gastrectomy area were then 
wedge-resected. The microvessel densities of these two groups were evaluated and compared. 
Results: When comparing distinctive gastric regions within the control group, the microvessel density of the esophagogastric 
junction was found to be less than in the corpus or fundus (20.04±4.45; 36.28±9.98, 39.4±9.57; p <0.01). When comparing the control 
and experiment groups, No significant difference in the microvessel density of the esophagogastric junction was found (20.04 ± 4.45, 
24.63 ± 8.91, p> 0.05). The sleeve gastrectomy also had no significant effect on the microvessel densities at the esophagogastric 
junction or corpus (24.63±8.91, 22.24±7,63; p> 0.05).
Conclusion: The esophagogastric junction has a lower microvessel density than the corpus in a normal stomach. Sleeve gastrectomy 
has no adverse effect on the microvessel density of the esophagogastric junction.
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INTRODUCTION
Sleeve gastrectomy (SG) is an effective surgical procedure 
for treating the frequently seen health problem of 
morbid obesity (1,2). However, SG is not exempt from 
complications. Cut surface leakage, which is one of the 
most feared and fatal complications, is seen in 0-7% of 
patients (3). This kind of leakage is commonly located 
at the proximal part of the cut surface, beside the 
esophagogastric junction (EGJ) (4).

Hematopoietic progenitor cell antigen, cluster 
of differentiation 34 (CD34), is one of a family of 
transmembrane sialomucin proteins that show expression 
on vascular tissue (5). 

Anti-CD34 is an endothelial cell-specific antibody 
which can gauge microvessel density (MVD) in various 
tissues with great sensitivity. Determining the number of 

microvessels by counting the endothelial cells in hotspot 
areas is now the preferred method for vascular density 
assessment in several studies (6-8,11).

The second aim of the present study was to investigate 
the effect of sleeve gastrectomy on the MVD of gastric 
regions. Hence, the MVD of normal gastric regions was 
compared to that of tissues alongside the cut-surface 
healing area of there mnant stomach 5 days after sleeve 
gastrectomy.

MATERIAL and METHODS
Our study used twenty male albino Wistar rats, weighing 
300-350g, according to a protocol reviewed and approved 
by the Animal Committee of Istanbul University School of 
Medicine, Istanbul; and it was carried out at the Istanbul 
University Aziz Sancar Experimental Medicine Research 
Institute. All animals were managed in accordance with 



the recommendations of the National Institute of Health 
Guidelines for the Care and Use of Laboratory Animals.

Animals and Experiment Design
The animals were housed in stainless steel cages under 
carefully controlled temperature (23±2 oC) and humidity 
conditions, with 12h dark/light cycles. The rats were 
randomly assigned to two groups; control (n=10) and 
experiment (n=10) groups.

Surgical Procedures
All rats were subjected to water-only fasting for 6 hours 
preoperatively. Thirty minutes before surgery, 30 mg/
kg ceftriaxone was injected intramuscularly. All surgical 
procedures were performed under aseptic conditions, 
using 2.5% povidone-iodine for skin disinfection after 
skin hair removal. Rats were anesthetized with ketamine 
hydrochloride (50 mg/kg) and xylazine (5 mg/kg) 
intraperitoneally, and were kept on a warm pad throughout 
the experiment, to maintain a constant body temperature 
of 37 oC. A 2.5-3 cm long midline incision was made to 
sufficiently expose the stomach. Sleeve gastrectomies 
were performed as described in our previous paper (9).

Briefly, the area for resection (about 70% of the stomach) 
was defined with vascular forceps to include most of the 
fundus and then the SG was carried out. Regional wedge 
resections were performed immediately on rats in the 
control group, who were then sacrified. In the experiment 
group, gastrorrhaphy was carried out using an invaginating 
continuous polyglactin 910 (Vicryl® 5-0; Ethicon, São 
Paulo) hand-sewn suture (Schimieden pattern). The 
laparotomy was closed with a continuous single-plane 
hand-sewn suture of polyglactin 910 (Vicryl® 3-0; Ethicon, 
São Paulo). The rats in this group were housed separately 
after the operation and kept hydrated with injections of 5 
ml saline solution to the subcutaneous tissue. 

In all rats, esophagogastric junction (EGJ), fundus, corpus 
and antral gastric regions’ wedge resections with full 
layers were performed from the stomach remaining after 
resection. Rats in the experiment group were sacrificed on 
the 5th postoperative day after full layer wedge resections 
had been performed.

Postoperative treatment
After surgery, the experiment rats’ body temperature was 
restored by heating lamp. After the operation, no water 
was given for the first 4 hours, and then free access was 
given. Upon resuming oral nutrition, all animals were 
assigneda liquid diet (10% dextrose) for 3 days, after 
which standard feed was given for the remaining 2 days. 
Daily observations of the rats’ health status were made.

Histopathology
Histopathological evaluation was performed by a 
single, ‘blinded’ pathologist. Tissue samples were 10% 
formaldehyde-fixed and paraffin-embedded. The paraffin 
blocks were cut at a thickness of 4 mm and two serial 
sections for each case were prepared for staining with 
anti-CD34. Immunohemagglutination (IHA) tests were 
performed as previously described (8). The tissues of 
each rat at 5 separate large magnification areas (x400) 
(LMA) were examined. Quantitative vessel counts for 

MVD (number/mm2) assessment were performed by the 
method described by Vermeulen et al (10). Numbers of 
vessels stained with anti-CD34 were categorized as 1, 2 or 
3 positive. (1 positive: 10-24 vessels / LMA; 2 positive: 25-
49 vessels / LMA;3 positive: 50 and more vessels / LMA).

Statistical Analysis
NCSS (Number Cruncher Statistical System) 2007 
(Kaysville, Utah, USA) program was used for statistical 
analysis.When evaluating study data, for comparisons of 
quantitative data as well as descriptive statistical methods, 
frequency and ratio were used. The Mann Whitney U test 
was used for descriptive statistical methods of the two 
groups as well as for quantitative data without normal 
distribution. The Wilcoxon Signed Ranks test was used 
for intra-group comparison of abnormally distributed 
parameters. A p value <0.05 was considered statistically 
significant.

RESULTS 
Nine rats from the experiment group survived, with one 
dying on the day of operation from anesthesia-related 
causes.	

The distribution of anti-CD34 staining patterns in each 
group is given in Table 1. 

Comparison of MVDs at different regions of the normal 
stomach and the sleeve gastrectomy
In the EGJ region, there was no statistically significant 
difference between the MVDs of the control and experiment 
groups, (20.04±4.45, 24.63±8.91, respectively; p>0.05) 
(Table 2).

However, in the corpus and antrum areas, MVDs of 
the control group were significantly higher than in the 
experiment group (corpus - 36.28±9.98, 22.24±7.63: 
p<0.01; antrum - 20.44±5.21, 15.21±4.48:p<0.05).

Comparison of MVDs at different gastric regions in the 
control group
There was a statistically significant difference between 
MVD levels at the EGJ and corpus areas (20.04±4.45, 
36.28±9.98; p <0.01) within the control group. The EGJ 
also had a lower (++) staining rate than the corpus.

A statistically significant difference between MVD levels 
at the EGJ and fundus areas (20.04±4.45, 39.4±9.57;p 
<0.01) was also noted. EGJ staining was found to be lower 
(++) than in the fundus (+++) (Table 1,3) (Figure 1).

However, there was no statistically significant difference 
between MVD levels at the EGJ and antrum areas 
(20.04±4.45, 20.44±5.21; p> 0.05). 

Comparison of MVDs at different gastric regions in the 
experiment group
In the experiment group, there was no statistically 
significant difference between MVD levels at the EGJ and 
corpus areas (24.63±8.91, 22.24±7.63; p>0.05). However, 
there was a statistically significant difference between 
MVD levels in the EGJ and the antrum (24.63±8.91, 
15.21±4.48;p <0.05). Also, EGJ (++) staining was found to 
be higher than that of the antrum (Table 1,4) (Figure 2).
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Table 1. Distribution of anti-CD34 staining patterns in control and experiment groups according to gastric region
Region  Anti-CD34 pattern Control  Group (n=10) Experiment Group (n=9)

EGJ
(+) 9 (90.0) 5 (55.6)
(++) 1 (10.0) 4 (44.4)

Corpus
(+) 0 (0) 6 (66.7)
(++) 9 (90.0) 3 (33.3)
(+++) 1 (10.0) 0 (0)

Antrum (+) 8 (80.0) 9 (100.0)
(++) 2 (20.0) 0 (0)

Fundus (+) 1 (10.0) -
(++) 6 (60.0) -
(+++) 3 (30.0) -

Table 2. Comparison of MVDs in the control and experiment groups according to gastric region
Region Control Group Experiment  Group P
EGJ Min—Max (Mean±SD) 13-28.2 (20.04±4.45) 13.3-37.2 (24.63±8.91) a0.220
Corpus Min—Max (Mean±SD) 24.2-53.6 (36.28±9.98) 12-36.6 (22.24±7.63) b0.003**

Antrum Min—Max (Mean±SD) 14-29 (20.44±5.21) 10.5-23.6 (15.21±4.48) a0.022*

Fundus Min—Max (Mean±SD) 26.2-53.6 (39.4±9.57) - -
aMann Whitney U Test    *p<0.05    ** p<0.01

Table 3. Comparison of MVDs in the control group according to gastric region

EGJ Corpus Antrum Fundus EGJ- Corpus: p EGJ- Antrum: p EGJ- Fundus: p
Min-Max 13-28.2 24.2-53.6 14-29 26.2 -53.6

0.005* 0.798 0.005*

Mean±SD 20.04±4.45 36.28±9.98 20.44±5.21 39.4±9.57
Wilcoxon Signed Ranks Test	   *p<0.01

Table 4. Comparison of MVDs in the experiment group according to gastric region 
EGJ Corpus Antrum EGJ-Corpus; p EGJ-Antrum; p

Min-Max 13.3-37.2 12-36.6 10.5-23.6
0.236 0.021*

Mean±SD 24.63±8.91 22.24±7.63 15.21±4.48
Wilcoxon Signed Ranks Test	   *p<0.05

Figure 1.  In the control group, microscopic appearance of rats’ vascular 
structures, following staining with anti-CD34. 1A) Esophagogastric 
junction, 1B) Fundus, 1C) Corpus, 1D) Antrum.Example of 2 positive 
staining of anti-CD34 with vessel sections following lamina propria, x400

Figure 2. In the experiment group, microscopic appearance of 
rats’ vascular structures, following staining with anti-CD34. 2A) 
Esophagogastric junction, 2B) Corpus, 2C) Antrum.Example of 2 positive 
staining of anti-CD34 with vessel sections following lamina propria, x400
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DISCUSSION
In obesity surgery, SG leakage is a rare but unsurprising 
complication (3). Leakages are commonly located at the 
proximal part of the cut surface of the sleeve gastrectomy, 
next to the EGJ (4).

Leakages after sleeve gastrectomy are categorized as 
either mechanical-tissular causes that usually appear 
within 2 days or ischemic causes that appear within 
5 days of surgery (11,12). Successful wound healing 
depends upon angiogenesis. Clinically, angiogenesis first 
becomes visible in the wound bed at 3rd–5th day after injury 
(13). In a study, on the development of the quail embryo, 
angiogenesis commenced on the 3rd day of surgery (14). 
In another study, MVD measurement of a healing rat colon 
anastomosis was performed on the 7th postoperative day 
(15). In our study, the 5th postoperative day was selected 
for the evaluation of MVD.

The vascular supply distribution of the remnant stomach 
alters after sleeve gastrectomy. Measurement of the 
overall vasculature of different tissues and distribution 
of MVD is commonly evaluated using the anti-CD34 IHA 
method (6-8,10). MVD has been seen to increase in many 
gastrointestinal and breast tumors (16-20) but decrease 
in bile duct injuries and chronic radiation proctitis (21,22). 
It is accepted that an increase in MVD is more favorable 
for wound healing and it has been shown that external 
influences can change MVD, as in the effect of Lugol’s 
solution on Grave’s disease (22,23). In our study, MVD 
was measured at several different regions in order to more 
accurately evaluate the vascular supply of the stomach 
and investigate any effect sleeve gastrectomy might have.

After SG surgery, the second most frequent cause of death 
is cut-surface leakage and the mortality rate is serious 
(24). A gastric wall perfusion study, using computed 
tomography, demostrated that the blood supply to the 
EGJ was inferior to that of other areas of the stomach 
(25). Most obesity surgeons believe that avoiding the EGJ 
during SG is more judicious for ischemic reasons (26). 
According to our study, the EGJ had a lower MVD than the 
corpus in normal stomachs; a result which is compatible 
with previous studies. However, in the experiment group 
there was no statistically significant difference between 
MVD levels at the EGJ and corpus regions. This result 
raises questions about the ischemic mechanism and 
the adverse effect of sleeve gastrectomy on the vascular 
supply at the EGJ region. As there was no statistically 
significant difference between the MVD levels at the EGJ 
of each group, the increase in the MVD in the experiment 
group may be due to compensatory mechanisms of the 
wound healing process. According to these results, it 
may be speculated that inappropriate surgical technique 
plays a more significant role in leakages after sleeve 
gastrectomy than the naturally reduced vascularization of 
the EGJ region. The ischemia of the sleeve gastrectomy cut 
surface may be attributed to improper surgical technique 
rather than natural angiogenic causes. 

To the best of our knowledge, this is the first experiment 
study to examine the effect of SG on MVD; however, the 
present study has some limitations. First, this is a rat model 
study which invites reservations about its predictivity for 
human tissue, although it may provide a good model for 
further studies. Second, vascularity assessment by using 
IHA to measure MVD may not give optimal results; further 
studies are needed to assess MVD with other methods, 
such as the Western blot method, etc. On the other hand, 
as this kind of study cannot be carried out on human 
beings, it is still of value. Despite the limitations, our 
results may provide a new perspective on which to base 
future studies. 

CONCLUSION 
The EGJ had a lower MVD than the corpus in normal 
stomachs according to this study. However, in the sleeve 
gastrectomized group there is no statistically significant 
difference between MVD levels at the EGJ and corpus 
regions. The ischemia of the sleeve gastrectomy cut 
surface may be attributed to improper surgical technique 
rather than natural angiogenic causes. 
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