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Abstract

Introduction: Esophagectomy and reconstruction remain the optimal treatment for patients with resectable esopha-
geal cancer. Neovascularization after ischemic conditioning of the stomach before esophagectomy is a laparoscopic
procedure which may potentially reduce gastric conduit ischemia.

Aim: To investigate the influence of ischemic conditioning on neovascularization along the greater curvature of the
stomach and to explore the effect of neoadjuvant chemotherapy on neovascularization after ischemic conditioning.
Material and methods: Staging laparoscopy was performed before the main resection procedure; during this pro-
cedure ischemic conditioning was performed. Samples taken from the human stomach were divided into 3 groups:
group A — patients after ischemic conditioning with a delay of 30-45 days after left gastric artery (LGA) ligation
(n = 4); group B — patients who were undergoing neoadjuvant chemotherapy with a delay of 90-140 days after left
gastric artery ligation (n = 4); and control group C — patients without ischemic conditioning (n = 7).

Results: After ischemic conditioning with a delay of 30-45 days, the count of neovessels along the greater curvature
of the stomach increased from 5.4 +0.7 in the control group to 17.5 +0.9 in a low-power field of view (LPF) in group
A and increased still further on average to 19.8 +10.4 in group B.

Conclusions: Left gastric artery ligation only is a sufficient procedure for ischemic conditioning of the stomach. Neo-
vascularization along the greater curvature is a continuous process that depends on delay time. Neoadjuvant therapy
has no influence on the effect of neovascularization.
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criterion of surgical effectiveness. The quality of life

of our patients also plays a large role in their level of
satisfaction.

Introduction

The incidence of esophageal cancer is increasing

year by year. The only curative method of treatment
in this area remains surgical resection. This opera-
tion is associated with a high incidence of postop-
erative leak in the anastomosis (around 20%) and
a mortality rate of around 3-5% [1-3]. The length of
survival in the postoperative period is not the sole

The most widely used surgical operation for this
condition is esophageal resection with gastric pull-up
replacement. Up to 50% of patients who have post-
operative leak during esophagogastroanastomosis
are faced with the need for dilation of the anastomo-
sis due to stenosis [4, 5]. One of the most important
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causes of this problem is a lack of blood supply in
the stomach conduit [6]. Basically, the only source of
gastric conduit blood supply remains the right gas-
troepiploic artery (RGEA), also known as the right
gastro-omental artery [7, 8]. Ischemic conditioning
of the stomach occurring after left gastric artery
(LGA) discontinuation is a procedure used in a num-
ber of surgical departments around the world. This is
a completely laparoscopic procedure with zero per-
cent mortality and almost zero morbidity. This proce-
dure may potentially reduce leakage after esophago-
gastroanastomosis construction. The optimal timing
of the procedure remains questionable. The influence
of neoadjuvant therapy and the sheer number of ves-
sels that need to be interrupted for the fully-fledged
effect of ischemic conditioning to arise are unknown.
There are a number of studies demonstrating the ef-
fect of conditioning on animal models [9-11].

Aim

There are a number of issues addressed by our
study: whether ligation of the LGA alone is suffi-
cient intervention to produce the effect of ischemic
conditioning and initiate neovascularization of the
stomach wall, whether neoadjuvant therapy can af-
fect neovascularization after ischemic conditioning,
and whether neovascularization after ischemic con-
ditioning is a time-dependent process.

Material and methods

We conducted a prospective study. Patients with
a resectable or potentially resectable tumor of the
middle and aboral esophagus were included. Staging
laparoscopy was performed before the main resection
procedure. The laparoscopic procedure is performed
standardly on the patient’s back. Three abdominal
ports (one 5 mm, and two 11 mm) are used for the
dissection. The gastrohepatic ligament is divided. Af-
ter the LGA is found, it is clipped with two self-closing
plastic endoscopic clips and cut between the clips.
Drains for this procedure are not used. There were no
conversions to an open procedure. Length of stay was
3 +2 days. We did not have any postoperative com-
plications after the ischemic conditioning procedure.
This study did not include patients in whom condi-
tioning was combined with jejunostomy. No death
after ischemic conditioning occurred.

After the main resection procedure (esophagec-
tomy), samples of the resected stomach wall were
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obtained with a minimum distance of 5 cm from the
macroscopic border of the tumor. This study focused
primarily on the effect of ischemic conditioning on
neovascularization of the stomach.

The patients in the main group were divided into
two subgroups. Group A comprised patients with
primary resectable tumors of the esophagus — a to-
tal of 4 patients. Resection surgery was performed
30-45 days after LGA ligation.

Group B comprised patients with potentially
resectable tumors — a total of 4 patients. They un-
derwent neoadjuvant chemotherapy (5-fluorouracil
plus cisplatin). Restaging and the main surgical pro-
cedure were conducted in the period from 90 to 140
days and we recorded a downsizing of the tumor in
all cases. All were evaluated as resectable and a cu-
rative resection was performed. Metastasis was not
recorded during chemotherapy.

Resected stomachs in patients after laparoscop-
ically performed sleeve gastrectomy were allocated
to group C (control). All histological material ob-
tained from bariatric patients was routinely exam-
ined histologically. These were healthy stomachs
without any macroscopic or microscopic pathology
and without the presence of polyps or gastric ulcers.
In relation to comorbidities, we tolerated only com-
pensated non-insulin-dependent diabetes mellitus
type Il with HbA,. < 60 mmol/l and a mild degree
of bronchial asthma. These patients did not use any
drugs affecting either arterial pressure or venotonics.
They did not use hormones or proton pump inhib-
itors. In one case, we managed to obtain material
from a patient with a tumor of the distal third of
the esophagus who had not undergone staging lap-
aroscopy with ligation of the LGA. This sample was
added to the control group.

Material sampling

In all cases, standard samples were taken from re-
sected stomachs. We took samples along the stapler
line in the fundus and the body of the stomach. The
distance from the greater curve was approximate-
ly 45 mm. The upper area of the samples matched
the area of future anastomosis of the gastric pull-up.
Samples from a total of 15 patients were used.

Processing of materials

Stomachs were examined in the standard way
after resection to rule out the presence of malignant
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or other pathological lesions in the tissue specimen.
Tissue samples were taken from the same fully com-
patible location in the case of both stomach conduit
construction and bariatric surgery. Tissue samples
were fixed in 4% paraformaldehyde with phosphate
buffer, pH 7.4 at 18°C. After fixation, the tissue was
embedded in paraffin and cut into 7-10 um sections
for immunohistochemical and histological examina-
tion. A histopathological tissue survey was generally
conducted after routine staining with hematoxylin
and eosin. Neovessels were evaluated using immu-
nohistochemical verification with CD31 (cluster of
differentiation 31) and smooth muscle actin detec-
tion. Samples were examined under 80x magnifica-
tion — low power field (LPF) and evaluation of the
number of vessels was performed recalculated to
one field of view. Ten fields of view were evaluated
for each specimen.

After histopathological and immunohistochem-
ical results were obtained, the material was coded
by an independent collaborator (supervisor) and
a randomized, blind outcome assessment subse-
quently conducted. Double-blind, randomized sum-
mation was then performed. We preferred evalua-
tion of blood vessels in the areas of their greatest
expression in the submucosal layer. No blood vessel
was found in only two cases in group C at 1 LPF at
80x magnification. After the results were submit-
ted they were arranged in Microsoft Excel spread-
sheets.

After admission, all the patients gave their con-
sent in writing to hospitalization and to diagnostic
and therapeutic acts connected with this hospital-
ization. They thereby expressed their will to decide
freely about procedures when accepting healthcare
services. They are entitled to ask supplementary
questions to find out about anything they consider
important and all their queries are answered by the
physician. They sign a declaration confirming that
they find the information and explanations given to
them fully satisfactory and that they understand ev-
erything and agree to the healthcare provided during
hospitalization. This informed consent corresponds
to Act No. 372/2011 on conditions of healthcare ser-
vices in the Czech Republic (CR).

The Ethics Committee issued a favorable opinion
of research project FW03/15 (Neovascularization af-
ter ischemic conditioning and the influence of fol-
low-up neoadjuvant chemotherapy thereon) at Saint
Anne’s Faculty Hospital.
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Results

The results were divided into the pertinent
groups. Group A comprised patients with tumors of
the esophagus at least 5 cm from the site of histo-
logical sampling. The patients in this group did not
have neoadjuvant therapy and underwent a primary
resection procedure between 30 and 45 days after
staging laparoscopy with LGA ligation — a total of
4 patients. Group B comprised patients who had
neoadjuvant chemotherapy and underwent a resec-
tion procedure 90-140 days after staging laparosco-
py (restaging was performed in all patients) — a total
of 4 patients. Group C was the control group: pa-
tients after sleeve gastrectomy with an intact stom-
ach wall — a total of 6 patients plus one histological
sample (#14) from a patient who had not undergone
staging laparoscopy with LGA ligation. This patient
had a primary resection procedure. The complete re-
sults are shown in Table .

In group A, we recorded a three-fold increase in
the number of vessels with maximum expression in
the submucosal layer [12]. An average of 17.47 ves-
sels were found in each LPF. The diameter of ves-
sels was not dissimilar to the diameter of vessels in

Table I. Description of samples

Sample Group Conditioning Vessels on
time LPF

1 A 45 days 17.57

2 A 41days 16.57

3 A 36 days 17.71

4 A 36 days 18.25

5 B 97 days 12.0

6 B 140 days 32.75

7 B 120 days 21.87

8 B 133 days 12.75

9 C 0 5.87

10 C 0 4.62

11 C 0 4.87

12 C 0 5.12

13 C 0 4.87

14 C 0 6.0

15 C 0 6.64
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the samples in group C. No significant differences in
the number of vessels on average in each LPF were
observed between the samples. Sample 1 — 17.57
vessels, sample 2 — 16.37, sample 3 = 17.71, sample
4-18.25 (Photo 1 A).

A larger number of blood vessels was recorded in all
samples in group B as compared to the control group.
The acceleration of vascular growth was not, however,
homogeneous. In 2 samples after 140 and 120 days we
found 32.75 and 21.87 vessels on one LPF. Vessel di-
ameter was the same as in group A. In two other sam-
ples with a delay of 97 and 133 days we found an av-
erage of 12.0 and 12.75 vessels on one LPF. A twofold
or threefold increase in vessel diameter in comparison
with group A was also recorded (Photo 1 B).

There were seven samples in group C. The aver-
age number of vessels was 6 per field of view (Photo
1 C). Sample 14 had the same morphology as the
other samples taken from bariatric patients. The re-
sults of the randomized vessel count are shown in
Figures 1 and 2.
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Photo 1. Histological slides of the stomach wall.
A — After conditioning with a delay of 30-45 days.
B — after conditioning with a delay of 90-
140 days. C — control group

These results show that neovascularization can
probably occur in two ways — either by means of
a further increase in the numbers of neovessels or
their partial reduction with an increase in their cali-
ber to preserve the increased flow through the ves-
sels along the large curvature of the stomach.

Discussion

Laparoscopic ischemic conditioning of the stom-
ach for esophageal replacement is a safe procedure
[10]. During the course of laparoscopy, it is possible
to perform not only an LGA discontinuation. In some
cases, it is possible to detect a higher stage of the
cancer than has been detected by computed tomog-
raphy and endoscopic methods.

This study shows that ischemic conditioning of
the stomach based on the ischemic stimulation of
neovascularization is carried out according to the
theoretical background and experimental results in
animal models [9]. A number of studies have demon-
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1 2 3 4 5 6 7
Sample

W Conditioning 3045 days
O Conditioning 90-140 days + neoadjuvant therapy
@ Control group

Figure 1. Comparison of the number of vessels
in each sample

strated neovascularization in the stomach wall after
ischemic conditioning [9, 13-15]. The construction
of a gastric pull-up requires discontinuation of at
least three of the five main blood vessels that pro-
vide stomach vascularity [6, 13]. The only significant
source of blood supply to the stomach remains the
right gastroepiploic artery [8, 13, 16, 17]. The right
gastric artery is of only little significance [18]. In
view of the fact that the RGEA supplies on average
50% of the length of the greater curve [7], the oral
part of the conduit is supplied by an anastomosis
between the vessels inside the stomach wall or by
capillaries only [7]. The effect of ischemic condition-
ing aimed at accelerating growth in the number of
blood vessels in the stomach wall is used to improve
blood supply to the conduit. There is no consensus in
the literature regarding the timing of stomach con-
ditioning, but in recent times the delay has shifted
from 2-5 days [19] up to 30 days [10, 11] or, in some
reports, up to 75 days [8]. In spite of this change, the
optimal timing remains debatable [20]. To date, only
animal models directly reveal the effect of condition-
ing, and no studies have succeeded in demonstrat-
ing this effect directly in humans. We assume that
the effect of neovascularization in a quantitative ra-
tio in humans is different from that in animals. We
have not found any literature suggesting the way in
which neoadjuvant therapy influences the effect of
ischemic conditioning.

The question of the influence of ischemic con-
ditioning (IC) of the stomach on the incidence of
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A B
Group

B Conditioning 30-45 days
O Conditioning 90-140 days + neoadjuvant therapy
B Control group

Figure 2. Summary of the number of vessels in
each group

postoperative leakage remains highly controversial.
Studies suggest that the incidence of leakage is not
significantly altered in patients who undergo IC as
compared to those who do not [8, 21, 22], though
some prove the positive effect of IC [19, 23]. Stag-
ing laparoscopy before esophagectomy has greater
benefits than IC after LGA interruption. Staging lap-
aroscopy can uncover undiagnosed locally advanced
lymph node involvement in the abdominal part of
the esophagus. This operation should not, however,
be performed routinely [24, 25].

Significant neovascularization was found in
groups A and B in comparison with the control
group. The results of neovascularization in group A
were well balanced. No significant changes in the
average number of vessels on one LPF were found.
The results were not homogeneous in group B, with
a delay of over 90 days. We observed two tenden-
cies: either a further increase in the number of blood
vessels, maintaining the same average diameter, or
a reduction in their number, though accompanied by
an increase in their size (diameter). We cannot give
a clear explanation of the discrepancy in the pro-
gression of vascular diameter for individual samples
due to the small number of samples to date. In spite
of the fact that the overall results in group B were
not homogeneous, the number of vessels being 19.8
+10.4 to one LPF, this deviation is reduced when we
assess the results in two subgroups. Subgroup B1,
with an overall slightly lower number of neovessels
but an increase in their diameter (12.37 +0.4 to one
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LPF), and subgroup B2, with a continued increase in
the number of vessels of the same vessel diameter
(26.9 +5.3 to one LPF).

Only LGA ligation was performed on all the pa-
tients within the framework of conditioning. This
effect has been described in animal models [9, 13—
15]. It was found that hypoxia stimulates the pro-
duction of angiogenic factors including platelet-de-
rived growth factor (VEGF) [12]. There are several
methods of ischemic conditioning of the stomach:
embolization or ligation of vessels [20]. In our case,
we achieved conditioning using the least traumat-
ic method of LGA ligation to minimize adhesions
during resectioning. Even though the blood flow
through other arteries feeding the stomach was pre-
served, the effect of ischemic conditioning caused
a multiple increase in the number of neovessels. This
means that LGA ligation is a procedure that suffices
to produce the effect of ischemic conditioning.

An increase in the number of vessels in compar-
ison with group A was recorded in evaluating the
outcome in group B. Changes arising in subgroups
B1 and B2 were due to the time shift rather than the
influence of neoadjuvant therapy. Evidence for this
is provided by the continuing increase in the number
of vessels in subgroup B2.

Conclusions

Ligation of the LGA for the purpose of ischemic
conditioning of the stomach before a resection pro-
cedure on the esophagus is a procedure that suffices
to produce the effect of ischemic conditioning (neo-
vascularization). An almost threefold acceleration in
the growth of blood vessels can be seen. Neoadjuvant
chemotherapy (assuming the use of 5-FU and cis-
platin) does not affect neovascularization. The effect
of ischemic conditioning was proven in all samples.
Hypervascularization of the wall of the stomach con-
tinues even when the operation is delayed for up to
140 days after LGA ligation. The results obtained re-
quire further research into the effect of ischemic con-
ditioning in general and neovascularization after isch-
emic conditioning of the stomach in particular. Given
the small number of samples, it is difficult to rule out
errors in the statistics. This study requires further in-
vestigation of the above-mentioned problem.
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