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Prolonged ischemia of the ileum and
colon after surgical mucosectomy
explains contraction and failure of
“mucus free” bladder augmentation
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Mahmoud Marei Marei c,d, Raimondo Cervellione c, David Keene c,
Anju Goyal c, Tamás Cserni a,c,*
Summary

Introduction
Mucus production by the intestinal segment used in
bladder augmentation results in long term concerns
especially stones and UTI. Bladder augmentation
with demucosalized intestinal flap is a potential
promising approach for mucus-free bladder
augmentation, however the contraction of the flap
remains a major concern. Mucosectomy has been
shown to result in abrupt and immediate cessation
of microcirculation in the ileum. However, assess-
ment of microcirculation shortly after mucosectomy
may miss a gradual recovery of micro-circulation
over a longer period of time. Previous studies have
not assessed the colon response to mucosectomy.

Objective
Our aim was to assess the effect of mucosectomy on
the microcirculation of the colon and ileum beyond
the known warm ischemia time.

Study design
Ileum and colon segments were detubularised and
mucosectomy was performed in (n Z 8) anes-
thetised minipigs. Group A: sero-musculo-
submucosal flaps were created with removal of the
mucosa and preserving the submucosal layer Group
B: sero-muscular flaps were created with the
removal of submucosal-mucosal layer. The Micro-
vascular Flow Index (MFI), the velocity of the
circulating red blood cells (RBCV) was measured
using Intravital Dark Field (IDF) side stream
rol.2022.04.015
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videomicroscopy (Cytoscan Braedius, The
Netherlands) after mucosectomy, for up to 180 min.

Results
Both the MFI and RBCV showed an abrupt reduction
of microcirculation, on both surfaces of the
remaining intestinal flap, in the ileum as well as in
the colon. Slightly better values were seen in Group
A of the colon, but even these values remain far
below the preoperative (control) results. Some,
tendency of recovery of the microcirculation was
noted after 60e90 min, but this remained signifi-
cantly lower than the preoperative control values at
180 min.

Conclusion
Both the ileal and the colonic flap remains in severe
ischemia after mucosectomy beyond the warm
ischemia time.

Discussion
This study shows that surgical mucosectomy com-
promises vascular integrity of the intestinal flaps
used for bladder augmentation. Partial recovery
which occurs within the warm ischemia time is not
significant enough to avoid fibrosis therefore flap
shrinkage may be inevitable with this technique.

Limitation
The gastrointestinal structure of the porcine model
is not the same exactly as the human gastrointes-
tinal system. However, although not an exact match
it is the closest, readily available animal model to
the human gastrointestinal system.
ll rights reserved.
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Introduction

Intestinal segments (ileum, colon) are the commonest
donor tissues used for bladder augmentation. However, the
presence of intestinal mucosa within the augmented
bladder is associated with risk of significant complications,
such as increased UTI rate and stone formation due to
mucus production; absorption of electrolytes from urine;
and adenocarcinoma development [1].

Extensive research has been carried out to eliminate
intestinal mucosa from the augmented bladder. ‘Sero-
musculo-submucosal’ flaps and ‘sero-muscular’ intestinal
flaps have been used in experimental and clinical settings;
however, flap contraction remains a concern.

It has been hypothesized that the contact of the urine
with the raw surface of the intestinal segment after
mucosectomy may be responsible for contraction. Com-
posite flaps with cultured urothelium coverage of the
denuded surface seemed to be a viable and promising
approach, based on experiments with small sized patches;
however, there are no further publications reproducing this
with larger flaps, as would be required to translate this into
clinical practice [2e4] and contraction of the intestinal
flaps remains a major concern.

In an experimental study, using real-time in-vivo video-
microscopy of the capillaries of the ileum, we demon-
strated abrupt cessation of microcirculation in the ileum
after mucosectomy, however the microcirculation was not
monitored further in time to assess potential recovery. The
effect of mucosectomy has not been studied in the colon,
which is the second most used donor organ for bladder
augmentation [5].

Our aim was to assess the effect of mucosectomy on the
microcirculation of the colon and the ileum in the same
experimental setting and monitor intramural microcircula-
tion for possible recovery beyond the known warm ischemia
time.
Material and methods

The experiments were performed according to the EU
Directive 2010/63/EU on the protection of animals used for
experimental and other scientific purposes and carried out
in strict adherence to the NIH guidelines for the use of
experimental animals. The study was approved by the Na-
tional Scientific Ethical Committee on Animal Experimen-
tation, with the license number V./1637/2013.

The study was performed on anaesthetised female
Vietnamese mini pigs (n Z 8, weight: 25e30 kg). The ani-
mals were kept under conventional circumstances, in
standard cages. They were fed with commercially available
mixed food, fasted 24 h before surgery and always had free
access to water. Anaesthesia was induced with an intra-
muscular injection of a mixture of ketamine (20 mg/kg) and
xylazine (2 mg/kg) and maintained with a continuous
infusion of propofol (2%; 50 ml/kg/min i.v.), via a cannu-
lated ear vein. Endotracheal tube was inserted, and the
animals were ventilated mechanically, with a volume-
controlled ventilator. The tidal volume was set at
8e9 ml/kg, and the respiratory rate was adjusted to
maintain the end-tidal carbon dioxide pressure (EtCO2) to
35e45 mmHg. Norocarp S (carprofen; 4 mg/kg) and normal
saline infusion were administered via the ear vein catheter.
Heart rate, O2 saturation (pulse oximetry), EtCO2 (capn-
ometry) and body temperature were continuously moni-
tored perioperatively.

First, the ileal and colonic segments were isolated and
detubularized along the anti-mesenteric line. The bowel
was kept warm with 0.9% saline solution. The detubularised
bowel strips were placed on wet gauze. The mesenteric
pedicle was not clamped. The width and the microcircula-
tion were recorded on the serosal and mucosal surfaces.
Mucosectomy was then performed. In the ‘sero-musculo-
submucosal’ group (Group A, it is subdivided into Group A-I
(ileum) and Group A-C (colon)), only the mucosa was
scraped off with the back of a forceps from the bowel at
the level of the mucosal lamina propria. Surgical loops with
2.5�magnification were used to make sure that no mucosal
islands are left behind. In the seromuscular group (Group B,
it is subdivided into Group B-I (ileum) and Group B-C
(colon)), the mucosa and the submucosa were peeled off
the seromuscular layer, as one layer and in one piece. It
was easy to separate the submucosa from the muscular
layers at one corner of the flaps with a fine pair of forceps.
Injection of saline into the submucosa was not necessary.
The microcirculation was recorded with Intravital Dark
Field (IDF) side stream videomicroscopy (Cytoscan Brae-
dius, Netherlands) in each group on the serosal and the raw
surface at 0, 5, 15, 30, 60, 90, 120, 180 min after the
mucosectomy procedure.

Quantifying microcirculation

Microcirculatory videos were performed with IDF-imaging
device (Cytocam, Braedius medical, Huizen, Netherlands),
in accordance with international standard recommenda-
tions [6]. The camera is fully digital and contains a high-
resolution sensor, with a pixel size of 1.4 micron. Video
files were saved directly to the Braedius CytoCam HDD in
AVI format. Optical magnification of 4� was used, to pro-
vide a 1.55 � 1.16 mm field of view.

The MFI is a semi-quantitative and summarized score,
which is the mean value of four quadrant measurements.
Categorical values are given based on predominant flow (no
fow Z 0, intermittent Z 1, sluggish Z 2, continuous Z 3).
Red blood cell velocity (RBCV) being a quantitative marker,
which was measured using the CapScan software, for this
purpose, programmed by our team. RBCV is presented in
meter/second (mm/s).

Statistical analysis

Data analysis was performed with a statistical software
package (Sigmaplot 13.0.0/2017 for Windows by Systat
Software Inc., Jandel Scientific, Erkrath, Germany, 2017).
Normality of data distribution was analyzed with the
ShapiroeWilk test. The Friedman ANOVA on ranks was
applied within groups. Time-dependent differences from
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the baseline for each group were assessed with Dunn’s
method. Differences of extra- and intraluminal side within
the groups (Group A-I, Group B-I, Group A-C and Group B-C)
were analysed with the ManneWhitney test. Median values
and 75th and 25th percentiles are provided in the figures;
p < 0.05 were considered significant.

Results

Both the MFI and RBCV showed an abrupt reduction of
microcirculation on both surfaces of the remaining intesti-
nal flap in both, the ileum and the colon. Slightly better
values were seen on the colon (Group A-C), but even these
values remain far below the preoperative (control) results.
The values on the raw surface of the bowel flaps was
slightly higher than that measured on the serosal surface.
Some recovery of the microcirculation was noted after
60e90 min, but this remained significantly lower than the
Fig. 1 Microvascular Flow Index. A: Group A-I (ileal sero-muscul
the extraluminal side with white and the intraluminal side with w
box plot diagram demonstrates results of the extraluminal side wit
C: Group A-C box plot diagram demonstrates results of the extral
line pattern; D: Group B-C box plot diagram demonstrates results
with grey and line pattern. All of the plots demonstrate the med
whisker) and 75th (upper whisker) percentiles, (p < 0.05). * p
intraluminal side 0 min; $ p < 0.05 Group A-C extra-vs. intralumina
90 min; @ p < 0.05 Group A-C extra-vs. intraluminal side 120 min;
p < 0.05 Group A-C vs. Group B-C intraluminal side 90 min; % p
p < 0.05 Group A-C vs. Group B-C intraluminal side 180 min; $ p <

Group B-I extra-vs. intraluminal side 90 min; x p < 0.05 Group A-I v
Group B-I intraluminal side 90 min.
preoperative control values. The results are summarized in
Figs. 1 and 2.

Discussion

In a previous study we had demonstrated that mucosectomy
results in an abrupt gross reduction of the capillary blood
flow in the ileum [5]. The colon was not studied, and the
length of the ischemic period was not recorded. However,
every organ tolerates warm ischemia for a certain time
period.

The warm ischemia time of ileum was found to be up to
45 min in rats [6], 2 h in dogs [7]. Strand-Amundsen (2018)
investigated viability of the porcine intestine after
mesenteric obstruction [8]. Light microscopy showed loss of
crypt epythel, congestion and bleeding in lamina propria,
neutrophil infiltration, wavy myocytes and focal necrosis in
both muscular layers after 3 h of ischemia and 8 h of
o-submucosal group) box plot diagram demonstrates results of
hite and line pattern; B: Group B-I (ileal seromuscular group)
h white and the intraluminal side with white and line pattern;
uminal side with grey and the intraluminal side with grey and
of the extraluminal side with grey and the intraluminal side
ian values (horizontal line in box plots) and the 25th (lower
< 0.05 vs. baseline values. & p < 0.05 Group A-C extra-vs.
l side 60 min; # p < 0.05 Group A-C extra-vs. intraluminal side
x p < 0.05 Group A-C vs. Group B-C extraluminal side 60 min; ß
< 0.05 Group A-C vs. Group B-C intraluminal side 120 min; þ
0.05 Group B-I extra-vs. intraluminal side 60 min; # p < 0.05
s. Group B-I intraluminal side 60 min; ß p < 0.05 Group A-I vs.
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reperfusion. Electron microscopy demonstrated Inflamma-
tion, cell death, more comprehensive fine-vacuolization of
the sarcoplasm, slightly swollen mitochondria, focal single
cell necrosis, swollen cell nuclei after 3 h of ischemia and
3 h of reperfusion. Three hours of total ischemia of the
small bowel followed by reperfusion was considered to be
the upper limit for viability in porcine mesenteric ischemia
model [7].

In humans the warm ischemia cut off time of the ileum
for microvascular transplantation is considered between 1
and 2 h [9].

In the present study we demonstrated that the micro-
circulation does not recover within the warm ischemia time
of the ileum and colon after mucosectomy. Only minimal
residual circulation was detected after mucosectomy.
There was a degree of recovery in the RBCV, however both
remained far below the control (preoperative) values. The
partial re-establishment of circulation was seen after
60e90 min, sufficient to prevent acute necrosis. This is in
accordance with our earlier observation where the flaps
used for augmentation remained viable, even though they
contracted [5].
Fig. 2 Red Blood Cell Velocity. RBCV A: Group A-I (ileal sero-mus
of the extraluminal side with white and the intraluminal side with
box plot diagram demonstrates results of the extraluminal side with
Group A-C box plot diagram demonstrates results of the extralumi
pattern; D: Group B-C box plot diagram demonstrates results of the
and line pattern. All of the plots demonstrate the median values (ho
(upper whisker) percentiles, (p < 0.05). * p < 0.05 vs. baseline valu
p < 0.05 Group A-C extra-vs. intraluminal side 120 min; ß p < 0.05
Group A-C vs. Group B-C intraluminal side 120 min; þ p < 0.05 Gr
baseline values $ p < 0.05 Group B-I extra-vs. intraluminal side 60
p < 0.05 Group A-I vs. Group B-I intraluminal side 60 min; ß p < 0
When the muscularis propria and the muscularis
mucosae are damaged, peristalsis and the movement of the
villi will be lost. Regenerated scar tissue might not uphold
sufficient peristalsis, and may lead to later stricture [10].

There is a plenty of clinical evidence for close rela-
tionship between ischemia, fibrosis and contraction
[11e14].

Best example for systemic hypoxia induced intestinal
stricture is the Necrotising enterocolitis (NEC) in premature
neonates, where the link between NEC and intestinal
stricture is well-known [15]. Almost 30% of NEC patients
develop intestinal stricture long term [16]. Posttraumatic
ischemic stenosis of the small bowel is rare condition, but a
good example for local ischemia. After blunt trauma
mesenteric defect causes ischemia of the corresponding
bowel and result in stenotic, fibrotised/strictured bowel
segment [17e19]. Similar example for local ischemia is
when the superior rectal artery is devided below Sudeck’s
point during sigmoidectomy, this been reported to cause
ischemic stricture [20].

With the advancement of the Endoscopic Submucosal
Dissection (ESD), which became a well-established minimal
culo-submucosal group) box plot diagram demonstrates results
white and line pattern; B: Group B-I (ileal seromuscular group)
white and the intraluminal side with white and line pattern; C:
nal side with grey and the intraluminal side with grey and line
extraluminal side with grey and the intraluminal side with grey
rizontal line in box plots) and the 25th (lower whisker) and 75th
es; # p < 0.05 Group A-C extra-vs. intraluminal side 90 min; @
Group A-C vs. Group B-C intraluminal side 90 min; % p < 0.05

oup A-C vs. Group B-C intraluminal side 180 min * p < 0.05 vs.
min; # p < 0.05 Group B-I extra-vs. intraluminal side 90 min; x
.05 Group A-I vs. Group B-I intraluminal side 90 min.
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invasive management option of early gastrointestinal ma-
lignancies, it became clear that extensive removal of
mucosa-submucosa with the malignant/premalignant lae-
sion (above 75% of the circumference) results in stricture in
esophagus, stomach or colorectum) [21e26]. In our exper-
iment the removal of mucosa/submucosa corresponds to
ESD. The stricture seen after excessive ESD is in accordance
with our finding. Our study first provides link between
mucosectomy and ischemia and explains stricture after
excessive ESD i.e. mucosectomy.

Our results provide the first clear evidence that surgical
mucosectomy in both ileum and colon induces ischemia
beyond the warm ischemia time. This will inevitably result
in flap fibrosis and contraction. Vascularisation is key to the
long-term success of all bladder augmentations and must be
the focus if we are to achieve mucus free composite flaps.

We did not observe any significant difference between
the 2 mucosectomy processes (Group A and B). One would
expect better results in Group A, with sero-musculo-
submucosal flaps, where the submucous vascular plexus is
not destroyed. This is however not the case according to
our findings. The microcirculation of the sero-muscular-
submucosal flaps also dropped significantly and only
partially recovered showing no significantly better values
than the seromuscular flaps. This is in accordance with our
experience in the earlier study where we found sero-
muscular-submucosal flaps contracted after augmentation
[5,27]. Furthermore, it is known that due to mucosal
regrowth sero-muscular-submucosal flaps may not be ideal
to eliminate mucus from augmented bladder.

In our previous study we tried to re-vascularise the flaps
after mucosectomy with omentum, but it failed to prevent
contraction of ileum [5]. It is likely that by the time the
blood vessels from the omentum had established neo-
vascularisation, the bowel flaps have already suffered irre-
versible ischemic damage. Pre-vascularisation of the donor
organ perhaps with omentum before mucosectomy in the
future might remain an option. But again it will be difficult
to establish neovascularisation if previous vascular structure
is intact. In addition, mucosectomy causes damage to the
enteric nervous system which may compromise results [27].

Mucus free bladder augmentation using intestinal
segment is an ideal goal but remains difficult to achieve.
Surgical removal of the mucosa result in severe prolonged
ischemia as well as damage to the enteric nervous system
both in the ileum and the colon with resultant fibrosis and
contraction of these flaps.
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