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PURPOSE: This study sought to evaluate tissue blood flow
during J-shaped ileal reservoir construction. METHODS: Us-
ing laser Doppler flowmetry, tissue blood flow was mea-
sured at various locations in J-shaped ileal resetrvoirs con-
structed in 10 dogs before pouch-anal anastomosis. For 12
weeks postoperatively, animals were assessed for clinical
complications. In another five dogs, tissue blood flow was
measured at various stages of J-pouch construction. RE-
SULTS: Tissue blood flow in the reservoir was reduced and
was lowest at the “apex” of the “J”, the site of clinical
stricture in one animal. During reservoir construction, lon-
gitudinal enterotomy was associated with the greatest re-
duction in tissue blood flow. Lowest blood flow in the
reservoir was at the site of the intended pouch-anal anasto-
mosis (11.5 * 1.6 ml/100 g/min vs. 43.4 = 3.4 ml/100
g/min (controls); P < 0.05). CONCLUSIONS: Operative
maneuvers of J-shaped ileal reservoir construction, particu-
larly longitudinal enterotomy, significantly reduce tissue
perfusion in the involved bowel segment. Tissue blood flow
in the pouch is lowest at the site of intended pouch-anal
anastomosis, and this may contribute to development of
complications seen clinically. [Key words: Pelvic reservoir;
Capillary blood flow; Small bowel; Laser Doppler flowm-
etry; Ileal reservoir]
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elvic ileal reservoir is a useful adjunct for sphinc-

P ter-sparing colectomy and mucosal proctectomy
for ulcerative colitis and multiple polyposis. However,
a significant incidence of anastomotic leak, fistula
formation, pouch ischemia, and anastomotic stricture
is reported in many series." In the J-shaped reser-
voir, the most frequently used design, stricture at the
pouch-anal anastomosis is also a common complica-
tion.®

Opérative construction of ileal reservoirs involves
an extensive longitudinal enterotomy, which may
compromise blood flow to the bowel wall. Mobilizing
the mesentery by division of peritoneal attachments,
positioning the pouch in the pelvis, and creating an
anastomosis may further reduce blood flow. It is pos-
sible that reduced blood flow to the reservoir may
result from these maneuvers.
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To test this hypothesis, we first studied acute
changes in blood flow in pelvic ileal reservoirs in the
dog. We next studied the effect of various operative
maneuvers on the blood flow to identify the compo-
nent in which the major reduction occurred.

MATERIALS AND METHODS

Chronic Study: Changes in Tissue Blood
Flow in J-Shaped Pelvic Ileal Reservoirs

A chronic study was performed in which blood
flow in J-shaped pelvic ileal reservoirs was measured
at operation and correlated to development of anas-
tomotic leak, fistula formation, and stricture at the
pouch-anal anastomosis. Ten adult mongrel dogs
(16-22 kg) underwent abdominal colectomy and mu-
cosal proctectomy. Ten-cm J-shaped pelvic ileal res-
ervoirs were constructed using the terminal 20 cm of
ileum by making a longitudinal enterotomy 0.5 cm
lateral to the mesentery and reconstruction performed
using a two-layered anastomosis of continuous 3-0
Vieryl™ (Ethicon, Sommerville, NJ). The mesentery
was mobilized by relaxing peritoneal incisions along
the mesentery to reduce tension at the pouch-anal
anastomosis. Ileal arcades were preserved. After res-
ervoir construction, but before pouch-anal anastomo-
sis, tissue blood flow was measured on the antimes-
enteric serosa of the ileum at 5-cm intervals, from the
afferent terminal ileum (0 cm) to the site of ileal
transection (25 cm).

Tissue blood flow was measured with a laser Dopp-
ler velocimeter (BPM 403, TSI, St. Paul, MN) with the
operating room light turned off. A laser Doppler
probe (1.8 mm in diameter) was applied to the tissue
with minimal force (<20 gm/cm?®) but good optical
coupling. Mean blood flow was calculated by inte-
grating the area under the curve on the tracing, using
a digitizer and microcomputer, and dividing by the
time of the curve. Because the instrument measures
blood flow in a volume of tissue approximately 1 mm
in diameter and 1 mm deep and because the thickness
of the bowel wall was 1.7 mm, the tissue blood flow
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measured includes that of the serosa, muscularis, and
part of the submucosa.” Postoperatively, animals
were given broad spectrum antibiotics, were given
intravenous total parenteral nutrition for one week,
and were observed for three months for signs of
sepsis, pouch necrosis, and development of anal stric-
ture.

Acute Study: To Determine the Effect of
Operative Maneuvers on Tissue Blood Flow
During Reservoir Construction

To identify the stage in construction at which the
fall in blood flow occurred, acute studies were per-
formed in five adult mongrel dogs. Following colec-
tomy and mucosal proctectomy, blood flow was re-
corded at each stage in construction of the reservoir at
fixed locations in the bowel using the same technique
as described for the chronic study.

Blood flow was recorded at 5-cm intervals: 1) from
intact terminal ileum; 2) after folding the ileum; 3)
after longitudinal enterotomy; 4) from the completed
reservoir. Because of difficult access to the reservoir
once positioned in the pelvis, all blood flow readings
were taken before performing the pouch-anal anas-
tomosis.

RESULTS

Chronic Study: Changes in Tissue Blood
Flow in J-Shaped Pelvic Ileal Reservoirs

Table 1 summarizes blood flow at various points
around the reservoir. As expected, highest blood flow
was found in normal terminal ileum proximal to the
entrance to the pouch. Significant reduction in blood
flow was found in both limbs of the reservoirs com-

Table 1.
Blood Flow Around the Limbs of “J” Reservoirs
. Mean BF = SE
Site {cm) (ml/100 g/min)
0 45.0 = 4.9
5 38.0 = 5.1
10 22.4 + 2.3%
15 19.0 = 1.7*
17.5 (apex of “J”)
20 27.6 = 4.6”
25 19.0 + 2.5%

SE = standard error.

Blood flow (BF) was significantly lower in both limbs of
the reservoir compared with flow in the intact ileum prox-
imal to the reservoir. (n = 10).

* P < 0.01, Dunnett’s test.
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pared with flow in the terminal ileum (Dunnett’s com-
parison of means). Lowest blood flow occurred adja-
cent to the apex of the “J” (15 cm.), possibly as a result
of the acute bend at this point and at the site of ileal
transection (25 cm).

In the chronic phase of the study, there was no
clinical episode of pouch necrosis, leak, or dehis-
cence. One dog developed a symptomatic stricture at
the pouch-anal anastomosis, which was confirmed at
examination under anesthesia at 12 weeks. No other
dogs had evidence of stricture formation.

Acute Study: Effect of Operative Maneuvers
on Tissue Blood Flow

Blood Flow in Intact Ileum. Control readings from
intact terminal ileum failed to demonstrate a gradient
in blood flow along the 25 cm of terminal ileum used
in this study.

Effect of Folding Intact Terminal Heum on Iiself.
Figure 1 shows the comparison between blood flow
in normal terminal ileum and terminal ileun that was
folded on itself to the “J” shape. There was no signif-
icant difference in blood flow before and after folding
(paired ttest).

Effect of Longitudinal Enterotomy. Figure 2 shows
the comparison between blood flow in intact ileum
and ileal blood flow after longitudinal enterotomy.
There was a significant fall in blood flow along the
whole length of incised bowel compared with values
from intact ileum (paired #test).

Blood Flows in the Completed Reservoir (Effect of
Side-to-Side Anastomosis of Reservoir Limbs). Figure 3
compares blood flow in normal ileum and after final
construction of the reservoirs. Lowest blood flow in
the reservoirs was found adjacent to the apex of the
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Figure 1. Blood flow in intact terminal ileum before (basal)
and after folding on itself (folding). No significant differ-
ences were found in blood flows after folding the bowel.
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Figure 2. Blood flow in intact terminal ileum before (basal)
and after longitudinal enterotomy (enterotomy). Lower
flow was found along the whole length of incised ileum
compared with basal flow (paired t-test).
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Figure 3. Blood flow in intact terminal ileum (basal) and
after final construction of the reservoir (“J” reservoir).
Again, flow was reduced in both limbs of the reservoir
compared with basal flow (paired t-test). Blood flow was
lowest adjacent to the apex of the “J” (15-20 cm).

“T” (15-20 cm), and this was significantly lower than
values obtained from intact ileum (P < 0.01; paired
ttest).

DISCUSSION

Laser Doppler flowmetry measures microvascular
blood flow for a depth of approximately 1 mm.*° In
the canine terminal ileum (1.7 mm thick), this repre-
sents serosa, muscularis externa, and part of the sub-
mucosa. In this experiment no attempt was made to
identify the exact layer in which blood flow was
measured. However, because the same technique
of measurement and the same segment of bowel
were used in each animal throughout the study, com-
parisons among readings are valid. Laser Doppler
flowmetry has been validated using both krypton®
washout'® and electromagnetic flowmetry.® ® ** Cali-
bration in our laboratory against H, gas clearance was
previously done, which makes it possible to convert
readings to units of ml/100 gm/min.**
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Results of the chronic study demonstrated a signif-
icant reduction in tissue blood flow in the reservoir,
lowest adjacent to the apex of the “J.” One dog de-
veloped a stricture at the pouch-anal anastomosis
requiring dilation. Tissue blood flow recorded in this
animal was among the lowest in the series. These
findings are consistent with a previous study on the
pathogenesis of anastomotic stricture, in which we
demonstrated that ischemia of the bowel, rather than
ischemia at the suture line itself, leads to anastomotic
stricture. '

The acute study showed that folding the bowel on
itself caused no reduction in blood flow. However,
longitudinal enterotomy produced a significant fall in
blood flow along the entire length of incised ileum.
The vascular supply to small bowel consists of ob-
liquely perforating arteries, which enter the serosa at
the lateral aspects of the bowel.'* A watershed, there-
fore, exists along the antimesenteric surface. In this
study, the enterotomy was made approximately 0.5
cm lateral to the mesentery; this interrupts the blood
supply from one side of the bowel. The devascular-
ized flap now derives its blood supply from circum-
ferential flow from one side, across the watershed. If
enterotomy were to be performed at the antimesen-
teric border, blood flow may not be compromised to
such a degree; however, in these circumstances the
mesentery would be stretched over the posterior cir-
cumference of the pouch, which may itself compro-
mise blood flow.

Final construction of the pouch involved folding
through 180 degrees, side-to-side anastomosis of the
limbs of the reservoir, and mobilizing the small bowel
mesentery to permit the pouch to reach the pelvic
floor. The lowest blood flow in the completed pouch
was at the apex of the “J,” the site of the future
pouch-anal anastomosis. These values were signifi-
cantly lower than at adjacent sites. Although folding
of the intact bowel per se caused no fall in blood flow,
folding after enterotomy resulted in a further reduc-
tion in blood flow at the apex of the “J.”

The findings of this study indicate that construction
of a pelvic ileal reservoir reduces tissue blood flow in
ileum used in reservoir construction and may contrib-
ute to clinical complications of dehiscence, anasto-
motic leak, pouch ischemia, and anastomotic stric-
ture. Although we did not look at blood flow in the
reservoir after positioning it in the pelvis, it is a com-
mon experience that tension in the pouch is a fre-
quent occurrence. Furthermore, tissue blood flow in
an intestinal anastomosis is reduced compared with



Vol. 38, No. 5

the bowel wall before suturing.”'> !> Because the
apex of the reservoir already has the lowest blood
flow, these maneuvers at this site may have a cumu-
lative effect sufficient to bring about the complica-
tions seen clinically.

Demonstration of a significant blood flow reduc-
tion by an enterotomy, which is not on the antimes-
enteric border on the ileum, suggests that an antimes-
enteric location may be more desirable, although
technically not achievable. Separating the mesentery
posteriorly, as much as possible, may minimize the
drop in circumferential blood flow. Data we present
are clinically pertinent to attempts at reducing poten-
tial complications caused by tissue ischemia.
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