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Background: Peritonectomy and intraperitoneal hyperthermic perfusion (IPHP) are
increasingly used in the management of carcinomatosis of various sites of origin. We analyzed
the risk factors for bowel complications with primary anastomoses and the closed technique
for IPHP.

Methods: From 1995 to 2004, 203 consecutive procedures were performed at the National
Cancer Institute of Milan. We retrospectively analyzed this series of patients. Treated
pathologies included peritoneal mesothelioma; pseudomyxoma peritonei; colorectal, ovarian,
or gastric carcinomatosis; and abdominal sarcomatosis. All digestive anastomoses were per-
formed before the IPHP. Only one defunctioning stoma was used.

Results: We found a bowel complication rate of 10.8%. The bowel complications:anasto-
moses ratio was 11.3%. On univariate analysis we found a statistically significant association
between bowel complications and the following variables: sex, previous systemic chemother-
apy status, number of anastomoses ( fewer than two vs. two or more), duration of the pro-
cedure (<8.7 vs. 28.7 hours), and extent of cytoreduction. After multivariate analysis, male
sex (odds ratio [OR], 4.2), no previous systemic chemotherapy (OR, 3.5), and duration of the
procedure >8.7 hours (OR, 6.3) were considered independent risk factors for bowel compli-
cations.

Conclusions: Bowel complications are not increased when primary unprotected anasto-
moses are performed during peritonectomy and IPHP when the closed technique is used. Male
sex, duration of the procedure, and no previous systemic chemotherapy are independent
unfavorable risk factors.

Key Words: Peritoneal carcinomatosis—Peritonectomy—Intraperitoneal hyperthermic perfu-
sion—Intestinal complications.

Received November 30, 2004; accepted June 9, 2005; published
online September 21, 2005.

Address correspondence and reprint requests to: Marcello
Deraco, MD; E-mail: marcello.deraco@jistitutotumori.mi.it

Published by Springer Science+Business Media, Inc. © 2005 The Society of
Surgical Oncology, Inc.

910

Several prospective studies have shown promising
results when cytoreductive surgery (CRS) and intra-
peritoneal hyperthermic perfusion (IPHP) were used to
treat peritoneal carcinomatosis. Verwaal et al. 'dem-
onstrated a clear survival advantage for this new
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treatment strategy in the only randomized controlled
trial in patients with carcinomatosis of colorectal ori-
gin. The institution of a program in peritoneal carci-
nomatosis requires not only highly specialized human
resources, but also complex technological facilities to*
perform the CRS plus IPHP, which minimizes treat-
ment-related morbidity and mortality and maximizes
results in terms of survival and quality of life. In this
context, the identification of risk factors for postop-
erative complications is of major concern. Small-bo-
wel perforations and anastomotic leaks are the most
common complications associated with a surgical
procedure that combines unusually lengthy operative
times, numerous and complex resections, peritoneal
stripping, and a heated intraperitoneal chemotherapy
component.

However, there is no consensus in the literature
with respect to the surgical and perfusion techniques,
which differ from one center to another. Some au-
thors promote performing a proximal diverting sto-
ma for low rectal anastomoses, > “whereas others do
not.>” Another difference relates to the fact that
many authors advocate completing the anastomoses
before the hyperthermic perfusion,” whereas most do
so after the perfusion.1’5’8’9Moreover, open, closed,
and semiclosed techniques are being used for the
chemotherapy perfusion. In this study, we proposed
to assess the bowel complication rate and the risk
factors for their occurrence in locoregional proce-
dures performed with closed-technique IPHP by
using primary anastomoses after a low anterior
resection and by completing all the anastomoses be-
fore the perfusion.

PATIENTS AND METHODS

Patients undergoing CRS and IPHP since 1995 at
the National Cancer Institute (NCI) of Milan con-
stitute the present study population. In accordance
with the study design, patients were considered suit-
able for recruitment after a complete evaluation,
including physical examination, biochemical and
hematological tests, and chest/abdominal/pelvic
computed tomography. Eligibility criteria included
the following: a confirmed histological diagnosis of
peritoneal mesothelioma, pseudomyxoma peritonei,
colorectal, ovarian, or gastric carcinomatosis, or
abdominal sarcomatosis; age <75 years; World
Health Organization performance status <2; good
cardiac, renal, hepatic, and bone marrow function;
and informed written consent to participate in the
study. One-hundred ninety-eight patients have taken

part in the study since the initiation of the program at
the NCI of Milan. There were 132 (67%) female and
66 (33%) male patients. The median age was 52 years
(range, 22-76 years). Two hundred three procedures
were performed during the study period. Five pa-
tients were treated twice: three with peritoneal me-
sothelioma, one with ovarian cancer, and one with
pseudomyxoma peritonei.

Cytoreductive Surgery

The surgical technique was described in detail
previously and is based on the Sugarbaker principles
of peritonectomy,'® with a few modifications. In
brief, CRS was performed on the basis of disease
extension by the following steps: (1) greater omen-
tectomy and right parietal peritonectomy, with or
without right colon resection; (2) pelvic peritonecto-
my, with or without sigmoid colon resection and with
or without hysterectomy and bilateral salpingo-
oophorectomy; (3) lesser omentectomy and dissection
of the duodenal-hepatic ligament, with or without
antrectomy and cholecystectomy; (4) right upper
quadrant peritonectomy and glissonian capsule
resection; (5) left upper quadrant peritonectomy and
left parietal peritonectomy, with or without splenec-
tomy; and (6) other intestinal resection and/or
abdominal mass resection. All operations were per-
formed by the same surgical team.

Peritoneal carcinomatosis was classified as follows:
P1, dissemination into primary tumor; P2, slight
dissemination into remote peritoneum; and P3,
marked dissemination into remote peritoneum.'!
Cytoreduction was classified into three levels
according to the number of procedures performed:
level I, one or two procedures; level II, three or four
procedures; and level 111, five or more procedures.
Residual disease after surgery was classified accord-
ing to Sugarbaker criteria: completeness of cytore-
duction (cc)-0, no residual disease; cc-1, minimal
residual disease (up to 2.5 mm); cc-2, residual disease
of 2.6 to 2.5 cm; and cc-3, residual disease >2.5 cm.

Anastomotic Techniques

Stomach

Whether a partial or total gastrectomy is per-
formed, we always use a Roux-en-Y reconstruction.
In cases of partial gastrectomy, the stomach and
proximal duodenum are transected by using a gas-
trointestinal anastomosis (GIA) stapler. The lower
part of the GIA-stapled line of the gastric remnant is
then cut with scissors, and the ensuing end-to-side
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gastrojejunal anastomosis is hand-sewn with one
layer of continuous Maxon 4-0 stitches (United States
Surgical Corporation, Norwalk, CT). The distal end-
to-side jejunojejunal anastomosis is also hand-sewn
in the same fashion. When a total gastrectomy is
completed, an end-to-side esophagojejunal anasto-
mosis is performed with a circular stapler, usually of
size 25-mm. A GIA stapler is applied to the remain-
ing proximal end of the jejunal limb. The distal
anastomosis is similar to the one described previ-
ously.

Small Intestine and Colon

Small-bowel and colic anastomoses are always
hand-sewn in an end-to-end fashion by using single-
layer extramucosal continuous Maxon 4-0 or 3-0
stitches. For all anastomoses, we start a running
stitch on the antimesenteric border for the anterior
layer and then start a second running stitch at the
mesenteric side for the posterior layer. This allows to
complete the anastomoses on the free antimesenteric
border, thus avoiding the mesentery and better visu-
alizing the bowel wall.

Rectum

Most of the time, we and other investigators have
found that the cul-de-sac area is filled with coalescing
tumor implants that also include much of the sigmoid
colon. A complete pelvic peritonectomy with a low
anterior resection is frequently needed to completely
remove these tumor implants. In a few selected cases,
however, we have been able to preserve the rectum
and resect only the overlying visceral peritoneum,
including the peritoneal reflection. In case of low
anterior resection, the lower margin of bowel tran-
section is usually below the level of the peritoneal
reflection. The low colorectal anastomosis is per-
formed with an intraluminal stapler of 29- to 33-mm
diameter after a distal washout of the rectal remnant
with a diluted iodine solution. We then test the
integrity of the anastomoses with air insufflation from
below.

Intraperitoneal Hyperthermic Perfusion

IPHP follows completion of the anastomoses. The
closed-abdomen technique is used for all our patients.
Two inflow catheters are inserted, one in the right
subphrenic space and one deep in the pelvic cavity, as
are two outflow catheters, one in the left subphrenic
space and the second more superficially in the pelvic
cavity. Six thermocouples are used to continuously
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monitor the inflow, outflow, and intraperitoneal cavity
temperatures. Temporary abdominal skin closure fol-
lows with a tight continuous nylon stitch. The catheters
are then connected to an extracorporeal perfusion
circuit (Performer LRT; Rand, Medolla, Italy). The
intraperitoneal temperature is maintained at 42.5°C
during the perfusion. Different chemotherapeutic
agents are used, depending on the tumor histological
characteristics. Intraperitoneal chemotherapy regi-
mens are as follows: (1) cisplatin (CDDP; 25 mg/m?/L)
and mitomycin C (MMC; 3.3 mg/m?*/L)"? for pseud-
omyxoma peritonei and colorectal and gastric carci-
nomatosis and (2) CDDP (43 mg/L of perfusate) and
doxorubicin (15.25 mg/L of perfusate)'? for mesothe-
lioma, ovarian carcinomatosis, and sarcomatosis. The
perfusate is then instilled into the peritoneal cavity ata
mean flow of 600 ml/min.

Study Parameters

We defined bowel complications as bowel perfo-
ration or anastomotic leak. A bowel perforation oc-
curs at a site away from an anastomosis. An
anastomotic leak is a breach and/or complete dehis-
cence at the suture line. For the assessment of factors
predictive of bowel complications, the following
clinical variables were evaluated: tumor histological
characteristics (gastrointestinal vs. nongastrointesti-
nal), sex, performance status (World Health Organi-
zation), age (<52 vs. > 52 years), body mass index
(<25 vs. 225 kg/m?), no previous systemic chemo-
therapy, previous radiotherapy, carcinomatosis ex-
tent (P1 or P2 vs. P3), number of anastomoses (fewer
than two vs. two or more), duration of the procedure
(<8.7 vs. 28.7 hours), extent of the cytoreduction
(level T or II vs. level III), completeness of cytor-
eduction (cc-0/1 vs. cc-2/3), IPHP drug schedule
(CDDP and doxorubicin vs. CDDP and MMC), and
CDDP IPHP dose ( <240 vs. > 240 mg).

Statistics

A univariate analysis of each clinical variable was
performed by Fisher’s exact test or 7> test to
determine the probability of association with bowel
complications. A logistic regression model was used
in a multivariate analysis to determine the correla-
tion between clinical variables and bowel compli-
cations. All clinical variables with a P value < .05
were included in the model. The backward-elimi-
nation method was used to determine which clinical
variables best predict bowel complications. All sta-
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tistical analysis were conducted by using SPSS
software version 8.0.0 for Windows (SPSS Inc.,
Chicago, IL).

RESULTS

From 1995 to 2004, 198 consecutive patients
underwent 203 cytoreductive and IPHP procedures at
the NCI of Milan. They constitute the study popula-
tion. The most frequent neoplasm treated was meso-
thelioma, with 50 cases (25%). Other treated
neoplasms included 48 cases (24%) of pseudomyxoma
peritonei, 40 cases (20%) of ovarian carcinomatosis,
32 cases (15%) of abdominal sarcomatosis, 13 cases
(6%) of colorectal carcinomatosis, 12 cases (6%) of
gastric carcinomatosis, and 8 cases (4%) of other
origins. Mean and median durations of operation
were 527 and 490 minutes, respectively (range, 240—
1320 minutes). Eighty-nine percent of patients re-
ceived optimal cytoreduction (cc-0 and —1). Mean
organ resections were 2.4 per patient. Overall, 480
various organ resections were performed. We ex-
cluded the peritonectomy procedures from this num-
ber. A total of 194 anastomoses were performed, with
a mean of .96 anastomoses per patient (range, 0—4).
Ninety-four patients (46%) had none performed.
Conversely, 53 patients (26%) had a single anasto-
motic site, 34 patients (17%) had 2, 15 patients (8%)
had 3, and 7 additional patients (3%) had 4 anasto-
moses performed. Details on the extent of the peri-
toneal disease, on the extent of the operation
performed, and on the residual disease at the end of
the operation are listed in Table 1. Only one patient
(.5%) had a terminal ostomy during the study period:
this was a female patient who underwent a total co-
lectomy with small-bowel resection and whose ileo-
rectal anastomoses could not be fashioned because of
undue tension. After 203 consecutive procedures, 22
patients (10.8%) had bowel complications. We desig-
nated a bowel complications:anastomoses (BC/A)
ratio, which is the total number of bowel complica-
tions divided by the total number of anastomoses
performed. We found a BC/A ratio of 11.3%. Two
patients (1%) died overall.

Bowel Complications: Anatomical Location

The ileocolic anastomosis was the most common
site of bowel complications (Table 2). Seven patients
had postoperative morbidity at this site. The small
bowel was the next most common site, with five pa-
tients experiencing intestinal morbidity. Four patients

TABLE 1. Clinical and surgical peritoneal disease features

Variable No. of patients %
Histological type distribution
Peritoneal mesothelioma 50 25
Pseudomyxoma peritonei 48 24
Ovarian carcinomatosis 40 20
Abdominal sarcomatosis 32 15
Colorectal carcinomatosis 13 6
Gastric carcinomatosis 12 6
Other origins 8 4
Peritoneal disease extent
1 20 9.9
2 58 28.6
3 121 59.6
N/A 3 1.5
Extent of cytoreduction
1 37 18.2
11 84 41.4
111 82 40.4
Completeness of cytoreduction (cc) score
cc-0 139 68.5
cc-1 41 20.2
cc-2 14 6.9
cc-3 9 4.4

N/A, not available.

had a surgical complication related to the colon. Only
two patients had complications at the level of the
colorectal anastomosis. Finally, two complications
occurred at the level of the duodenum, and one oc-
curred at the level of the stomach. One patient had
both a small-bowel and a colorectal anastomotic
complication. No information was available for the
remaining two patients.

Complication Types and Management

Bowel complications (Table 2) occurred at a mean
duration of 11.5 postoperative days and a median
duration of 10 days (range, 328 days). In 17 patients,
the complication occurred at an anastomotic site or
suture line. Six complications were demonstrated to
be at a site away from the anastomoses or suture line.
Five patients with ileocolic anastomotic leaks
underwent reoperation and bowel resection with re-
anastomosis. Two patients of this group had a pro-
tective ileostomy. The remaining two patients, with
ileocolic fistulas, were conservatively treated with
total parenteral nutrition and had spontaneous res-
olution of their fistula. One small-bowel anastomotic
leak was surgically treated, and another was conser-
vatively managed. Three small-bowel perforations
occurred at random sites not related to a suture line
and were all surgically treated. One patient with a
colorectal anastomotic dehiscence was surgically
treated and given a colostomy, whereas the other was
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TABLE 2. Anatomical location, description, and management of bowel complications

No. of Bowel Anastomotic Surgical Conservative
Anatomical location patients perforations leaks treatment management
Ileocolic anastomosis 7 0 7 N 2
Small bowel 5 3 2 4 1
Colon 4 1 3
Colorectal anastomosis 2 0 2 1 1
Duodenum 2 1 1 2 0
Stomach 1 1 0 1 0
Not available 2 0 2
Total” 23

“ One patient had two simultaneous bowel complications.
TABLE 3. Univariate and multivariate analysis of clinical risk factors for bowel complications

Independent variable OR (crude) P value (%) Adjusted OR (95% CI)* P value
Tumor histology GI 1.6 NS
Male sex 4.1 .002 4.2 (1.5-12.1) .01
Performance status 0 .6 NS
Age>52y 9 NS
BMI > 25 kg/m? 5 1
No previous systemic CHT 39 .005 3.5(1.1-11.6) .04
Previous RT 1.7 NS
Carcinomatosis extent 3 24 .07
Number of anastomoses > 2 43 .002
Procedure duration > 8.7 h 6.4 .0003 6.3 (1.7-23.2) .01
Extent of cytoreduction level I11 3.1 .01
Completeness of cytoreduction score cc-2/3 .8 NS
IPHP drug schedule CDDP + MMC 1.6 NS
CDDP IPHP dose > 240 mg (no) 1.7 NS

OR, odds ratio; CI, confidence interval; GI, gastrointestinal; NS, not significant; BMI, body mass index; CHT, chemotherapy;
RT, radiotherapy; IPHP, intraperitoneal hyperthermic perfusion; CDDP, cisplatin, MMC, mitomycin C.

¢ Logistic regression model with backward-elimination method.

conservatively treated with drainage and total par-
enteral nutrition. Overall, six patients (27%) received
a stoma as part of their final management, including
one performed to gain access to a major presacral
bleed.

Risk Factors

After univariate analysis, we found a statistically
significant association between bowel complications
and the following variables: sex, no previous systemic
chemotherapy, number of anastomoses (fewer than
two vs. two or more), duration of the procedure
(<8.7 vs. 28.7 hours), and extent of cytoreduction
(level III vs. levels I and II; Table 3). After multi-
variate analysis, the following variables remained in
the model and were considered independent risk
factors for the occurrence of bowel complications:
male sex (odds ratio [OR], 4.2; 95% confidence
interval, 1.5-12.1), no previous systemic chemother-
apy (OR, 3.5; 95% confidence interval, 1.1-11.6), and
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duration of the procedure =8.7 hours (OR, 6.3; 95%
confidence interval, 1.7-23.2).

DISCUSSION

Peritonectomy and IPHP is a complex and time-
consuming procedure that was initially described by
Sugarbaker.'* It has yielded very encouraging results
according to many phase II studies in selected pa-
tients affected by peritoneal carcinomatosis from
pseudomyxoma peritonei and peritoneal mesotheli-
oma and in patients with colorectal cancer, according
to one phase III study. These promising results have
prompted many centers worldwide to initiate perito-
neal surface malignancy programs.

To our knowledge, this is the first series to thor-
oughly analyze the intestinal complications associ-
ated with peritonectomy and IPHP. The results of
this study indicate that locoregional therapy—when
performed with primary anastomoses, without lib-
eral indications for protective ostomies, and with the
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closed abdomen technique for IPHP—is viable op-
tion in terms of procedure-related bowel complica-
tions. We had a total of 22 (10.8%) bowel
complications in 203 procedures. Our results seem in
line with those reported by other authors, which
range from 3.9% to 34% ( Table 4).>> 15722 How-
ever, such a comparison should be made cautiously
for several reasons. First, throughout the published
literature, we found great variability in the definition
of bowel-related complications. Some authors report
digestive fistulas,>*” others differentiate fistulas
from anastomotic leaks,'® and still others define
bowel leaks as the presence of either an anastomotic
leak or a bowel perforation.?! Second, the series are
heterogeneous in terms of the distributions of po-
tential risk factors for bowel complications. Third,
intuitively, the more anastomoses performed, the
higher the risk of complications. In the overview of
published series (Table 4), the mean number of
anastomoses per patient varies widely from .4 to 2.8
anastomoses per patient. This is a severalfold dif-
ference and could account for major differences with
regard to bowel complications. The total number of
anastomoses performed would thus be a confound-
ing factor for the complication rate when comparing
different series and relating them to the different
techniques used. Therefore, we suggest that the bo-
wel complication rate should also be correlated with
the total number of anastomoses performed. Thus,
to render the comparison between the various series
less biased, we designated a BC/A ratio, which is the
total number of bowel complications divided by the
total number of anastomoses performed for the
entire series of patients a center is reporting.
We therefore recommend separate reporting of the
BC/A ratio as an adjunct to the fistula rate.
Accordingly, we found that the BC/A ratio in our
study was 11.3%, which is in agreement with the
figures found in the literature, which range from
7.2% to 17.4% (Table 4).

After univariate analysis, we identified the follow-
ing variables as possible risk factors for bowel com-
plications: sex, previous systemic chemotherapy
status, number of anastomoses (fewer than two vs.
two or more), duration of the procedure (<8.7 vs.
> 8.7 hours), and extent of cytoreduction. After the
multivariate analysis, only male sex, no previous
systemic chemotherapy, and duration of surgery were
shown to be independent risk factors for the occur-
rence of bowel complications.

Four comprehensive studies on the morbidity
associated with peritonectomy and IPHP have been
published.””'>1® Glehen et al.,” in the biggest series

(216 procedures), found on univariate analysis that
carcinomatosis extent, duration of surgery, and
number of anastomoses were significantly associated
with the occurrence of digestive fistulas. However,
only 73 procedures combined both CRS and IPHP;
the remaining 143 patients received only IPHP.
Jacquet et al.'® conducted a study on 60 patients by
using CRS and IPHP with MMC followed by 1 cycle
of early postoperative intraperitoneal 5-fluorouracil.
They used the closed-abdomen technique and per-
formed the anastomoses after perfusion. They found
on univariate analysis that bowel leakage was related
to the duration of surgery and the number of peri-
tonectomy procedures. In another comprehensive
series analyzing all the morbidities associated with
200 cytoreductive operations combined with IPHP,
Stephens et al.' found that intraoperative blood loss
was the only associated risk factor for anastomotic
leaks. In the last comprehensive series, bowel com-
plications were not separately analyzed.’

Our data are in line with those reported by other
authors’”'> concerning the duration of the procedure
as a risk factor for bowel complications. However, we
found that male sex and no previous systemic che-
motherapy were unfavorable risk factors. Several
reasons could explain these new findings, such as
differences between cohorts concerning the distribu-
tion of several potential risk factors (e.g., sex, dura-
tion of the operation, number of anastomoses, and
IPHP techniques), thus rendering comparison of the
results somewhat problematic. Moreover, not all the
studies used the same statistical method (multivariate
analysis). In addition, the analysis performed in our
study included only clinical and surgical variables
related to the preoperative and intraoperative phases
of the procedure. One can raise the hypothesis that by
including preoperative, intraoperative anesthesia, and
immediate postoperative parameters, reflecting, for
example, the nutritional, hemodynamic, and/or
respiratory status, new independent risk factors for
bowel complications could emerge.

The first independent risk factor on multivariate
analysis was male sex, which had an OR of 4.2
favoring complications. It is well known that the male
pelvis is more difficult to dissect than its female
counterpart for anatomical reasons. Nevertheless,
this cannot totally account for our results for two
reasons: first, we encountered only two colorectal
anastomotic fistulas in our series, and, second, one of
these was in a man and the other in a woman.

Receiving previous systemic chemotherapy was a
protective factor in our series. Patients not receiving
chemotherapy had an OR of 3.8 for presenting

Ann. Surg. Oncol. Vol. 12, No. 11, 2005



916

R. YOUNAN ET AL.

TABLE 4. Overview of bowel complications associated with CRS and IPHP (series with more than 35 patients)

Mean no. Protect.

Author No. proc % Male patients Predom histol anast/pt ostomy (%)
Jacquet et al.'® 60 62 Appendix, colon 1.8 None
Stephens et al.'® 200 53 PMP, colon NA NA
Witkamp et al.® 46 41 PMP 2 39

64 42 Colon 2.6 NA
Elias et al.*!” 36 39 PMP 2.8 NA
Moran and Cecil® 43 NA PMP NA NA

and Parvaiz et al.'®
56 Colon, PMP, .6
ovarian

Glehen et al.”!%20 73 37 NA

56 48 Colon 4 <2 (69) NA
Verwaal et al.’ 102 56 Colon >2 (33) 42
Shen et al.”! 77 58 Colon NA 13
Elias et al.’ 39 33 Colon, PMP Median 2 None
Present series 203 33 PM, PMP, 1 5

ovarian

complications. This could be explained by the fact
that patients eligible to receive chemotherapy have a

better performance status and a more favorable
prognosis. A selection bias could have occurred in
that setting.

The multivariate analysis confirmed that the longer
the procedure, the higher the risk of intestinal com-
plications. We found an OR of 6.9 when the proce-
dure lasted longer than 8.7 hours. Patients who
underwent a procedure longer than 8.7 hours had
almost a 7-fold increase in bowel complications. This
does not imply that CRS and IPHP should be com-
pleted in less than 8.7 hours, but rather that that
duration of operation simply reflects the extent of the
operation, the carcinomatosis extent, the total num-
ber of anastomoses performed, or all of these. It is a
surrogate-like measure of these three variables. The
number of anastomoses was not shown in our series
to be an independent risk factor. Theoretically, more
anastomoses should increase bowel complications. In
our opinion, this unexpected finding can be explained
only by the small number of events (a total of 22).

Variations exist regarding surgical and IPHP
techniques. At the NCI of Milan, we have used the
closed technique for perfusion of the abdomen since
1995. Some authors have postulated that the closed
technique is associated with a higher bowel compli-
cation rate and thus have changed to the open per-
fusion technique.'>'® However, the main reason
behind the use of the open technique at many centers
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is to improve drug and heat distribution. Sarnaik
et al.,”® comparing the different techniques, postu-
lated that the inadequate circulation of the perfusate
with the closed technique could contribute to more
bowel complications. The reason for this would be
focal hyperthermic and chemotherapeutic injuries.
This is based on the observation by Elias et al.>* that
uneven distribution throughout the abdomen was
shown when methylene blue was instilled into the
abdomen during a closed IPHP procedure.

We found six bowel perforations in our series.
They all occurred away from suture lines. Possible
explanations could be the overlooking of partial-
thickness damage to intestinal surfaces. This, in turn,
could have been aggravated by the subsequent heated
chemotherapy. These injuries to intestinal surfaces
could be the result of either the extensive surgical
dissection per se or the thermal damage from direct
use of the ball-tip electrocautery on the cancerous
implants on the serosal surfaces. Another possible
explanation is the focal heat injury at the tip of the
inflow catheter. However, we always place the latter
away from intestinal surfaces.

We do not routinely protect low colorectal anas-
tomoses on the basis of the complexity and long
duration of the procedure. Because of these last two
factors, indications for proximal diverting stomas
seem to be more liberal than for common surgical
procedures. Some authors recommend, for example,
performing a colostomy for all rectal resections.’
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TABLE 4. Continued

Timing BC/A Bowel complication Risk factors for
IPHP techn. of anastomoses ratio (%) Duration rate (%) bowel complications
Closed After 9.3 Mean 10.9 17 Duration of operation, number of
peritonectomy procedures”’
Open After NA NA 7.5 Intraoperative blood loss®
Open After 17.4 Mean 10 34
Multiple Before and after 8 Median 7.3 18.8
Open NA 7.2 Median 10 222
NA NA NA Median 10.5 S
Carcinomatosis extent,
duration of operation,
number of anastomoses®
Closed Before NA Mean 6.1 10.7
Closed Before 17.3 Mean 5.3 8
Open After NA Median 7.5 17.6
Closed After NA Median 9 NA
Open After NA Median 8 10.3 Duration of surgery, sex,
no previous chemotherapy”
Closed Before 11.3 Median 8.2 10.8 Extent of cytoreduction,

number of anastomoses”

CRS, cytoreductive surgery; IPHP, intraperitoneal hyperthermic perfusion; No. proc, number of procedures; Predom histol, predominant
histology; Mean no. anast/pt, mean anastomoses per patient; Protect., protective; techn., technique, BC/A, bowel complications/anastomoses; PMP,

pseudomyxoma peritonei; NA, not available, PM, peritoneal mesothelioma.
“ On univariate analysis.
> On multivariate analysis.

Others have found unacceptably high risks of anas-
tomotic leaks when performing low anterior resec-
tions and emphasize the importance of preserving the
rectum and, if this is not possible, having a proximal
defunctioning stoma.® Others have found a signifi-
cant association between the performance of a bowel
anastomosis and the occurrence of sepsis. Therefore,
they suggest being more cautious about completing
an anastomosis and being more open to performing a
stoma.?! During the entire study period, we per-
formed only 1 diverting ostomy, despite a total of 58
low colorectal anastomoses fashioned. We found that
only two patients had an anastomotic leak at this site.
Therefore, in our opinion, to primarily complete
unprotected colorectal anastomoses seems to be a
viable alternative. The decision to perform a diverting
stoma should not be guided by the type of operation,
but rather should be based on the established risk
factors for a leak in the surgical practice. An inter-
esting finding in this study was that most patients had
bowel complications at or distal to the ileocolic
anastomoses (13 patients; 60%). On the basis of these
data, it is now our policy in case of the need for a
protecting stoma to perform a temporary ileostomy
rather than a colostomy.

Another technical variation of CRS and IPHP is
the optimal timing for bowel anastomoses. They can
be performed either after the completion of the IPHP
or just before the IPHP component. Proponents of
the first alternative argue that delaying the anasto-

mosis permits a better distribution of heat and drugs
inside the peritoneal cavity during the IPHP. In
addition, they state that the risk of postoperative
bowel complications can be diminished as a result of
the avoidance of the potential adverse effects of heat
and chemotherapy on the suture line healing. How-
ever, others have proposed the second alternative,
which is supported by experimental and clinical evi-
dence. In fact, the influence of chemotherapy on su-
ture healing depends on the type of drug. In animal
studies, anastomotic healing can be impaired by
intraperitoneal MMC, but not by 5-fluorouracil at a
normal temperature®>*® or by paclitaxel.”” Local
hyperthermia alone has no adverse effect on rat
anastomotic healing.”® Moreover, there seems to be
no increased morbidity due to postoperative bowel
fistula or anastomotic leak when anastomoses are
constructed before IPHP.? !

In conclusion, our acceptable bowel complication
rate, in the context of locoregional therapy, suggests
that CRS and IPHP could be performed by using
primary anastomoses and the closed-abdomen tech-
nique for the IPHP and by fashioning the intestinal
anastomoses before the perfusion. This study was
conducted in a large cohort of patients but suffers
from a methodological limitation regarding the ret-
rospective design and absence of a control group.
Obviously, our intent was not to defend the superi-
ority of one technique for locoregional therapy over
the others; this could be done only on the basis of a
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prospective randomized study. The search for risk
factors for complications should be further continued
by analyzing new aspects related not only to the lo-
coregional therapy.

. Sugarbaker
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