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ABSTRACT

Background: We «aimed to evaluate laparoscopic cytoreductive
surgery /hyperthermic intraperitoneal chemotherapy for patients with
gastrointestinal malignancy and peritoneal carcinomatosis.

Methods: This is a single surgeon case series of laparoscopic hyperthermic
intraperitoneal chemotherapy procedures from 2013-2018. Inclusion
criteria were diagnosis of gastrointestinal malignancy with peritoneal
carcinomatosis or high risk of developing peritoneal carcinomatosis after
primary tumor resection. Outcomes analyzed included completeness of
cytoreduction, postoperative complications, and mortality.

Results: Three patients with gastrointestinal malignancy underwent
laparoscopic hyperthermic intraperitoneal chemotherapy [2 males, 1
female; median age: 43 (20-50) years]. Mean body mass index was 21.7
* 1.3 kg/m2 and none had major comorbidities; one patient received
preoperative chemotherapy. Two patients had mucinous appendiceal
cystoadenocarcinoma and one had cecal adenocarcinoma. Two patients
underwent right hemicolectomy with ileocolic anastomosis and one
underwent total colectomy with ileorectal anastomosis. All patients had
intraperitoneal peritoneal cancer index scores <10 with completeness of
cytoreduction (CC = 0 or 1). Mitomycin C was the chemotherapy agent
used in all procedures. Median operative time was 7.5 (6.1-9.9) hours.
There were no major intra/postoperative complications. Median length of
stay was 4 (3-5) days. Mean overall survival was 31 (6-66) months with
no mortality. One recurrence was detected at median follow-up of 19 (6-
50) months.

Conclusions: Cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy is associated with significant morbidity and mortality;
laparoscopic cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy for gastrointestinal malignancy may be feasible and safe
in highly selected patients.

Keywords Laparoscopy Peritoneal carcinomatosis
surgery * Hyperthermic intraperitoneal chemotherapy
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Introduction

Peritoneal carcinomatosis (PC) represents the involvement
of the peritoneal surface with neoplastic processes.
Although the natural history of this disease is not well
documented as Elias et al. and other authors determined,
the overall prognosis is believed to be extremely poor
with a median survival of 6 months.! Cytoreductive
surgery (CRS) with hyperthermic intraperitoneal
chemotherapy (HIPEC) has been utilized successfully for
the treatment of this challenging condition. lts role has
developed as a locoregional treatment option for
primary or secondary peritoneal carcinomatosis of select
tumors, such as mesothelial, gynecological, and
gastrointestinal origin.23

Twenty years ago, PC was considered as advanced
metastatic spread and the only treatment options
available for patients were systemic chemotherapy and
supportive care, as surgery was reserved only for
palliation.! However, during the past two decades there
has been a tremendous interest and increase in the
utilization of CRS/HIPEC.45 This treatment option for
patients with terminal stage gastrointestinal malignancy
results in an unprecedented median survival of >20
months.® Even if this treatment can be considered
effective in terms of survival, it is associated with high
morbidity and mortality.”-° Therefore, the use of
laparoscopy in both therapeutic and diagnostic roles to
perform hyperthermic intraperitoneal chemotherapy,
may be a valuable option because it may permit
reduction of surgical trauma and faster recovery.®

Table 1: Pros and cons of cytoreductive surgery with hyperthermic intraperitoneal chemotherapy by laparoscopic vs.

open Access

Pros Cons

Better absorption of drugs (increase IAP and
changes in pharmacokinetics) [17-19]

Loss of tactile sensation [9]

Better peritoneal dissection
(pneumoperitoneum) [10] 5]

Possibility of pneumoperitoneum-induced spread of neoplastic cells

Better visualization of PC, evaluation of small
bowel and ability to perform biopsy [20]

Indication in low volume of PC: selection of cases with less extent of
cytoreduction or limited resection needed [8.9]

Decrease surgical trauma, less aggressive

procedure, and decreased recovery time
[9,21,22]

Advanced laparoscopic skills required (8!

Allows staging for colorectal or appendiceal
cancer, and mesothelioma at the time of the
intervention [14,23]

Indicated for palliation [9]

Especially useful in primary intraperitoneal
growths []

Low morbidity, shorter operative time, shorter
LOS [8:21,23,24]

Avoidance of unnecessary laparotomy:
contribution to more cost effective treatment
and better Qol for unresectable patients 7]

Possibly easier to include fluorescence
imaging of PA

IAP, intra-abdominal pressure; MA malignant ascites; PC, peritoneal carcinomatosis; LOS, length of hospital stay; Qol,

quality of life.

Table 1 shows the advantages and disadvantages of
laparoscopic cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy. Experimental data in pigs
established that the presence of pneumoperitoneum
makes the identification of the peritoneal layer easier,
thus facilitating dissection through the correct anatomical
planes.’® Nonetheless, the loss of tactile sensation, which
is fundamental to cytoreductive surgery, and the
possibility of spreading neoplastic cells due to
pneumoperitoneum, could be a limitation.? Experimental
data in rats has demonstrated that a higher intra-
abdominal pressure (IAP) caused higher systemic
absorption and drug penetration in normal and tumoral
tissues.!’-13  Laparoscopic CRS/HIPEC is technically
feasible with an acceptable morbidity profile, especially
in patients with low tumor load.”8 Hence, the selection of

cases for this procedure is very important in order to
achieve the best outcomes and minimize morbidity (Table
2). This surgical technique has been proposed most
notably with neoadjuvant, adjuvant, and palliative
aims.81415 However, for a neoadjuvant or adjuvant aim,
it cannot be routinely recommended for wide application
because of the lack of efficacy data. The most intriguing
application of laparoscopic CRS/HIPEC, with its proven
technical feasibility in humans, could be in the adjuvant
treatment of tumors at high risk of local or peritoneal
recurrence.” Furthermore, the palliation of malignant
ascites (MA) seems to be the best indication for
laparoscopic HIPEC, as the main benefit is derived from
optimizing post-procedural quality of life. This palliative
therapy indication is an interesting option given its
potential low morbidity.7:16
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Table 2: Inclusion and exclusion criteria for radical cytoreductive surgery by laparoscopic cytoreductive surgery with

hyperthermic intraperitoneal chemotherapy '3

Absolute criteria of exclusion

®  Mesenteric root infiltrated or not able to obtain complete cytoreduction
e Pancreatic capsule massively infiltrated, not able to complete cytoreduction, or requiring a

major pancreatic resection

e Expected small-bowel resection of more than one-third of the small bowel length
e Lliver metastases: more than 3 on the same lobe, or multiple bilateral, unresectable

Relative inclusion criteria

e Ratio between PCl and histology (natural history of the primary tumor)
o Minimal carcinomatosis, confined to 1 or 2 sectors (Sugarbaker PCI) 1518

o Well-defined histologic types

e Possibility of downstaging by systemic chemotherapy

PCI, peritoneal cancer index.

Laparoscopic CRS/HIPEC appears to be a safe and
technically effective procedure, which is becoming more
popular. The efficacy should be evaluated in relationship
to the indication and outcomes. Moreover, its role in
combination with adjuvant or neoadjuvant treatment aims
has not been well defined.”? Laparoscopy can logically
have an inherent benefit in visualization of peritoneal
disease including evaluation of small bowel and ability
to perform biopsy.20 In patients with disease limited to
one part of the peritoneal cavity CRS can be
accomplished laparoscopically. Among them, in a select
subgroup of patients, HIPEC can also be successfully
administered by laparoscopic approach and has been
found to be safe biopsy.?!

The purpose of this study was to determine the indications
and outcomes of laparoscopic cytoreductive surgery with
hyperthermic intraperitoneal chemotherapy in patients
with the diagnosis of gastrointestinal malignancy and
peritoneal carcinomatosis in a single institution.

Patients and methods

PATIENTS

From January 2013 to January 2018, 31 patients with
gastrointestinal cancer underwent CRS/HIPEC with
curative or palliative intent. Three patients had
laparoscopic approach and were included in the study.
Indications for the procedure are as follows. One patient
had a previous laparoscopic total abdominal
hysterectomy and salpingo-oophorectomy for
complicated endometriosis with the appendix adherent to
the right ovary. The resected specimen revealed a
positive appendiceal margin and presence of extra-
appendiceal mucin without neoplastic cells. The second
patient had a previous laparoscopic appendicectomy for
ruptured appendicitis in which the pathology returned as
a ruptured appendiceal mucinous cystadenocarcinoma
with high risk of developing peritoneal carcinomatosis.
The third patient had a known diagnosis of metachronous
cecal tumor with confirmed peritoneal carcinomatosis
after a previous open resection for sigmoid carcinoma.
This was the only patient who had undergone
preoperative chemotherapy prior to laparoscopic HIPEC.

Suitability of patients for laparoscopic hyperthermic
intraperitoneal chemotherapy was determined by a
multidisciplinary team including surgeons, oncologists,

pathologists and radiologists based upon overall clinical
evaluation and cytology, computed tomography. The
computed tomography scan of the first patient revealed
a well-defined ring shaped calcified appendiceal mass
and small amount of ascites around the liver. The
computed tomography scan of the third patient who had
previously undergone a Hartmann's procedure with
sigmoid resection and end colostomy showed mild wall
thickening involving the cecum. The laparoscopic
approach was proposed in an attempt to diminish the
invasiveness of the procedure in these patients. All
patients were informed about the curative vs. palliative
role of the procedure. Indications, risks, possible
complications and expected benefits were discussed with
each one. An informed consent was obtained for all
patients. The primary outcomes of analysis were the
completeness of cytoreduction (CC), type of
postoperative complications, and mortality rate.
Management of the surgical technique and outcomes for
laparoscopic HIPEC were also described.

PROCEDURE

Patients were carefully positioned in the supine modified
lithotomy position in Allen stirrups. Cystoscopy with
insertion of bilateral ureteric catheters was performed by
the Urology Service. An infra or supraumbilical vertical
incision was made through which a 10 mm Hasson cannula
was carefully placed. Carbon dioxide
pneumoperitoneum of 15 mmHg was achieved after
which a 30-degree telescope was introduced. Two
additional 10 mm ports were carefully placed through
horizontal stab wounds under direct vision; one in the left
upper quadrant, another in the left lower quadrant for
both right hemicolectomies. For the patient with cecal
metachronous who underwent a total colectomy and
resection of isolated hepatic metastases, an additional 5-
mm trocar was placed in the right upper quadrant. The
periumbilical incisions were lengthened to 3 cm through
which an Alexis® wound protector (Applied Medical
Resources, Rancho Mirage, CA, USA) was placed. The
colonic specimen was then extra corporealized and
resected by a colorectal surgeon. A second specialized
surgeon performed the CRS/HIPEC portions of the
operation. The peritoneum was stripped laparoscopically
and sent to the Pathology Service, when peritoneal
disease was present (n=1). A SuturelLasso™ passer
(Arthrex Inc, Naples, FL) was laparoscopically introduced
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Laparoscopic cytoreductive surgery and hyperthermic intraperitoneal chemotherapy in gastrointestinal malignancy

and brought out through the 10 mm trocar site at the left
side of the abdomen. An inflow cannula was placed at
the umbilical port site. The cannulas were placed with the
inflow to the upper abdomen and the outflow
SutureLasso™ cannula in the pelvis. The hyperthermic
intfraperitoneal chemotherapy was performed with 40
mg of mitomycin C (MMC) for 60-90 minutes at 42-43
degrees Celsius. At the completion of the HIPEC, irrigation
of the abdominal cavity was performed through a closed
circuit with 2 L of saline. The intraabdominal fluid was
then suctioned and the inflow and outflow cannulas were
removed. The trocars were re-intfroduced and further
intraabdominal fluid was suctioned, after which the

colorectal team performed the anastomoses (two ileocolic
and one ileorectal with a diverting loop ileostomy).

Results

Patient characteristics and results are summarized in
Table 3. As shown in Figure 1, the intent of the
laparoscopic cytoreductive surgery with hyperthermic
intraperitoneal  chemotherapy surgery was for
prophylaxis in 2 patients, given high risk features at time
of index operation (positive margin and tumor spillage)
and curative in 1 patient. Prior surgical interventions in
this cohort included 1 laparotomy with curative intent and
2 diagnostic laparoscopies.

Figure 1: Role of laparoscopy in carcinomatosis patients selected for hyperthermic intraperitoneal chemotherapy
procedure after gastrointestinal malignancy diagnosis at our institution”

CRS/HIPEC
(n=31)
I
| |
Open Laparoscopic
CRS/HIPEC CRS/HIPEC
(n=28) (n=3)
| |
Palliative Diagnosis Treatment
(Malignant Ascites) (Staging) (Therapeutic HIPEC)
(n=0) (n=0) (n=3)

Adjuvant HIPEC
(With prophylactic aim)
(n=2) (n=1)

Adjuvant HIPEC
(With curative aim)

CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy.

Table 3: Patient characteristics with laparoscopic cytoreductive surgery with hyperthermic intraperitoneal chemotherapy

for gastrointestinal malignancy

Patient # 1 2 3

Age 50 20 43

Gender Female Male Male

BMI (kg/m2) 22.7 19.1 23.2
Comorbidities None None None

ASA 2 2 2

Albumin (gr/dL) - 3.6 4

Weight loss > 10 Ib No Yes No
Immunosuppression No No Yes
Preoperative chemotherapy |No No Yes

Primary tumor location Appendiceal Appendiceal Colorectal
Prior surgery Hysterectomy + appendicectomy |Appendicectomy Sigmoidectomy
Prior surgery approach Laparoscopic Laparoscopic Laparotomy
PTNM primary tumor pTisNx - pT3N2aM1a
Indication for HIPEC Appendiceal positive margin Periappendiceal mucin |PC confirmed

SD, standard derivation; BMI, body mass index; ASA, American Society of Anesthesiologists; PC, peritoneal
carcinomatosis; HIPEC, hyperthermic intraperitoneal chemotherapy; pTNM, pathological tumor node metastasis; pTisNx,
pathological tumor in situ, nodes not assessed; pT3N2aM1a, pathological tumor extent into the subserosa linin of the
bowel wall, 4 to 6 nearby lymph nodes involvement, cancer has metastasized to one distant organ.
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The extent of the disease was evaluated and documented
at the beginning of the operation when the laparoscope
was introduced. In the first patient, small bowel mucin in
the right pelvic sidewall along with scarring from the
previous operation was noted; the remainder of the
abdomen demonstrated no evidence of mucinous deposits
or carcinomatosis. The second patient, who had acute

appendicitis reported as a ruptured appendiceal with
peri-appendiceal acellular mucin, did not have any
evidence of peritoneal carcinomatosis at the time of the
laparoscopic HIPEC (Figure 2). The third patient had a
cecal tumor and a solitary posterior right lobe liver
metastasis.

Figure 2: Pathologic specimen of mucinous adenocarcinoma (low grade) of the patient after appendicectomy showing

focal extravasation of acellular mucin onto the serosal surface

=

Two patients underwent a right hemicolectomy with
ileocolic anastomosis and one had a total colectomy,
ileorectal anastomosis with a diverting loop ileostomy
and partial hepatectomy, along with excision and
stripping of the pelvic peritoneum due to peritoneal
carcinomatosis. Table 4 shows the primary outcome of
complete cytoreduction (CC = 0 or CC = 1) and
infraoperative peritoneal cancer index (PCl) score of
minimal carcinomatosis, which was PCI < 10 for the entire
cohort. The median operative time (OT) was 7.5 (range,
6.1-9.9) hours and the estimated blood loss was 150

(range 100-200) mL.

There were no major intraoperative or postoperative
complications, no transfusions were required, and there
were no hospital readmissions, or procedure related
mortality. The median length of hospital stay was 4
(range 3-5) days. The overall median survival was 31
(range 6-66) months and one recurrence was detected
during a median follow-up time of 19 (range 6-50)
months.

Table 4: Operative and postoperative characteristics of patients with laparoscopic cytoreductive surgery with

hyperthermic intraperitoneal chemotherapy

Patient # 1 2 3

PCl score < 10 Yes Yes Yes

CC score (CC=0o0orCC=1) Yes Yes Yes

Operative time (minutes) 364 453 592

Estimated blood loss (cc) 150 100 200
Preoperative CEA (ng/mL) - 2.8 10
Postoperative CEA (ng/mL) - 2.3 0.7

Type of resection Right hemicolectomy  |Right hemicolectomy| Total colectomy
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Patient # 1 2 3

Type of anastomosis lleocolic lleocolic lleorectal
/Anastomosis After HIPEC Before HIPEC After HIPEC
Diverting loop ileostomy No No Yes
Small bowel resection No No No

Liver resection No No Yes
Peritonectomy No No Yes
Length of hospital stay (days) 3 5 4

ICU length of stay of 1 day Yes Yes Yes

BM, median (POD) 2 3 2

Follow up (months) 6 50 19
Recurrence No No Yes
Survival rate (months) 6 66 31

PCI, peritoneal cancer Index; CEA, carcinoembryonic antigen; CC, complete cytoreduction; SSI, surgical site infection; BM,
bowel movements; POD, postoperative day; ICU, intensive care unit.

Discussion

Hyperthermic intraperitoneal chemotherapy, particularly
if associated with extended colorectal surgery is an
extensive procedure that can be associated with
significant morbidity and mortality.® Laparoscopy offers
an effective method especially in the cases of primary
intraperitoneal growth, which can occur with ascites,
diffuse peritoneal nodules, and the involvement of the
greater omentum. However, the selection of patients with
peritoneal carcinomatosis who could benefit from
laparoscopic CRS/HIPEC remains poorly defined. This
procedure should be performed at an experienced
center, as part of a multimodality treatment involving the
optimal chemotherapy regimen after a multidisciplinary
discussion of each individual case.”

At our single academic institution, a highly selected group
of 3 patients out of 31 patients who underwent
CRS/HIPEC for gastrointestinal malignancy were
performed by a laparoscopic approach. The main
indications for this laparoscopic procedure have been
previously reported for neoadjuvant, adjuvant, or
palliative indent.81415 In our case series the principal
indication was in the adjuvant setting. Despite reports of
high rates of morbidity and mortality,® none of these
problems were noted in this small pilot series.

The 3 patients in our series were offered laparoscopic
CRS/HIPEC for concern of local and peritoneal
recurrence  based on the highly  suspicious
clinical /pathological finding after their index surgery.
Consequently, this surgical technique in 2 of our patients
was performed as a prophylactic measure, which has
previously been reported as an indication.20 Another
study on systematic open second-look surgery with HIPEC
was performed in a group of colorectal cancer patients
at high risk of peritoneal recurrence or minimal peritoneal
carcinomatosis resected with the primary rupture of the
tumor and ovarian metastasis. 25 This management
protocol of high-risk patients for  peritoneal
carcinomatosis revealed recurrent carcinomatosis in 56%
of patients in their study with a mean peritoneal cancer
index ranging between 5 and 9, which established that
this patient population may represent an ideal group for
laparoscopic approach.25

In our series, the most frequent primary tumor location
was appendiceal and peritoneal cancinomatosis was
found in one patient at the time of laparoscopic access
for CRS/HIPEC. The primary malignancies were
considered completely resectable preoperatively, as this
was one of the main inclusion criteria for successful
laparoscopic surgery and hyperthermic intraperitoneal
chemotherapy.?é In our cohort the laparoscopic HIPEC
procedures were performed concomitantly  with
colorectal surgery, whereas in other published studies,
they were performed several weeks after extended
open colorectal surgery.22

In two patients we used three 10 mm trocars and in one
patient we used one additional 5 mm trocar; in other
studies, laparoscopic CRS/HIPEC required up to 6
trocars.8 No conversions to laparotomy were necessary in
our cohort. One patient had the ileocolic anastomosis
performed after the right hemicolectomy and
cytoreductive surgery, but prior to hyperthermic
intraperitoneal chemotherapy, even though traditionally
the surgical reconstruction of the gastrointestinal tract is
carried out after completion of HIPEC. This practice of
delayed anastomosis until after completion of HIPEC is
considered safer and believed to reduce the risk of
anastomotic leak.2” However, one study has reported the
anastomotic leakage rate of 13% when anastomoses
were performed before HIPEC, and leak rates are similar
to those reported rates elsewhere (18% * 4%).28

Patients with extensive involvement of small bowel loops
that will not allow an adequate cytoreduction are
considered unresectable and thus are not candidates for
curative CRS/HIPEC.” In our series, none of the patients
had evidence of small intestine involvement or occlusion,
which would have required a small bowel resection.

The preoperative peritoneal cancer index scores in our
cohort were appropriately staged by preoperative
computed tomography, even though of them have been
shown to have low peritoneal cancer index predictive
accuracy and low sensitivity in assessing small-bowel
lesions, especially lesions smaller than 5 mm.2° The extent
of carcinomatosis recorded by the intra-operative PCl in
all our patients were less than 10. This classification
proved to be appropriate to determine the potential for
complete resection in our cohort, bearing in mind that the

© 2026 European Society of Medicine 6



extent of tumor involving the small intestine has been
previously shown to be more relevant than the actual
calculated peritoneal cancer index.30 Thus, laparoscopic
peritonectomy may have a role in minimal carcinomatosis,
with PCl confined to 1 or 2 sectors of Sugarbaker
peritoneal cancer index scoring and well-defined
histologic types,'> such as carcinomas of appendix.
Completeness of cytoreduction (CC = 0 or CC = 1) was
achieved in the entire cohort. Completeness of
cytoreduction is the most important perioperative factor
as it has been shown to be a significant independent
predictor of survival.3!

Few studies have investigated the value of laparoscopy
to assess tumor resectability prior to performing
synchronous cytoreductive surgery with hyperthermic
intfraperitoneal chemotherapy, but common findings in
these few reported cases have included low morbidity,
short operative time and quick postoperative
recovery.?432 However, upon further evaluation of these
case series, mean operative time ranged from 180 to
360 minutes but it was unclear if operative times were
for diagnostic or adjuvant laparoscopic surgery with
hyperthermic intraperitoneal chemotherapy for specific
gastrointestinal cancers.?é This surgery and concomitant
HIPEC was characterized as having shorter operative
time, less extensive cytoreduction requirement, and less
peritonectomies as compared to an open procedure.¢

Several feasibility studies on laparoscopic CRS/HIPEC
have reported no procedure related deaths and only
minor complications.”.'¢ The major determining factors of
morbidity and mortality in this procedure are the extent
of cytoreduction, the number of intestinal anastomoses,
extent of peritonectomy, and operative time.6:33:34 In our
series, there were no major intraoperative or
postoperative complications. The median length of
hospital stay (LOS) was 4 days and was favorable
compared to the reported median LOS of 9 days after
open access of CRS/HIPEC. Esquivel et al. described a
case series of 10 laparoscopic procedures of
cytoreduction followed by HIPEC for limited and
resectable carcinomatosis.8 They reported a shorter LOS
but had higher morbidity compared to an open
procedure.8 Other studies since, such as the one by Valle
et al., have instead demonstrated lower morbidity with
laparoscopic approach.'s

Port site metastasis is another concern with laparoscopic
HIPEC for patients with peritoneal carcinomatosis, which
is a rare occurrence and has an estimated likelihood of
1.1% to 3.9%.24 It has been demonstrated that a careful
laparoscopic procedure can minimize the formation of
trocar port site tumor seeding.’® Our findings are in
agreement with this as no neoplastic seeding was
detected at the trocar sites in any of our patients.

Long-term survival is perhaps one of the most important
outcomes to evaluate following CRS/HIPEC. In this series,
overall median survival was 31 months. The longest
survival time of 66 months was detected in the youngest
patient who had a mucinous appendiceal cystadeno-
carcinoma, whereas the shortest survival time of 6 months
was in the oldest patient with a mucinous
adenocarcinoma. Regular assessment by clinical
examination, carcinoembryonic antigen (CEA) and
Positron Emission Tomography/Computed Tomography
(PET/CT) imaging, was performed in our cohort and the
median follow-up was 19 months during which time no
recurrences were detected.

Limitations of this study include its small cohort size, single
institution and single surgeon experience. Although we
were able to capture numerous patients, intfraoperative,
and postoperative variables, we are limited by our
retrospective nature.

Conclusion

The use of laparoscopy to perform cytoreductive surgery
with hyperthermic intraperitoneal chemotherapy has
been previously shown to be feasible, safe, and
effective. In our case series, we have demonstrated
laparoscopic procedure may be performed in well
selected patients as a reliable and safe method, resulting
in reduced surgical burden and quicker recovery time.
However, more data are required to validate this
minimally  invasive  approach to  hyperthermic
intraperitoneal chemotherapy.
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