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Abstract
AIM: To investigate the most important aspects of 
hyperthermic intraperitoneal chemotherapy (HIPEC) 
that has been accepted as the standard treatment for 
pseudomyxoma peritonei (PMP), with special regard 
to morbidity, overall survival (OS) and disease free 
survival (DFS) over 10 years.
METHODS: Fifty-three patients affected by PMP 
underwent cytoreduction (CCR) and HIPEC with a 
“semi-closed” abdomen technique in our institution. 
The peritonectomy procedure and completeness of 
CCR were classified according to Sugarbaker criteria. 
Preoperative evaluation always included thoracic 
and abdominal CT scan to stage peritoneal disease 
and exclude distant metastases. Fifty-one patients 
in our series were treated with a protocol based 
on administration of cisplatinum 100 mg/m2 plus 
mitomycin C 16 mg/m2, at a temperature of 41.5℃ for 
60 min. Anastomoses were always performed at the 
end of HIPEC. The mean duration of surgery was 12 h  
including HIPEC. Continuous monitoring of hepatic 
and renal functions and hydroelectrolytic balance was 
performed in the postoperative period.
RESULTS: Twenty-four patients presented with 
postoperative complications: surgical morbidity was 
observed in 16 patients and 6 patients were re-
operated. All complications were successfully treated 
and no postoperative deaths were observed. Risk 
factors for postoperative morbidity were considered 
to be gender, age, body surface, duration of surgery, 

Peritoneal Cancer Index (PCI) and tumor residual 
value (CC score). No statistically significant correlation 
was found during the multivariate analysis: only the 
CC score was statistically significant. The OS in our 
experience was 81.8%, with a DFS of 80% at 5 years 
and of 70% at 10 years.
CONCLUSION: In our experience, even if HIPEC 
combined with cytoreductive surgery involves a high 
risk of morbidity, postoperative complications can be 
resolved favorably in most cases with correct patient 
selection and adequate postoperative care, thus 
minimizing mortality. The association of CCR and 
HIPEC can be considered as the standard treatment 
for PMP. The OS and DFS results confirm the validity of 
this combined approach for the treatment of this rare 
neoplasm. The impact of preoperative chemotherapy 
on OS, in our opinion, is due to a major aggressiveness 
of tumors in treated patients.
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INTRODUCTION
Peritoneal carcinomatosis (PC) is one of  the most 
common routes of  dissemination of  abdominal 
neoplasms; it may be present at the time of  diagnosis of  
a primary tumor, but more frequently it arises as tumor 
recurrence after surgical treatment[1].

PC is frequently associated with colorectal cancer, 
gastric cancer, ovarian carcinoma, and appendiceal 
cancer. Neoplasms with positive peritoneal cytology 
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show high rates of  peritoneal dissemination[2-6]. 
Pseudomyxoma peritonei (PMP) is a rare condition, 

with an incidence of  1/1 000 000 per year, characterized 
by copious mucus (so-called “jelly belly”) containing 
rare epithelial cells. According to Ronnet, PMP was 
histologically classified into disseminated peritoneal 
adenomucinos i (DPAM), per i tonea l muc inous 
carcinomatosis (PMCA) and an intermediate or 
discordant feature group (ID)[7]. Recent studies show that 
most cases of  PMP originate from ruptured appendiceal 
tumors with progressive dissemination in the peritoneal 
cavity of  mucin-producing epithelial-cells[8,9]. Lymph-
nodal or hematogenous metastases are rare in PMP and 
evidence suggests it has a poor prognosis.

PC from PMP is generally considered a lethal disease, 
with a limited response to conventional chemotherapeutic 
treatments[10]. While systemic chemotherapy has little 
impact on the treatment of  peritoneal disease, some centers 
have reported encouraging results with intraperitoneal 
hyperthermic chemoperfusion (HIPEC)[11,12].

This technique is based on surgical cytoreduction 
(CCR) of  the primitive cancer, peritonectomy and 
HIPEC. The principle of  locoregional treatments is to 
obtain an elevated and persistent drug concentration for 
the tumor, with a limited systemic concentration.  Many 
studies reported an impact on overall survival (OS) 
and disease-free survival (DFS) in patients affected by 
carcinomatosis of  mucinous cancers such as PMP[13,14] 

and in recent trials this combined approach has been 
proposed as standard treatment for PMP.

In this study we report the results of  a 10-year 
experience with this type of  treatment in our institution, 
where 53 patients with PMP were treated with CCR and 
HIPEC, with special reference to follow-up and risk 
factors for postoperative complications.

MATERIALS AND METHODS
For the present study, 53 patients (23 male and 30 female, 
mean age 58 years, range 32-72) with PMP who underwent 
surgical treatment and HIPEC between October 1998 
and June 2008 at the Department of  General Surgery 
and Surgical Oncology, San Giuseppe Hospital, were 
considered. Preoperative evaluation always included 
thoracic and abdominal CT scan to stage peritoneal disease 
and exclude distant metastases; upper digestive endoscopy 
and colonoscopy generally completed tumor staging. A 
careful preoperative evaluation of  the patient’s general 
condition was always performed, and included complete 
blood tests, electrocardiogram, cardiac ultrasound, and 
spirometry. The presence of  hepatic or extra-abdominal 
metastases, poor general condition or performance status 
> 2 according to the Eastern Cooperative Oncology 
Group (ECOG) and an age of  > 72 years were generally 
considered contraindications to the treatment. Informed 
consent was obtained from all patients[15].

Just after laparotomy, a complete intraoperative 
staging of  peritoneal disease was performed using the 
peritoneal cancer index (PCI)[16]; the mean PCI was 22.

Surgical technique
The peritonectomy procedure was classified and 
performed according to Sugarbaker’s criteria: (1) Central 
peritonectomy consists of  the removal of  previous 
scars, greater omentectomy (performed by stripping the 
superficial peritoneal layer of  the transverse mesocolon) 
and a close dissection to the greater curvature of  the 
stomach. Sometimes splenectomy could be necessary en 
bloc with the greater omentum and the left diaphragmatic 
peritoneum; (2) Left upper quadrant peritonectomy 
consists of  the stripping of  the peritoneal tumor tissue 
from beneath the left hemidiaphragm, left adrenal gland, 
distal portion of  the pancreas, and the cephalad half  of  
Gerota’s fascia; (3) Right upper quadrant peritonectomy 
consists of  right hemidiaphragmatic peritoneal stripping, 
removal of  tumor from the right subhepatic space 
and from the surface of  the liver by the stripping of  
the Glisson’s capsule. Peritonectomy is concluded 
with the removal of  the peritoneum covering the right 
kidney and Morrison’s pouch; (4) Lesser omentum 
peritonectomy is performed after the cholecystectomy, 
and in this procedure the cancerous tissue which covers 
the common duct and hepatic artery is stripped from 
the base of  gall bladder bed towards the duodenum. 
This phase is concluded by the stripping of  omental 
bursa; (5) Pelvic peritonectomy with en bloc removal 
of  pelvic peritoneum, sigmoid colon, rectum, uterus 
and salpingo-oophorectomy; (6) Peritonectomy of  the 
lateral abdominal wall. Implants on the visceral serosa 
are removed by electrosurgical local dissection and the 
peritonectomies are variously combined with resections 
of  viscera involved in tumor (total gastrectomy or total 
colectomy).

The completeness of  CCR was also classified 
according to Sugarbaker’s criteria[17] as: CCR-0 (no residual 
tumor) in 35 cases, CCR-1 (no residual nodule greater 
than 2.5 mm in diameter) in 18 cases, CCR-2 (no residual 
nodules greater than 25 mm) in none of  the cases and 
CCR-3 (residual nodules greater than 25 mm) in none of  
the cases.

HIPEC was performed according to the “semi-
closed” abdomen technique[18]. Five drain tubes are 
placed in the abdominal cavity. There are 2 inflow tubes, 
and they have multiple holes. They present 2 diffusion 
lines for the homogeneous distribution of  drugs into the 
abdominal cavity (1 in the sovramesocolic branch, 1 in 
the pelvis). Three outflow tubes are placed respectively 
in the pelvis and in the subdiaphragmatic spaces. 
Backhaus forceps are used to close the cranial and 
caudal portion of  abdominal wound. The skin is then 
suspended by a self-retaining retractor, placed at more 
or less 15 cm from the abdomen, by plastic self-blocking 
strings. This kind of  placement creates the virtual cavity 
needed to perform HIPEC. The central portion of  the 
wound is suspended by the retractor too and covered 
with a laparoscopic device with sterile drapes on it, with 
a hole in the middle. The drain tubes are connected 
to a perfusion system formed by 2 pumps and a heat 
exchanger to heat the perfusion liquid. The inflow and 
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outflow pumps are connected through a reservoir, so 
it is possible to achieve continuous circulation of  the 
perfusate at the speed of  more or less 1 L/min. The 
pumps are controlled by a computerized system that 
allows the checking of  the flow rate and the temperature 
of  the heat exchanger. Three intraperitoneal temperatures 
are checked by probes; the inflow temperature, outflow 
temperature, and the patient esophageal temperature. 
The amount of  circulating perfusate required (solution 
for peritoneal dialysis) is calculated according to the 
patient’s body surface. During perfusion, the surgeon 
mixes the perfusate by hand through the hole in the 
sterile drapes. When the ideal intraperitoneal temperature 
is reached, the drugs are added to the circuit and HIPEC 
is performed for 60 min. Fifty-one patients in our series 
were treated with a protocol based on administration of  
cisplatinum 100 mg/m2 plus mitomycin C 16 mg/m2, at 
a temperature of  41.5℃. Two patients were treated with 
mitomycin C 35 mg/m2 for 60 min at a temperature of  
40.5℃, according to the Netherland protocol, because 
of  significant side effects from preoperative systemic 
chemotherapy with platinum. Anastomoses were always 
performed at the end of  HIPEC. The mean duration 
of  surgery was 12 h including HIPEC (range 8-16 h). 
At the end of  the operation, the patient was admitted 
to the intensive care unit, and then returned to the 
surgical department when cardiovascular and pulmonary 
functions became stable. Continuous monitoring of  
hepatic and renal functions and hydroelectrolytic balance 
were performed afterwards. The primitive neoplasm was 
an appendicular adenocarcinoma in 37 patients (69.8%) 
and an appendicular adenoma in 16 patients (30.2%). 
Twenty-one patients (39.6%) with histological diagnosis 
of  appendicular adenocarcinoma had been treated 
with systemic chemotherapy before our operation. 
Because of  the massive involvement of  viscera and 
peritoneum, in some selected patients we performed 
the treatment in steps. Three patients were treated in 
2 steps, and 1 patient was treated in 3 steps. In these 
cases, we performed the upper abdominal CCR in the 
first step, then the patient was submitted to systemic 
chemotherapy for 2 or 3 mo. The second step consisted 
of  lower abdominal CCR and peritoneal perfusion of  
the entire peritoneal cavity. The details of  the CCR 
procedures are displayed in Table 1.

Statistical analysis
In this study the stat ist ical analyses focused on 
postoperative complications: the histopathological, 
clinical and follow-up data were stored in a database. 
The presence of  postoperative complications was 
considered as the dependent variable whereas gender, 
age, body mass index, primary tumor, previous systemic 
chemotherapy, operative time, stage of  PCI, and CCR 
were covariates.

Multivariate analysis of  factors was performed by the 
Cox proportional hazard model. OS was dated from the 
day of  surgery to the time of  death due to any causes; 
progression-free survival (PFS) was dated from the 
day of  the surgery to the time of  postoperative disease 

progression. The survival curves for both OS and PFS 
were calculated according to the Kaplan-Meier method. 
The log-rank test was used to assess the significance of  
the comparison between survival curves.

The Statistical Package for the Social Sciences 
software (version 11.0) (SPSS, Chicago, IL, USA) was 
used for statistical analysis: P < 0.05 was considered 
significant.

RESULTS
At the end of  follow-up of  the 53 patients, 5 and 10 
year OS was 94% and 84.6%, respectively (Figure 1A). 
DFS was 80% and 70% at 5 and 10 years, respectively 
(Figure 1B).

OS according to the PCI, completeness of  CCR (CC-
score), histological type, and pre-operative chemotherapy 
(done v s not done) are shown in Figure 2A-D.  
At the time of  the present analysis 48 patients are alive 
without disease. Two patients died due to systemic 
disease progression at 16 and 63 mo, respectively, 
after the operation; 3 patients are alive with disease 
and intraperitoneal relapse but are not undergoing a 
further operation, with follow-up of  57, 28, 24, 19, 
10 mo, respectively. Three patients had intraperitoneal 
relapse and were treated with tumor resection followed 
by HIPEC: 1 of  those patients is alive without disease 
17 mo after the second surgical procedure; the other 2 
patients were treated only with CCR and they are alive 
without disease after 24 mo of  follow-up.

For calculation of  the morbidity rate, we considered 
postoperative complications occurring during the 
hospital stay or within 30 d of  surgery. In 24 patients 
(45%) we observed postoperative complications: 
surgical morbidity was observed in 16 patients (3 
intestinal fistulas, 2 urinary tract perforations, 2 
abdominal abscesses, 4 wound infections, 1 prolonged 
ileus, 2 postoperative haemorrhages, 1 abdominal wall 
dehiscence, 1 bleeding from a gastric ulcer) and medical 
complications were observed in 8 cases (1 arrhythmia, 
3 grade 2 hematological toxicities, 1 acute renal failure, 
1 cutaneous rash, 2 cases of  sepsis). Six patients were 

Table 1  Extent of CCR and HIPEC in 53 patients affected 
by PMP

Procedures      No.

Greater omentectomy         48
Left colectomy         30
Right colectomy         34
Total abdominal hysterectomy         16
Bilateral salpingo-oophorectomy         20
Splenectomy         40
Cholecystectomy         34
Small bowel partial resection         27
Total gastrectomy           5
Sub-total gastrectomy           3
Distal pancreatectomy           6
Rigth upper quadrant peritonectomy         47
Left upper quadrant peritonectomy         38
Pelvic peritonectomy         43
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re-operated and 1 patient underwent ureteric stenting. 
One patient with abdominal abscess was submitted 
to ultrasound-guided drainage and 1 patient with 
bleeding from a gastric ulcer was treated by endoscopic 
haemostasis. All other complications were successfully 
treated by medical therapy (Table 2). No postoperative 
deaths were observed. An analysis of  risk factors for 
postoperative morbidity rate was performed. Gender, 
age, body surface, duration of  surgery, PCI and tumor 
residual value were considered to be risk factors. 
No statistically significant correlation between the 

analyzed variables and the incidence of  postoperative 
complications was found except for CC-score (P < 0.017) 
(Table 3).

Final follow-up data from our experience indicated 
that survival probability may be good in patients 
with histological type appendicular adenoma who are 
optimally cytoreduced (CC-0). An interesting relief  
was related to whether preoperative chemotherapy was 
performed or not.

DISCUSSION
HIPEC associated with cytoreductive surgery is 
becoming a widely accepted procedure for the treatment 
of  PMP.

Like reports in several studies, the results of  our 
experience indicate that, even when combined with 
an aggressive surgical procedure, HIPEC is associated 
with an acceptable risk of  postoperative complications 
and mortality[19-24]. The incidence of  postoperative 
complications was similar to that of  other reports[25-29] 

Table 2  Association between morbidity and clinical variables n  (%)

Variable     No. of cases  With complications  Without complications      P-value
Gender           NS
   Male               23               11 (46)                12 (41)
   Female               30               13 (54)                17 (59)
Age (yr)               59 ± 10                56 ± 9           NS
Body mass index (Kg/m2)            25.4 ± 5.3             26.8 ± 4.7           NS
Previous systemic chemotherapy           NS
   Performed               21               10 (42)                11 (38)
   Not performed               32               14 (58)                18 (62)
PCI           NS
   > 16               36               18 (75)                18 (62)
   < 16               17                 6 (25)                11 (38)
Operative time (h)              8.5 ± 3.0               7.1 ± 2.1           NS
Completeness of cancer resection           0.017
   CCR-0               35               12 (50)                23 (79)
   CCR-1               18               12 (50)                  6 (21) 

Table 3  Postoperative complications observed in 24 patients. 
Multiple complications are included

Complication No. of cases Treatment (No. of cases)

Surgical
   Wound infection          4 Drainage
   Urinary tract perforation          2 Reoperation (1); 

Urinary stenting (1)
   Intestinal fistula          3 Reoperation
   Abdominal abscess          2 US-guided drainage (1); 

medical (1) 
   Prolonged ileous            1 Medical
   Bleeding from gastric ulcer          1 Endoscopic haemostasis
   Intraabdominal bleeding          2 Reoperation
   abdominal wall dehiscence          1 Conservative
Medical
   Grade ≥ 2 hematological 
   toxicity

         3 Medical

   Acute renal failure          1 Medical
   Arrhythmias          1 Medical
   Cutaneous rush          1 Medical
   Sepsis          2 Medical
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and major morbidity occurred in 45% of  patients, which 
is also similar to other recent experiences[27,29,30]. All the 
complications were successfully treated with surgical or 
medical therapy. We believe that careful preoperative 
selection of  patients, and adequate postoperative 
monitoring and care are crucial in order to minimize 
the incidence of  postoperative complications in these 
patients.

The advanced stage of  neoplastic disease and 
immunodeficiency status of  patients previously subjected 
to chemotherapy were important factors that probably 
contributed to the occurrence of  septic complications 
after an extended surgical procedure. In our series 1 
patient underwent ultrasound-guided drainage of  an 
abdominal abscess and in the others septic complications 
were successfully treated with medical therapy.

Intest inal f istula has been repor ted to be an 
important cause of  morbidity and mortality in patients 
submitted to HIPEC, with an incidence rate ranging 
from 6% to 27%[21-23, 31-33]. Younan et al[32] reported that 
male gender, duration of  surgery, and no previous 
systemic chemotherapy were independent predictors 
of  bowel complications. The direct effect of  HIPEC 
even in non-resective procedures can be associated with 
intestinal fistulas in the postoperative period[33,34]. We 
always performed anastomotic suture following HIPEC 
but in our series the 3 cases of  intestinal fistula were due 
to intestinal perforation not involving anastomosis.

Recent studies have reported the duration and extent 

of  surgery, visceral resections, PCI and incomplete 
CCR to be important risk factors for postoperative 
complications[21,26,31]. In our patients, we did not find this 
correlation, probably because of  the limited number 
of  cases. PCI > 16 was an independent predictor of  
postoperative morbidity only at univariate analysis and 
seemed to have an impact on the complication rate, but 
not on OS.

The largest series of  PMP undergoing combined 
treatment was reported by Sugarbaker[35]: in this series 
completeness of  CCR and Ronnet’s criteria were the 
most important factors correlated with survival and 
morbidity[36].

Complete CCR was obtained in most of  our patients. 
In our series, we didn’t have patients with an elevated CC 
score (CC-2 or CC-3): as a consequence, even though 
the morbidity rate was high we did not find a correlation 
between cytoreductive status and complication rate. 
However, the CC-score in our experience was strictly 
correlated to DFS with an evident result between CC-0 
and CC-1 patients (P < 0.003).

The limited number of  patients in our series did not 
allow further stratifications and for these reasons, the 
potential impact of  other factors on morbidity cannot 
be excluded.

Survival data indicate that high long-term survival 
could be achieved in patients with histological type DPAM 
vs PMCA (P < 0.014). Furthermore in the present series 
the adverse prognostic value of  preoperative systemic 
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chemotherapy was a unexpected finding that may be not 
easy to explain: the patient that received chemotherapy 
had a poor prognosis compared to those that did not 
undergo chemotherapy (P < 0.034). The same evidence 
was observed in the series of  Baratti et al[37].

The hypothesis was that after chemotherapy, 
mucinous appendiceal tumors change to a more 
invasive process: it is quite possible that differences 
in chemotherapy penetration of  mucinous and solid 
tumours may result in persistence and progression of  
the more solid components of  a non uniform tumor. 
Appendiceal tumors are described as having large areas 
of  adenomucinosis with small, even minute, areas of  
more aggressive tissue: the penetration of  chemotherapy 
drugs into the mucin that contains adenomatous 
epithelial cells may eradicate these cells but the small 
foci of  solid tumor may not be completely penetrated 
by chemotherapy. It is possible that this process selected 
resistant and more aggressive tumor cell clones but the 
explanation for the poor results of  the treatment in 
these patients requires further investigation.

In conclusion the present study confirms that an 
aggressive approach can improve survival in selected 
patients with PMP. Although HIPEC combined with 
CCR has a high risk of  morbidity, postoperative 
complications could be resolved favorably in most cases 
with correct patient selection and adequate postoperative 
care, thus minimizing mortality. Residual tumor (CC), 
preoperative chemotherapy and histological type 
PCMA significantly influence the prognosis of  these 
patients[20,37].

To improve this encouraging survival outcome, it 
is very important to unify the surgical experience of  
expertise centers and adequate patient selection. Our 
results suggest also the need of  an integrated approach 
to this rare neoplasm to identify the biological aspect of  
PMP that influences the prognosis and the evolution of  
the disease.

 COMMENTS
Background
Peritoneal carcinomatosis is generally considered a lethal disease, with a mean 
survival time of 6 mo after conventional chemotherapeutic treatments. Systemic 
chemotherapy has little impact on treatment of peritoneal disease, but some 
centres have reported encouraging results with intraperitoneal hyperthermic 
chemoperfusion (HIPEC). Locoregional treatments are considered a new 
frontier in the management of this condition: it is possible to achieve an 
elevated and persistent drug concentration in the tumor, with limited systemic 
effects. Many studies reported an impact on overall survival and disease-free 
interval in patients affected by carcinomatosis, of mucinous cancers such as 
pseudomyxoma peritonei (PMP) and in recent trials this combined approach 
has been proposed as standard treatment for PMP.
Research frontiers
The present study confirms that an aggressive approach can improve survival 
in selected patients with PMP. Although HIPEC combined with cytoreductive 
surgery involves a high risk of morbidity, postoperative complications can 
be resolved favorably in most cases with correct patient selection and 
adequate postoperative care, thus minimizing mortality. Residual tumor (CC), 
preoperative chemotherapy and histological type of PMP can be considered 
as independent variables able to significantly influence the prognosis of these 
patients. To improve this encouraging survival outcome, it is very important to 

unify the surgical experience of expertise centres. Our results suggest also the 
need for an integrated approach to this rare neoplasm to identify the biological 
aspects of PMP that influence the prognosis and the evolution of the disease. 
Innovation and breakthroughs
In this paper we report a very important proof on the integrated approach to 
PMP. This lethal disease can be treated with good results: in fact 5 and 10 
year overall survival was, respectively, 94% and 84.6% in our experience and 
disease free survival was 80% and 70% at 5 and 10 years, respectively.
Application
On future application, the end point of this approach would be to improve a 
standard treatment for this particular disease to reduce the surgical risk of 
major complications. Correct patient selection and adequate postoperative care 
may minimize the considerable complication rate that is very high (45%).
Peer review
This is a very interesting study on pseudomyxoma peritonei and its treatment 
with intraperitoneal hyperthermic chemoperfusion. 
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