
Rationale and techniques of cytoreductive surgery and 
peritoneal chemohyperthermia

Antonio Macrì, Anna Fortugno, Edoardo Saladino

Antonio Macrì, Anna Fortugno, Edoardo Saladino, Depart-
ment of Human Pathology, General Surgery Unit, University of 
Messina, 98125 Messina, Italy
Author contributions: All authors contributed to this paper
Correspondence to: Antonio Macrì, MD, Professor, Depart-
ment of Human Pathology, General Surgery Unit, University of 
Messina, Via Consolare Valeria, 98125 Messina, 
Italy. amacri@unime.it
Telephone: +39-90-2212678  Fax: +39-90-2212683 
Received: May 5, 2011           Revised: October 29, 2011
Accepted: November 8, 2011
Published online: December 15, 2011

Abstract
The evolution of loco-regional treatments has occurred 
in the last two decades and has deeply changed the 
natural history of primitive and secondary peritoneal 
surface malignancies. Several phase Ⅱ-Ⅲ studies 
have proved the effectiveness of the combination of 
cytoreductive surgery with peritoneal chemohyperther-
mia. Cytoreductive surgery allows the reduction of the 
neoplastic mass and increases tumoral chemosensitiv-
ity. The development of chemohyperthermia finds its 
origins in the necessity to exceed the limits of intra-
peritoneal chemotherapy performed in normothermia. 
It permits a continuous high concentration gradient of 
chemotherapeutic drugs between the peritoneal cavity 
and the plasma compartment to and a more uniform 
distribution throughout the abdominal cavity compared 
to systemic administration.
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INTRODUCTION
Peritoneal surface malignancies (PSM) are a loco-regional 
neoplastic dissemination that includes peritoneal carcino-
matosis (PC), that is the progression of  neoplastic diseas-
es from abdominal, pelvic or extra abdominal organs[1-3], 
pseudomyxoma peritonei (PMP), an uncommon “bor-
derline malignancy” generally arising from a perforated 
appendiceal epithelial tumor and, finally, primitive tumors 
of  the peritoneum, such as diffuse malignant peritoneal 
mesothelioma (DMPM). The PC has long been consid-
ered a lethal clinical entity[4], with no curative options and 
a median survival rate of  3-6 mo[5], and it can be present 
at the moment of  the diagnosis of  primary cancer or, 
most frequently, after potentially curative surgery. The 
evolution of  loco-regional treatments options occurred 
in the last two decades and has deeply changed the natu-
ral history of  primitive and secondary PSM. In fact, cy-
toreductive surgery (CRS) combined with hyperthermic 
intraperitoneal chemotherapy (HIPEC) has become a 
promising treatment for patients with peritoneal malig-
nancies thanks to the favorable results in terms of  quality 
of  life and outcome[6]. Several studies have proved the ef-
fectiveness of  the combination of  CRS plus HIPEC[7-12]. 
In fact, this type of  approach has been established as 
the standard therapy for pseudomixoma peritonei with 
a mean survival rate of  156 mo[13] and a 5-year survival 
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range from 62.5% to 100% for low grade and from 0 to 
65% for high grade disease[14]. In PC from colorectal can-
cer, the mean survival rate varies considerably from 12 
to 32 mo, with 1-year, 2-year, 3-year and, when reported, 
5-year survival rates ranging from 65% to 90%, 25% to 
60%, 18% to 47%, and 17% to 30% respectively[15]. For 
patients with a peritoneal diffusion of  gastric cancer, the 
mean survival ranges from 8 to 11 mo and the 5-year sur-
vival from 6% to 16%[16,17]. In PC from epithelial ovarian 
cancer (EOC), the most lethal gynecological malignancy, 
a median overall and disease free survival of  up to 64 mo 
and 57 mo, respectively[18] with a 5-year survival rate from 
39% to 60.7%[9-19] has been reported. Finally, for perito-
neal mesothelioma, after aggressive surgery combined 
with HIPEC, a median survival of  34-92 mo with a 5-year 
survival rate of  67% has been reported[12,20].

RATIONALE OF CYTOREDUCTIVE 
SURGERY 
This therapeutic approach, so complex that it requires 
a specifically dedicated multidisciplinary team, is based 
on a rationale and techniques by now well codified. On 
one hand, CRS allows reduction of  the neoplastic mass 
and, on the other hand, by means of  induction of  the 
cell-growth phase, the elimination of  the chemoresistant 
clones and the improvement of  the antiblastic perfusion, 
increasing tumoral chemosensitivity[21,22]. The concept of  
CRS, different from that more widespread of  debulking 
surgery, forecasts the complete removal of  the neoplastic 
implants with the possibility of  leaving residual disease 
with a maximum cut-off  value of  2.5 mm, the optimal 
target for the employment of  HIPEC[23]. For this reason 
and to evaluate the entity of  cytoreduction, we utilized 
the “Completeness of  Cytoreduction Score” (CC score) 
proposed by Sugarbaker[24]: CC-0: no disease; CC-1: re-
sidual disease with size < 2.5 mm; CC-2: residual disease 
with size included from 2.5 mm to 2.5 cm: CC-3: residual 
disease with size > 2.5 cm or confluence of  many tumor-
al nodules. While CC-0 and CC-1 are deemed optimal re-
sults thanks to the “chemical cytoreduction” performed, 
CC-2 and CC-3 are defined as incomplete cytoreduction. 
An accurate surgical technique must be combined with a 
deep knowledge of  the modalities of  tumoral dissemina-
tion inside the peritoneum. In fact, the dissemination of  
the PSM occurs by parietal and visceral surfaces and, in 
particular, in the areas where the digestive tract (rectum-
sigma, ileocecal valve and gastric antrum) is fixed to the 
retroperitoneum and peristalsis is less active. This con-
sideration justifies the fact that a complete cytoreduction 
can also require multivisceral resections. 

RATIONALE OF CHEMOHYPERTHERMIA 
The development of  chemohyperthermia finds its origins 
in the necessity to exceed the limits of  intraperitoneal 
chemotherapy performed in normothermia, represented 
by the low penetration of  cytotoxic drugs in the context 

of  the neoplastic tissue[25] and by their lack of  homog-
enous distribution caused by the postoperative adhesions. 
The essential condition for intraperitoneal treatment is 
the direct instillation of  cytotoxic drugs in the perito-
neal cavity, leading to an increase in the contact between 
chemotherapeutic and peritoneum surfaces due to the 
peritoneal-plasma barrier[26]. In fact, drugs with a high 
molecular weight containing hydrophilic groups show a 
slow rate of  movement from the peritoneal cavity into the 
plasma (peritoneal clearance). This consequently leads to 
a continuous high concentration gradient of  chemothera-
peutic drugs between the peritoneal cavity and the plasma 
compartment, with a more uniform distribution of  them 
throughout the abdominal cavity compared to systemic 
administration. An additional advantage of  intraperitoneal 
chemotherapy administration is that the blood drainage 
of  the peritoneal surface occurs via the portal vein to 
the liver, providing a detoxifying first-pass effect and an 
increased exposure of  potential hepatic micrometastases 
to cytotoxic drugs. Certain drugs are also transported 
through the lymphatics to the systemic circulation and 
consequently higher drug concentrations in the lymph 
than in the plasma are achieved. Also, the association of  
hyperthermia is based on a strict scientific rationale. In 
fact, the heat, besides having a recognized direct cytotoxic 
effect, presents a synergistic activity with some chemo-
therapeutic agents, allowing the following advantages[27]: 
a greater intracellular accumulation of  drugs, a reduction 
of  the repair of  CDDP-DNA complexes, a reduction of  
intracellular drugs detoxification, a reduction of  cellular 
proliferation, an increase of  the apoptotic fraction and a 
greater tissue penetration. Such mechanisms are further 
amplified by the chaotic structure of  the tumoral vascular-
ity that, being in charge of  a reduction of  the pH and the 
glucose and oxygen concentrations, leads to a more sensi-
tive microenvironment to the chemohyperthermic action 
in respect to healthy tissues[28-30].

TECHNIQUE
The surgical act requires an accurate phase of  prepara-
tion: on the operating table, the patient must be placed in 
the lithotomy position with the legs abducted at 90° and 
with the buttock folds advanced to the borders of  the 
operating table, a position that affords a wide access to 
the perineum. The operating table must be able to pre-
serve a good thermal equilibrium or else it is best practice 
to utilize a cooling-heating blanket on the patient. Moreo-
ver, in the preparation of  the patient it is important to 
insert a bladder catheter with three ways that allows hy-
drodistention of  the bladder during the dissection of  the 
pelvic peritoneum, an essential condition to perform this 
difficult time. A careful abdominal examination is per-
formed through a laparotomy from the xyphoid to the 
pubic area, making use of  a Thompson or Codman self-
retaining retractor. The peritonectomy is performed by 
an electrosurgical scalpel with a spherical electrode of  2-3 
mm (ball-tip electrosurgical hand piece) because the peri-
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toneal and visceral resections executed with traditional 
techniques can scatter a great number of  tumoral emboli 
around inside the abdominal cavity. Furthermore, with 
the standard dissection it is difficult to obtain a peritoneal 
surface without cancer cells because only the excision 
performed with the electrosurgical scalpel leaves a margin 
of  necrosis without vital malignant cells. The electri-
cal burn of  the neoplastic and healthy tissue at the level 
of  the resection edges not only reduces the probability 
of  residual disease but also the blood loss. The high-
voltage electrosurgical scalpel used on pure cut or spray 
must be placed on the interface between the peritoneum 
that must be removed and the healthy tissue. During this 
type of  dissection that leads to tissue carbonization, it is 
necessary to use a smoke evacuator in order to maintain 
an optimal vision of  the operating field. The aspirator is 
located 2-3 cm to the dissection field every time that the 
electrosurgical scalpel is utilized. Cytoreductive surgery 
is performed through a sequence of  manoeuvres well 
codified[31] that are carried out according to the extent of  
disease: resection of  the greater omentum, right parietal 
peritonectomy ± resection of  right colon; left upper 
side and left parietal peritonectomy ± splenectomy; right 
upper side peritonectomy, Glisson’s capsule resection, 
Morrison pouch peritonectomy; lesser omentum resec-
tion, hepatic ileus cytoreduction ± cholecystectomy ± 
total or partial stomach resection; pelvic peritonectomy ± 
sigmoid resection ± hysterectomy and bilateral annexec-
tomy; other bowel resections and/or tumoral mass resec-
tion; bowel anastomosis. Chemohyperthermia begins at 
the end of  cytoreductive surgery with the placement of  
four or five drains in the abdominal cavity. We use five 
drains, two for the infusion of  liquid, placed in the right 
subdiaphragmatic region and in pelvic pouch respectively 
and three for the effusion of  liquid, placed in the left 
subdiaphragmatic region, in the subhepatic space and in 
the shallow pelvis respectively. Continuous thermal moni-
toring is performed by six thermometric probes placed at 
the level of  the upper and lower abdomen, in inflow and 
outflow and at the level of  the rectum and esophagus 
respectively. There are many procedures for intraperito-
neal administration of  hyperthermic chemotherapy but 
those most utilized are the closed and open abdomen 
techniques. In the first option, the skin edges of  the ab-
dominal incision are temporarily closed by a continuous 
suture[32], while in the second one, the skin edges of  the 
laparotomy are covered by a patch of  plastic material and 
a smoke evacuator is placed under the plastic sheet to 
clear chemotherapy particles that may be liberated dur-
ing the procedure[33]. After that, the drains are connected 
to an extracorporeal circuit and in the open abdominal 
technique the surgeon performs a manual manipulation 
of  the intra-abdominal contents to assure a homogene-
ous distribution of  both chemotherapeutic agents and 
heat. Hence, the phase of  replenishment of  the circuit, 
defined priming, starts with the liquid chosen, on which 
optimal composition there is still no consensus. The pos-
sibilities most utilized are peritoneal dialysis solution[32], 

saline solution[34] and a solution composed of  a ratio of  2 
to 1 by Normosol R to pH 7.4 and a plasma volume ex-
pander[35]. The volume of  liquid used must be sufficiently 
copious to guarantee a constant and homogeneous heat 
in the whole peritoneal cavity, without inducing excessive 
abdominal distension and thermodilution. For a suitable 
circuit to work, a volume of  about 3-4 L is sufficient for 
the open abdomen technique while, for the closed abdo-
men technique, a volume of  about 6 L[36] is necessary. 
Therefore, the heating phase of  the perfusion begins, 
using inflow temperature of  approximately 44-46  ℃ 
until a intraperitoneal temperature oscillating from 41 to 
43  ℃ is reached when the chemotherapeutic agents are 
administered (Figure 1). The most commonly used drugs, 
in mono or poli-chemotherapy, are docetaxel[34], oxalipla-
tin[12], cisplatin, doxorubicin and mytomicin C[37]. We use 
cisplatin (25 mg/m² per liter) associated with mytomicin 
C (3.3 mg/m² per liter) for 60 min in the treatment of  
colic and gastric carcinomatosis and pseudomyxoma 
peritonei and cisplatin (43 mg/L) plus doxorubicin (15.25 
mg/L) for 90 min in the treatment of  the ovarian car-
cinomatosis and peritoneal mesothelioma. The heated 
perfusate containing the chemotherapeutic agents is ad-
ministered in the peritoneal cavity with a medium flow 
of  600-1000 L/min. At the end of  the perfusion, the 
liquid is quickly drained and, after careful control of  the 
abdominal cavity with particular attention to the possible 
“suction lesions” of  the small intestine, the surgeon pro-
ceeds to the definitive closure of  the abdominal wall. 

In succession, we report the results that we have ob-
tained at our department (unpublished data). The 1-, 3- 
and 5-year overall survival rate were 96%, 44% and 5% 
respectively, with a median survival of  33 mo for the 
whole sample (Figure 2A); for the gastrointestinal sample, 
the 1-, 3- and 4-year overall survival rate were 100%, 34% 
and 17% respectively, with a median survival of  30 mo 
(Figure 2B) and, finally, for the ovarian sample, the 1-, 3- 
and 5 year overall survival rate were 86%, 57% and 12% 
respectively with a median survival of  38 mo (Figure 2C).

FUTURE PERSPECTIVES
The peritoneal surface remains an important failure site 
for patients with abdominal, pelvic or extra abdominal 
malignancies. During the last two decades, novel thera-
peutic approaches combining CRS with HIPEC have 
emerged for peritoneal carcinomatosis patients. This 
has resulted in remarkable clinical successes in contrast 
with prior failures. However, there is still a lack of  uni-
formity in the methodology in the interaction and the 
results between the various operative techniques and 
intraperitoneal chemotherapies regimens used by vari-
ous international study groups. In fact, for this reason, 
a recent international conference was convened and a 
consensus statement on the appropriate use of  CRS and 
HIPEC was developed and adopted by the Peritoneal 
Surface Malignancy Group in an attempt to standardize 
the several procedures for this treatment[37]. However, we 
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Figure 1  Pattern of hyperthermic intraperitoneal chemotherapy. From the site: www. healthinfoispower.wordpress.com.
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Figure 2   Kaplan-Meier curves. A: Survival probability of patients submitted to cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy; B: Survival 
probability of gastrointestinal sample; C: Survival probability of ovarian sample.
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maintain that is necessary to perform several RCTs to 
standardize the technique (open or close abdomen), the 
chemotherapy regimens, the length of  time of  HIPEC, 
the temperature, the flow of  the heated perfusate and so 
on. Furthermore, we maintain that other RCTs should 
be performed in the future concerning the role of  the 
HIPEC after complete cytoreductive surgery in patients 
with colorectal cancer (CRS plus HIPEC vs CRS both fol-
lowed by best systemic therapy), the role of  upfront CRS 
plus HIPEC for long-term survival in selected patients 
with advanced stage EOC and finally, the role of  upfront 
CRS plus HIPEC for long-term survival in patients with 
gastric cancer stage Ⅲ-Ⅳ. 

REFERENCES
1	 Deraco M, Santoro N, Carraro O, Inglese MG, Rebuffoni G, 

Guadagni S, Somers DC, Vaglini M. Peritoneal carcinomato-
sis: feature of dissemination. A review. Tumori 1999; 85: 1-5 

2	 Sugarbaker PH. Carcinomatosis from gastrointestinal can-
cer. Ann Med 2004; 36: 9-22

3	 Sugarbaker PH. Managing the peritoneal surface compo-
nent of gastrointestinal cancer. Part 1. Patterns of dissemina-
tion and treatment options. Oncology (Williston Park) 2004; 
18: 51-59 

4	 Macrì A, Saladino E, Adamo V, Altavilla G, Condemi G, 
Mondello E, Sinardi A, Irato S, Famulari C. The treatment of 
peritoneal carcinomatosis in elderly patients. BMC Geriatrics 
2010; 10 Suppl 1: A11  

5	 Davies JM, O’Neil B. Peritoneal carcinomatosis of gastroin-
testinal origin: natural history and treatment options. Expert 
Opin Investig Drugs 2009; 18: 913-919 

6	 Macrì A, Maugeri I, Trimarchi G, Caminiti R, Saffioti MC, 
Incardona S, Sinardi A, Irato S, Altavilla G, Adamo V, Ver-
saci A, Famulari C. Evaluation of quality of life of patients 
submitted to cytoreductive surgery and hyperthermic in-
traperitoneal chemotherapy for peritoneal carcinosis of gas-
trointestinal and ovarian origin and identification of factors 
influencing outcome. In Vivo 2009; 23: 147-150 

7	 Verwaal VJ, van Ruth S, de Bree E, van Sloothen GW, van 
Tinteren H, Boot H, Zoetmulder FA. Randomized trial of cy-
toreduction and hyperthermic intraperitoneal chemotherapy 
versus systemic chemotherapy and palliative surgery in 
patients with peritoneal carcinomatosis of colorectal cancer. 
J Clin Oncol 2003; 21: 3737-3743 

8	 Glehen O, Kwiatkowski F, Sugarbaker PH, Elias D, Levine 
EA, De Simone M, Barone R, Yonemura Y, Cavaliere F, 
Quenet F, Gutman M, Tentes AA, Lorimier G, Bernard JL, 
Bereder JM, Porcheron J, Gomez-Portilla A, Shen P, Deraco 
M, Rat P. Cytoreductive surgery combined with periopera-
tive intraperitoneal chemotherapy for the management of 
peritoneal carcinomatosis from colorectal cancer: a multi-
institutional study. J Clin Oncol 2004; 22: 3284-3292 

9	 Deraco M, Kusamura S, Virzì S, Puccio F, Macrì A, Famulari 
C, Solazzo M, Bonomi S, Iusco DR, Baratti D. Cytoreductive 
surgery and hyperthermic intraperitoneal chemotherapy 
as upfront therapy for advanced epithelial ovarian cancer: 
multi-institutional phase-II trial. Gynecol Oncol 2011; 122: 
215-220 

10	 Markman M, Bundy BN, Alberts DS, Fowler JM, Clark-
Pearson DL, Carson LF, Wadler S, Sickel J. Phase III trial of 
standard-dose intravenous cisplatin plus paclitaxel versus 
moderately high-dose carboplatin followed by intravenous 
paclitaxel and intraperitoneal cisplatin in small-volume stage 
III ovarian carcinoma: an intergroup study of the Gyneco-
logic Oncology Group, Southwestern Oncology Group, and 

Eastern Cooperative Oncology Group. J Clin Oncol 2001; 19: 
1001-1007 

11	 Elias D, Benizri E, Di Pietrantonio D, Menegon P, Malka 
D, Raynard B. Comparison of two kinds of intraperitoneal 
chemotherapy following complete cytoreductive surgery of 
colorectal peritoneal carcinomatosis. Ann Surg Oncol 2007; 
14: 509-514 

12	 Deraco M, De Simone M, Rossi CR, Cavaliere F, Difilippo 
F, Scuderi S, Pilatti P, Kusamura S. An Italian Multicentric 
Phase II study on peritonectomy and intra peritoneal hyper-
thermic perfusion (IPHP) to treat patients with peritoneal 
mesothelioma. J Exp Clin Cancer Res 2003; 22: 41-45 

13	 González-Moreno S, Sugarbaker PH. Right hemicolectomy 
does not confer a survival advantage in patients with muci-
nous carcinoma of the appendix and peritoneal seeding. Br J 
Surg 2004; 91: 304-311 

14	 Bevan KE, Mohamed F, Moran BJ. Pseudomyxoma perito-
nei. World J Gastrointest Oncol 2010; 2: 44-50

15	 Macrì A, Saladino E, Bartolo V, Adamo V, Altavilla G, 
Mondello E, Condemi G, Sinardi A, Famulari C. Peritoneal 
carcinomatosis of colorectal origin. World J Gastrointest Oncol 
2010; 2: 98-101

16	 Yonemura Y, Kawamura T, Bandou E, Takahashi S, Sawa 
T, Matsuki N. Treatment of peritoneal dissemination from 
gastric cancer by peritonectomy and chemohyperthermic 
peritoneal perfusion. Br J Surg 2005; 92: 370-375

17	 Glehen O, Schreiber V, Cotte E, Sayag-Beaujard AC, Osin-
sky D, Freyer G, François Y, Vignal J, Gilly FN. Cytoreduc-
tive surgery and intraperitoneal chemohyperthermia for 
peritoneal carcinomatosis arising from gastric cancer. Arch 
Surg 2004; 139: 20-26 

18	 Deraco M, Baratti D, Laterza B, Balestra MR, Mingrone 
E, Macrì A, Virzì S, Puccio F, Ravenda PS, Kusamura S. 
Advanced cytoreduction as surgical standard of care and 
hyperthermic intraperitoneal chemotherapy as promising 
treatment in epithelial ovarian cancer. Eur J Surg Oncol 2011; 
37: 4-9 

19	 Fagotti A, Gallotta V, Romano F, Fanfani F, Rossitto C, 
Naldini A, Vigliotta M, Scambia G. Peritoneal carcinosis of 
ovarian origin. World J Gastrointest Oncol 2010; 2: 102-108  

20	 Deraco M, Baratti D, Cabras AD, Zaffaroni N, Perrone F, 
Villa R, Jocollè J, Balestra MR, Kusamura S, Laterza B, Pilotti 
S. Experience with peritoneal mesothelioma at the Milan 
National Cancer Institute. World J Gastrointest Oncol 2010; 2: 
76-84 

21	 Simpson-Herren L, Sanford AH? JP. Effects of surgery on 
the cell kinetics of residual tumor. Cancer Treat Rep 1976; 60: 
1749-1760 

22	 Kanter PM, Schwartz HS. Quantitative models for growth 
inhibition of human leukemia cells by antitumor anthracy-
cline derivatives. Cancer Res 1979; 39: 3661-3672 

23	 Vaglini M, Deraco M, Penacchilo E. Regional Chemotherapy 
for Solid Tumors. In: Bland KI, Daly JM, Karakousis CP. Sur-
gical Oncology: Contemporary Principles and Practice. New 
York: McGraw-Hill Medical, 2001

24	 Sugarbaker PH. Management of peritoneal-surface malig-
nancy: the surgeon’s role. Langenbecks Arch Surg 1999; 384: 
576-587 

25	 Los G, Verdegaal EM, Mutsaers PH, McVie JG. Penetration 
of carboplatin and cisplatin into rat peritoneal tumor nod-
ules after intraperitoneal chemotherapy. Cancer Chemother 
Pharmacol 1991; 28: 159-165

26	 Collins JM. Pharmacokinetics and clinical monitoring. In: 
Chabner BA, Collins JM. Cancer Chemotherapy: Principles 
and Practice. Philadelphia: JB Lippincott Co, 1990

27	 Hettinga JV, Lemstra W, Meijer C, Dam WA, Uges DR, Kon-
ings AW, De Vries EG, Kampinga HH. Mechanism of hyper-
thermic potentiation of cisplatin action in cisplatin-sensitive 
and -resistant tumour cells. Br J Cancer 1997; 75: 1735-1743 

28	 Arancia G, Crateri Trovalusci P, Mariutti G, Mondovì B. 

173WJGO|www.wjgnet.com December 15, 2011|Volume 3|Issue 12|

Macrì A et al . CSR plus HIPEC: rationale and tecniques



Ultrastructural changes induced by hyperthermia in Chinese 
hamster V79 fibroblasts. Int J Hyperthermia 1989; 5: 341-350  

29	 Gnant MF, Noll LA, Terrill RE, Wu PC, Berger AC, Nguyen 
HQ, Lans TE, Flynn BM, Libutti SK, Bartlett DL, Alexander 
HR. Isolated hepatic perfusion for lapine liver metastases: 
impact of hyperthermia on permeability of tumor neovascu-
lature. Surgery 1999; 126: 890-899 

30	 Xu M, Myerson RJ, Straube WL, Moros EG, Lagroye I, Wang 
LL, Lee JT, Roti Roti JL. Radiosensitization of heat resistant 
human tumour cells by 1 hour at 41.1 degrees C and its effect 
on DNA repair. Int J Hyperthermia 2002; 18: 385-403 

31	 Sugarbaker PH. Peritonectomy procedures. Surg Oncol Clin 
N Am 2003; 12: 703-727, xiii 

32	 Glehen O, Osinsky D, Cotte E, Kwiatkowski F, Freyer G, 
Isaac S, Trillet-Lenoir V, Sayag-Beaujard AC, François Y, Vi-
gnal J, Gilly FN. Intraperitoneal chemohyperthermia using a 
closed abdominal procedure and cytoreductive surgery for 
the treatment of peritoneal carcinomatosis: morbidity and 
mortality analysis of 216 consecutive procedures. Ann Surg 
Oncol 2003; 10: 863-869

33	 Elias D, Bonnay M, Puizillou JM, Antoun S, Demirdjian S, El 

OA, Pignon JP, Drouard-Troalen L, Ouellet JF, Ducreux M. 
Heated intra-operative intraperitoneal oxaliplatin after com-
plete resection of peritoneal carcinomatosis: pharmacokinet-
ics and tissue distribution. Ann Oncol 2002; 13: 267-272  

34	 De Simone M, Barone R, Vaira M, Aghemo B, Mioli P, 
Franco C, Scuderi S, Costamagna D, Dei Poli M. Semi-closed 
hyperthermic-antiblastic peritoneal perfusion (HAPP) in 
the treatment of peritoneal carcinosis. J Surg Oncol 2003; 82: 
138-140 

35	 Stephens AD, Alderman R, Chang D, Edwards GD, Es-
quivel J, Sebbag G, Steves MA, Sugarbaker PH. Morbidity 
and mortality analysis of 200 treatments with cytoreductive 
surgery and hyperthermic intraoperative intraperitoneal 
chemotherapy using the coliseum technique. Ann Surg Oncol 
1999; 6: 790-796 

36	 Deraco M, Raspagliesi F, Kusamura S. Management of peri-
toneal surface component of ovarian cancer. Surg Oncol Clin 
N Am 2003; 12: 561-583 

37	 Kusamura S, Baratti D, Younan R, Deraco M. The Delphi ap-
proach to Attain consensus in methodology of local regional 
therapy for peritoneal surface malignancy. J Surg Oncol 2008; 
98: 217-219  

S- Editor  Wang JL    L- Editor  Roemmele A    E- Editor  Zhang DN

174WJGO|www.wjgnet.com December 15, 2011|Volume 3|Issue 12|

Macrì A et al . CSR plus HIPEC: rationale and tecniques


