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Summary

Open cytoreductive surgery (CRS) plus hyperthermic intraperitoneal chemotherapy (HIPEC) is still considered the 
golden standard of treatment, but for well-selected patients, minimally invasive surgery is showing promising results in 
reducing overall morbidity and hospital stay with no apparent consequences on long-term outcomes. One area where 
minimally invasive modalities bring evident benefits is risk-reducing CRS plus HIPEC where usually the overall bulk of 
resections being made are procedures where laparoscopy already is the golden standard of treatment. We present a case 
series of three patients with type II low-grade appendiceal mucinous neoplasm (LAMN) who, after reviewing the patho-
logical and radiological findings, were selected for risk-reducing laparoscopic CRS and HIPEC. One of the patients was 
converted to open surgery due to discrepancies between the intraoperative findings and the preoperative radiological as-
sessment. The median follow-up was 17 months with no recurrence found. A review of the Pubmed database was per-
formed and was in congruence with our experience: The role of laparoscopic CRS plus HIPEC in well-selected patients 
surpasses diagnostic or palliative purposes and is an important option especially when speaking about risk-reducing sur-
geries with several benefits concerning morbidity and noninferiority in long-term oncological outcomes.
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INTRODUCTION

Although terms like Jelly belly (1) (gelatinous 
masses filling the abdominal cavity) and omental 
cake (2) (infiltration and encompassment of the 
omentum by mucinous deposits) might seem en-
dearing and less than serious, pseudomyxoma 
peritonei is well recognized as a severe condition, 
usually as a result of low-grade appendiceal muci-
nous neoplasms (LAMN) or low-grade mesothe-
lioma with historically abysmal results in treat-
ment. Even Werth, who was the first to describe 
the pathology of the disease in 1884, acknowl-
edged its severity and spoke of frequent fatal out-
comes (3).

With the introduction of cytoreductive sur-
gery (CRS) followed by hyperthermic intraperito-

neal chemotherapy (HIPEC), the prognosis of pa-
tients with pseudomyxoma peritonei has improved 
dramatically. The results of the studies reported a 
20-year overall survival (OS) of greater than 70% 
(bearing in mind the correlation of OS with the In-
dex of peritoneal cancer (PCI), introduced by Sug-
arbaker - OS at the 10-year mark falls to 55% with 
PCI greater than 21)(4,5). Open CRS plus HIPEC is 
still considered the golden standard of treatment 
but for well-selected patients, minimally invasive 
surgery is showing promising results in reducing 
overall morbidity and hospital stay with no 
 apparent consequences on long-term outcomes 
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(4,6-9). This is especially true for risk-reducing 
CRS plus HIPEC where usually the overall bulk of 
resections being made are procedures where lapa-
roscopy already is the golden standard of treat-
ment. Risk-reducing CRS with HIPEC refers to the 
treatment of type II LAMN where global intraab-
dominal dissemination has not yet occurred, but 
the surgery is being performed to prevent the lat-
ter from happening. Our paper aims to present a 
case series where risk-reducing laparoscopic CRS 
and HIPEC were used with a review of literature 
stressing the role of minimally invasive surgery in 
the treatment of type II LAMN.

METHODS

We present a series of three cases of patients 
who, after reviewing the pathological and radio-
logical findings, were selected for risk-reducing 
laparoscopic CRS and HIPEC. We additionally 
searched of the Pubmed database to review the lit-
erature on the role of minimally invasive CRS and 
HIPEC and adequate patient selection.

RESULTS

All patients were referred to our institution 
from other centers after laparoscopic appendecto-
my with a pathohistological diagnosis of type II 

LAMN. After clinical and radiological evaluation, 
the three patients were selected for minimally in-
vasive treatment with one of the patients being 
converted to open surgery due to discrepancies 
between the intraoperative findings and the pre-
operative radiological assessment. The median 
follow-up was 17 months with no recurrence 
found (Table 1.) A review of the Pubmed database 
was performed in December of 2022. with key-
words: laparoscopy, HIPEC, CRS, and LAMN.

CASE ONE

A 47-year-old patient was referred to our in-
stitution after a type II low-grade appendiceal 
mucinous neoplasm (LAMN) was diagnosed dur-
ing the pathohistological examination of the ur-
gent appendectomy specimen. No signs of in-
traabdominal disease spread were observed on 
radiological evaluation, and laparoscopic risk-re-
ducing CRS with HIPEC was planned. A supra-
umbilical incision was made with CO2 insufflation 
via the Veress needle to achieve a pneumoperito-
neum of 12 mmHg. The optical 10 mm trocar was 
placed on the left side in the medioclavicular line 
and under visual supervision the remaining tro-
cars and instruments were placed: a 12 mm trocar 
in the medioclavicular line on the left side above 
the optical trocar and a 5mm trocar beneath it. An 
additional 5 mm trocar was introduced supraum-
bilically on the Veress needle entry site. A stan-

Table 1.
An overview of the basic characteristics of the patients in the three presented cases

Case 1 Case 2 Case 3
Gender male male female
Age 47 59 28
Prior surgeries Lap. appendectomy Lap. appendectomy Lap. appendectomy
PCI 2 7 0
CC 0 0 0
HIPEC drugs Mitomycin, Doxorubicin Mitomycin, Doxorubicin Mitomycin
Operative time
(including drug perfusion) 250 min 405 min 260 min

Extent of surgery
Right colectomy, falciform  
and round ligament excision, 
peritonectomy

Right colectomy, falciform  
and round ligament excision, 
omentectomy, peritonectomy

Right colectomy

Conversion - + -

Postoperative complications - - Pneumothorax
(Clavien-Dindo gr. IIIa)

Hospital stay (days) 8 8 7
Follow-up 17 months 14 months 38 months
Recurrence no no no
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dardized exploration of the peritoneal cavity was 
performed and PCI was assessed. It was calculat-
ed as two so we continued the laparoscopic proce-
dure. Intraoperative findings included status after 
appendectomy and mucinous deposits surround-
ing the cecum and along the right paracolic sul-
cus. The surgical resection included falciform liga-
ment and round ligament excision, peritonectomy 
of the affected area, and right colectomy with ex-
tracorporeal ileotransversal anastomosis. The 
sight of the mini-median laparotomy for specimen 
extraction was closed after three temperature 
probes were placed and fixed intraabdominally. 
Under camera supervision, four intraabdominal 
drains were placed - two inflow drains on the left 
side using the trocar entry sites, and two outflow 
drains on the right side. Finally, a HIPEC protocol 
was used consisting of mitomycin and doxorubi-
cin, with perfusion time being 60 minutes at 42 
degrees Celsius (Figure 1). Pathohistological ex-
amination showed clear resection margins. The 
postoperative recovery was uneventful, and the 
patient was discharged on the eighth postopera-
tive day with no recurrence during the 17 months 
of postoperative surveillance.

CASE TWO

A 59-year-old patient was referred to our in-
stitution after being diagnosed with type II LAMN 
(T4aNxM1a). A laparoscopic appendectomy was 
performed in another center, and a pathohistolog-
ical examination revealed a positive resection 
margin at the base of the appendix. After clinical 

and radiological evaluation, laparoscopic CRS 
with HIPEC was planned. The pneumoperitone-
um and the access were as described in Case one 
(see above). During laparoscopic exploration, 
peritoneal deposits of the right subphrenium and 
in the Morisson space were found, and we decid-
ed to convert to an open surgery procedure. We 
performed a right colectomy with ileotransversal 
anastomosis and hepatic mobilization to alleviate 
the right subphrenic peritonectomy. Small muci-
nous deposits on the small bowel mesentery and 
the liver surface were electrocauterized. The falci-
form ligament and omentum were excised and 
sent to pathohistological examination. We used a 
closed-abdomen HIPEC system to deliver doxoru-
bicin and mitomycin under 42 degrees Celsius 
with a perfusion time of 101 minutes. Intraopera-
tive PCI was calculated as 7. The pathohistological 
examination showed clear resection margins and 
17 lymph nodes without malignant infiltration. 
The patient was discharged on the eighth postop-
erative day without any complications. Postoper-
ative surveillance (14 months) showed no recur-
rence.

CASE THREE

A 28-year-old female patient was referred to 
our institution with a diagnosis of type II LAMN 
(laparoscopic appendectomy was performed in 
another center). After clinical and radiological ex-
amination, laparoscopic CRS with HIPEC was 
planned. The trocar arrangement was as described 
in Case one (see above). Intraoperatively, no signs 
of intraabdominal deposits were found. A right 
colectomy was performed with an extracorporeal 
anastomosis (Figure 2). We used the same laparo-
scopic HIPEC system as was presented in Case 
one (see above). The HIPEC procedure involved 
the perfusion of mitomycin at 42 degrees Celsius 
for 60 minutes. PCI score was 0. However, on the 
fourth postoperative day, the patient developed 
dyspnea which led to the placement of a thoracic 
drainage for a radiologically verified pneumotho-
rax. After the removal of drainage on the fifth 
postoperative day the patient had no further com-
plications and was discharged on the 7th postop-
erative day in good condition. Postoperative sur-
veillance showed no recurrence. 24 months after 
the procedure the patient delivered a baby after an 
uneventful pregnancy.

Figure 1. Arrangement of drains and temperature probes during 
laparoscopic HIPEC
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DISCUSSION

Low-grade appendiceal mucinous neoplasm 
(LAMN) as a subgroup of epithelial mucinous 
neoplasms of the appendix is a rare condition 
found in up to 2% of appendectomy speci-
mens(10). According to the PSOGI 2016. classifica-
tion(1) LAMN are divided into type I and II (non-
perforated (type I) versus perforated appendix 
with mucinous deposits found outside the appen-
dix lumen (type II)). A distinct characteristic of 
LAMN is that it rarely shows lymphatic and he-
matologic dissemination but inherently carries the 
hazard of peritoneal spread causing a malignant 
condition called pseudomyxoma peritonei(11). 
With type II LAMN there is no real consensus on 
an adequate treatment modality. Studies that pro-
moted the watch-and-wait option (meaning ap-
pendectomy as the only and sufficient treatment 
with periodical radiological surveillance) defend-
ed this position with low recurrence rates in radi-
cally resected LAMN, even with local extra ap-
pendiceal mucinous deposits. Furthermore, addi-
tional procedures after appendectomy were 
accompanied with a risk of perioperative morbid-
ity (open CRS plus HIPEC have been associated 

with grade III and IV morbidity by the Clavien-
Dindo classification(12-14). Guaglio et al. found a 
recurrence in 4.9% of patients while a much larger 
number (51.2%) had evidence of extraapendiceal 
mucin intraoperatively during appendectomy(15). 
This being said, a disparate predisposition for in-
traperitoneal recurrence has been found with acel-
lular versus cellular mucinous deposits (4-8% and 
33-75% respectively)(5). We would like to argue 
that in well-selected patients laparoscopic CRS + 
HIPEC largely mitigates the major perioperative 
complications seen in open surgery. We have 
found that an adequate pathohistological descrip-
tion of the cellularity of mucinous deposits in cas-
es of perforated appendix is seldom given. The 
watch-and-wait modality could also cause dis-
comfort and anxiety in patients decreasing there-
by quality of life. In the third case, the young fe-
male patient we described would have not been 
able to carry out a pregnancy with the high radia-
tion doses brought on by CT surveillance. Search-
ing the Pubmed database from the year 2000 on-
ward, we found thirteen studies that evaluated the 
effectivness of laparoscopic CRS plus HIPEC for 
treating a rare disease. Due to the generally low 
incidence of the disease, and the above-mentioned 
lack of consensus on its treatment, all of the stud-
ies dealt with a lower number of patients exam-
ined. The largest cohort consisted of only eighteen 
patients who underwent laparoscopic surgery(6). 
Our experience is in concordance with the men-
tioned studies which found that long-term out-
comes between laparoscopic and open CRS+HIPEC 
are comparable with those in open procedures 
while decreasing overall postoperative complica-
tions and shortening the length of hospital stay(4-
6,16). Because all of our cases were considered to 
be risk-reducing surgeries, the expected PCI was 
low and not an issue, but when the degree of dis-
semination is suspected, most studies use PCI as a 
selection criterion for laparoscopy, with a cut-off 
value of 10, without prior major intraabdominal 
surgery(6,8,17,18). Principles used intraoperative-
ly were the ones proposed by Sugarbaker. Nay-
sayers of the minimally invasive modality men-
tion a significantly prolonged operative time com-
pared to open surgery. The latter loses importance 
as the learning curve progresses(5). We have not 
found this point to be an issue since all laparo-
scopic operations have been performed by experi-
enced laparoscopic surgeons (P.M. and E.K.) Con-

Figure 2. The intraoperative/surgical specimen
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cerns have also been made about the possibility of 
laparoscopy underestimating disease ex-
tent(16,19). We therefore stress the importance of 
the quality of preoperative radiological imaging 
and a standardised laparoscopic examination of 
the abdominal cavity. One of the three patients in 
our series was converted to open surgery due to 
discrepancies between the preoperative radiologi-
cal assessment and the intraoperative finding.

CONCLUSION

Laparoscopic CRS with HIPEC is a feasible 
and beneficial treatment modality in selected pa-
tients with most of the literature including selec-
tion criteria as a PCI cut-off of 10 and no major 
prior intraabdominal surgery. In Case two, we 
converted to open surgery due to discrepancies 
between the preoperative radiological evaluation 
and the intraoperative finding. This stresses the 
importance of quality preoperative radiological 
imaging. A standardized and systematic abdomi-
nal exploration is crucial so that the extent of the 
disease will not be underestimated. The role of 
laparoscopic CRS with HIPEC in well-selected pa-
tients therefore surpasses diagnostic or palliative 
purposes and is an important option especially 
when speaking about risk-reducing surgeries with 
several benefits concerning the morbidity of pa-
tients and no difference in long-term oncological 
outcomes.
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Sažetak

LAPAROSKOPIJA U PREVENTIVNOJ CITOREDUKCIJI I HIPEC-U KOD TIPA II  
LAMN-A (PRIKAZ SERIJE SLUČAJA TE PREGLED LITERATURE)

V. Biošić, E. Kinda, P. Matošević

Kad je riječ o citoredukciji i HIPEC-u, otvorena kirurgija se još uvijek smatra zlatnim standardom liječenja. Za dobro 
selekcionirane pacijente minimalno invazivna kirurgija ipak pokazuje obećavajuće rezultate uz smanjenje morbiditeta i 
dužine hospitalizacije te bez očitih negativnih posljedica na dugoročne onkološke ishode. Područje gdje su prednosti lapa-
roskopije posebno uočljive su preventivni zahvati u liječenju tipa II mucinoznih neoplazmi apendiksa niskog gradusa gdje 
opseg kirurškog zahvata obično uključuje procedure u kojima je zlatni standard ionako minimalno invazivna kirurgija. U 
ovom radu prikazujemo seriju od tri pacijenta gdje je korištena preventivna laparoskopska citoreduktivna kirurgija te  
HIPEC pri čemu je u jednog pacijenta zahvat konvertiran u otvoreni zbog diskrepance između preoperativnog radiološkog 
nalaza te intraoperativnog stanja. Median postoperativnog praćenja je 17 mjeseci bez nađene progresije bolesti. Učinjeni 
pregled literature slaže se s našim iskustvom: uloga laparoskopije kod citoredukcije i HIPEC-a u dobro selekcioniranih 
 pacijenta nadilazi dijagnostičke i palijativne mogućnosti i važan je modalitet liječenja osobito kod preventivnih zahvata s 
jasnim benefitima vezanim za morbiditet pacijenata te bez razlike u dugotrajnim onkološkim ishodima u usporedbi s otvo-
renom kirurgijom.
KLJUČNE RIJEČI: laparoskopija, CRS, HIPEC, LAMN


