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Abstract: Port-site metastasis (PSM) is a specific and challenging complication of laparo-
scopic gynecologic oncologic procedures. Research has demonstrated that PSM is associated
with significant morbidity and poor outcome. The exact pathogenesis of PSM in gynecologic
patients is not clear. Several preventive measures of PSM have been addressed in the relevant
literature, and novel approaches to prevent this uncommon complication keep emerging. In
this review, we summarized the potential mechanisms of PSM and discuss the controversies
and merits of proposed preventive measures of PSM in gynecologic oncology. We undertook
a literature search using the Medline database to identify studies on the pathogenesis and
prevention of laparoscopic PSM. Hypotheses of PSM pathogeneses center on the immune
response, pneumoperitoneum, wound contamination, and surgical method. Cogent evidence
of effective prevention of PSM after laparoscopic surgery is lacking. Traditional preventive
actions such as irrigation and tumor manipulation should be taken individually. Insufflation
of hyperthermic CO, and humidified CO, leads to a better outcome in patients with a
malignant tumor who undergo a laparoscopic procedure compared with normal CO, pneu-
moperitoneum. Port-site resection shows no advantage in survival and results in more wound
events. PSM prevention plays a crucial part in the overall care of patients with gynecologic
malignancies who undergo laparoscopic procedures.
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Introduction

Minimally invasive surgery has become increasingly acceptable to gynecologic
oncologists thanks to its few surgical complications, rapid recovery, and good
cosmetic results. Laparoscopy has been used widely for the staging and treatment
of gynecologic tumors, and has elicited similar surgical results to those of open
surgery, but with lower surgical morbidity.

Gallotta undertook a case—control study to compare the oncologic outcome of
laparoscopy and laparotomy in early-stage ovarian cancer. They discovered that the
oncologic outcome of laparoscopy was equivalent to that of conventional open
surgery, and that laparoscopy had advantages over laparotomy in terms of duration
of the surgical procedure, blood loss, and duration of hospital stay.' Besides, the
feasibility and safety of laparoscopic secondary cytoreductive surgery in patients
with recurrent ovarian cancer were demonstrated by the same research team in
another retrospective study.”

Robot-assisted laparoscopy has overcome some difficulties associated with
conventional laparoscopy since its approval by the US Food and Drug
Administration. Robot-assisted laparoscopy has altered the landscape of minimally
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invasive gynecologic surgery.>> Expanded use of laparo-
scopic methods for different types of cancer has met with
greater awareness of their potential complications.

One of the most important complications is port-site
metastasis (PSM).>’ PSM is defined as tumor-cell implan-
tation at the site of trocar insertion after laparoscopic
resection of a malignant tumor.>*° PSM has been reported
to occur at 1%—2% of all laparoscopic procedures in
surgery.>'*
(iPSM; also known as “solitary port-site metastasis”)

gynecologic Isolated port-site metastasis
denotes tumor recurrence at trocar sites without evidence
of concomitant metastasis.'""'> Conversely, PSM with
simultaneous metastasis in other locations (“non-isolated
PSM”) is wusually regarded as a part of systemic
recurrence.’ It has not been demonstrated that all patients
with PSM carry a worse prognosis, but some studies have
suggested that the PSM associated with multilocal recur-

survival,!>!*

rence has an adverse impact upon
Management of PSM with multiple metastases follows
the general principles of treating a systematic recurrence,
but iPSM treatment is controversial.'”> The small number
of reported cases has limited the conclusions that can be
drawn regarding iPSM management. Surgical excision
alone, surgical excision and adjuvant chemoradiotherapy,
or radiotherapy alone for iPSM management have been
reported, but the outcomes have been heterogeneous.™'”
Given the small study cohorts and heterogeneous out-
comes of management, guidelines for iPSM treatment
have been lacking. The validity of preventive actions to
reduce PSM prevalence has not been demonstrated.'® New
concepts and methods for PSM prevention have appeared
in recent years.'’

We reviewed the hypotheses of PSM pathogeneses in
gynecologic oncology. In this way, we wished to summar-
ize the progress in PSM prevention and to select the
potential preventive options for patients with gynecologic

malignancies.

Materials and Methods
A literature search was undertaken using the Medline

EEINT3

database using the following terms: “laparoscopy,” “port-

EEINT3

site metastasis,” “gynecology,” and “prevention.” Articles
outlining the prevalence, potential etiologies, and modes
of prevention of PSM were selected. Abstracts, Letters to
the Editor, and Comments were excluded. The reference
lists of the initial articles were reviewed manually to

obtain additional relevant references.

Prevalence

The first report describing a case of PSM development
after laparoscopy for ovarian cancer was by Ddbronte in
1978."® Numerous studies regarding this rare complication
have been presented, and PSM has been debated for
decades.

The overall prevalence of PSM after minimally inva-
sive surgery for gynecologic cancers has been estimated to
be 0.4%-2.3% (Table 1).*'%!'51922 This prevalence is
comparable to the prevalence of wound implantation

613 iPSM is even rarer, with an esti-

after open surgery.
mated prevalence at 0.2%-0.5%.*'" Barraez reported a
low prevalence of PSM (0.9%) in 438 patients who under-
went robotic-assisted staging of endometrial cancer, and
iPSM was identified in two patients (0.45%).* Zivanovic
documented PSM in 20 of 1694 (1.18%) women who
underwent laparoscopic procedures for an intra-abdominal
malignancy.”' PSM after robotic surgery for gynecologic
malignancies has been reported to occur in 0.9%-1.9% of
cases.*'%'%2% Ndofor and collaborators reported that the
PSM prevalence after robotic surgery for gynecologic
malignancies was 1.1% (2/ 181).%°

Data have shown that cervical cancer and endometrial
cancer carry a lower risk of PSM development than that
for ovarian cancer. In a study by Martinez, laparoscopic
procedures were undertaken in 1216 patients with uterine
cancer (921 patients with cervical cancer and 295 with
endometrial cancer). The PSM prevalence in patients
with cervical cancer and in those with endometrial cancer
was 0.43% and 0.33%, respectively.15 PSM prevalence
after diagnostic laparoscopy for ovarian cancer has been
reported to vary from 16% to 47%.%>** Ataseven evalu-
ated a cohort of patients with epithelial ovarian cancer
who underwent port-site resection during primary debulk-
ing surgery immediately after diagnostic laparoscopy.
Histopathology revealed PSM in 100 of 214 patients
(46.7%).%° The high prevalence of PSM in ovarian cancer
may be due to the its invasiveness and the delayed diag-
nosis of advanced disease. Despite the extremely high
prevalence of histopathology-diagnosed PSM in patients
with ovarian cancer, the prevalence of clinically diagnosed
PSM after laparoscopic procedures for ovarian cancer is
lower. Vergote and collaborators evaluated 173 patients
with advanced ovarian cancer who underwent diagnostic
open laparoscopy. Seventy-one patients underwent com-
plete excision of port sites at the time of debulking sur-
gery. The PSM prevalence was 5% (8/171) by the clinical
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Table | The Prevalence of PSM in Published Studies
Author Tumor Types Surgical Approaches No. of Evaluated No. of Patients with Rate
Patients PSM (%)
Barraez D et al* Endometrial Robot-assisted surgery 438 4 0.9
carcinoma
Rindos N et al'® Gynecologic cancer Robot-assisted surgery 142 2 1.41
Lonnerfors C et al'’ Gynecologic cancer Robot-assisted surgery 475 9 1.9
Ndofor BT et al*® Gynecologic cancer Robot-assisted surgery 181 2 1.1
Martinez A et al'® Uterine cancer Laparoscopic surgery 1216 5 0.4
Zivanovic O et al*' Intraabdominal Laparoscopic surgery 1694 20 1.18
malignancy
Nagarsheth NP et al”*> | Gynecologic cancer Laparoscopic surgery 87 2 2.3

Abbreviation: PSM, port-site metastasis.

diagnosis and 31% (22/71) by the histopathology diagno-
sis, respectively.?

Pathogenesis

Establishing identifiable risk factors for PSM development
is challenging. The main hypotheses are the immune
response, pneumoperitoneum, wound contamination, and
surgical method.

Immune Response

Data concerning the role of the immune response in PSM
development have demonstrated that systemic immunity
seems to be better preserved after a laparoscopic procedure
than after open surgery. Also, postoperative immunologic
functions return more rapidly after laparoscopy compared
with that for an open approach, which may be conducive to
implantation of liberated tumor cells.®*® The impact of
surgical trauma on immune surveillance in tumor resistance
was demonstrated by Sylla.?” Surgical trauma induced acti-
vation of inflammatory cells. This inflammatory response
could deplete immune resources and aggravate tumor-
related alterations to the immune system. Traumatic hand-
ling of tumor tissue during a surgical procedure can result in
subsequent release of liberated tumor cells. Synchronously,
a shift in the balance of growth factors/inhibitory factors
caused by surgical trauma supports the growth and estab-
lishment of liberated tumor cells.

Carbon Dioxide (CO,)

Pneumoperitoneum

Insufflation of CO, alters the parameters of the peritoneal
microenvironment significantly. Ost demonstrated that
CO, pneumoperitoneum inhibited secretion of tumor
necrosis factor-a from peritoneal macrophages transiently,

which could contribute to PSM of transitional-cell
carcinoma.®*® Some investigations showed that tumor
growth can be stimulated by intra-abdominal pressure.
Experiments in vitro showed a nonlinear impact of CO,
insufflation pressures on the viability and proliferation of
tumor cell lines.**>° Asthana demonstrated a “U-shaped”,
dose—response effect of pneumoperitoneum pressure on
the viability of transitional carcinoma cells and Madin—
Darby canine kidney cells.”’ They described decreased
viability in all cell lines upon exposure to 5 mmHg and
10 mmHg compared with that obtained with control and
0 mmHg, whereas no effects were observed in cells
exposed to 15 mmHg of CO, pneumoperitoneum. Zheng
supplied additional information on the effect of CO, pneu-
moperitoneum on the proliferation and migration of cells
using a gastrointestinal stromal tumor line (GIST-T1).
Longer time exposure (3 h) decreased the proliferative
capabilities of GIST-T1 cells, whereas a lower pressure
(8 mmHg) could increase it. Significant promotion of cell
migration was observed upon a longer exposure time or
higher pneumoperitoneum pressure (15 mmHg).30 CO,
insufflation during laparoscopy causes an immediate
reduction of the pH of the peritoneum, resulting in an
appreciable change in the peritoneal acid—base balance
and reduced release of cytokines and free oxygen radicals.
Simultaneously, severe hypoxia caused by CO, pneumo-
peritoneum increases expression of hypoxia inducible fac-
tor-lo. and —2a. These physiologic changes are considered
to create a favorable condition for the adhesion and growth
of cells.***! Sedimentation of tumor cells at port sites due
to continuous air leakage along the trocars during laparo-
scopic procedures may be another mechanism in PSM
development, which is referred to as the “chimney
effect”.*? At the time of laparoscopy, the abdominal cavity
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becomes a closed, high-pressure container with a contin-
uous flow of gas that exits through trocar wounds.
Specimen manipulation may lead to exfoliation of
tumor cells. Turbulent airflow may transport exfoliated
tumor cells to port sites owing to microleakage through
trocars.”*>> Nevertheless, investigators have been unable
to provide ample evidence to support this hypothesis, and
it is doubtful that aerosolization of tumor cells will result

in tumor recurrence at trocar sites.>*>°

Wound Contamination

Direct contamination of trocar sites has been postulated to
be the cause of PSM. That is, malignant cells are
implanted directly in port sites during violent retrieval of
unprotected tissue or by contaminated instruments.®>>3%37
Several animal experiments have revealed that the most
common ports of tumor-cell deposition were extraction
wounds. Paolucci discovered that 55% of PSM occurred
at extraction ports.*® Another common site of PSM is the
operating port, where there are frequent exchanges of
contaminated instruments, which predisposes to implanta-
tion of tumor cells. Besides, more tumor cells were found
to deposit at operating ports than at assistants’ ports in a

study by Allardyce and collaborators.>**°

Surgical Method

It has been proposed that tumor manipulation during laparo-
scopy is an essential factor influencing the liberation,
implantation, and growth of tumor cells. The surgeon’s
experience, including surgical skills and intraoperative
manipulation of tumors, may have a significant impact
upon surgical outcomes.’>? Schneider undertook an in
vivo study to investigate the influence of surgical quality
on PSM prevalence. Preventive measures (trocar fixation,
instrument disinfection, peritoneal closure) were applied in
the preventive group, whereas standardized surgical mis-
takes were made in control group. PSM prevalence after
laparoscopy was 13.8% in the preventive group and 63.8%
in the control group, respectively.*' Polat undertook laparo-
scopic colectomy on a mouse model to investigate the effect
of different approaches of resection and manipulation on
contamination at trocar sites. In three main groups of rats,
the cecum was resected extracorporeally or intracorpore-
ally, or not resected at all. Each main group was divided
further into two subgroups according to atraumatic manip-
ulation or traumatic manipulation. They observed that rats
who underwent intracorporeal resection with traumatic
manipulation developed suffered contamination at most

port sites.** Lack of surgical experience or a shallow learn-
ing curve were also reported to be associated with increased
PSM 4344

Other Factors

Several risk factors have been presumed to participate in
PSM development. Tumor aggressiveness (tumor stage,
histology grade) seems to be a contributory factor in
PSM development.®'? Ataseven reviewed all the data of
patients with primary epithelial ovarian, peritoneal, or
fallopian-tube cancer who underwent diagnostic laparo-
scopy. In their multivariate analysis, they revealed that
patients with advanced tumor stage, lymph-node metasta-
sis, and massive ascites were more likely to develop
PSM.?> From an anatomy viewpoint, it is unlikely that
trocar implantation causes hematogenous or lymphatic
metastases.>* However, some researchers have postulated
that tumor recurrence at port sites is an outcome of hema-
togenous spread, and shown circulating tumor cells and

PSM to be accompanied by disseminated diseases.***

Prognostic Impact

The prognostic impact of PSM on survival has been evalu-
ated in several studies. In a retrospective study by Ataseven,
the association of PSM and overall survival (OS) in patients
with epithelial ovarian cancer undergoing laparoscopy before
subsequent primary debulking surgery was evaluated. In the
univariate analysis, Eastern Cooperative Oncology Group
performance status (ECOG PS) <0, high tumor stage, posi-
tive lymph-node status, ascites volume >500 mL, high-grade
serous histology, malignant pleural effusion, postoperative
residual disease >0 mm, and PSM-positivity were associated
significantly with shortened OS. However, in the multivar-
iant analysis, only high tumor stage, malignant pleural effu-
sion, and residual disease >0 mm remained independent risk
factors for shortened OS.?> Those data were consistent with
the analyses of Heitz, who revealed that ECOG PS >0, FIGO
classification of IV, and tumor residuals >1 mm had a detri-
mental impact on OS in ovarian-cancer patients after laparo-
scopy, and neither laparoscopy nor PSM had a significant
impact on survival.>* The association of PSM and worse OS
has been observed in several studies. Bogani revealed that
patients with non-iPSM after surgical treatment for endome-
trial cancer had a significantly worse OS than patients with
iPSM. However, patients with non-iPSM were more likely to
have advanced-stage disease, which reflected the poor out-
come of patients with peritoneal, lymphatic, or hematogen-
ous recurrences."> Nunez showed that PSM was associated
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with worse OS compared with that in patients with peritoneal
carcinomatosis without PSM. Meanwhile, PSM patients in
their series had a higher mean Peritoneal Cancer Index score
(>20 denotes extensive disease) and lymph-node metastasis,
which were also the risk factors of worse OS, thereby sug-
gesting that PSM was associated with extensive and more
aggressive disease.'* Those studies supporting the deleter-
ious impact of PSM on OS suggested that the adverse impact
of PSM on OS reflected the impact of aggressive malignant
disease on OS. Pearlstone elucidated that PSM associated
with distant metastasis probably has little effect on the prog-
nosis because the overall outcome is poor.*® Potential risk
factors associated with OS for female patients with malignant
disease who develop PSMs were evaluated by Zivanovic. In
their cohort, breast-cancer patients without intra-abdominal
disease were excluded because none of these patients devel-
oped PSM. The interval between laparoscopy and PSM
detection was identified as the only meaningful predictor of
survival. They found that patients with a shorter interval (<7
months) had a shorter OS (median, 12 months) than patients
who developed PSM 7 months after the laparoscopic proce-
dure (median, 37 months).?!

Prevention

Surgeons have been trying to find appropriate methods for
PSM prevention. Several measures have been proposed to
reduce PSM prevalence on the basis of small series in
humans or animals.

Patient Selection

PSM prevalence has been shown to be related to tumor
aggressiveness (higher tumor stage, high-grade histology
or large volume of ascites).*'*'*** Hence, undertaking
laparoscopy in patients with advanced disease, high-risk
histology, or ascites is not recommended.***® In their
multivariate analysis, Ataseven and collaborators identi-
fied that advanced tumor stage, positive lymph-node sta-
tus, and large-volume ascites were risk factors for PSM in
patients with epithelial ovarian cancer undergoing diag-
nostic laparoscopy.?” Their findings support the concept
that patients with advanced disease are not ideal candi-
dates for minimally invasive procedures.

Surgical Method

Despite the incompletely understood mechanism for PSM
development and lack of robust evidence of effective pre-
vention of PSM, several surgical modifications have been
proposed to reduce PSM prevalence. Modified surgical

methods to minimize the number of port-site implants

include:32,36,47750

(i) appropriate placement of trocars
with minimal trauma to tissue; (ii) anchor trocars in
place to prevent inadvertent dislodgement and sudden
desufflation; (iii) minimal manipulation of the tumor,
resection of the tumor with adequate margins, and avoid-
ance of tumor rupture; (iv) minimal requirement of
repeated withdrawal and reinsertion of a trocar, and rinsing
instrument tips in povidone iodine; (v) use of protective
bags for tissue retrieval; (vi) removing intra-abdominal
fluid before trocar removal; (vii) placement of drainage
tube before abdomen deflation; (viii) avoiding CO, leaks
and sudden desufflation; (ix) intraperitoneal application of
tumoricidal agents; (x) closure of all abdominal layers
(including the peritoneum). Some of the suggestions stated
above are unproven but should be followed meticulously.

Irrigation

Some investigators have suggested that intraperitoneal
irrigation with agents can eradicate liberated tumor cells.
Several agents have been used to reduce the PSM risk,
including tumor-static agents, antiadhesion agents, povi-

3336 Braumann

done-iodine solution, and taurolidine.
demonstrated a reduction of trocar-based tumor-cell recur-
rence when taurolidine was applied intraperitoneally.”’
Intra-abdominal application of heparin has been proposed
as a potent preventive strategy for PSM because heparin is
one of the main substances involved in adherence of tumor
cells.**** Neuhaus investigated the effect of heparin (i.p.)
on tumor-cell implantation following laparoscopy. In their
study, tumor-cell implantation and PSM were reduced
upon intraperitoneal administration of heparin.> Some
investigators found that instillation of chemotherapeutic
agents directly into the peritoneal cavity reduced cancer
spread to the resection site and peritoneal surfaces. When
injecting chemotherapeutic agents (eg, doxorubicin, cyclo-
phosphamide, methotrexate), an optimal chemotherapy
regimen and appropriate dose may be crucial. In another
experimental study by Neuhaus, a significant decrease in
tumor-cell implantation and PSM was observed in the
methotrexate group.>® Eshraghi developed a rat model to
assess the feasibility of port-site irrigation before wound
closure to minimize tumor-cell implantation at trocars.
Four treatment groups were analyzed by irrigating each
port site with sterile water, physiologic (0.9%) saline,
heparin, or 5-fluorouracil (5-FU), respectively. The 5-FU
group showed a significant decrease in metastasis when
compared with that in the control group (30% vs 81%).>*
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Importantly, one must balance the irritative side-effects of
tissue exposure to these caustic agents with the benefits of

preventing tumor-cell implantation.*>

Pneumoperitoneum Modification

Pneumoperitoneum has a crucial role in the development
of peritoneal dissemination and PSM after oncologic
laparoscopy. The insufflated CO, can cause diffuse
damage to the entire peritoneum, and promote peritoneal
dissemination of the spilled tumor cells.®*? Controversies
exist regarding the impact of helium pneumoperitoneum or
gasless laparoscopy on PSM development. Gupta and col-
laborators demonstrated less PSM in laparoscopy with
helium insufflation or gasless laparoscopy.”> However, in
the animal studies of Ludemann and Agostini and collea-
gues, advantages were not demonstrated for insufflation
with helium gas or gasless laparoscopy.’®>’ However, a
promising approach, hyperthermic CO, insufflation and
humidified CO, insufflation, has shown efficacy in pre-
venting peritoneal dissemination and PSM.'” During a
conventional laparoscopy, the peritoneum is exposed to
the cold, dry ambient air of the operating theatre (20°C,
0%— 5% relative humidity), which causes serious perito-

17.58 investigated the effect of

neal damage. Peng
hyperthermic CO, insufflation and humidified CO, insuf-
flation on the development of peritoneal dissemination.>
In their study, mice were divided into two groups and
subjected to hyperthermic CO, insufflation (43°C, >95%
humidity, HT-CO, group) or standard normothermic CO,
insufflation (21°C, <1% relative humidity, NTCO, group)
for 3 h. Peritoneal dissemination was evaluated quantita-
tively, and port sites and ascites were observed. There
were significantly fewer peritoneal nodules in the HT-
CO, group than those in the NT-CO, group, and the
mean weight of metastases in the HT-CO, group was
lower than that in the NT-CO, group. PSM was not
detected in the HT-CO, group, whereas three of 24 mice
(12.5%) in the NT-CO, group developed PSM. Slight
damage to the peritoneum was examined by histology,
and adhesions did not form after HT-CO, treatment.>’
Besides, intraperitoneal hyperthermic chemoperfusion
was found to eradicate liberated tumor cells and micro-
metastases, thereby preventing peritoneal dissemination of
tumor cells. The therapeutic effects of hyperthermic CO,
pneumoperitoneum and intraperitoneal irrigation of che-
motherapy could be integrated. Zhao explored the effect of
hyperthermic CO, pneumoperitoneum in combination with

5-FU on the proliferation and invasion of colon cancer

cells. They found inhibition of cell proliferation, transwell
cell number, and transplantation tumor weight in the
hyperthermic CO, (43°C) group,
hyperthermic CO, + 5-FU group, but the most significant

5-FU group, and
changes were observed in the group with hyperthermic
CO, insufflation in combination with 5-FU.%°

Port-Site Resection

Given the high prevalence of PSM detected in patients
who undergo port-site resection following laparoscopy,
excision of port sites seems to be an option to avoid
PSM. However, suspicions regarding the benefit of port-
site resection persist. Lago evaluated the impact of port-
site resection after laparoscopy on the oncologic outcome
of advanced ovarian cancer. They found that port-site
resection carried no advantage upon survival but resulted
in a higher prevalence of wound complications.®' Maker
also raised the question about the necessity of port-site
resection. In their study on patients with incidental gall-
bladder carcinoma, port-site resection was not associated
with improved OS or disease recurrence, and was not
recommended in patients without macroscopic PSM.%
Excision of a port site may negate the principle of mini-
mally invasive surgery (primarily the advantages of a
small wound). Moreover, the safe margin of excision is
not known.>? Based on the undesired results stated above,
some investigators propose whether it’s time to abandon
port-site resection.

Adjuvant Therapy

The hypothesis that early subsequent adjuvant therapy
after laparoscopy can reduce PSM prevalence has been
promoted by some researchers. However, in a retrospec-
tive study by Lonnerfors, all patients who developed PSM
had received adjuvant therapy for a median time of 33
(range, 8-46) days postoperatively.'®

Conclusions

PSM is an uncommon complication of laparoscopy in
gynecologic oncology. PSM is associated with wound
events and a poor prognosis. The hypotheses of PSM
pathogenesis mainly involves the immune response, pneu-
moperitoneum, wound contamination, and surgical
method. Ways to prevent PSM have been updated con-
stantly but are controversial. Strict adherence to oncologic
principles is the foundation of good surgical outcomes.
Modified surgical methods should be adopted meticu-

lously. Hyperthermic CO, insufflation and humidified
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CO, insufflation can serve as promising adjuvant treatment
for preventing PSM development. Port-site resection is not
recommended to prevent PSM in patients without macro-
scopic PSM. However, well-conducted, large, multi-insti-
tutional randomized trials are needed to verify the efficacy
of preventive measures.
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