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Abstract

Background Pelvic exenteration is potentially curative for locally advanced and recurrent pelvic cancers. Evolving technology
has facilitated the use of minimally invasive surgical (MIS) techniques in selected cases. We aimed to compare outcomes
between open and MIS pelvic exenteration.

Methods A review of comparative studies was performed. Firstly, we evaluated the differences in surgical techniques with
respect to operative time, blood loss, and margin status. Secondly, we assessed differences in 30-day morbidity and mortal-
ity rates, and length of hospital stay.

Results Four studies that directly compared open and MIS exenteration were included. Analysis was performed on 170
patients; 78.1% (n=133) had open pelvic exenteration, while 21.8% (n=37) had a MIS exenteration. The median age for
open exenteration was 57.7 years versus 63 years for MIS exenteration. Even though the operative time for MIS exentera-
tion was 83 min longer (p <0.001), it was associated with a median of 1,750mls less blood loss. The morbidity rate for MIS
exenterative group was 56.7% (n=21/37) versus 88.5% (n=2_85/96) in the open exenteration group, with pooled analysis
observing a 1.17 relative risk increase in 30-day morbidity (»p =0.172) in the open exenteration group. In addition, the MIS
cohort had a 6-day shorter length of hospital stay (p =0.04).

Conclusion MIS exenteration can be performed in highly selective cases, where there is favourable patient anatomy and
tumour characteristics. When feasible, it is associated with reduced intra-operative blood loss, shorter length of hospital
stay, and reduced morbidity.

Keywords Pelvic exenteration - Laparoscopic surgery - Robotic surgery - Surgical outcomes - Minimally invasive surgery -
Surgical complications

Pelvic exenteration surgery is a radical procedure that offers
curative potential for both locally advanced and recur-
rent pelvic cancers [1]. Pelvic exenteration (PE) was first
described by Alexander Brunschwig in 1948 as “the most
radical surgical attack for advanced pelvic cancer.” [2]. The
first series describing PE for colorectal cancer was reported
by Butcher and Spjut in 1959 [3]. In the last few decades,
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more extensive exenterative resections have been performed
for management of advanced colorectal, gynaecological,
urological, and sarcoma neoplasm [4-6]. Though these
resections pose a significant challenge for the operating sur-
geons, improved surgical techniques, technology, and recon-
structive options have facilitated more radical resections [6,
7]. Despite improved surgical options, patients still have
considerable post-operative morbidity and negative impact
to quality of life [8—10]. However, non-surgical management
options result in poor prognosis with only 3% survival at
5 years [11]. Pelvic exenteration in appropriately selected
patients offers hope of long-term survival [12].

The development of minimally invasive surgery (MIS)
has evolved substantially in recent years, especially regard-
ing pelvic surgery [13—15]. There have been sporadic low-
volume reports highlighting the potential promise for MIS
exenterative surgery; however, many reports have been
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heterogeneous in disease sub-types. In addition, some advo-
cate performing a laparoscopy initially to assess suitability
of MIS exenteration, and if favourable anatomy is present,
then proceeding with MIS exenteration could be considered
[14]. A trial to examine the role of MIS exenteration is not
feasible. This systematic review therefore aims to examine
the current evidence regarding the use of MIS techniques in
pelvic exenterative surgery for locally advanced and recur-
rent pelvic cancers and to assess surgical and survival out-
comes in comparison to open exenterative surgery.

Methods

A systematic review was performed in accordance to the
guidelines and recommendations from the preferred report-
ing items for systematic reviews and meta-analyses checklist
(PRISMA) [16]. Institutional review board approval was not
required.

Search strategy

An electronic search for relevant publications was performed
using the following resources: PubMed, Embase, Google
Scholar and the Cochrane collaboration database from 2000
to September 2017. The database was interrogated using
the following MESH search terms: “pelvic exenteration”
OR “pelvic” AND “exenteration” OR “pelvic exenteration”
AND “rectal” OR " AND “laparoscopy” OR “laparoscopy.”

The search protocol was registered on PROSPERO [17].
All titles were initially reviewed and appropriate abstracts
were screened. Each of the relevant publication references
was also screened for other applicable publications. Two
reviewers (NS, GM) independently assessed all identified
abstracts and titles of studies meeting the predetermined
selection criteria to confirm eligibility. Each reviewer
extracted the following data variables: title and study details
(first author, journal, year, country), study population char-
acteristics (number in study, gender and age). In addition,
surgical approach, operative times, blood loss, margin sta-
tus, length of hospital stay, surgical and survival outcomes
were recorded. All data were recorded independently by both
reviewers in separate databases and compared at the end of
the reviewing process to limit selection bias. The database
was also reviewed by a third person (MK) and discrepancies
or duplicates were clarified. The last date of search was 12th
September 2017.

SMD =

Inclusion criteria

To be included in the analysis, the studies had to meet
the following criteria: (a) report on patients with locally
advanced primary or recurrent pelvic malignancies; (b) the
pelvic cancer must be amenable to exenterative resection; (c)
report on minimally invasive exenterative surgery techniques
and compare directly with open exenteration; (d) report on
surgical or survival outcomes; and (e) have a clear research
methodology.

Exclusion criteria

Studies were excluded from the analysis if: (a) they did not
specifically report on locally advanced primary or recur-
rent pelvic malignancy; (b) they did not report on outcomes
following minimally invasive exenterative techniques ver-
sus open pelvic exenteration; (c) the methodology was not
clearly reported; (d) if only a conference abstract or (e) if the
data were overlapping.

Outcomes of interest

The following parameters were used in the meta-analysis to
compare the surgical approaches (open versus MIS exen-
terative resection) in the management of locally advanced
primary or recurrent pelvic cancer:

Primary

Comparison of surgical techniques with respect to operative
time, blood loss, and margin status was performed.

Secondary

Differences in associated 30-day morbidity, mortality and
length of hospital stay were assessed.

Statistical analysis

Statistical analysis was performed using Stata Data Analy-
sis and Statistical Software (Ver. 12 StataCorp LLC USA).
Binary outcome data were reported as odd ratios (OR) and
95% confidence interval (95% CI), and were estimated using
the Mantel-Haenszel method. For continuous data, standard-
ized mean differences (SMD) and 95% CI were estimated
using random effects models. SMD was calculated as [18]

new treatment improvement — standard treatment improvement

pooled standard deviation
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In our analysis, the new treatment was MIS exenteration,
compared to open exenteration as the standard treatment.
An SMD equal zero denotes equivalent effects between MIS
and open exenteration. For continuous data such as operative
length, blood loss, and length of stay, SMD less than zero
indicates that MIS is better than open, and vice versa.

Comparative parameters were recorded either as mean
and standard deviation (SD) or median and range. For con-
tinuous data, the mean and SD were estimated from the
median and range using formula described by Hozo et al.
[19]. Heterogeneity was assessed by I-squared statistics,
with >50% being considered as considerable heterogene-
ity. Statistical significance was attributed to p value <0.05.

Results
Eligible studies

1866 articles were initially identified using the search strat-
egy. After adjusting for duplicates and non-relevant arti-
cles, 39 publications were examined in detail. On full text
screening, four publications met the predefined inclusion/
exclusion criteria (Fig. 1). All studies were retrospective,
and were published between 2011 and 2016. On review of
the extracted data, there was 100% agreement between the
two reviewers. Study details, participation numbers, and
characteristics are outlined in Table 1.

Demographics
Analysis was performed on 170 patients; 78.1% (n=133)

had open pelvic exenteration, while 21.8% (n=37) had a
MIS exenteration. Table 1 outlines the histopathological
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Table 1 Study details and histopathological indication for the pelvic exenteration

Author Journal Year Country Surgical com-  Total Total MIS  Total open  Histopathol- Histopathol-
parison number of  PE patients PE patients ogy—MIS PE  ogy—Open PE
patients cohort cohort
Winters et al. Case Rep Surg 2015 USA Robotic versus 12 3 9 2 Recurrent NS (mixed)
[20] open prostate, 1
LARC
Yang et al. [21] World J Surg 2015 China  Laparoscopic 48 11 37 5 Sigmoid, NS
Oncol versus open 3 Rectal, 2
Bladder, 1
Prostate
Uehara et al. Surg Endos- 2016 Japan Laparoscopic 67 9 58 2 LARC, 4 12 LARC, 36
[22] copy versus open LRRC, 3 oth- LRRC, 10
ers (NS) others (NS)
Martinez et al.  Gynecologic 2011 France Laparoscopic 43 14 29 7 Cervical, 4 22 Cervical, 5
[23] Oncol versus open vulvar, 1 uter-  uterine, 1 vul-

ine, 1 urethra,
1 rectal

var, 1 rectal

NS not specified, LARC locally advanced rectal cancer, LRRC locally recurrent rectal cancer

Table 2 Study details, demographics, and type of pelvic exenteration

Author Median age of ~ Median age OPE cohort Median BMI  Median BMI  Exenteration classifica- Exenteration classifi-
MIS PE cohort MIS cohort open cohort  tion—MIS PE cation—open PE

Winters et al. 61 (57-78) 64 (47-75) 24 29.6 NS NS

Yang et al. 62 (30-75) 55 (35-80) 229 NS 11 TPE 37 TPE

Uehara et al. 64 (20-72) 60.5 (19-78) 21.5 21.7 9 TPE 54 TPE, 3 APE, 1 PPE

Martinez etal. 72 (40-85) 54 (33-79) NS NS 8 APE, 3 PPE,3 TPE 15 APE, 9 TPE, 5 PPE

NS not specified, TPE total pelvic exenteration, APE anterior pelvic exenteration, PPE posterior pelvic exenteration

Table 3 Operative and morbidity outcomes

Author Median Median Median blood Median blood Median Median Margin Margin posi-
operative time  operative time  loss (ml)—PE loss (ml)—open length of length of positivity—  tivity—open
(min)—MIS (min)—open PE hospital stay hospital stay MIS PE PE
PE PE (days)— (days)—
MIS PE open PE
Winters 600 (570-660) 690 (480-840) 575 (350-800) 2300 (950- 7 (7-8) 13 (8-17) 1 NS
et al. 6100)
Yang et al. 552.5 (mean NS (mean 525 NS 17.5 (mean NS 0 NS
565.2+814, 4682+51.8, (547.3+180.1, (1033 +284.6, 153+53, (224=9,
415-690) 360-560) 200-850) 670-2000) 9-23) 10-45)
Ueharaetal. 935 (716— 883 (449- 830 (283-5225) 2769 (270- 27 (23-53) 43 (19-276) 2 14
1219) 1552) 9619)
Martinez 339 (228-600) 326 (195-480) 400 ml (200- 875 ml (200— 26.5 (13-54) 28 (8-81) 3 6
et al. 700) 1600)

indication for the pelvic exenteration. The studies spanned

from 2006 to 2016. The median age for open exenteration

was 57.7 years versus 63.0 years for MIS exenteration. The
median body mass indices (BMI) for open and MIS exen-
teration were similar (22.9 vs. 25.6 respectively) (Table 2).
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Surgical differences

All four studies reported median operative times (Table 3).
MIS exenteration had an 83 min longer median operative
time (range 35—130 min, p <0.001). Pooled analysis showed
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Fig.2 Forest plot comparing
length of surgery between open
and MIS exenteration

%

SMD (95% Cl) Weight
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2 —— 1.63(0.88, 2.38) 26.43
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Overall (I-squared = 74.5%, p = 0.008) <> 0.66 (0.27, 1.05) 100.00
T E T
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Fig. 3 Forest plot compar-
ing intra-operative blood loss
between open and MIS exen-
teration %
SMD (95% CI) Weight
Winters E -1.76 (-3.27, -0.24) 14.20
Yang —o—~— -1.83(-2.60,-1.06)  27.66
Uehara E—— 0.44(-1.14,027) 2919
Martinez —o— 150 (2.21,-0.78) 2896
Overall (I-squared = 63.3%, p = 0.042) <> -1.32 (-2.02, -0.61) 100.00
NOTE: Weights are from random effects analysis E
-3.l27 I 0 3.I27

Favours MIS

that the standardized mean difference (SMD) in operative
times between MIS and Open exenteration was 0.66 (95%
CI 0.27-1.05; p=0.001; 12=74%) in favour of open exen-
teration (Fig. 2).

However, intra-operative blood loss was significantly
less in the MIS exenterative cohort, (median 550 ml
(200-5225) versus 2300 ml (200-9619), respectively).
Pooled analysis of all four studies showed the standard-
ized mean difference (SMD) between MIS and Open exen-
teration was —1.32 (95% CI —2.02 to —0.61; p =0.000;
I>=63%) in favour of MIS exenteration (Fig. 3).

Favours Open

Only two studies (Uehara and Martinez) compared the
difference in achieving clear margins (RO resection) between
MIS and open exenteration techniques. Pooled analysis
showed an Odds Ratio=1, with no statistical difference
between either exenterative methods (p =0.963) (Fig. 4).
There was only one conversion from MIS exenteration to
open exenteration reported.
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Fig.4 Forest plot comparing
margin status between open and
MIS exenteration
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Fig.5 Forest plot comparing
30-day morbidity between open
and MIS exenteration
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Post-operative outcomes

The overall morbidity rate for MIS exenterative group was
56.7% (n=21/37) versus 88.5% (n=285/96) for the open
exenterative group. Even though not statistically signifi-
cant, pooled analysis of three studies showed a 1.17 rela-
tive risk increase in 30-day morbidity (p=0.172) in the
open exenteration group (Fig. 5).

There were no 30-day mortality recorded across the
four studies; however, there was a significant difference
in the median length of hospital stay, with MIS exentera-
tive cohort staying 22 days in hospital versus 28 days for

@ Springer

Favours Open

the open exenterative cohort (p =0.04). Pooled analysis
of all four studies showed that the SMD between MIS and
Open exenteration was —0.39 (95% CI —0.77 to —0.01,
p=0.047; I’ =69%) in favour of MIS exenteration (Fig. 6).

Discussion

Pelvic exenteration remains an important surgical pro-
cedure for advanced pelvic malignancies [12]. Locally
advanced or recurrent pelvic malignancies are technically
demanding, due to involvement of several organs within
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Fig.6 Forest plot comparing
length of hospital stay between
open and MIS exenteration
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the tight confines of a narrow pelvis [5]. Since first being
described in the 1940s, there have been numerous modifi-
cations to exenterative surgical techniques that have facili-
tated more radical excisions with satisfactory short- and
long-term outcomes [24, 25].

Improved surgical techniques combined with better peri-
operative care have resulted in a substantial reduction in
peri-operative mortality, but morbidity remains variable
(27-86%) [26, 27]. There has also been increased focus
in employing minimal invasive surgical techniques for
advanced pelvic cancers. This analysis showed that MIS
exenteration is utilized in a very selective case-by-case
basis, with relatively low-volume compared to open exen-
terative surgery. When feasible it was associated with less
intra-operative blood loss and shorter length of hospital
stay, but did not impact on margin/resection status, despite
association with longer procedural times. The emergence
of laparoscopic surgery has been widely adapted for major
resections involving the colon, rectum, prostate, bladder, and
gynaecological organs [28-30]. Even in advanced abdomi-
nal neoplasms, initial laparoscopy can be performed to
assess tumour anatomy and MIS resectability [28]. Lapa-
roscopic surgery is noted to have less intra-operative blood
loss, quicker recovery, and reduced length of hospital stay
[31]. However, the role of laparoscopic surgery for multi-
visceral resection has been controversial, with sporadic
reports published. Our review shows that open exentera-
tive surgery is not always required, and MIS exenteration
is feasible when there is suitable anatomy, MIS experience,
and favourable tumour characteristics. However, with large
tumours and unfavourable anatomy (side-wall involvement,
need for sacrectomy), MIS exenteration is not suitable or

Favours Open

safe, especially when extraction of the tumour is not feasible
through small incisions or need for extensive reconstruction
options.

Pomel et al. in 2003 were first to describe the feasibility
of laparoscopic pelvic exenteration for recurrent cervical
cancer [32]. Since then, some centres have enthusiastically
advocated laparoscopic exenteration for other advanced
pelvic malignancies [33]. However, the majority of cases
are highly selective. Proponents of laparoscopic (assisted)
exenteration have cited that the excellent optics and magni-
fied views aid meticulous dissection, resulting in comparable
quality of dissection, but with less blood loss and morbid-
ity [34]. This is similar to findings in this review. To date,
gynaecologists have been keen adopters of laparoscopic
(assisted) pelvic exenteration as it is associated with smaller
wounds, quicker recovery, and reduced length of hospital
stay [23]. All of these factors would likely impact positively
on health expenditure costs.

Vasilescu et al. in 2011 reported an entirely robotic pel-
vic exenteration for recurrent endometrial carcinoma [35].
However, to date, there has been no large multicentre evalu-
ation of MIS exenterative surgery. In addition, the major-
ity of MIS exenterative procedures have been performed
in female patients, due to more favourable anatomy [21].
More evaluation is needed to assess if MIS exenteration truly
reduces post-operative pain scores, improves quality of life
and whether it positively impacts on time to commencing
adjuvant therapies (if needed) [23]. Furthermore, there has
been no large-scale assessment on the effect that MIS exen-
teration has on long-term survival.

Gadkari et al. have reported the largest series of lapa-
roscopic exenteration. In their series of 74 cases on
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laparoscopic anterior pelvic exenteration between 2005 and
2015, they reported a median operative time of 180 min and
mean blood loss of 160 ml [36]. They demonstrated that
laparoscopic exenteration is not just feasible, but that it is
comparable oncologically in terms of the quality of resection
[36]. The same group in 2014 reported ten cases of robot-
assisted anterior pelvic exenteration [37]. They observed
similar operative times and post-operative length of hospi-
tal stay, but noted reduced average blood loss (110 ml) with
no patient needing blood transfusion. Again, they showed
that robot-assisted exenteration provided good oncological
resections, with no positive margins [37].

Despite these findings, widespread adoption of MIS
exenteration is unlikely at present, as the number of patients
deemed suitable for MIS exenteration is low, surgeon experi-
ence is limited and there remains a steep learning curve [33].
In addition, there are no data on long-term survival (5-year
follow-up), or a cost-effective analysis that supports its role.
This article serves to raise increased consideration of MIS
exenteration as a reasonable option in suitable patients.
However, selection bias issues must be acknowledged as
the evidence concerning MIS exenteration is retrospective
from single centres with small sample size and short-term
follow-up.

Pelvic exenteration covers a heterogeneous group of
multi-visceral surgical procedures. This meta-analysis has
shown that MIS exenterative surgery is feasible in highly
selected cases, with favourable tumour anatomy. MIS exen-
terative surgery is associated with reduced intra-operative
blood loss but similar pathological resection rates. It is not
associated with increased morbidity rates; however, there
remains a lack of data regarding long-term oncological
safety. Ultimately, MIS exenteration may not be a goal in
itself, but its utilization in exenterative surgery should be
explored.

Conclusion

Minimally invasive pelvic exenteration is feasible, but on
highly selected cases with favourable anatomy and therefore
caution is warranted. However, when feasible, MIS exentera-
tion can have reduced intra-operative blood loss and length
of hospital stay, with no adverse impact on resectability.
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