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Abstract

Background The difficulty of performing total mesorectal excision (TME) for rectal cancer partly relies on the surgeon’s
subjective assessment of the individual patient’s pelvic anatomy and tumour characteristics, which generally influences the
choice of platform used (open, laparoscopic, robotic or trans-anal surgery). Recent studies have found associations between
several anatomical pelvic measurements and surgical difficulty. The aim of this study was to systematically review exist-
ing data reporting the use of magnetic resonance imaging (MRI)-based pelvic measurements to predict technical difficulty
and outcomes of TME, and determine whether pelvimetry could optimise patient-specific selection of a particular surgical
approach.

Methods MEDLINE, Embase and Cochrane Library databases were systematically searched for studies reporting MRI-
based pelvic measurements in patients undergoing surgery for rectal cancer, and the effect of these measurements on surgical
difficulty.

Results Eleven studies reporting the association between MRI-pelvimetry measurements and rectal cancer surgical outcomes
were included. Indicators for surgical difficulty used in the included studies were involved circumferential resection margin,
longer operative time, incomplete TME, higher blood loss, anastomotic leak, conversion to open surgery and overall com-
plications. Bony pelvic measurements which were associated with increased surgical difficulty in more than one study were
a smaller interspinous distance, a smaller intertubercle distance, a smaller pelvic inlet and larger pubic tubercle height. Two
studies identified larger mesorectal fat area as a predictor of surgical difficulty.

Conclusions Bony pelvic measurements may predict surgical difficulty during TME, however, use of different indicators of
difficulty limit comparison between studies. Early data suggest MRI soft tissue measurements may predict surgical difficulty
and warrants further investigation.
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Introduction

Both completeness of the TME (i.e. an intact fascia pro-
04 J.S.-Y. Hong pria) and the circumferential resection margin (CRM) are

drjonhong @gmail.com well established as important predictors of local and distant
recurrence after operation for rectal cancer [1-3]. The colo-
rectal surgeon has the choice of four platforms (open, lapa-
roscopic, robotic or transanal surgery) which can be used in
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to achieve precise mesorectal dissection. Certain patient
factors may further affect surgical access to the pelvis
and thereby make rectal cancer surgery even more dif-
ficult (the “difficult pelvis”). For example, on average,
the true male pelvis is anatomically narrower than that of
a female, while patients with a higher body mass index
(BMI) have a greater volume of visceral fat, limiting the
ability to retract pelvic viscera and, therefore, access to
the rectum. There is no widely accepted objective defini-
tion of the “difficult pelvis”, and current practice relies on
the surgeon’s subjective clinical assessment. This intui-
tion often drives the surgeon’s choice between a mini-
mally invasive or open approach in an individual patient.
Pelvimetry refers to radiologically measured pelvic
dimensions and, was originally used to assess the likeli-
hood of successful vaginal delivery [4]. More recently,
it has been used to predict the difficulty of rectal resec-
tion. Several studies have found associations between par-
ticular pelvic measurements (bony and soft tissue) and
surgical difficulty for both open and minimally invasive
approaches, where a number of parameters have been used
to reflect operative difficulty (involved resection margins,
conversion to open surgery in the case of minimally inva-
sive surgery, operating time or blood loss) [5-15]. The
aim of this study was to systematically review existing
data reporting the use of MRI-based bony and soft tissue
pelvic measurements, to predict the technical difficulty
and oncological outcomes of rectal cancer surgery using
open and minimally invasive approaches. This was with
a view to defining the ‘difficult pelvis’ surgically, and
determining whether pelvimetry could optimise patient-
specific selection of a particular surgical approach.

Materials and methods
Search strategy

The systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement. Electronic searches
of MEDLINE/PubMed, EMBASE and the Cochrane Cen-
tral Register of Controlled Trials were conducted. MeSH
term pelvimetry and related text words (including MeSH
term ‘pelvimetry’, or text words pelvic measurements,
dimensions, anatomy or volume) were combined with the
MeSH terms ‘Magnetic resonance imaging’ and ‘Rectal
neoplasms’ or related text words using the Boolean opera-
tor AND. No search limits were set. The final search was
performed on 10th September 2019.

@ Springer

Inclusion and exclusion criteria

All studies reporting the use of MRI to measure pelvic
bony or soft tissue measurements, dimensions or volumes,
and the effect of these measurements on rectal cancer sur-
gical outcomes were included. The primary outcome of
interest was surgical difficulty, which may be defined using
pathological parameters (e.g. involved resection margins),
conversion to open surgery in the case of minimally inva-
sive surgery, operating time, blood loss, or a combina-
tion of such factors. Studies were excluded if an imag-
ing modality other than MRI was used or not reported
separately, the outcomes of surgery were not reported
or pelvic measurements were not reported. The article
types of reviews, technical notes, comments, conference
abstracts and letters were not included. Only studies in
the English language were included. Where a single insti-
tution had published multiple reports with accumulating
patient cohorts, the largest or most informative study was
included. Citation lists were manually searched for studies
not identified in the initial search.

Study selection

After removal of duplicate search results, the title and
abstract of all retrieved citations was reviewed by a single
author for potential eligibility. Two authors (KGMB and
JW) independently assessed those abstracts identified as
potentially eligible in full text and according to the inclu-
sion and exclusion criteria. Differences of opinion between
reviewers were discussed with a senior investigator (JH).

Appraisal of internal validity or risk of bias using a
standardised approach was not feasible in this systematic
review as the included studies were case series with no
controlled intervention studies.

Results

Eleven eligible studies including a total of 1270 patients
were identified during the search and included in this
review (Fig. 1). Included studies are summarized in
Table 1 and all were published within the last 15 years
(from 2005 to 2019). Four studies included patients who
had laparoscopic TME [9, 10, 13, 14], while three studies
included patients who had robotic TME [11, 13, 15]. Eight
studies categorised patients according to low, mid or high
rectal tumours, in which 65-100% of patients had a low or
mid rectal tumour (Table 1). The majority of patients in all
included studies had TME with primary rectal anastomosis
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Fig. 1 PRISMA flow chart of selection of studies for review

(53-100%), while 0-33% and 0-14% had abdominoper-
ineal resection and a Hartmann’s procedure, respectively.

Seven studies investigated pelvic measurements based on
bony landmarks alone (Table 2), while three investigated
both soft tissue and bony dimensions, and one investigated
soft tissue dimensions only (Table 3). Indicators for surgi-
cal difficulty used in the included studies were involvement
CRM [six studies], longer operative time [five studies],
incomplete TME (one study), higher blood loss (one study),
anastomotic leak (one study), conversion to open surgery
(one study), overall complications (one study). One study
used a composite scoring system which incorporated multi-
ple parameters to reflect surgical difficulty [13].

Bone measurements

A smaller interspinous distance (IS, Fig. 2) was associated
with increasing surgical difficulty in three studies (Tables 2,
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3). Boyle and colleagues showed that in 25 female patients
who were predicted to have a negative CRM prior to open
rectal cancer surgery, a smaller IS was associated with path-
ological CRM positivity (97.3 mm vs 110.4 mm, p=0.031)
during open surgery [5]. Baik et al. demonstrated that on
multivariate analysis, a smaller IS was associated with both
incomplete TME (RR 0.502; 95% CI 0.269-0.936) and an
involved circumferential resection margin (RR 0.388; 95%
CI0.195-0.770) [7]. In a retrospective analysis of the Euro-
pean MRI and Rectal Cancer Surgery (EuMaRCS) study,
which included 170 patients undergoing laparoscopic TME,
de’Angelis et al. demonstrated a relationship between a
smaller IS and conversion to open surgery (odds ratio 0.85;
95% C10.74-0.97; p=0.018) [14].

Three studies demonstrated an association between a
smaller intertubercle distance (IT, Fig. 3) and surgical dif-
ficulty (Tables 2, 3). de’Angelis et al. showed that patients
with a larger IT were less likely to develop postoperative
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Fig.2 Measurement of the interspinous distance on axial magnetic
resonance imaging of the pelvis (T2-weighted)

complications after laparoscopic TME (odds ratio 0.85;
95% CI 0.74-0.97; p=0.018) [14], while Kim and col-
leagues identified a smaller IT (less than 8.9 cm) as an
independent predictor of longer laparoscopic pelvic dissec-
tion time (p =0.034) [10]. Escal et al. demonstrated that an
IT>10.1 cm was associated with increased surgical diffi-
culty according to their composite score described above
(OR 0.35;95% CI1 0.12-0.94; p=0.041) [13].

Three studies found an association between size of the
pelvic inlet and surgical difficulty [5, 7, 12]. Boyle and col-
leagues showed that in the subgroup of female patients who
were predicted to have a negative CRM, a smaller pelvic
inlet (measured as the anterior—posterior distance) was
associated with CRM involvement (107 mm vs 116.1 mm,
p=0.017) [5]. Baik et al. demonstrated that a smaller obstet-
ric conjugate (distance from the sacral promontory to the
top of the pubic symphysis) is associated with a higher risk
of incomplete TME on multivariate analysis (RR 0.472;
95% CI 0.248-0.897) [7]. Atasoy and colleagues identified
a smaller pelvic inlet as an independent predictor of blood
loss (p=0.004) [12].

Mesorectal fat area>20-7 cm2

Associated pelvic measurement
Smaller IS

Larger pubic tubercle height

Smaller IT

No associated measurement
Bone and soft tissue Longer pelvic dissection time Larger mesorectal fat area>26.0 cm®  68°

IT<10.1 cm

Difficulty indicator
Positive CRM
Postoperative complications

Bone and soft tissue  Surgical difficulty grade®

Pelvimetry type

Soft Tissue
50 patients who had surgery (8 patient did not have rectal resection)

#Grade based on duration of surgery > 300 min, conversion to open procedure, use of transanal dissection, posteroperative hospital stay > 15 days, blood loss >200 ml, morbidity (grade II and

1)

Table 3 Operative outcomes from studies reporting pelvimetry data based on soft tissue dimensions

CRM circumferential resection margin, TME total mesorectal excision

de’Angelis Bone and soft tissue Conversion to open surgery

Pelvic dissection time

‘N

Author
Boyle®
Escal
Yamaoka
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Fig.3 Measurement of the intertubercle distance on axial magnetic
resonance imaging of the pelvis (T2-weighted)

Pubic tubercle height was found to be associated with
surgical difficulty in two studies [6, 14]. The pubic tuber-
cle height was not described, but was taken to be defined
as the superior aspect of the pubic tubercle to the inferior
aspect of the pubic symphysis. de’Angelis et al. showed that
larger pubic tubercle height was associated with conversion
to open during laparoscopic TME (odds ratio 1.28; 95% CI
1.01-1.61; p=0.042) [14], while Salerno et al. showed an
association between larger pubic tubercle height and CRM
involvement during open surgery (mean tubercle height 2.8
vs. 2.38 cm; p=0.046) [6].

Soft tissue measurements

Of four studies which investigated soft tissue pelvic meas-
urements, two identified mesenteric fat area (MFA) as a pre-
dictor of surgical difficulty [13, 15]. Yamaoka demonstrated
that a on multivariate analysis of 98 patients undergoing
robotic TME, a larger MFA area (>26.0 cm?) was the only
independent predictor of increased pelvic dissection time
(p=0.009) [15]. The MFA was calculated by manually
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Fig.4 Tracing the mesorectal fascia on axial magnetic resonance
imaging (T2-weighted), at the level of the ischial spine, which can be
used to calculate the mesorectal fat area

tracing the mesorectal and rectal contours on axial MRI
images, at the level of the 5th sacral vertebrae, giving the
mesorectal area from which the rectal area was subtracted.
Escal et al. showed that a larger MFA (>20.7 cm?) was
associated with increased surgical difficulty according to
their composite score described below (OR 2.69; 95% CI
1.00-7.25; p=0.051) [13]. The MFA was calculated using
the same technique, but based on axial images at the level
of the ischial spine (Fig. 4).

Surgical difficulty scoring systems

Escal and colleagues used an ‘in house’ composite score
for surgical difficulty ranging from O (no difficulty) to 12
(high difficulty), incorporating six parameters: operating
time > 300 min, conversion to open surgery, use of transa-
nal dissection (performed to avoid conversion to open),
postoperative hospital stay > 15 days, blood loss > 200 ml,
and morbidity (Clavien Dindo grade II and III)[13]. Four
factors (two pelvimetric) were found to be associated with
higher surgical difficulty (difficulty score > 6): BMI> 30 kg/

@ Springer
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m? (p=0.021), need for coloanal anastomosis (p=0.034),
IT distance < 10.1 cm (p=0-041) and MFA >20-7 c¢m?
(p=0.051). The authors proposed a surgical difficulty score
that could be used preoperatively to predict surgical diffi-
culty, ranging from O to 4, based on the presence or absence
of the above factors.

Kim and colleagues categorised patients having laparo-
scopic TME as easy, moderate or difficult based on the pres-
ence of risk factors for longer pelvic dissection time [10].
Their study found that longer sacrum length, shallow sacral
depth (Fig. 5), shorter IT distance, and tumor size were
independent predictors of pelvic dissection time (p=0.015,
p<0.001, p=0.032, p=0.028, respectively). The lower or
upper quartile of each of these variables were defined as
risk factors for surgical difficulty, and patients were catego-
rised in easy (no risk factors), moderate [1-2 riskfactors]
and difficult groups (>3 risk factors). The authors found
that patients in the difficult group had a longer mean pelvic
dissection time (p < 0.001), high intraoperative transfusion
requirement (P =0.032) and were more likely to have an
incomplete TME (p=0.032). A subsequent study by the
same unit found no relationship between any pelvimetric
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Fig.5 Measurement of the sacral length and sacral depth on sagittal
magnetic resonance imaging of the pelvis (T2-weighted)
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parameters and operating time in patients undergoing robotic
TME, and when patients were grouped based on the same
risk factors as identified in the previous study, categorised
patients, there was no difference between the groups in terms
of operative and pathologic outcomes, including operation
time [11].

Discussion

This systematic review of 11 studies included 1270 patients
who had open or minimally invasive TME for rectal cancer,
where pelvimetry data based on preoperative MRI was used
to identify predictors of surgical difficulty. These studies
used a number of parameters alone or in combination to
define surgical difficulty, including involved circumferen-
tial resection margins, TME specimen quality, conversion
to open surgery from laparoscopic, use of transanal dissec-
tion (to avoid conversion to open surgery), operating time,
complications and blood loss. Pelvimetric parameters shown
to be associated with surgical difficulty in more than one
study were a smaller IT or IS distance, a smaller pelvic inlet,
a larger pubic tubercle height, and a larger MFA. Several
other angles and distances are associated with difficult rec-
tal surgery in individual studies, but were not replicated in
subsequent studies.

The majority of studies in this review used bony measure-
ments to assess the surgically difficult pelvis. The advantage
of measurements of bony structures is that they are highly
reproducible, as the high-density bone is easily identified
on cross-sectional imaging. Bony landmarks can also act as
markers of depth within the pelvis. Several studies included
in this review demonstrated that a narrow IS and/or IT dis-
tance is associated with surgical difficulty. These parameters
were derived from the traditional use of pelvimetry—assess-
ing the bony anatomic constraints for vaginal delivery and
the likelihood of a successful delivery by this method. These
distances reflect the width of the pelvis at the mid rectum (IS
plane) and lower rectum (IT plane), so can act as markers
for access to the pelvis in rectal surgery. Arguably, deeper
locations in the pelvis present the greatest challenge for the
surgeon, independent of the technique selected.

While pelvimetry based on bony landmarks is easily
identified and reproducible, the measurements are proba-
bly not a complete representation of rectal surgery, where,
in addition to operating within the bony confines of the
pelvis, the surgeon must also retract soft tissue to permit
dissection. Unlike bone, soft tissue can be manipulated,
but both the volume of the rectum and the surrounding
tissues may limit compression of the soft tissues and thus
surgical exposure. For example, increased soft tissue vol-
ume due to a bulky prostate or high volume of adipose
tissue may increase the difficulty of adequate retraction in
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the pelvis. Thus, single distances on the cross-section are
useful indicators but are likely to be simplistic assessments
of the multiple variables, which can limit pelvic access,
making surgery more difficult and affecting oncological
outcomes. Interestingly, the 3 most recent studies included
in this review all investigated soft tissue measurements.
Two of them identified a large MFA as an independent
predictor of surgical difficulty [13—15]. This is likely to
be secondary to a narrower space between the fascia pro-
pria of the mesorectum and the surrounding pelvic fasica,
where the mesorectum itself is bulkier. Based on these
findings, further investigation of pelvimetric parameters
using the mesorectum, the tumour dimensions itself and
their relationship to other pelvic soft tissue structures (i.e.
adipose tissue, muscles, genitourinary organs and neuro-
vascular structures) is needed, and may assist in develop-
ing criteria by which surgeons can define the difficult pel-
vis and select the surgical technique which may increase
the chance of optimal oncological outcomes.

This review identified two scoring systems used for surgi-
cal difficulty incorporating MRI-pelvimetry. Kim and col-
leagues categorized patients into easy, moderate and difficult
groups based on the presence of risk factors for longer pelvic
dissection time in patients undergoing laparoscopic TME
[10]. The same group subsequently analysed these MRI-
based criteria in patients undergoing robotic TME and found
that there was no difference in operating time between easy,
moderate and difficult groups [11]. Based on these findings,
the authors concluded that robotic surgery may be able to
overcome the anatomical difficulty in these patients. Escal
et al. proposed a score to predictor surgical difficulty, based
on the presence of both pelvimetric (IT distance < 10.1 cm,
MFA >20.7 cm?), patient (BMI > 30) and technical factors
(coloanal anastomosis) [13]. Unfortunately, the external
validity of this scoring system was not demonstrated when
applied by de’Angelis and colleagues to an independent
population (patients in the EuMaRCS study, where it had
low predictive value [16].

There are several limitations of this systematic review
and the existing literature in the area of MRI-pelvimetry.
Current data are relatively heterogenous with respect to
tumour location, treatment algorithms (with or without
chemoradiotherapy), imaging protocols (pre- vs. post
chemoradiotherapy, timing before surgery) and surgical
technique. Moreover the majority of included studies did
not include information about rectal tumour dimensions.
Most importantly, the pelvic measurements investigated
and the definitions of surgical difficulty varied signifi-
cantly between studies, which limits any ability to make
comparisons or draw meaningful conclusions. The subjec-
tivity of how surgeons define a ‘difficult pelvis’ remains
largely unaddressed. These issues and the fact that non-
English articles were excluded from the review likely lead

to publication bias and make any association between
pelvic measurements and surgical outcomes difficult to
interpret.

Conclusions

There are limited data reporting the use of MRI-based
pelvic measurements to predict technical difficulty and
outcomes of rectal cancer surgery. There is some data to
suggest that a smaller IS or IT distance, a smaller pelvic
inlet and a larger pubic tubercle height may be associ-
ated with increased surgical difficulty. Two more recent
studies identified a larger MFA as a predictor of surgical
difficulty, and should encourage future investigation into
pelvic soft tissue measurements. Developing an accepted
definition of the ‘difficult pelvis’ is likely to require more
sophisticated methods of integrating multiple pelvimetric
variables, tumour characteristics and surgeon factors (such
as experience and training).
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Appendix S1-Medline (OVID: 1946-present)

1. (MRI or MR* or magnetic resonance).tw

2. Magnetic Resonance Imaging/

3. ((pelvis or pelvic) adj3 (measure* or anatom* or dis-
tan* or imag* or volume* or area*)).tw

4. Pelvimetry/

5. Rectal Neoplasma/

6. (rect* adj3 (cancer* or malign* or excis* or resect* or
neoplas* or surg*)).tw

7. (mesorect* adj3 (excision* or resect™ or surg* or dis-

sect®)).tw
8. 50R60R7
9. 30R4
1. 10R2
11. 8 AND 9 AND 10
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