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Short running head#Pelvic vascular exenteration outcomes

What does this paper add to the literature?: This series adds increasing evidence that good outcomes can be
achieved for extended radical pelvic resections in locally advanced and recurrent pelvic malignancies with
aortoiliac axisqdnvelvement. A coordinated approach in specialist centres demonstrates this is safe and feasible,

offering low major complication rates.

AIM: Currently, there is no clear consensus on the role of extended pelvic resections for locally advanced or
recurrent disease involving major vascular structures. The aims of this study were to report the outcomes of

consecutive patients undergoing extended resections for pelvic malignancy involving the aortoiliac axis.

METHODS:" Prospective data on patients having extended radical resections for locally advanced or recurrent
pelvic malignanciespwith aortoiliac axis involvement, requiring en-bloc vascular resection and reconstruction, at

a single institution between 2014 and 2018 were collected.

RESULTS: Eleven patients were included (median age 60 years: range 31-69 years; 7 females). The majority
required resection of both arterial and venous systems (n=8), and the technique for vascular reconstruction was
either interpositionsgrafts or femoral-femoral crossover grafts. The median operative time was 510 mins (range
330-960 mins).«Clear resection margins (R0) were achieved in 9 patients. The median length of stay was 25
days (rangem7-83 days). Seven patients did not suffer an early complication. There was one serious
complication (Clavien-Dindo >3), an arterial graft occlusion secondary to thrombus in the immediate
postoperative period, requiring a return to theatre and thrombectomy. The median length of follow-up in this

study was 22 months (range 4-58 months).
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CONCLUSION: This series demonstrates that en-bloc major vascular resection and reconstruction can be
performed safely and achieve clear resection margins in selected patients with locally advanced or recurrent

pelvic malignancy at specialist surgery centres.

KEYWORDS: Pelvic exenteration, malignancy, 30-day morbidity & mortality, vascular reconstruction,

vascular resection

INTRODUCTION:

Pelvic exenteration is now an established procedure for locally advanced and recurrent pelvic malignancies.
Complete surgical itesection offers the potential for cure, providing a negative resection margin is achieved.
Reluctance to pursue surgical resection for these cases has been based on the significant morbidity, limitations

in achieving cleargiargins and the impact on prognosis[1, 2].

Traditionally, pelvic sidewall involvement has been considered a contraindication for surgery, with the lateral
compartment typically posing the most challenge[3] due to the bony limitations of the pelvis and the major
neurovascular components[4, 5]. Previously, lateral pelvic sidewall tumour involvement had a worse prognosis
than tumours involving the other compartments of the pelvis, due to the difficulty of achieving a clear
resection[6, 7]."“There is also currently no clear consensus on the role of extended resections for locally

advanced or récurrent disease involving major vascular structures.

However, with improved surgical technique, surgical units with exenterative experience have expanded the
boundaries ofwesectability and redefined what constitutes resectable disease[3]. Moreover, recent small series
for vascular resections as part of pelvic exenterations have presented good outcomes[3, 8, 9], but the literature

remains limited to a small number of institutions.

The aims of this study were to report the clinical and pathological outcomes of consecutive patients undergoing
extended radical pelvic resections for locally advanced or recurrent pelvic malignancy involving the aortoiliac

axis.
METHODS:

A retrospectivenreview of a prospectively maintained database was undertaken to assess the clinical and
pathologicalzoutecome of patients who have undergone extended radical pelvic resections for locally advanced or
recurrent pelviesmalignancies with aortoiliac axis involvement. The primary objectives were to identify the
complications_and_pathological outcomes following aortoiliac resection and reconstruction as part of the
extended radical pelvic resections. One tertiary referral centre, Peter MacCallum Cancer Centre (Melbourne,
Australia)l with specialist experience in the surgical management of advanced and recurrent pelvic tumours was
included. All patients were routinely discussed at a dedicated pelvic exenterative surgery multidisciplinary
meeting, identifying those with aortoiliac axis involvement requiring en-bloc resection and reconstruction. The
diagnosis of locally advanced or recurrent pelvic tumour was based on preoperative radiological imaging (PET-
CT and MRI) and clinical assessment. All patients were reviewed clinically by a vascular surgeon and

subsequent investigations were conducted as required. Patient demographics (age, sex, ASA), comorbidities,
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neoadjuvant & adjuvant therapies, operative details including type of vascular resection and reconstruction,
histopathological staging, morbidity, mortality, length of hospital stay, local and distant recurrence at follow-up

were recorded.

The technique for extended radical pelvic resection at our institution has previously been described[6, 10].
Operations were considered extended radical when the primary organ and at least one of the surrounding organs
was removed en-bloc[6]. The operative procedure for the vascular resection and reconstruction was very similar

to previously'published studies[3, 8, 11].

Histopathological“evaluation defined margin status as RO resection (margins clear of disease), R1 resection
(presence of microscopic residual disease at the margins) and R2 resection (the presence of macroscopic

residual disease’at the margins).

Complications occurring within 30-days postoperatively or during the inpatient care for the index operation
were graded laccording to the Clavien-Dindo classification system for surgical complications[12]. A major
complication was defined as Grade III or IV of the Clavien-Dindo classification. Inpatient mortality was

defined as a death occurring within 30-days of the index procedure.
No statistical analysis, was performed for this descriptive study.

Specific considerations for the vascular reconstruction:

A CT angiogram, with a portal venous phase, is performed preoperatively on any patient being considered for
vascular resection beyond the internal iliac vessels to facilitate planning of any operative strategy. All synthetic
vascular graftsi(Dacron® or PTFE) are soaked in Rifampicin prior to performing the vascular reconstruction and
prophylactic antibiotics are continued for 5 days following surgery.. Since 2017, a pre-emptive arterial and/or
venous femoral-femoral crossover reconstruction now occurs approximately 4 weeks prior to the extended
radical resection, to further reduce the risk of graft infection from the contaminated field. The surgeon must be
vigilant at thelinferior aspect of the midline incision during the extended radical resection to avoid inadvertent
damage to the graft. All patients are discharged on therapeutic enoxaparin for anticoagulation and are converted
to novel oral/anticoagulants (NOACs) following completion of any required systemic therapy postoperatively.
Routine vascularfltrasound surveillance occurs at 6-weeks, 3-months, 6-months and at 1-year postoperatively

to monitor the patency of the vascular grafts.

RESULTS:

Eleven consecutive patients underwent vascular resection and reconstruction of the aortoiliac axis as part of an
extended radicalypelvic resection for locally advanced or recurrent pelvic malignancy with curative intent at a
single institution between June 2014 and November 2018. The median age for this cohort of patients was 60
years (range 31-69 years) and the majority were female patients (n=7; 63.6%). Patient demographics and
clinical characteristics are outlined in Table 1. The main pathology was recurrent rectal adenocarcinoma (n=8,
72.7%). The median operative time was 510 mins (range 330-960 mins). The median length of follow-up in

this study was 22 months (range 4-58 months).
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The extent of vascular resection and reconstruction is outlined in Table 2. The majority of patients required
resection of both arterial and venous systems (n=8), and synthetic grafts were the commonest reconstruction
method. The technique for vascular reconstruction was either interposition grafts or femoral-femoral crossover
grafts (Table 2). Clear resection margins (R0) were achieved in 9 patients (81.8%). One patient required
excision of the infra-renal aorta and left iliac vessels due to direct tumour invasion. This resected portion had
signet ring adenocarcinoma present, but superior and inferior margins were clear and no presence of luminal
surface involyement. \ Two further patients had microscopic invasion of adenocarcinoma into the vessel, whilst
the remaining-patientsshad tumour abutting the vessel or extensive fibrosis following radiotherapy. The extent
of the resections, based on the seven intra-pelvic compartments[13] and organs resected, to attain clear margins

are outlined in Table.3.

There was no postoperative mortality. The median length of stay was 25 days (range 7-83 days). Seven patients
did not suffer any early complications. There were no graft infections. The remaining four patients suffered
one or more early complications and these are shown in Table 4. There was only one serious complication in
this series, an arterial graft occlusion secondary to thrombus in the immediate postoperative period, requiring a
return to theatre and) thrombectomy. During routine surveillance, one patient developed an asymptomatic

venous graft thrombosis and continued anticoagulation therapy.

Currently, 9 patients are alive following vascular resection and reconstruction for locally advanced or recurrent
pelvic malignancy. TFwo patients have subsequently developed local recurrence 15 and 25 months respectively
following surgery. There have been two deaths in this series, all due to metastatic disease. One patient
developed local recurrence and subsequently developed distal metastases and died 14 months following surgery.

The other patient,developed distant metastases and died 22 months after surgery.
DISCUSSION:

This series of patients undergoing radical surgery for locally advanced and recurrent pelvic malignancy
involving theaosteiliac axis demonstrates that clear margins (81.8%; n=9) can be achieved and is associated

with low majormorbidity (9%; n=1).

Previously, pelvie"malignancies involving the lateral pelvic side wall were associated with higher positive
margin rates @nd poorer survival compared with anterior, central or posterior compartment tumours[6, 14, 15].
The Beyond Total"Mesorectal Excision (TME) Collaborative developed a consensus statement that outlined
encasement”of ‘the“external or common iliac vessels requiring en-bloc resection and reconstruction to be a
relative contraindication to surgery by 78% of the experts[16]. Moreover, other reviews have considered
common or externaldiliac vessel involvement to be an absolute contraindication to surgery[17, 18]. However,
recent studies haveralso shown acceptable morbidity and RO resection rates ranging between 38% to 69%][3, 8,
9, 19], following resection and reconstruction of the aortoiliac axis. This current study supports the small, but
growing body of evidence, that tumours previously deemed unresectable due to vascular involvement, could be

curatively resected in selected patients[20].

The surgical community has been slow to adopt pelvic exenteration for advanced malignancy, undoubtedly
owing to concerns regarding high morbidity and mortality rates based on historical data[21, 22], and

accessibility to surgery for those with potentially curative local recurrence remains a concern[23]. Advances in
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imaging techniques, development of a multi-disciplinary approach and improved surgical technique and
technology has redefined resectability[9, 22]. Although locally advanced tumours are not necessarily
modifiable, they are preoperatively identifiable, with pelvic MRI able to identify patients at high risk of positive
margins[24] and is the key imaging modality in guiding assessment and planning[4]. Although MRI has high
accuracy in determining invasion into pelvic structures, the sensitivity of MRI is lower when assessing tumour
invasion in"the lateral pelvic sidewall[13, 25]. This difficulty in assessing the extent of lateral pelvic sidewall
invasion, highlights that patients require cross-disciplinary skills and multi-speciality collaboration with
experience insmanagingsthese complex cases to achieve the best outcomes. These cases necessitate institutions
providing “state”of ‘the art diagnostic, therapeutic and interventional radiology, advanced intensive care
capabilities andystiong blood-bank support[26]. Computed tomography combined with positron emission
tomography (CT-PET) imaging is also part of the staging process for every patient to evaluate local and assess
for any distant,disease.  The multi-disciplinary specialists must also have an interest in extended pelvic
resections and”reconstruction, with such factors arguing in favour of centralisation to provide a carefully
coordinated team approach[26]. Therefore, locally advanced or recurrent pelvic malignancy patients with
aortoiliac axis invelvement require evaluation by an experienced MDT exenteration centre with defined
management ;protoeols to assess whether the disease is potentially curative[l11]. This detailed discussion
facilitates thesselection of appropriate patients and the meticulous planning of the surgical intervention with a

specialist vascular surgeon.

If a clear dissection plane cannot be delineated on preoperative imaging between vascular structures and the
tumour, then“@n“en-bloc resection is advocated. During our initial experience, vascular resection and
reconstruction was performed concomitantly. However, this resulted in longer operating times, but more
importantly, longer-ischaemic time, in order to facilitate mobilisation of the tumour requiring early division of
the vessel/proximally: Also, there was concern regarding in-situ reconstruction with an artificial vascular graft
(despite soaked in Rifampicin) in the presence of a bowel resection leading to a contaminated field. For these
reasons, the technique in our institution has evolved. A pre-emptive arterial and venous femoral-femoral
crossover graft is_performed approximately 4 weeks prior and the patency of the grafts ensured before the
extended radical pelvic resection with en-bloc vascular resection is performed to reduce some of the risks

outlined above.

There are limitations to this study, including the small sample size, retrospective study design, heterogeneity of
the patient population and inherent selection bias, which need to be considered. However, due to the limited
data available, this study adds to the small, but growing evidence that resection and reconstruction of the

aortoiliac axis for advanced pelvic malignancy is safe and feasible.

Conclusion: This-series demonstrates that clear resection margins can be achieved in selected patients with en-
bloc major vascular resections within a specialised centre for exenterative surgery and vascular reconstruction

can be performed safely.
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Table 1: Baselinespatient characteristics

Characteristic Total
Sex
Male 4 (36.4%)
Female 7 (63.6%)
Age
<60 6 (54.5%)
>60 5 (45.5%)
ASA
1 0
2 5
3 6
4 0
Cancer presentation
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Rectal: 9
Primary 1
Recurrent 8
Cervical 1
Uterine 1
Radiotherapy
Yes 11
No 0
Chemotherapy
Yes 11
No 0
Previous thrombeembolic disease
Yes 2
No 9
Preoperative anticoagulation
Yes 2
No 9
Margin Status
RO 9
R1 2
Median blood:loss 2 litres (range 0.5-3)
Median operative time 510 minutes (range 330-960)
Median length of stay 25 days (range 7-83)

ASA: American Society of Anaesthesiologists

Table 2: Details of the vascular resection and reconstruction

Arterial Venous
(n=10) (n=9)
Resection CIA/EIA/TIA 4 CIV/EIV/IIV 6

EIA/TIA 3

EIA 2

CIA/EIA/IIA/Aorta 1

EIV/IIV 3
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Reconstruction method Interposition graft 3 Interposition graft 4
Femoral-femoral crossover graft 6 | Femoral-femoral crossover graft 5
Both 1

Reconstruction technique

Autologous (ESV) 1 1

Synthetic

Dacron® 9 0

PTFE 0 8

CIA: common iliac artery; EIA: external iliac artery; IIA: internal iliac artery; CIV: common iliac vein; EIV:

external iliac vein; ITV: internal iliac vein; LSV: long saphenous vein; PTFE: polytetrafluoroethylene.
Arterial and venous resection: 8 patients;
Arterial resection‘alone: 2 patients;

Venous resection alone: 1 patient.

Table 3: Extent of the resection

CompartmentssResected Total

Lateral & Anterior above peritoneal reflection 4

Lateral, Anterior above & below peritoneal reflection | 4

Lateral, Central™"& Anterior above peritoneal | 1

reflection

Lateral, Central;Anterior above & below peritoneal | 1

reflection

Lateral, Central;;Anterior above & below peritoneal | 1

reflection & Inferior

The type of extended radical resection is outlined using the seven intrapelvic compartments, previously defined
by Georgiou et al[13]; which demonstrates the organs that are included in each compartment.

Table 4: Postoperative morbidity. Four patients suffered one or more complications.

Type of Complication Total Clavien-Dindo Grade
Ileus 1 I
Lymphocele 4 I
Pneumonia 1 II
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NSTEMI

1

II

Arterial graft occlusion

1

III

NSTEMI: Non-ST elevation myocardial infarction

Author Manuscript

This article is protected by copyright. All rights reserved




