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lighted.

Although the incidence of local recurrence after curative resection of rectal cancer has decreased due to the understand-
ing of the anatomy of pelvic structures and the adoption of total mesorectal excision, local recurrence in the pelvis still re-
mains a significant and troublesome complication. While surgery for recurrent rectal cancer may offer a chance for a cure,
conservative management, including radiation and chemotherapy, remain widely accepted courses of treatment. Recent
improvement in imaging modalities, perioperative care, and surgical techniques, including bone resection and wound
coverage, have allowed for reductions in operative mortality, though postoperative morbidity still remains high. In this re-
view, the techniques, including surgical approaches, employed for management of locally recurrent rectal cancer are high-
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INTRODUCTION

Colorectal carcinomas are a major cause of cancer-related deaths
in Korea [1]. The incidence of colorectal carcinomas has increased
at an alarming rate as the westernized diet has gained popularity.
At the same time, surgical treatment for colorectal cancer has also
become more common. While surgery is the mainstay of treat-
ment for rectal cancer, local recurrence has been reported to oc-
cur in 2.6 to 32% of surgically treated patients [2-4]. Despite tech-
nical improvements including total mesorectal excision (TME)
and the addition of neoadjuvant therapies, locoregional recur-
rence has been found to have an incidence of 6 to 10% [5, 6]. Re-
currence typically occurs within 2 years after the initial surgery in
more than half of patients and within 3 years in 85% of patients.
Without further treatment, this is associated with an exceptionally
poor prognosis [7-9], with a median survival time of 6 to 8 months
[5, 9-11]. Recurrent tumors are frequently accompanied by pelvic
pain that is poorly controlled by medications, uncontrollable te-
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nesmus, dysuria, fistulous track formation to another pelvic or-
gan, and malodorous discharge. Conservative management, such
as radiotherapy or chemoradiotherapy, may increase survival by
up to one year, though side effects can be frequent, cumulative,
and at times life-threatening [5, 12, 13]. Despite the fact that up to
90% of patients experience pain relief with treatment, disease re-
gression is rare. The median duration of pain relief after radiother-
apy may be as little as four months [13].

Half of patients with recurrent colorectal cancer have tumors
that are restricted to the pelvis, and these patients are potentially
amenable to curative resection [14-16]. Advances in surgical prac-
tices have expanded the options for patients with locally recurrent
rectal cancer. In these circumstances, the surgical technique is re-
ferred to as pelvic exenteration. Pelvic exenteration is commonly
defined as surgery to remove the lower colon, rectum, and blad-
der, and subsequently to create stomata (openings) through which
urine and stool are passed out of the body. In women, the cervix,
vagina, ovaries, and nearby lymph nodes are also removed. Most
classification systems proposed relate to recurrent rectal cancer,
but the principles translate to primary rectal cancer. Pelvic exen-
terations are classified into five groups: anterior pelvic exentera-
tions, which in addition to the resection of central pelvic organs
include removal of the bladder and distal ureters bilaterally; pos-
terior pelvic exenteration (PPE), which involve removal of the
central organs together with the rectosigmoid (with or without
the anal canal); total pelvic exenterations, a combination of both
anterior and PPEs; extended exenterations, which include abdom-
inosacral resection; individualized approaches, such as rectal exci-
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sion with concomitant radical prostatectomy with preservation of
the bladder [17]. Complications of pelvic exenteration are more
severe than those of standard resection of a colorectal carcinoma,
so it is not commonly performed. In this review, the current sur-
gical approaches for radical resection of recurrent rectal cancer
are highlighted.

SCHEMATIC ANATOMY OF THE PELVIS

In order to understand this approach for the treatment of pelvic
recurrence, having a good understanding of the complex anatomy
of the pelvis is paramount. The pelvis is bounded by the sacrum
and coccyx posteriorly and is formed by the ischium and ileum of
the hip bone. Identification of the obturator membrane, sacrotu-
berous and sacrospinous ligaments, obturator internus and pirifor-
mis muscles, internal iliac vessels and their corresponding branches
and tributaries, and the pelvic portion of the ureter is important
in performing pelvic reconstruction operations (Figs. 1 and 2).
The obturator membrane is a fibrous membrane that almost en-
tirely covers the obturator foramen between the superior and the
inferior pubic rami. In the superior aspect of this membrane is a
small gap known as the obturator canal through which the obtu-
rator nerve and vessels pass as they exit the pelvis and enter the
thigh. The sacrotuberous ligament is a strong ligament that extends
from the lateral border of the sacrum, coccyx, and posterior infe-
rior iliac spine into the ischial tuberosity (Fig. 1). The sacrospinous
ligament is a strong, triangular-shaped ligament that is attached at
its base to the lateral part of the sacrum and coccyx, and extends
at its apex into the spine of the ischium (Fig. 1). The main func-
tion of these ligaments is to prevent the pelvis from rotating up-
ward along the central axis of the sacroiliac joint under the weight
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Fig. 1. Schematic illustrations of the complex anatomical structures
in the lateral pelvis (modified from Austin and Solomon. Dis Colon
Rectum 2009;52:1223-33, with permission of Wolters Kluwer Health
(29]).
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of the body. These ligaments convert the greater and the lesser
sciatic notches into the greater and the lesser sciatic foramina. The
importance of the greater sciatic foramina is that they provide an
exit from the true pelvis into the gluteal region for the sciatic nerves
(L4, L5, S1, S2, S3), the pudendal nerves (S2, S3, S4), and the glu-
teal nerves and vessels. The lesser sciatic foramina provide a win-
dow into the perineum from the gluteal region below the pelvic
floor (levator ani and coccygeus muscles) for the pudendal nerves
and the internal pudendal vessels.

The obturator internus muscle originates from the pelvic surface
of the obturator membrane and the adjacent parts of the pelvic
bone (superior ramus, inferior ramus, and ischial ramus). The mus-
cle fibers unite to form a tendon that exits the true pelvis through
the lesser sciatic foramen and extends into the greater trochanter
of the femur. Posterior and lateral to the obturator internus mus-
cle are the nerve roots of the sacral plexus (S1, S2, S3) and the lum-
bosacral trunk. These nerve roots come together to form the sci-
atic nerve, which passes through the greater sciatic foramen to
enter the gluteal region. Posterior to these nerves is the piriformis
muscle, which arises from the front of the lateral masses of the sa-
crum and leaves the pelvis to enter the gluteal region by passing
laterally through the greater sciatic foramen. It then enters the up-
per border of the greater trochanter of the femur (Fig. 3). The ex-
ternal iliac vessels course along the medial border of the psoas
muscle and the curvature of the pelvic inlet. They exit from the
pelvis by running under the inguinal ligament, at which point
they become the femoral artery. The internal iliac vessels lie deep
in the pelvic peritoneum, originating approximately 1 to 2 cm dis-
tal to the sacroiliac joint where the common iliac vessels divide
into the external and the internal iliac vessels. These vessels pass
medially and inferiorly into the pelvis and to the upper margin of

Fig. 2. Illustration of the isolation of the internal and the external il-
iac arteries, as well as neural structures, of the lateral pelvis by using
vessel loops.
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Fig. 3. Schematic illustrations of the pelvic ligaments, muscles, and
nerve (modified from Austin and Solomon. Dis Colon Rectum 2009;
52:1223-33, with permission of Wolters Kluwer Health [29]).

the greater sciatic foramen. At this point, they divide into anterior
and posterior divisions or tributaries. These branches or tributar-
ies supply and drain blood from the pelvic organs, pelvic sidewalls,
buttocks, and perineum. If the branches and tributaries of the in-
ternal iliac vessels are to be defined, the overlying pelvic perito-
neum must be incised, which is often greatly thickened after neo-
adjuvant radiotherapy for recurrent or primary cancer.

CLASSIFICATION OF RECURRENCE
PATTERNS

If an operative plan is to be developed, establishing the recurrence
pattern is important. Several classifications based on the specific
structures that the local recurrence involves, resectability, and the
extent of resection needed have been proposed for locally recur-
rent rectal cancer [18-25]. There are three common types of re-
currence that are based on anatomic location. The localized type
is confined to the soft tissues within the center of the pelvis. Tu-
mors may recur around the colorectal anastomosis and present
with or without invasion of the adjacent urogenital organs. In these
cases, the sacrum and the pelvic sidewalls are usually spared. The
sacral invasive type involves a recurrent tumor that invades poste-
riorly into the sacrum. If there is involvement at or below the S2/3
junction, a sacrectomy can be performed. The lateral invasion type
presents the most technical difficulties and the worst prognosis.
Invasion of the pelvic sidewall indicates that the tumor lies close
to the main vessels or nerves (Table 1).

PATIENT SELECTION

Concerns for extensive surgical resection include microscopically
clear margins (R0) and acceptable postoperative morbidity and
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mortality. Patient comorbidities (American Society of Anesthesi-
ologists grade IV/V) may preclude surgery regardless of the po-
tential resectability of the tumor. Resectability should be deter-
mined by preoperative imaging including computed tomography
(CT), magnetic resonance imaging (MRI), and positron emission
tomography (PET) with CT (PET/CT). The presence of unresect-
able extrapelvic disease on imaging is generally considered to be a
contraindication to surgery. Additionally, other various contrain-
dications are applied on a case-by-case basis (Table 2). Patients
with systemic metastases are commonly excluded, though selected
patients with localized resectable liver or lung metastases may be
considered for surgical therapy because a chance exists for cure or
palliation [26, 27]. Factors that contraindicate exenterative sur-
gery include extension through the greater sciatic notch, encase-
ment of the external iliac vessels, paraaortic lymphadenopathy,
and lower limb edema indicating venous or lymphatic obstruction
[28]. Solomon’s unit previously achieved long-term survival with
no operative mortality in 36 patients treated with an en bloc lateral
pelvic wall dissection with internal and external iliac vascular re-
section [29]. Although some institutions have reported successful
resection of invasive tumors above the level of S2-S3, this is con-
sidered to be a relative contraindication to surgery [30]. When
possible, tissue diagnosis should be conducted to confirm the
presence of the recurrent tumor before proceeding with an exten-
sive surgical resection. If the location of the recurrence or the
presence of surrounding fibrosis do not allow for tissue diagnosis,
highly convincing radiological evidence for recurrence (PET/CT
scan or serial radiologic examinations during follow-up that dem-
onstrate enlargement of the suspected mass) is sufficient for ex-
ploration and attempted resection, after frank discussion with the
patient as to the risks of the procedure.

SURGICAL APPROACH

Surgical procedures are classified into radical or extended radical
resections. Radical resection is defined as resection that is achieved
without the need for removal of another pelvic organ. Extended
radical resections involve at least one adjacent pelvic organ, bony
structure, or major vessel. The standard steps of these procedures
are described below.

Abdominal approach and exploration

The location of recurrent tumors in patients undergoing pelvic ex-
enteration for recurrent colorectal cancer is varied; thus, the type
of surgical procedure used also varies considerably. The procedure
typically begins with the abdominal phase (anterior phase) for pel-
vic dissection and subsequently moves to the sacral phase (poste-
rior phase) for the perineal or sacral resection. A midline laparot-
omy is used to enter the abdominal cavity, followed by thorough
adhesiolysis. The absence of undefined preoperative intra-abdom-
inal metastatic disease should be confirmed at that time. Since RO
resection is the goal of surgery and undiagnosed peritoneal or vis-
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Table 1. Patterns of invasion of locally recurrent rectal cancer

Authors/institution Classification Description Note
Wanebo et al. [22] TR1 or TR2 Intraluminal local recurrence at the primary resection site
following local excision or at the anastomosis site
TR3 Anastomotic recurrence with full thickness penetration beyond
the bowel wall and into the perirectal soft tissue
TR4 Invasion into adjacent organs, including the vagina, uterus, pros-
tate, bladder, and seminal vesicles, or into the presacral tissues
with tethering but not fixation
TRS Invasion of the bony ligamentous pelvis, including the sacrum,
low pelvic/side walls, or sacrotuberous/ischial ligaments
Mayo Clinic [23] FOto F3 Degree of fixation both in terms of site (anterior, sacral, right, or ~ Patients with more extensive

left) and number of points of fixation

Yamada et al. [24] Localized type

tive tissue

Sacral invasive type

Lateral invasive type

fixation presented later and had
more complications following
repeat resection

Recurrent tumor is localized to adjacent pelvic organs or connec- The pattern of invasion was a

significant prognostic factor, with
5-year survival rates of 38% for
localized, 10% for sacral, and 0%
for lateral

Recurrent tumor invades the lower sacrum (S3, S4, S5), coccyx,
or periosteum

Recurrent tumor invades the sciatic nerve, greater sciatic fora-

men, lateral pelvic wall, or upper sacrum (S1, S2)

Memorial Sloan Kettering [25] Anterior Anastomotic, mesorectal or perirectal soft tissue, or perineum
following abdominoperineal excision of rectum
Posterior Genitourinary tract, including the bladder, vagina, uterus, seminal
vesicles, and prostate
Lateral Sacrum and presacral fascia
Axial Soft tissues of the pelvic sidewall and lateral bony pelvis
Boyle et al. [19] Central Tumor restricted to the pelvic organs without invasion into the
bone or the sidewalls of the pelvis
Sacral Tumor is present in the presacral space and invades into the sa-

crum
Sidewall of the pelvis

Tumor on the lateral pelvic sidewall with or without extension

through the greater sciatic foramen and/or the piriformis and

gluteal region

Composite

Sacral and sidewall recurrence combined

ceral metastases are often unresectable, definitive surgery should
be avoided in these cases. When making the incision, the surgeon
must take care not to injure the inferior epigastric artery in order
to preserve the blood supply to the rectus muscle, which can later
be used as a myocutaneous flap. The cecum and the small bowel
are mobilized to facilitate the approach into the pelvis, as well as
ureteral dissection. The small bowel is usually attached to the pre-
vious operative surface of dissection, the presacral area, or the re-
current tumor. If the small bowel is attached to the recurrent tu-
mor, it should be resected en bloc to achieve curative resection.

www.coloproctol.org

Identification of ureters

The ureter is often located medially in patients who have previ-
ously undergone surgery. Preoperative placement of ureteral stents
is helpful in locating and avoiding unintended damage to the ure-
ters. The course of the distal pelvic ureter is confirmed by sharp
dissection, and its relationship to the tumor may be identified by
inspection and palpation. If one or both ureters are involved, the
surgeon may attempt re-implantation into the bladder or construct
an ileal or colonic conduit with a radical cystectomy. If the deci-
sion is made to proceed with a radical cystectomy, the ureters are
not transected until later in the procedure. If no evidence of ure-
teral involvement exists, unilateral or bilateral ureterolysis is per-

289



”'""

f The Korean Society of

Table 2. Contraindications for radical surgery
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Authors

Absolute contraindications

Relative contraindications

Boyle et al. [19] Encasement of external iliac vessels®

Extension of tumor through the sciatic notch?®

Presence of lower limb edema due to lymphatic or venous obstruction

Poor performance status

Pawlik et al. [20] Distant metastases®

Involvement of common or external iliac vessels®

Para-aortic lymph node metastases
Involvement of sacrum above S1

Tumor extension through the sciatic foramen®

Pelvic side wall involvement®

Ogunbiyi et al. [7] Tumor invading above S2

Involvement of pelvic sidewall or pelvic nerves

Distant metastases

Primary stage IV disease

Extensive pelvic side wall involvement
Inability to achieve RO resection
Sacral invasion above S2/3

Ureteral obstruction

Significant medical comorbidity

Poor performance status/inability to care for stomas

Distant metastases
Diffuse intra-abdominal nodal metastases

Involvement of ureters or presence of hydronephrosis on imaging®

aMay be considered as relative contraindications by the supporting data.

formed from the pelvic brim to the bladder. Once the pelvic ure-
ters are mobilized, a vessel sling is placed around each one so that
they can be easily identified throughout the procedure. The left
colon is also mobilized and transected at the appropriate level for
subsequent end-colostomy and/or urinary conduit construction.
Deep pelvic dissection into the presacral space is then conducted
posteriorly along the lower aorta and continued distally over the
iliac vessels and ureters.

Vascular approach

Vascular exposure often requires mobilization of the lower aorta
and vena cava, in addition to the iliac arteries and veins. Circum-
ferential mobilization of the common and the external iliac arter-
ies may be needed to facilitate exposure of the veins. First, the in-
ternal iliac artery and its branches are ligated and divided distal to
the takeoff of the posterior division of the superior gluteal artery
branch. This is sometimes done to conserve blood flow to the glu-
teal flaps. At the level of the aortic bifurcation, lymph node dissec-
tion, including the nodes overlying the aortoiliac bifurcation, com-
mon iliac, and external iliac vessels, is performed until the origin
of the internal iliac vessels is reached. The nodal tissue around the
internal iliac territory is not dissected, but is taken en bloc later in
the procedure. Multiple internal iliac vein branches are ligated af-
ter control of the main trunk of the internal iliac vein is achieved.
The branches are ligated and divided before ligation of the main
trunk to avoid venous distension of the branches, which can cause
bleeding. The lateral and the middle sacral vein branches, which
drain into the posterior aspect of the left common iliac vein and
caval confluence, are then ligated and divided. Metallic clip or su-
ture ligation may be used for branches, and vascular staplers can
be used for the trunk of the internal iliac vessels. The vascular dis-

290

section is conducted along both sides of the sacrum onto the pel-
vic floor. The anterior lines of resection are delineated, and the in-
volved structures and pelvic organs are mobilized widely for sub-
sequent en bloc resection. During this abdominal approach, a co-
lostomy and an ileal or colonic urinary conduit are fashioned as
needed. A vertical rectus abdominis myocutaneous (VRAM) flap
is then prepared for subsequent perineal reconstruction before
closing the abdomen with the aid of a plastic surgeon.

Posterior (sacral) approach

Prior to positioning the patient in the prone position, a thick silas-
tic film or gauze is placed anterior to the sacrum and posterior to
the vessels and soft-tissue structures to protect them against injury
when blind osteotomies are performed during the sacral or poste-
rior portion of the procedure. The sacral level of transection for
anterior osteotomies is determined by marking the area with screws
and intraoperative fluoroscopy. During this process, the surgeon
must take care not to cause injury to the thecal sac. In the poste-
rior approach, the screw marks the level of the osteotomy (as visu-
alized with lateral fluoroscopy) to facilitate joining to the anterior
unicortical osteotomy. If lateral (vertical) osteotomies are neces-
sary through the ilium, these are performed from the anterior ap-
proach. The roof of the sciatic notch is identified (with the sciatic
nerve and gluteal vessels protected), and a diamond burr is used
to perform the osteotomy. Care must be taken in orienting this
correctly, given the oblique nature of the sacroiliac joints.

Posterior (sacral) or perineal approach

The sacral or posterior phase is carried out with the patient in the
prone position. A posterior midline incision is made along the
vertical midline of the sacrum extending from the 5th lumbar

www.coloproctol.org
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Table 3. Management of persistent pelvic bleeding

Methods for bleeding control

Note

Packing
Thumbtack

Classical method, but has the disadvantage of reoperation for removal of packing and risk of re-bleeding
Not readily performed at all institutions, and cannot be applied either to bleeding points originating from

the sacral neural foramen or near vital structures such as the ureters

Ineffective for diffuse hemorrhage

Displacement resulting in chronic pain, anastomotic disruption, and anastomotic fistula

Tamponade

Various materials are available (gauze, expander, saline bag, hemostatic agents)

When there is an anastomosis in the pelvic cavity, packing may result in anastomotic disruption.

Pledgets suture with various materials
Local hemostatic agents

Mesh plugs, muscle fragment
FloSeal; Baxter, Deerfield, IL, USA

Surgicel Fibrillar; Ethicon, Somerville, NJ, USA
Gelfoam; Baxter, Deerfield, IL, USA
TachoComb; CSL Behring, Tokyo, Japan
TachoSil; GSL Behring, Tokyo, Japan

Fibrin glues
Energy instruments® Diathermy

Argon beam

Harmonic scalpel; Ethicon, Somerville, NJ, USA
Ligasure; Covidien, Mansfield, MA, USA

2Some authors do not recommend coagulating with an energy device because it may worsen bleeding.

vertebra to the perineal scar or the anus. The gluteus maximus
muscles are subsequently dissected away from the sacral attach-
ments, and the sacrospinous and sacrotuberous ligaments are di-
vided to access the pelvic cavity posteriorly. The piriformis muscle
is divided while taking care to protect the sciatic and the pudendal
nerves. A laminectomy, dural sac ligation, and sacral resection are
then carried out. Lateral fluoroscopy is used to visualize the screw
marking the level of the anterior osteotomy and to guide the final
osteotomies. The posterior wound may be reconstructed with a
pedicled myocutaneous rectus flap, which will be discussed in de-
tail below.

CONTROL OF BLEEDING

Bleeding during pelvic exenteration typically originates in the pre-
sacral plexus or the internal iliac vein, and is a common and po-
tentially life-threatening complication. The incidence of presacral
bleeding has been reported to be 3 to 9.4%, but is more frequent
in patients who have undergone radiation therapy or previous rec-
tal surgery [31]. The presacral venous plexus runs into the pelvic
fascia covering the anterior aspect of the sacrum. It is formed by
the two lateral sacral veins, the middle sacral vein, and communi-
cating veins. These veins are avalvular and communicate via the
basivertebral veins within the internal vertebral venous system [32].
When the patient is in the lithotomy position, hydrostatic pres-
sure is increased two- to threefold compared with the pressure in

www.coloproctol.org

the inferior vena cava [33]. These high-pressure venous bleeders
can be very difficult to control with conventional measures, such
as suturing, clipping, and electrocautery, because the adventitia of
the sacral basivertebral veins is fixed to the sacral periosteum at
the margins of the sacral foramina. Bleeding should be controlled
by applying pressure to the source, and the optimal field of view
should be obtained by lengthening the incision and using addi-
tional retractors. Additionally, packing with gauze for approxi-
mately 10 minutes can help to control the hemorrhage or to visu-
alize the source of bleeding. The packed gauze should be removed
cautiously after moistening with saline to avoid disruption of the
newly formed clot. If this technique fails, several other options are
available for management of presacral venous bleeding (Table 3).

WOUND COVERAGE

While small defects can be closed directly, large wound defects
frequently occur when a wide range of perineal surgeries are com-
bined. Perineal wound closure after radical surgery for locally re-
current rectal cancer is associated with a high wound complication
rate, estimated at 40 to 50% [34]. These wounds can be covered
using several methods to prevent infectious complications and ex-
posure of the internal structures. Myocutaneous flaps play a large
role in pelvic reconstruction after radical resection of malignant
disease, particularly when the patient must undergo total pelvic
irradiation. These flaps offer the advantage of using nonirradiated
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Fig. 4. Unilateral gluteus
maximus myocutaneous
V-Y advancement flap used
to cover the sacral wound.

tissue and blood supply for coverage of the defects. Transpelvic
VRAM flaps, bilateral gluteal advancement or rotation flaps, and
posterior thigh flaps or free flaps are recommended for reconstruc-
tion [35].

The rectus abdominis muscle has a unique blood supply from
the inferior epigastric vessels, and the anatomy of these vessels al-
lows for the flap to be based on a long muscle pedicle with excel-
lent blood supply. The VRAM flap has the smallest incidence of
necrosis of any of the myocutaneous flaps associated with recon-
structive wound coverage. Patients undergoing reconstructive sur-
gery will typically require stomas, which should be considered prior
to reconstruction so as not to interrupt their location (Fig. 4).

To prevent interruption of the inferior epigastric vessels, the sur-
geon should take care when making the primary incision and con-
ducting the anterolateral pelvic dissection. When enough skin is
present to cover the posterior wound, a V-Y flap may be constructed
using the gluteal muscles (Fig. 5). The addition of an omentoplasty
on the left gastroepiploic pedicle helps to reduce dead space and
may improve perineal wound healing and reduce the duration of
pelvic drainage. Additionally, another reconstructive option was
reported that utilized the sigmoid colon [36].

CONCLUSION

A proportion of patients who undergo successful TME with or
without preoperative radiotherapy will develop local recurrence.
Approximately half of these patients will have an isolated local re-
currence without systemic or disseminated disease. Radiotherapy
and chemotherapy may provide palliation for patients with local
recurrence, but may also result in significant morbidity with little
chance for a cure. Surgery for local recurrence has been established
as the only treatment that offers a realistic chance of long-term
survival. While surgical intervention may be associated with sig-
nificant morbidity, careful patient selection and the use of multi-
modal therapy can result in a 5-year survival of up to 35% and an
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Fig. 5. Preoperative design for the vertical rectus abdominis myocu-
taneous flap. The location of the urinary conduit and colostomy
should be marked carefully prior to the operation.

improved quality of life in patients undergoing an RO resection.
Therefore, current data indicate that radical surgery with a multi-
disciplinary approach remains the only treatment option that im-
proves both survival rates and local control.
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