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Epidemiology

In the United Kingdom, colorectal cancer is the fourth most
commonly diagnosed cancer with 30,710 new patients diag-
nosed in 2016.1 Survival of colorectal cancer is improving
over the past decades but is heavily dependent on the stage
of cancer at diagnosis. For example, stage I (T1 or T2 N0M0)
colon and rectal cancer has a 5-year survival of more than
90%, while stages III (T1–4 N1–2M0) and IV (any T any N but
M1) 63 and 7%, respectively.2

Themajorityof patients (55%) present via the elective route
(symptomatic patient presenting to their general practitioner/
family physician) and�9% via thenational screening program.
About 20% of patients will present as an emergency to the
acute surgical services. Themost common reason (8–29%)3 for
an emergency presentation is obstructive symptoms, such as
inability to pass stool or flatus, abdominal pain, distention,
and/or vomiting. In �19% of these cases, the bowel will have
had perforated, either at the tumor site due to direct tumor
growth/necrosis or proximal to theobstructing tumor, usually,
but not exclusively, a cecal perforation.4

Overall, �29.4% of the emergency and 22.2% of the
elective/screening patients have T4 disease at presentation.1

Patients presenting as an emergency have a significantly
worse prognosis compared with those treated electively.5

Perforated Colorectal Cancer

About 2 to 12% of patient with colorectal disease present with
perforation making it the second most common emergency
presentation of colorectal cancer patients.6 The perforation
can result in either free spillage of bowel contents and tumor
cells into the peritoneal cavity or may be contained within an
abscess cavity. Patients with free perforation tend to have
worse outcomes as they have significantly abnormal physiol-
ogyandusually rapidlyprogress toperitonitis andseptic shock
with all its critical sequelae. Perioperative mortality rates are
high (around 12%)7 despite recent advances in intensive care
medicine and perioperative management of the critically
unwell surgical patient. Interestingly, in the United Kingdom,
data from the 2017 National Emergency Laparotomy Audit
show a similar mortality rate for all patients undergoing
emergency laparotomy for all indications of �13 to 18%.8

This observation suggests that patients with perforation sec-
ondary to malignancy do not die because of their malignant
process but rather from the associated physiological chal-
lenges of sepsis. It is therefore very important that the priority
on treating these patients is the same as of any surgical patient
presentingwith peritonitis and sepsis. In 2008, Dellinger et al9

proposed the “surviving sepsis guidelines” and the implanta-
tion of the “Sepsis 6” bundle within an hour of diagnosis of
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Abstract The majority of patients with colorectal tumors will present via the elective route.
However, one-fifth of patients will present as an emergency. The most common cause
of emergency presentation of colorectal cancer is obstruction followed by perforation,
and in many cases, patients will present with both. We discuss the management of the
patient presenting with a perforated colorectal tumor covering the acute presentation
and also how to deal with consequences of a perforated tumor, namely, the manage-
ment of colorectal peritoneal metastasis (CPM). CPM used to be considered a terminal
condition; however, a strategy of early detection of CPM, careful patient selection for
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy, leads to much
improved outcomes and even cure, in some patient compared with systemic chemo-
therapy alone.
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sepsis. Thesemeasureshavebeenwidelyadopted in theUnited
Kingdom with decreased mortality, shorter hospital stay, and
lessneed for intensive carebeddays.10Thesurgical approach is
usually a laparotomy following a period of resuscitation prior
to surgery, if the condition of the patient allows it. At laparot-
omy, a thorough peritoneal lavage is performed and the site of
the perforation is identified and sepsis is controlled. An
attempt to look for and document any peritoneal disease
present at that time is recommended; however, this can be
difficult due to fecal peritonitis and widespread contamina-
tion. The site of perforation requires to be resected. If malig-
nancy is suspected, or previously documented, optimal
surgical oncological principles with must be followed with
an appropriate lymphadenectomy performed. For a right-
sided tumor, the decision on whether to perform an anasto-
mosis or bring out a double-barrel stoma depends on the
patient’s condition and the level of contamination. In the case
of left-sided tumors, the decision follows the same principles
as in perforated benign disease. In a review of more than 900
patients undergoing emergency surgery for acute diverticuli-
tis, Constantinides et al11 concluded that primaryanastomosis
had a lower mortality (7.4 vs. 15.6%) compared with Hart-
mann’s procedure, though, of course, sicker patients were
more likely to have a Hartmann’s such that this data should
be interpreted with caution. In reality, the decision should be
made on an individual case-by-case basis taking into account
individual patient factors and surgical skill set available. A
further factor to be considered in patients with malignancy is
that an anastomotic leak not only increases morbidity and
mortality but it will also significantly delay administration of
systemic chemotherapy, potentially increasing the risk of
systemic spread of disease.

Unfortunately, once a tumor has perforated, tumor cells
are released into the peritoneal cavity with a risk of devel-
oping colorectal peritoneal metastasis (CPM). CPM carries a
poor prognosis and used to be considered a terminal condi-
tion. However, over the last decade, advances in research and
treatment pathways have dramatically changed this view.
Carefully selected patients treated with a combination of
cytoreductive surgery (CRS) and hyperthermic intraperito-
neal chemotherapy (HIPEC) can have prolonged survival, and
in some cases cured.

Patients who present with a perforated colorectal tumor
should undergo full staging with a computed tomography
(CT) of the chest, abdomen, and pelvis. If this has not been
done during their acute presentation, then it should be
performed once they have recovered from their acute septic
episode. Their treatment should be coordinated through a
multidisciplinary process, as the input of many specialties
will be required.12

In the next sections of this article, we discuss the man-
agement of CPM which is more frequent following perfora-
tion of colorectal cancer.

Spread of Colorectal Cancer

Colon and rectal cancer can spread via the lymphatics into
the corresponding lymph nodes, via blood vessels, directly to

an adjacent organ or structure, and finally, through the
transcoelomic route into the peritoneal cavity.

In the case of the lymphatic route, it tends to follow a
pattern of first involving the lymph nodes closest to the
primary tumor and with progression to more central nodes.
Unfortunately, this progression does not always follow this
ordered pattern.

In the case of hematogenous metastases, the liver is the
organ most commonly affected with lung metastases,
the second commonest.13 However, some patients have
lung metastases without evidence of liver involvement im-
plying, as with the lymphatic route, a more disorganized
pattern of metastatic dissemination.

Direct spread can occur longitudinally, radially, and trans-
versely. In the case of colorectal cancer, longitudinal spread
can occur via tumor cells being shed into the lumen and then
reimplanting distally.14 Radial spread can result in tumor
growing directly into an adjacent structure such as the small
bowel, duodenum, or ureter in the retroperitoneum, the
abdominal wall, or the vagina.

Transcoelomic spread results from tumor cells released
into the peritoneal cavity either by direct tumor perforation
or rupture of an involved lymph node or vascular or lym-
phatic tumor into the peritoneal cavity.

Peritoneal Carcinomatosis and the Concept
of Colorectal Peritoneal Metastases

Peritoneal involvement at the time of otherwise curative
resection for a colorectal tumor is present in �5 to 10% of
patients,15,16 and 20 to 50% of all patients with CRC develop
metachronous peritoneal involvement.17 Cells released into
the peritoneal cavity are subject to the redistribution
phenomenon, originally described to explain the effect of
gravitational forces and intraperitoneal fluid dynamics on
peritoneal disease distribution secondary to ruptured
appendiceal neoplasms seen in pseudomyxoma peritonei
(PMP).18 It is important to note here that PMP’s biology
(relative noninvasive) is generally much more favorable in
most cases than that of CPM. In PMP, gravity allows pooling
of peritoneal fluid in the pelvis and/or parabolic gutters,
while clockwise flow of peritoneal fluid within the perito-
neal cavity pushes cells into areas of peritoneal fluid
reabsorption such as the omentum and subdiaphragmatic
spaces, particularly the right diaphragm. In the case of PMP,
the generally noninvasive biology usually results in viscer-
al-sparing distribution of disease. In contrast, CPM with
more invasive biology may infiltrate viscera at an earlier
stage. However, selected cases of CPM, particularly in the
early stages, may have a more contained distribution of
peritoneal disease or even visceral-sparing distribution
(especially with disease-free small bowel) and complete
cytoreduction can be achieved resulting to improved out-
comes and some cases even cure19 (►Fig. 1). There are
several scoring systems such as the Peritoneal Carcinoma-
tosis Index (PCI) (0–39), the Simplified Peritoneal Cancer
Index (0–21), and the Seven Region Count from the
Netherlands Cancer Institute, which all describe the
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distribution of disease within the peritoneal cavity. The
most widely used is the PCI. In essence, PCI is computed by
dividing the abdominal cavity into 13 areas or regions. Two
transverse and two sagittal lines define the first nine areas.
The upper transverse line is defined by connecting the two
lowest points of the costal margin, and the lower by a line
connecting the anterior iliac spines. The two sagittal lines
divide the abdomen into three equal sectors. The nine
regions are numbered clockwise starting at the right upper
sector, with 0 being the central region (►Fig. 2). The
remaining four areas refer to the upper and lower jejunum
and upper and lower ileum. Each area is scored according to
the size of the disease present (0¼ no tumor, 1¼ tumor
<5mm, 2¼ tumor <5 cm, and 3¼ tumor >5 cm or conflu-
ent disease). The primary tumor is excluded from the PCI
score.

Systemic Chemotherapy Alone
Patients with CPM who receive no treatment usually have a
survival of less than 6 months. The most common cause of
death is due to the indirect effect of peritoneal carcinoma-
tosis such as bowel obstruction, fistulation, or malnutrition
and generally not due to an overwhelming cancer bur-
den.20 The most commonly used regimes are FOLFOX (5-FU
combined with leucovorin and oxaliplatin) or FOLFIRI
(5-FU, leucovorin and irinotecan), but unfortunately, the
results are poor with a median overall survival of 10.4 to
15.2.21,22

Cytoreductive Surgery and Hyperthermic
Intraperitoneal Chemotherapy
The concept of complete removal of macroscopic disease and
use of intraperitoneal chemotherapy was popularized by

Fig. 1 Peritoneal Carcinomatosis Index: 0 to 8 correspond to nine sectors in the peritoneal cavity, while 9 to 13 split the small bowel into
four sectors (upper jejunum, lower jejunum, upper ileum, and lower ileum). Every region is scored: 0¼ no tumor, 1¼ tumor <5 mm, 2¼ tumor
<5 cm, and 3¼ tumor >5 cm or confluent disease.
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Sugarbaker23 and others24 for the management of PMP with
excellent results. The successful outcomes in PMP have led to
the adoption of a similar strategy in the management of
peritoneal disease from more biologically aggressive tumors
such as colorectal cancer.

CRS and HIPEC consist of two components, namely, CRS
aiming for complete macroscopic tumor removal combined
withHIPEC. CRS aims to remove all visible diseases by targeted
peritonectomies and multivisceral resection. The cytoreduc-
tion achieved is scored using the complete cytoreduction
score25 with CC0 (no visible disease), CC1 (<2.5mm), CC2
(>2.5mm but <2.5 cm), and CC3 (>2.5 cm). HIPEC involves
administration of heated chemotherapy within the peritoneal
cavity via an open or closed approach. In both approaches,
chemotherapy is heated to 42 to 43°C and circulated by a
perfusion machine using inflow and outflow catheters. The
most commonly used chemotherapy agents are mitomycin C
andoxaliplatin. There is no strongevidence favoringoneor the
other. Recently, the American Society of Peritoneal Surface
Malignancies conducted a retrospective review26 of 15 inter-
national databases and looked at the use of mitomycin C and
oxaliplatin reporting that the overall survival was similar for
both drugs. In subset analyses of patients with a lower PCI,
mitomycinC resulted inabetter overall survival rate.However,
this is a retrospective review with several limitations.

In 2003, Verwaal et al27 published a landmark randomized
controlled trial comparing CRS and HIPEC (as experimental
treatment)with systemicchemotherapy (5-FUand leucovorin)
and palliative surgery if needed (as the standard treatment).
Overall, 105 patients were randomized. The median survival
rate in the systemic chemotherapy group was 12.6 months
compared with 22.4 months in the CRS and HIPEC groups.
Completeness of cytoreduction and extent of peritoneal in-
volvement were independent predictors of better outcomes

after CRS andHIPEC. The updated follow-up study published in
200828 confirmed the initial results. In addition, the 5-year
survival in the CRS and HIPEC groups with a complete cytor-
eduction was 45% which is comparable to that of hepatic
metastasectomy for colorectal cancers. In 2010, Elias et al29

in a multicenter study reported on 523 patients who had CRS
and HIPEC for CPM. Complete cytoreduction was achieved in
84% and this, together with a low PCI (<19), absence of nodal
disease and use of adjuvant chemotherapy were predictors of
increased survival. The 5-year overall survival was 27%. In a
more recent study,30 Elias et al (2015) reported overall survival
ofupto72.4%at5years if thePCIwasvery low(<5)and38.7% if
the PCI was between 6 and 15.

Themain issue is the associatedmorbidity (andmortality)
and Mohamed et al31 in 2011 reported a range of morbidity
of 12 to 67.6% and mortality of 0 to 9% in CRS and HIPEC
highlighting that rates tend to decline with increasing expe-
rience as centers overcome the initial learning curve.

Careful and appropriate patient selection is essential to
the success of CRS and HIPEC reducing the risks of exposing
patients to a high-risk operation with small chances of
benefit.

Patients should befit enough to undergo amajor operation
and to tolerate major physiological cardiovascular challenges
andpossible complications. In addition, all efforts should focus
on establishing the radiological PCI using CT or magnetic
resonance imaging or through diagnostic laparoscopy if feasi-
ble. In the context of a patient presenting with a perforated
tumor, the perforation should be addressed as described
earlier. Thereafter, a period of systemic chemotherapy with
a trial of time and reassessment, reimaging, and discussion
withaperitonealmalignancyunitwouldbeadvisabledepend-
ing on patients overall condition and response to systemic
chemotherapy. Diagnostic laparoscopic may not be feasible in

Fig. 2 CT scans of a patient with widespread peritoneal disease on the small bowel mesentery and serosa (top row images). PET-CT showing a
solitary liver metastasis and solitary omental deposit (bottom right) and CT scan showing a single peritoneal deposit in the left paracolic gutter.
CT, computed tomography; PET, positron emission tomography.
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patients who have undergone emergency laparotomy for
colorectal perforation and noninvasive imaging may be the
only appropriate staging mechanism.

The Concept of Second-Look Laparotomy
In most patients, low-volume early peritoneal disease is
asymptomatic and imaging has low sensitivity for CPM.
However, these are the very group most likely to benefit
from CRS and HIPEC. In 2011, Elias et al32 reported a clinical
trial encompassing a scheduled second-look laparotomy on
asymptomatic patients deemed to be high risk of developing
CPM based on the presence of localized and resected
peritoneal disease at the index resection, a perforated
tumor at presentation or ovarian metastasis (Krukenberg).
Overall, 41 patients were included and after completion of
adjuvant chemotherapy, postprimary resection underwent
radiological staging. All 41 had normal scans and tumor
markers and underwent a laparotomy between 6 and
12 months of their index operation. CPM was found in
60% of those that had initially localized and resected
peritoneal disease, 37% of patients with perforated tumors
and 62% in those with ovarian metastasis and all underwent
CRS and HIPEC. In 2013, Honoré et al33 in a systematic
review estimated the incidence of peritoneal metastases
during follow-up postprimary resection without intraperi-
toneal chemotherapy at 70% if there was synchronous
peritoneal nodules, 50% if the tumor had perforated and
20% if an adjacent organ or structure was involved or if
there was tumor fistulation or obstruction. Randomized
clinical trials are currently underway to address whether
a second-look laparotomy in these high-risk groups results
in similar incidence of CPM and if CRS and HIPEC improve
survival or contribute to patient wellbeing or quality of life.
In this context, a recent concept of “obstruction free sur-
vival” has been proposed as a possible benefit of CRS and
HIPEC, even if cure is not achieved.34

Conclusion

About one-fifth of patients with colorectal cancer present as
an emergency. The main emergency presentations are
obstruction and perforation. There is overlap in some
patients with both obstruction and perforation. The acute
management of a patient with a perforated colorectal
cancer is similar for any cause colonic perforation with
the key priority to get the patient through the acute
admission as safely and efficiently as possible. One of the
major sequelae of a perforated colorectal malignancy is the
development of CPM.

Awareness of the risks, and early detection of CPM with a
strategy of CRS and HIPEC in carefully selected patients,
results in good outcomes and cure in some cases and has
been shown to be superior to what is generally rather
ineffective systemic chemotherapy for CPMs.
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