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A b s t r a c t

Background

When peritoneal carcinomatosis (PC) is diagnosed during emergency surgery for 

colorectal cancer (CRC), further treatment with curative intent may seem futile given 

the known poor prognosis of both PC and emergency surgery. The aim of the current 

study was to investigate the feasibility and effectiveness of cytoreductive surgery (CRS) 

and hyperthermic intraperitoneal chemotherapy (HIPEC) for CRC patients who previously 

underwent emergency surgery in the presence of PC.

Methods

All patients with synchronous PC of CRC referred to two tertiary centers between April 

2005 and November 2013 were included in this study. Operative, postoperative and 

survival details were compared between patients presenting in an emergency or elective 

setting.

Results

In total, 149 patients with synchronous PC underwent CRS + HIPEC. Amongst these 

patients, 36 (24.2%) initially presented with acute symptoms requiring emergency 

surgery. Acute presentation did not result in a longer interval between the initial 

operation and HIPEC (2.2 versus 2.1 months, P = 0.09). When comparing operative 

outcomes, no significant differences were found in blood loss (P = 0.47), operation time 

(P = 0.39), or completeness of cytoreduction (P = 0.97). In addition, complication rates, 

degree and types of complication did not differ between the groups. Median survival 

was 36.1 months for emergency presentation compared with 32.1 in the elective group 

(P = 0.73).

Conclusion

CRS + HIPEC may be performed safely in patients with PC of colorectal origin presenting 

with acute symptoms requiring emergency surgery. More importantly, the 5-year survival 

rate in these patients was equal to elective cases. This should be regarded as promising 

and therefore considered for these patients.
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B a c k g ro u n d

Patients presenting with acute symptoms (e.g. complete obstruction or perforation) of 

colorectal cancer (CRC) requiring emergency surgery are known to have an unfavorable 

long-term oncological outcome when compared with CRC patients who are treated in 

an elective setting.1–3 A significant portion of these patients will also be diagnosed with 

synchronous peritoneal carcinomatosis (PC) during surgery, a metastatic pattern that is 

notorious for its very poor prognosis.4,5 Therefore, it is conceivable that many surgeons 

being confronted with PC during emergency surgery may regard further treatment with 

curative intent as futile in these patients.

For patients with PC from CRC, cytoreductive surgery (CRS) followed by hyperthermic 

intraperitoneal chemotherapy (HIPEC) is currently the only available option to achieve 

long-term survival or even cure. This treatment is only available in a limited number of 

expert centers, usually not in an emergency setting.

Once regarded a high-risk procedure, CRS and HIPEC in selected patients is now 

considered safe and is increasingly offered to CRC patients with PC. The current study 

was undertaken to investigate the operative and long-term oncological outcome after 

CRS + HIPEC in patients who had previously undergone emergency surgery in the 

presence of PC.

M e t h o d s

Patients

All consecutive patients with synchronous PC of CRC treated with CRS + HIPEC at two 

tertiary referral centers – the Catharina Hospital Eindhoven and the St. Antonius Hospital 

Nieuwegein – between April 2005 and November 2013 were included in the current 

study. Data were extracted from a prospective database, with a focus on patient and 

tumor characteristics, interval between initial surgery and CRS + HIPEC, perioperative 

details, postoperative complications, and survival. Patients were labeled as acute when 

presentation was followed by emergency surgery within 24 h. Complications were scored 

using the serious adverse event score, distinguishing intra-abdominal complications from 

other complications, such as pneumonia or wound infection.6 Regular follow-up was 

performed after hospital discharge.



Chapter 6

98

Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy

Both hospitals serve as tertiary referral centers in The Netherlands, and all operations 

were performed by a specialized surgical team with expertise in HIPEC. An exploratory 

laparotomy was performed in all patients, as described previously.7,8 CRS + HIPEC 

was only performed in the absence of unresectable liver metastases, with a simplified 

peritoneal cancer index (sPCI)9 < 6 and a PC index (PCI) of < 20 points10. The procedure 

was also cancelled when the surgeons believed an unreasonable length of bowel would 

have to be resected to achieve a macroscopic complete resection. The aim of every 

operation was to remove all visible tumor deposits in the peritoneal cavity. Completeness 

of cytoreduction was scored using the R-score (R1: no macroscopic disease; R2a: residual 

tumor nodules ≤ 2.5 mm in diameter; and R2b: residual tumor nodules between 2.5 

mm and 2.5 cm in diameter). HIPEC procedures were performed by using the open-

colosseum technique. Saline was heated to a temperature of 41–42 °C and perfused 

intra-abdominally. Mitomycin C (35 mg/m2) was added and circulated for 90 min using 

the Performer™ HT (RanD Biotech, Italy).

Statistical analysis

All statistical analyses were performed using the Statistical Package for Social Sciences, 

Version 21.0 (IBM Corporation, Armonk, NY, USA). Patient and tumor characteristics 

were compared between those with acute presentation versus elective presentation 

using a Chi square or Fisher’s exact test according to sample size. Student’s t test or 

Mann–Whitney U was used in case of continuous variables, depending on distribution. 

All tests of statistical significance were two-sided and P < 0.05 was considered significant. 

Kaplan–Meier was used to analyze survival in the different groups. A subanalysis was 

made to compare primary tumor resection within the acute presentation group. A P 

value < 0.05 was considered statistically significant.
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R e s u l t s

Baseline characteristics

In total, 149 patients underwent CRS + HIPEC in one of the hospitals (76 males, 51.0%). 

Median age at presentation for this group was 62 years (range 24–79). In 36 patients 

(24.2%), PC was diagnosed during emergency surgery to relieve symptoms of the pri-

mary tumor. The main reasons for acute presentation were obstruction or perforation 

(58.3 and 27.8%, respectively). The remaining 113 patients (75.8%) were diagnosed and  

treated in an elective setting. In 92 patients, PC was diagnosed during a previous elec tive 

exploratory laparotomy or laparoscopy, and in 20 patients PC was diagnosed without 

previous surgery and patients were directly referred to one of the centers (Figure 1).

The group initially presenting with acute symptoms more often had an exploratory 

laparotomy instead of a laparoscopic approach compared with elective patients (80.6 

versus 53.1%, P < 0.001). Emergency surgery more often resulted in the formation of 

a stoma (66.7 versus 22.1%, P < 0.001) and a non-significant difference in resection 

of the primary tumor (61.1 versus 45.1%, P = 0.10). Acute presentation resulted in 

an interval of 2.2 months (range 0.5–7.8) between the initial operation and the HIPEC 

procedure, being similar to the 2.1 months (range 0.2–32.4) in the elective group (P = 

0.09). No significant influence of neoadjuvant chemotherapy on interval prior to HIPEC 

was noticed. Median interval to HIPEC for patients who did not undergo a resection of 

the primary tumor during initial surgery was 1 month (range 0–6.9) compared with 2.5 

months (range 1.2–32.6) in the primary tumor resection group (P < 0.001). Baseline 

characteristics are shown and compared in Table 1. 
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Table 1, General characteristics of patients undergoing CRS + HIPEC between March 2007 and 
November 2013 for colorectal synchronous peritoneal carcinomatosis

Variable Acute primary,  
N = 36 (24.2%)

Elective primary,  
N = 113 (75.8%)

P value

Gender (N (%))

 Male 29 (66.7) 52 (46.0) 0.03

 Female 12 (33.3) 61 (54.0)

Age at presentation (years (range))a 63.1 (37–76) 62.2 (24–79) 0.77

Reason acute (N (%))

 Obstruction 21 (58.3)  

 Perforation 10 (27.8)  

 Blow out 3 (8.3)  

 Other 2 (5.6)  

Type of primary surgery (N (%))

 Laparotomy 29 (80.6) 60 (53.1) <0.001

 Laparoscopy 5 (13.9) 32 (28.3)

 Unknownb 2 (5.6) 1 (0.9)

 No surgery 20 (17.7)

Primary tumor resection (N (%)) 22 (61.1) 51(45.1) 0.10

Ostomy (N (%)) 24 (66.7) 25 (22.1) <0.001

Interval primary surgery – HIPEC 2.2 (0.5–7.8) 2.1 (0.2–32.4) 0.09

(months (range))a 

Neoadjuvant chemotherapy (N (%)) 7 (19.4) 23 (20.4) 0.91

CRS cytoreductive surgery, HIPEC hyperthermic intraperitoneal chemotherapy
aMann–Whitney U 
bThese patients had surgery, however it was not possible to determine whether laparoscopy or 
laparotomy was performed

 

Primary tumor characteristics

In both the emergency and elective setting, the majority of patients presented with a 

T4 tumor (69.4 and 56.6%, respectively, P = 0.17), and a similar proportion of patients 

presented with N2 stage (38.9 and 51.3%, respectively, P = 0.19). No statistical differences 

were detected regarding the histology (P = 0.59) as well as mucinous differentiation (P = 

0.40). Tumor characteristics are shown in Table 2. 
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Table 2, Primary tumor characteristics

Variable Acute primary (N = 36) Elective primary (N = 113) P value

T-stage (N (%))

 Tl 0 1 (0.9) 0.08

 T2 0 3 (2.7)

 T3 9 (25.0) 45 (39.8)

 T4 25 (69.4) 64 (56.6)

 TX 2 (5.6) 0

N-stage (N (%))

 N0 14 (38.9) 20 (17.2) 0.01

 N1 4 (11.1) 30 (26.5)

 N2 14 (38.9) 58 (51.3)

 NX 4 (11.1) 5 (4.4)

Tumor differentiation (N (%))

 Good 0 5 (4.4) 0.59

 Moderate 21 (58.3) 54 (47.8)

 Poor 8 (22.2) 30 (26.5)

 Signet cell 2 (5.6) 10 (8.8)

 Unknown 5 (13.9) 14 (12.4)

Mucinous (N (%)) 8 (22.2) 36 (31.9) 0.40

Localization of primary tumor (N (%))

 Right colon 13 (36.1) 41 (36.3) 0.25

 Transversum 1 (2.8) 11 (9.7)

 Left colon 4 (11.1) 8 (7.1)

 Sigmoid 14 (38.9) 36 (31.9)

 Rectum 3 (8.3) 17 (15.0)

 Unknown 1 (2.8) 0

 

 

Operative outcomes

The operative outcomes are given in Table 3. When comparing the acute versus elective 

group, no significant difference was measured in operative time (394 versus 377 min, 

P = 0.39) and blood loss (550 versus 625 milliliters, P = 0.47). An R1 completeness of 

cytoreduction score was achieved in 97.2% of the acute group and 97.3% in the elective 

group (Figure 1). 
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Table 3, Peri- and postoperative outcomes

Variable Acute primary  
(N = 36)

Elective primary  
(N = 113)

P Value

ASA score (N (%))

 I 4 (11.1) 16 (14.2) 0.78

 II 28 (77.8) 88 (77.9)

 III 4 (11.1) 9 (8 0)

Regions (N (%))

 I 7 (19.4) 10 (11.0) 0.34

 II 9 (25.0) 23 (20.4)

 III 8 (25.0) 31 (27.4)

 IV 3 (8 3) 23 (20.4)

 V 7 (19.4) 15 (13.3)

  VI 1 (2.8) 9 (8 0)

 VII 0 (0) 1 (0 9)

Operative parameters (range)

 OK time (min) 394 (100–609) 377 (196–700) 0.39

 Blood loss (ml) 550 (50–3,000) 625 (50–6,600) 0.47a 

R-score (N (%))

 I 35 (97.2) 110 (97.3) 0.97

 IIA 1 (2 8) 3 (2 7)

Ostomy after HIPEC (N (%)) 14 (41.2) 49 (43.3) 0.82

Adverse events postoperatively (N (%))

 SAE ≥3 9 (25.0) 25 (22.1) 0.72

 Intra-abdominal 9 (25.0) 29 (25.7) 0.94

Complication type (N (%))

 Wound infection 6 (16.7) 9 (8 0) 0.13

 Leakage 4 (11.11 18 (15.9) 0.48

 Bleeding 1 (2 8) 2 (1.8) 0.71

 Pneumonia 1 (2.8) 5 (4 5) 0.66

 Abscess 3 (8 3) 11 (9.7) 0.80

 Cystitis 3 (8 3) 2 (2 7) 0.13

 Fistulae 1 (2.8) 4 (3 6) 0.82

 lleus 5 (13.9) 21 (18.6) 0.52

 Wound dehiscence 1 (2.8) 2 (1.8) 0.71

Reoperation (N (%)) 6 (16.7) 18 (15.9) 0.92

Length of stay (days (range)) 9.5 (3–81) 10 (4–79) 0.42a 

30-day mortality (N (%)) 0 2 (1.8) 0.42

ASA American Society of Anesthesiologists, HIPEC hyperthermic intraperitoneal chemotherapy
aMann–Whitney U 
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Figure 1, Study flow chart

 

Complications

A total of 34 patients (22.8%) had an SAE score ≥3, including 9 (25%) in the acute 

group and 25 (22.1%) in the elective group (P = 0.72), resulting in 6 (16.7%) and 18 

(15.9%) reoperations, respectively (P = 0.92). No statistical differences were found in the 

occurrence of anastomotic leakages between acute and elective patients (11.1 versus 

15.9%, P = 0.48), postoperative intra-abdominal bleeding (2.8 versus 1.8%, P = 0.71), 

intra-abdominal abscess (8.3 versus 9.7%, P = 0.80), fistulae (2.8 versus 3.6%, P = 0.82), 

ileus (13.9 versus 18.6%, P = 0.52), and length of stay after the procedure (9.5 versus 

10 days, P = 0.42). Postoperative mortality (either in-hospital or 30-day) was 0% in the 

emergency group and 1.8% in the elective group.

Survival analysis

The median follow-up time of the entire group was 16.2  months (range 0.13–90). 

Median survival was 36.1 and 32.1 months after CRS + HIPEC treatment for acute and 

elective patients, respectively (P = 0.73) (Figure 2). 
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Figure 2, Log-rank survival analysis between emergency and elective patients undergoing  
CRS + HIPEC

 
 

D i s c u s s i o n

The current study investigated whether CRC patients being diagnosed with PC during 

surgery for perforation or complete obstruction could eventually benefit from CRS 

followed by HIPEC. Acute presentation of CRC requiring emergency surgery is associated 

with poorer perioperative outcomes and a decreased 5-year survival rate. Bass et al.1 

studied a group of 90 patients operated in an acute setting. They reported overall 

survival to be 59 months compared with 82 months in the elective setting (P < 0.001). 

Similar findings were reported by McArdle and Hole,2 who also showed perioperative 

mortality to be 8.2% compared with only 2.8% in 632 emergency and 1,603 elective 

CRC patients respectively. Furthermore, emergency presentation is also associated with 

advanced tumor and node stage and unfavorable histologic features, as reported by 

Ghazi et al.11 in a retrospective analysis of 129 emergency patients. With regard to PC 

patients, it is known that in patients suffering from pseudomyxoma peritonei (PMP), 

extensive surgery, including primary tumor resection prior to HIPEC, results in more 
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blood loss, a longer operative time and a higher PCI during HIPEC, and a decreased 

recurrence-free survival after HIPEC.12 It is hypothesized that surgical trauma during 

the primary tumor resection causes additional dissemination and progression of the 

peritoneal metastases by releasing growth factors into the peritoneal cavity.13 When this 

hypothesis holds true, especially tumor perforation causing bacterial peritonitis could 

be regarded as detrimental for future treatment in PC patients. However, the lack of 

accurate quantification of PC at the time of primary presentation and inter-observer 

variations make it impossible to evaluate to what extent this process takes place.

PC is one of the metastatic pathways of CRC. At least 5% of all CRC patients will be 

diagnosed with PC at the time of diagnosis, and another 3–5% will develop PC in the 

course of the disease.14,15 Treatment of PC of CRC is extremely challenging. Surgery or 

systemic chemotherapy alone should be regarded as palliative treatment at most, with 

mostly disappointing results.16–18 The only option that has been shown to result in long-

term survival or even cure is CRS followed by HIPEC.19,20 Ideally, patients with PC should 

therefore be referred to a hospital with expertise in treatment of PC including HIPEC 

whenever possible.21 Unfortunately, early diagnosis of PC is problematic. Diagnostic 

modalities such as multi-sliced abdominal computed tomography scans typically achieve 

a sensitivity of only 10–30% for lesions smaller than 1 cm, being the typical size of PC.22 

Therefore, synchronous PC is typically diagnosed by surgeons performing an explorative 

procedure for the primary tumor in the vast majority of cases.5 Also, in the current study 

most patients underwent a laparotomy or laparoscopy before referral to a tertiary center 

for the treatment of their PC.

Given the frequency of PC, especially in advanced CRC, and in most cases the inability to 

diagnose this previous to surgery, it is inevitable that PC will be diagnosed in a relevant 

proportion of CRC patients during emergency surgery. The operating surgeon may then 

be confronted with a seemingly desperate situation given the bad prognosis of both 

emergency surgery and the presence of PC. Interestingly, the current study reveals that 

operative outcomes, postoperative complications and survival in these patients is similar 

compared with patients in whom PC was diagnosed in an elective setting, These findings 

are important since they show that long-term survival may even be achieved in selected 

patients undergoing acute surgery for perforation or bowel obstruction in the presence 

of PC.

It remains important to stress that initial surgery prior to surgery should be as sparing 

as possible, in order not to damage the peritoneal surface and to evoke intraperitoneal 
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release of growth factors, although there is little evidence for the latter. Unfortunately, 

in the majority of cases, we could not retrospectively identify the considerations of 

the individual surgeon to decide for either tumor resection, deviating ostomy, or no 

intervention at all at first presentation. As well as the above-mentioned study by Chua et 

al.12 on PMP patients, a recent paper by Braam and colleagues23 also showed that a two-

stage procedure may lead to more extended bowel resections and permanent colostomies 

in comparison to a one-stage approach. Unfortunately, patients presenting with acute 

symptoms usually require immediate intervention in otherwise life-threatening situations 

such as perforation or total obstruction. Therefore, initial conservative treatment to 

perform delayed surgery including HIPEC in an elective setting is often not possible.

It should be acknowledged that the current study probably reports on a selected group 

of patients. A significant proportion of patients in a seemingly similar situation were 

probably not referred to our hospitals because of the presence of systemic metastases, 

widespread peritoneal disease, or an insufficient general condition to undergo major 

surgery. Also, some patients were deemed not eligible after explorative laparotomy 

took place in our centers, although the proportion of patients in both groups did not 

statistically differ. The relative prosperous results in the current study will therefore not be 

applicable for every CRC patient with PC diagnosed during acute surgery. However, it is 

very likely that a selection of patients who may have benefited from this treatment were 

not referred to an HIPEC center given the currently perceived poor prognosis of such 

patients amongst healthcare providers. The current study shows that this no longer holds 

true in every patient and that CRS and HIPEC should also be considered in CRC patients 

with PC requiring emergency surgery for acute symptoms, including bowel perforation.
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