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Introduction: Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) is a
well-established curative treatment for patients with peritoneal carcinomatosis (PC) from colorectal
cancer (CRC) and pseudomyxoma peritonei (PMP). The study's aim was to present a single center's initial
experience with CRS and HIPEC and report the postoperative morbidity in elderly patients.
Methods: A retrospective observational study was conducted of all patients with peritoneally dissemi-
nated colorectal cancer or pseudomyxoma peritonei undergoing CRS and HIPEC between March 2014
and March 2017. Patient characteristics and the peri- and postoperative course were reviewed. Elderly
patients were defined as those aged � 65 years. Postoperative complications were classified according to
the Serious Adverse Event (SAE) grading system.
Results: 122 patients undergoing CRS and HIPEC were split into two groups based on age (< 65 years
versus� 65 years) at the time of surgery. Both groups were comparable for ASA score, Peritoneal Cancer
Index (PCI), procedure time and blood loss. Serious Adverse Event (SAE) grade> 3 morbidity was 26.7% in
the elderly group as opposed to 10.4% in the younger group (p¼ 0.034). Both univariate and multivariate
logistic regression analysis demonstrated that age was a significant risk factor (OR¼ 3.2, 95% CI 1.1e9.4,
p¼ 0.033) for severe postoperative morbidity (SAE> 3).
Conclusion: This retrospective study showed advanced age to be a significant risk factor for SAE> 3, after
undergoing CRS and HIPEC. The initial institutional experience resembles previously published literature
in terms of severe postoperative morbidity in elderly patients.
© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

Over the past twenty years, cytoreductive surgery (CRS) com-
bined with hyperthermic intraperitoneal chemotherapy (HIPEC)
has increasingly been used as a curative therapeutic modality in
patients with peritonitis carcinomatosa from colorectal cancer
(CRC) and pseudomyxoma peritonei (PMP) [1,2]. CRS and HIPEC has
resulted in significantly improved outcomes with 1-year and 5-year
survival rates up to 72% and 32% for colorectal cancer and 90% and
74% for PMP respectively [3,4]. It has been demonstrated that this
survival benefit depends mostly on achieving an R1-resection,
signifying a total cytoreduction.

To obtain total cytoreduction, extensive resections of abdominal
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viscera and stripping of peritoneum are sometimes performed,
which affects morbidity andmortality with rates as high as 42% and
4% respectively [4]. It has been reported that these morbidity and
mortality rates are increased in the elderly patient [5,6]. However,
data on postoperative outcomes for this specific patient population
remains limited and conflicting data have been published.

This study aimed to investigate the peri- and postoperative
complications for elderly patients (� 65 years) undergoing CRS and
HIPEC in the start-up phase of a tertiary referral center and to
identify the potential contributing risk factors.
Methods

Patients

Between March 2014 and March 2017, a total of 122 patients
opean Society of Surgical Oncology. All rights reserved.
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underwent CRS and HIPEC in the Erasmus Medical Center in Rot-
terdam for peritoneally disseminated colorectal cancer or pseudo-
myxoma peritonei. Relevant patient-, tumor-, treatment-related,
and postoperative period characteristics were collected in a pro-
spectively maintained database. This retrospective study was
approved by the local medical ethics committee in the Erasmus
Medical Center (registration number MEC-2018-1286).

Preoperative screening

All patients, who were referred for CRS and HIPEC, underwent a
thorough preoperative screening in order to select those who
would be eligible for this procedure. The screening included
physical examination and imaging of the chest, abdomen and pelvis
to rule out distant metastases and to determine the extent of the
peritoneal dissemination. General contraindications for the pro-
cedurewere >3 livermetastases, extra-abdominalmetastases and a
Peritoneal Cancer Index (PCI) score greater than 20 [7e9].

Furthermore, a preoperative screening by an anesthesiologist
was performed in all patients to assess physical condition and
comorbidities. If the exercise tolerance was limited and/or serious
comorbidities were present, a risk calculation was done and dis-
cussed with patient and surgeon to aid shared decision-making. In
absence of contra-indications epidural analgesia, in addition to
general anesthesia, was first choice and offered to most patients.

In most patients, a diagnostic laparoscopy was performed to
estimate the PCI score to assess the extent of peritoneal carcino-
matosis [7]. If the PCI was less than 20 during laparoscopy, patients
were planned for an elective CRS and HIPEC procedure. Unfortu-
nately, some patients had a higher PCI during laparotomy and
therefore did not receive CRS and HIPEC.

CRS and HIPEC

CRS and HIPEC was performed in a starting tertiary medical
center by a specialized surgical team of three surgeons. The starting
surgeons visited an experienced HIPEC institute beforehand and
the initial operations were also supervised and monitored by a
visiting surgeon to ensure that protocols were followed. This period
of proctorship led to the progression of the surgical learning curve.
The procedures were performed according to Dutch CRS and HIPEC
protocols [10,11].

After abdominal access via laparotomy, a thorough assessment
of the extent of peritoneal disease was conducted by determining
the PCI score according to Sugarbaker [7]. The PCI score is not
relevant in patients with pseudomyxoma peritonei and was thus
not assessed preoperatively. The greater omentum, primary tumor
(if still present), involved visceral abdominal organs, involved pa-
rietal surfaces and all peritoneal implants were resected as able.

Administration of HIPEC was by way of the open (coliseum)
technique in which the abdominal wall is attached to a retractor
frame, creating an inverted funnel like cavity. This technique ap-
pears to provide optimal thermal homogeneity and spatial diffu-
sion [7,12]. The perfusion circuit (RanD Performer) consisted of 3
inflow catheters, 2 outflow catheters, 1 roller pump and 1 heat
exchanger. Thermometers were attached to the inflow- and
outflow catheters. The perfusion started with the abdominal cavity
being filled with aminimum of 4e6 liters isotonous saline at 2 liters
per minute with an inflow temperature of 41e42 C. After reaching
the desired stable abdominal temperature of > 40 C, either Mito-
mycin C (MMC) or Oxaliplatin was added as chemotherapeutic
agent to the perfusate for a 90-min or 30-min perfusion period,
respectively. If the core temperature of the patient rose above 39 C,
the inflow temperature was lowered.

After the HIPEC perfusion period, intestinal bowel anastomoses
and/or a stomy procedure was performed if necessary. All patients
received a feeding tube (a percutaneous entero-jejunostomy till
December 2015 and a naso-jejunal tube hereafter) and a tube for
gastric decompression (a percutaneous gastrostomy till December
2015 or nasogastric tube hereafter). The inflow catheters were left
in place as drains and the wound was closed in standard fashion.

Postoperative monitoring

After surgery, patients were transferred to the intensive care
unit (ICU) for observation and stabilization. Patients were trans-
ferred to the surgical ward after this initial monitoring was
completed. Postoperative complications during hospitalization
were classified according to the Serious Adverse Event (SAE)
grading system: SAE¼ 1 signifying an asymptomatic or mild
complication (intervention not indicated), SAE¼ 2 signifying a
moderate complication (local or non-invasive intervention indi-
cated), SAE¼ 3 signifying a severe complication (significant but not
immediately life-threatening, radiological or surgical intervention
indicated), SAE¼ 4 signifying a life-threatening complication
(reoperation and/or prolonged ICU stay indicated), and SAE¼ 5
signifying in-hospital death related to the adverse event. This SAE
grading system is based on the NCI (National Cancer Institute)
Common Terminology Criteria (CTC) for Adverse Events (version
4.0) [13,14]. The postoperative period was defined as the 30-day
interval following CRS and HIPEC, or the duration of the entire
hospital stay if it exceeded 30 days.

Follow up

Follow-up of patients was done in the outpatient clinic; initially
2 weeks after discharge, then at 3-month intervals for the first year
and 6-month intervals thereafter with alternate CT-scans and
monitoring of the Carcino-Embryonal Antigen (CEA). The follow-up
is, in general, completed after a 5-year disease-free interval
following CRS and HIPEC.

Statistical analysis

Data retrieval for the analysis was from a prospectively main-
tained electronic database. Continuous variables were expressed as
a median with an interquartile range, and categorical variables
were presented as percentages. Continuous variables were
compared between patients with an age < 65 years and age � 65
years using a Student's t-test, while categorical variables were
compared using either the Chi-squared (c2) test or Fisher's exact
test. A multivariate analysis was performed for the postoperative
outcomes in the overall study population with independent vari-
ables: age � 65 years, gender, BMI (body mass index), ASA (Amer-
ican Society of Anesthesiologists) classification, procedure time,
number of resected organs, number of bowel anastomoses and
blood loss. All tests were performed two-sided and results were
considered significant when p< 0.05. Statistical analyses were
performed using Statistical Package for Social Sciences (SPSS),
Version 21.0 (IBM Corporation, Armonk, NY, USA).

Results

Patient cohort

Demographic data and clinico-pathological characteristics for
both age groups (< 65 years versus� 65 years) are described in
Table 1. An overview of specifically patients with colorectal and
appendix cancer is given in Table 2. From March 2014 to March
2017, 122 patients underwent elective CRS and HIPEC for peritoneal



Table 1
Demographic & clinico-pathological characteristics of patients undergoing CRS þ HIPEC.

All patients (N¼ 122) <65 years (N¼ 77) �65 years (N¼ 45) p-value

Age, median years [IQR] 60.5 [51e68] 53.2 [51.5e54.8] 70.5 [69.5e71.5] <0.001
Gender, N (%) NS
Male 58 (47.5%) 37 (48.1%) 21 (46.7%)
Female 64 (52.5%) 40 (51.9%) 24 (53.3%)

Body Mass Index, median [IQR] 25.1 [22.3e27.8] 25.1 [22.3e28.0] 25.0 [22.7e27.8] NS
Smoking (past history/current), N (%) 65 (53.3%) 40 (51.9%) 25 (55.6%) NS
Co-morbidities, N (%)
Hypertension 27 (22.1%) 10 (13%) 17 (37.8%) 0.001
Diabetes mellitus 17 (13.9%) 7 (9.1%) 10 (22.2%) 0.043
Insulin-dependent diabetes mellitus 7 (5.7%) 3 (3.9%) 4 (8.9%) NS

ASA classification, N (%) 0.047
1 28 (23%) 21 (27.3%) 7 (15.6%)
2 71 (58.2%) 45 (58.4%) 26 (57.8%)
3 23 (18.9%) 11 (14.3%) 12 (26.7%)

Primary tumor entity & location, N (%)
Appendix cancer 4 (3.3%) 2 (2.6%) 2 (4.4%)
Pseudomyxoma peritonei 18 (14.8%) 12 (15.6%) 6 (13.3%)
Colorectal cancer 99 (81.1%)
Left colon 9 (9.1%) 6 (9.7%) 3 (8.1%)
Right colon 42 (42.4) 23 (37.1%) 19 (51.4%)
Transverse colon 7 (7.1%) 5 (8.1%) 2 (5.4%)
Sigmoid 24 (24.2%) 15 (24.2%) 9 (24.3%)
Rectum 17 (17.2%) 13 (21%) 4 (10.8%)

Other 1 (0.8%) 1 (1.3%) 0 (0%)
Peritoneal carcinomatosis, N (%) NS
Synchronous 67 (54.9%) 44 (57.1%) 23 (51.1%)
Metachronous 55 (45.1%) 33 (42.9%) 22 (48.9%)

IQR: interquartile range; NS: not significant; ASA: American Society of Anesthesiologists.

Table 2
Clinico-pathological characteristics of patients with colorectal and appendix cancers (N¼ 103).

All patients (N¼ 103) <65 years (N¼ 64) �65 years (N¼ 39) p-value

Neo-adjuvant chemotherapy before CRS þ HIPEC, N (%) 9 (8.7%) 6 (9.4%) 3 (7.7%) NS
Intraoperative PCI of appendix cancer and CRC patients, median (IQR) 10 [5e16] 10 [5e16] 10 [6e16] NS
Primary tumor TNM classification of CRC & appendix, N (%) NS
T1/T2 5 (4.9%) 2 (3.1%) 3 (7.7%)
T3/T4 95 (92.2%) 60 (93.8%) 35 (89.7%)
N0 32 (31.1%) 18 (28.1%) 14 (35.9%)
N1/N2 67 (65%) 44 (68.8%) 23 (59%)
M0 43 (41.7%) 24 (37.5%) 19 (48.7%)
M1 50 (48.5%) 32 (50%) 18 (46.2%)

Adjuvant chemotherapy after CRS þ HIPEC, N (%) 35 (34%) 26 (40.6%) 9 (23.1%) NS

IQR: interquartile range; NS: not significant.
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carcinomatosis for either CRC or PMP, among which 45 (36.9%)
patients were elderly. Median time from primary tumor diagnosis
to CRS and HIPEC was 6 months (IQR 2e20). Two patients under-
went re-cytoreduction and re-HIPEC for recurrence of disease
during follow-up. These two additional procedures were excluded
from this study. The median follow-up time was 11.5 months
(6e18). There was no statistical difference in gender distribution
between both age groups. Only hypertensionwas statistically more
prevalent in the elderly group as compared to the younger group;
diabetes did not reach statistical significance. Both comorbidities
were considered potential confounders and were used as inde-
pendent predictor variables in uni- and multivariate analysis, as
will be discussed later. The distribution of primary tumors
encompassed 99 (81.1%) colorectal carcinomas, 18 (14.8%) pseudo-
myxoma peritonei, 4 (3.3%) appendiceal carcinomas and 1 (0.8%)
cystic endosalpingiosis.
Surgical procedure

The median duration of CRS and HIPEC was 426.5min
(375.8e508). There was no statistical difference in procedure time
between both age groups. The extent of peritoneal carcinomatosis,
as determined with the PCI-score, was not significantly different
between both groups. Most patients underwent a bowel resection
with at least one bowel anastomosis. A colostomy was required for
42/122 (34.4%) patients, and 8/122 (6.6%) patients required an
ileostomy. All patients received an omentectomy, either during the
primary surgery or during CRS and HIPEC. The median blood loss
was higher in the elderly group compared to the younger group but
it was not statistically significant. No patients died during CRS and
HIPEC.
Postoperative course

Table 3 reports the intra- and postoperative characteristics of
patients. Major complications (SAE grade> 3) occurred in 20
(16.4%) patients in the entire cohort (N¼ 122). In the elderly group
(N¼ 45), the rate of major complications was 26.7% as compared to
the 10.4% in the younger group (N¼ 77). The most frequently
occurred major complications in the entire cohort were intra-
abdominal abscesses (9.8%), anastomotic leakages (4.9%), post-
operative bleeding (4.1%) and pulmonary embolisms (4.1%).



Table 3
Intra- and postoperative characteristics of patients undergoing CRS þ HIPEC.

All patients (N¼ 122) <65 years (N¼ 77) �65 years (N¼ 45) p-value

Resected organs
Omentum 118 (96.7%) 73 (94.8%) 45 (100%) NS
Ovaries 48 (39.3%) 30 (39%) 18 (40%) NS
Uterus 30 (24.6%) 21 (27.3%) 9 (20%) NS
Rectum 37 (30.3%) 24 (31.2%) 13 (28.9%) NS
Sigmoid 39 (32%) 24 (31.2%) 15 (33.3%) NS
Left peritoneum 38 (31.1%) 19 (24.7%) 19 (42.2%) NS
Right peritoneum 48 (39.3%) 28 (36.4%) 20 (44.4%) NS
Left diaphragm 13 (10.7%) 10 (13%) 3 (6.7%) NS
Right diaphragm 32 (26.2%) 20 (26%) 12 (26.7%) NS
Spleen 9 (7.4%) 5 (6.5%) 4 (8.9%) NS
Gallbladder 8 (6.6%) 2 (2.6%) 6 (13.3%) NS
Bladder 4 (3.3%) 4 (5.2%) 0 (0%) NS
Pelvic peritoneum 61 (50%) 41 (53.2%) 20 (44.4%) NS

Number of anastomosis NS
0 50 (41%) 29 (37.7%) 21 (46.7%)
1 58 (47.5%) 40 (51.9%) 18 (40%)
2 9 (7.4%) 6 (7.8%) 3 (6.7%)
3 3 (2.5%) 1 (1.3%) 2 (4.4%)
4 2 (1.6%) 1 (1.3%) 1 (2.2%)

Stoma post-HIPEC 50 (41%) 35 (45.5%) 15 (33.3%) NS
Procedure time, median minutes [IQR] 426.5 [375.8e508] 426 [372e509] 427 [382e504] NS
Blood loss, median millimeters [IQR] 1300 [800e2350] 1200 [810e2175] 1500 [743e2545] NS
SAE classification
SAE grade 0 34 (27.9%) 25 (32.5%) 9 (20%) NS
SAE grade 1-3 68 (55.7%) 44 (57.1%) 24 (53.3%) NS
SAE grade >3 20 (16.4%) 8 (10.4%) 12 (26.7%) 0.019

Complications during hospital stay
Anastomotic leakage 6 (4.9%) 4 (5.2%) 2 (4.4%) NS
Intra-abdominal bleeding 5 (4.1%) 5 (6.5%) 0 (0%) NS
Abscess 12 (9.8%) 9 (11.7%) 3 (6.7%) NS
Wound infection 17 (13.9%) 13 (16.9%) 4 (8.9%) NS
Wound dehiscence 4 (3.3%) 1 (1.3%) 3 (6.7%) NS
Pneumonia 4 (3.3%) 4 (5.2%) 0 (0%) NS
Pulmonary embolism 5 (4.1%) 1 (1.3%) 4 (8.9%) NS
Urinary tract infection 14 (11.5%) 7 (9.1%) 7 (15.6%) NS
Other infections 18 (14.8%) 9 (11.7%) 9 (20%) NS

Reoperation 17 (13.9%) 11 (14.3%) 6 (13.3%) NS
In-hospital mortality 5 (4.1%) 1 (1.3%) 4 (8.9%) NS
Intensive Care Unit stay, median days [IQR] 3 [2e3] 3 [2e3] 3 [2.5e3.5] NS
Hospital stay, median days [IQR] 17 [14e23] 18 [15e23] 17 [13.3e25] NS

IQR: interquartile range; NS: not significant; SAE: Serious Adverse Event.
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Table 4 reports every occurred complication in elderly patients
who experienced at least one major postoperative complication. 6/
45 patients (13.3%) in the elderly group and 11/77 (14.3%) younger
patients underwent a reoperation during the postoperative course.
The in-hospital mortality rate was 5/45 (8.9%) in the elderly group
versus 1/77 (1.3%) in the younger group, but not statistically
significant.
Risk factors for postoperative complications

Table 5 shows the univariate and multivariate analyses. Uni-
variate analysis, performed on the entire cohort, demonstrated that
elderly age (OR¼ 3.14, 95% CI 1.17e8.41, p¼ 0.023) was a significant
risk factor associated with major postoperative complications.
Other factors such as gender, body mass index and number of
resected organs were not statistically significant. Stepwise multi-
variate models were developed with patient- and procedure-
related characteristics as independent predictor variables. Multi-
variate analysis showed elderly age (OR¼ 3.21, 95% CI 1.1e9.39,
p¼ 0.033) as a remaining significant risk factor for major post-
operative complications. Although blood loss (OR¼ 1.001, 95% CI
1.0e1.001, p¼ 0.045) reached significance, the effect size was
minimal.
Discussion

CRS and HIPEC is a curative treatment for selected patients with
peritoneal carcinomatosis. This current study focuses primarily on a
tertiary center's initial experience with CRS and HIPEC including
the postoperative complications. Sixty-five years was chosen as a
cut-off point to distinguish between “younger” and “elderly” pa-
tients and even though this has been done by others as well, the
definition of elderly patients remains arbitrary [15e18]. The results
of this study support the general opinion. They suggest that, even
after thorough patient selection, age �65 years is a significant risk
factor for major postoperative complications after CRS and HIPEC.
Age, in general, is known to be directly related with increased
comorbidities and a reduced capacity to recover after extensive
surgery [5,19,20].

The postoperative major morbidity (SAE> 3) rates were signif-
icantly higher in elderly patients (26.7% versus 10.4%, p¼ 0.034)
and, although not significant, there was a trend in higher mortality
rates (8.9% versus 1.3%, p¼ 0.061) as well. Multivariate analysis
demonstrated that age remained a significant risk factor for
developing major postoperative complications. Gagni�ere et al. [21]
recently published a meta-analysis on outcomes of elderly patients
undergoing CRS and HIPEC in various experienced centers. Overall
postoperative 30-day morbidity was not affected by age, however



Table 4
Postoperative complications (at least one SAE> 3) and hospital stay in elderly patients (N¼ 12).

Patient Diagnosis Postoperative complications Intervention Outcome Hospital
stay (days)

#1 Pseudomyxoma
peritonei

Basilar artery thrombosis Conservative management during ICU stay In-hospital
death

6

#2 Pseudomyxoma
peritonei

Severe abdominal sepsis based on bowel
ischemia, GI-leakage and intra-abdominal
abscess

Relaparotomy with small bowel resection and
primary anastomosis, intravenous antibiotics,
radiological drainage of abscess, renal
replacement therapy & ultimately conservative
management

In-hospital
death

40

#3 Pseudomyxoma
peritonei

Abdominal sepsis; delirium; vocal cord
dysfunction; urinary retention

“Negative” relaparotomy; antipsychotic
medication; conservative management; urinary
catheterization

Discharged 81

#4 Appendix
carcinoma

Septic shock based on liver abscess Radiological drainage of abscess, intravenous
antibiotics & re-admission intensive care unit

Discharged 30

#5 Pseudomyxoma
peritonei

Sepsis with suspicion of pneumatosis
intestinalis; delirium; electrolyte
imbalances

“Negative” relaparotomy & intravenous
antibiotics; antipsychotic medication

Discharged 32

#6 Pseudomyxoma
peritonei

Abdominal sepsis based on GI-leakage;
peri-operative cardiac arrest during
relaparotomy; acute kidney injury with
electrolyte imbalances; delirium; aspiration
pneumonia, fascial dehiscence

Relaparotomy twice with ileostomy
constructed; cardio-pulmonary resuscitation;
temporary renal replacement therapy;
antipsychotic medication; antibiotics;
implantation of mesh

Discharged 64

#7 Colorectal cancer Metabolic disorder; pulmonary
insufficiency based on aspiration; delirium;
urinary retention with UTI

Re-admission intensive care unit; insertion of
tracheostomy tube; antipsychotic medication;
antibiotics & urinary catheterization

Discharged 79

#8 Colorectal cancer Suspicion of GI-leakage; intra-abdominal
abscess; pulmonary embolism

“Negative” relaparotomy; radiological drainage
of abscess; low molecular weight heparin

Discharged 33

#9 Colorectal cancer Stomach perforation; abdominal wound
evisceration; contained anastomotic
leakage; electrolyte imbalance

Relaparotomy; conservative management with
drainage

Discharged 44

#10 Colorectal cancer Massive pulmonary aspiration with
hypoxemia and cardiac arrest

Attempted cardio-pulmonary resuscitation In-hospital
death

13

#11 Colorectal cancer Bradycardia followed by cardiac arrest;
urinary tract infection

Short & uncomplicated cardio-pulmonary
resuscitation on the ICU; oral antibiotics

Discharged 22

#12 Colorectal cancer Delirium; massive pulmonary aspiration
with cardiac arrest

Attempted cardio-pulmonary resuscitation In-hospital
death

11

ICU: intensive care unit; GI: gastro-intestinal; UTI: urinary tract infection.

Table 5
Univariate & multivariate analysis of risk factors for major complications (SAE
grade > 3) following CRS þ HIPEC for all patients (N ¼ 122).

Risk factor Univariate Multivariate

Odds ratio p-value Odds ratio p-value

Age� 65 years 3.136 0.023 3.621 0.036
Gender 2.352 NS 3.135 NS
BMI 1.058 NS 1.087 NS
Hypertension 1.653 NS 1.309 NS
Diabetes 0.644 NS 0.581 NS
ASA score> 2 1.092 NS 0.654 NS
Number of resected organs 1.058 NS 0.954 NS
Bowel anastomosis 1.050 NS 1.958 NS
Blood loss 1.000 0.024 1.001 0.045
Procedure time 1.003 NS 0.998 NS

NS: not significant; ASA: American Society of Anesthesiologists.
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Clavien-Dindo grade 3 or higher postoperative morbidity did in-
crease with age. Gagni�ere did not find a significant difference in 90-
day postoperative mortality in the elderly patient. As the authors
suggest, these results should be interpreted with caution consid-
ering the heterogeneous and retrospective nature of the studies
included in the meta-analysis.

There are various risk factors associated with age so the signif-
icant difference in postoperative outcomes between elderly pa-
tients and their younger counterparts could be due to risk factors
related to age instead of solely age. This study also found blood loss
to be a risk factor for major complications, which is in concordance
with previously published research [22]. On the other hand, other
variables (e.g. procedure time) that were previously reported to be
associated with major complications, did not turn out to be
significantly related to them in this study. Therefore, it has to be
noted that because the statistical difference in the major compli-
cation (SAE> 3) rate between both age groups could not be
explained through a difference in comorbidities or ASA classifica-
tion, as demonstrated in the multivariate analysis, it can be
assumed that age by itself remains an important risk factor that
should be taken into consideration during preoperative screening.

We acknowledge that this study has its limitations. Similar to
other published studies on this subject, themain limitations are the
retrospective nature and relatively small sample size [16,23,24].
Due to the study's retrospective design, one needs to address the
possible selection bias (internal validity) in the results: because the
decision to perform CRS and HIPEC on patients was based on pre-
operative clinical assessment of the performance status and not
randomized, one could argue that (elderly) patients who were
eligible but less fit were excluded from undergoing this extensive
procedure. Because the excluded patients were not recorded in the
database, it was not possible to look at their patient characteristics
and (statistically) compare them to the operated patients. This
phenomenon could have led to a biased estimation, in this case an
underestimation, of the complication rate in elderly patients in this
study, but also of the effect between exposure (age) and outcome
(postoperative complication). In order to correct for this, possible
confounders in the relation between age and postoperative com-
plications were compared between both age groups, and those that
were significantly different were added to the multivariate analysis
to produce an “adjusted” effect size (odds ratio).
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The limited sample size and therefore amount of clinical data
might especially impact the multivariate analysise although the fit
of the model was good, the selection of too many independent
predictor variables relative to the small sample size could lead to
overfitting of the model and thus moderate external validity [25].
The model will have to be applied to other datasets to better
determine its predictive power.

Conclusion

This article describes a starting tertiary center introducing CRS
and HIPEC as a curative surgical treatment for selected (elderly)
patients with peritoneal carcinomatosis. The postoperative
morbidity in this cohort is comparable to various more experienced
centers. Proctoring and intensive collaboration with experienced
institutions is paramount to achieving similar or lower morbidity
and mortality rates after CRS and HIPEC. This study shows elderly
age as a significant risk factor for major postoperative morbidity
(SAE> 3), in accordance with previously published literature.
However, therapeutic decisions in elderly patients should not be
made based on chronological age alone. Selected elderly patients
with a good performance status might still benefit from undergoing
CRS and HIPEC. Careful patient selection is therefore crucial,
especially in this specific population, to maintain low morbidity
and mortality rates.

Acknowledgments/Disclosure

The authors declare no acknowledgements and no conflicts of
interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejso.2018.10.545.

References

[1] Elias D, Goere D, Dumont F, Honore C, Dartigues P, Stoclin A, et al. Role of
hyperthermic intraoperative peritoneal chemotherapy in the management of
peritoneal metastases. Eur J Canc Jan 2014;50:332e40.

[2] Ahmed S, Stewart JH, Shen P, Votanopoulos KI, Levine EA. Outcomes with
cytoreductive surgery and HIPEC for peritoneal metastasis. J Surg Oncol Oct
2014;110:575e84.

[3] Chua TC, Moran BJ, Sugarbaker PH, Levine EA, Glehen O, Gilly FN, et al. Early-
and long-term outcome data of patients with pseudomyxoma peritonei from
appendiceal origin treated by a strategy of cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy. J Clin Oncol Jul 10 2012;30:2449e56.

[4] Levine EA, Stewart J H t, Shen P, Russell GB, Loggie BL, Votanopoulos KI.
Intraperitoneal chemotherapy for peritoneal surface malignancy: experience
with 1,000 patients. J Am Coll Surg Apr 2014;218:573e85.

[5] Klaver YL, Chua TC, de Hingh IH, Morris DL. Outcomes of elderly patients
undergoing cytoreductive surgery and perioperative intraperitoneal chemo-
therapy for colorectal cancer peritoneal carcinomatosis. J Surg Oncol Feb
2012;105:113e8.

[6] Tabrizian P, Jibara G, Shrager B, Franssen B, Yang MJ, Sarpel U, et al. Outcomes
for cytoreductive surgery and hyperthermic intraperitoneal chemotherapy in
the elderly. Surg Oncol Sep 2013;22:184e9.

[7] Jacquet P, Sugarbaker PH. Clinical research methodologies in diagnosis and
staging of patients with peritoneal carcinomatosis. Cancer Treat Res 1996;82:
359e74.

[8] Sugarbaker PH. Successful management of microscopic residual disease in
large bowel cancer. Cancer Chemother Pharmacol 1999;43(Suppl):S15e25.

[9] da Silva RG, Sugarbaker PH. Analysis of prognostic factors in seventy patients
having a complete cytoreduction plus perioperative intraperitoneal chemo-
therapy for carcinomatosis from colorectal cancer. J Am Coll Surg Dec
2006;203:878e86.

[10] Kuijpers AM, Aalbers AG, Nienhuijs SW, de Hingh IH, Wiezer MJ, van
Ramshorst B, et al. Implementation of a standardized HIPEC protocol im-
proves outcome for peritoneal malignancy. World J Surg Feb 2015;39:
453e60.

[11] Kuijpers AM, Mirck B, Aalbers AG, Nienhuijs SW, de Hingh IH, Wiezer MJ, et al.
Cytoreduction and HIPEC in The Netherlands: nationwide long-term outcome
following the Dutch protocol. Ann Surg Oncol Dec 2013;20:4224e30.

[12] Stewart J H t, Shen P, Levine EA. Intraperitoneal hyperthermic chemotherapy
for peritoneal surface malignancy: current status and future directions. Ann
Surg Oncol Oct 2005;12:765e77.

[13] Trotti A, Colevas AD, Setser A, Rusch V, Jaques D, Budach V, et al. CTCAE v3.0:
development of a comprehensive grading system for the adverse effects of
cancer treatment. Semin Radiat Oncol Jul 2003;13:176e81.

[14] National Cancer Institute: common terminology criteria for adverse events
version 4.0. Available: http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/ctc.htm.

[15] Huang Y, Alzahrani NA, Alzahrani SE, Zhao J, Liauw W, Morris DL. Cytore-
ductive surgery and perioperative intraperitoneal chemotherapy for perito-
neal carcinomatosis in the elderly. World J Surg Oncol Aug 28 2015;13:262.

[16] Mueller H, Hahn M, Simsa J. Cytoreductive surgery in the elderly patients–is it
feasible? Hepato-Gastroenterology Nov-Dec 2008;55:2005e11.

[17] Macri A, Saladino E, Trimarchi G, Bartolo V, Rossitto M, Cannao A, et al.
Cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy in
elderly patients. In Vivo Jul-Aug 2011;25:687e90.

[18] Naffouje SA, Salti GI. Cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy in elderly patients: complete cytoreduction is feasible and
crucial for improved survival despite high carcinomatosis index. Anticancer
Res Jan 2018;38:441e8.

[19] Adam R, Frilling A, Elias D, Laurent C, Ramos E, Capussotti L, et al. Liver
resection of colorectal metastases in elderly patients. Br J Surg Mar 2010;97:
366e76.

[20] Al-Refaie WB, Parsons HM, Henderson WG, Jensen EH, Tuttle TM, Vickers SM,
et al. Major cancer surgery in the elderly: results from the American college of
surgeons national surgical quality improvement program. Ann Surg Feb
2010;251:311e8.

[21] Gagniere J, Veziant J, Pereira B, Pezet D, Le Roy B, Slim K. Cytoreductive sur-
gery and hyperthermic intraperitoneal chemotherapy for the elderly: is it
reasonable? A meta-analysis. Ann Surg Oncol Mar 2018;25:709e19.

[22] Kajdi ME, Beck-Schimmer B, Held U, Kofmehl R, Lehmann K, Ganter MT.
Anaesthesia in patients undergoing cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy: retrospective analysis of a single centre three-
year experience. World J Surg Oncol May 1 2014;12:136.

[23] Alyami M, Lundberg P, Kepenekian V, Goere D, Bereder JM, Msika S, et al.
Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for
peritoneal carcinomatosis in the elderly: a case-controlled, multicenter study.
Ann Surg Oncol Dec 2016;23:737e45.

[24] Baratti D, Kusamura S, Iusco D, Bonomi S, Grassi A, Virzi S, et al. Postoperative
complications after cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy affect long-term outcome of patients with peritoneal metas-
tases from colorectal cancer: a two-center study of 101 patients. Dis Colon
Rectum Jul 2014;57:858e68.

[25] Bentzen SM, Constine LS, Deasy JO, Eisbruch A, Jackson A, Marks LB, et al.
Quantitative analyses of normal tissue effects in the clinic (QUANTEC): an
introduction to the scientific issues. Int J Radiat Oncol Biol Phys Mar 1
2010;76:S3e9.

https://doi.org/10.1016/j.ejso.2018.10.545
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref1
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref1
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref1
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref1
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref4
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref4
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref4
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref4
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref6
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref6
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref6
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref6
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref7
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref7
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref7
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref7
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref8
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref8
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref8
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref13
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref13
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref13
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref13
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref15
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref15
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref15
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref16
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref16
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref16
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref17
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref17
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref17
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref17
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref21
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref21
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref21
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref21
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref22
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref22
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref22
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref22
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref25
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref25
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref25
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref25
http://refhub.elsevier.com/S0748-7983(18)31991-7/sref25

	Short-term complications in elderly patients undergoing CRS and HIPEC: A single center's initial experience
	Introduction
	Methods
	Patients
	Preoperative screening
	CRS and HIPEC
	Postoperative monitoring
	Follow up
	Statistical analysis

	Results
	Patient cohort
	Surgical procedure
	Postoperative course
	Risk factors for postoperative complications

	Discussion
	Conclusion
	Acknowledgments/Disclosure
	Appendix A. Supplementary data
	References


