
ORIGINAL ARTICLE

Re-operations for early postoperative complications after CRS
and HIPEC: indication, timing, procedure, and outcome

Sebastian Blaj1 & Sebastian Nedelcut1 & Max Mayr1 & Hubert Leebmann1
& Daniel Leucuta2 & Gabriel Glockzin3

&

Pompiliu Piso1

Received: 6 November 2018 /Accepted: 17 July 2019 /Published online: 27 July 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) have become standard of care
for many peritoneal malignancies in selected patients. Nevertheless, this aggressive treatment strategy is associated with signif-
icant major morbidity. The aim of the present study is to analyze the re-operation rate and clinical outcome following CRS and
HIPEC.
Patients and methods In the present study, prospectively documented data of 474 consecutive patients treated with CRS and
HIPEC between February 2011 and December 2015 in a high-volume certified reference center for peritoneal malignancies in
Germany have been retrospectively analyzed.
Results The re-operation rate was 14.5%. The most frequent reasons for revisional surgery were fascial dehiscence,
intraabdominal hemorrhage, and anastomotic leak. Most complications occurred between postoperative day 7 and 9.
However, postoperative bleeding was more common within the first 5 days after surgery. The overall in-hospital mortality rate
was 2.1% for all patients and 10% after revisional surgery.
Conclusions CRS and HIPEC are associated with an acceptable re-operation rate and low mortality rate. Most frequently, re-
operations are performed on 7–9 days after initial surgery due to fascial dehiscence, pancreatitis, or anastomotic leak.
Postoperative bleedings are more common within the first 5 days after surgery.
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Introduction

The treatment of peritoneal surface malignancies is challenging
for all oncologists. Multimodality treatment strategies including
cytoreductive surgery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC), however, have changed prognosis in

selected patients. Avariety of parietal and visceral peritonectomy
procedures are usually required in order to attain a complete
cytoreduction, which also represents the aim of surgery [1, 2].
While the multimodal treatment is burdened by increased peri-
operative morbidity with complication rates up to 52%, it is also
associated with acceptable mortality rates (0–17%) and signifi-
cantly better reported rates in tertiary referral centers (0.9–5.8%)
as lowmorbidity and mortality rates are related to the number of
operated cases and the learning curve [3–8].

Despite a number of recent publications in this field, de-
tailed data regarding re-operations remains scarce. The few
reported revision rates range between 8.4 and 21% [7, 9–11].

Moreover, to our knowledge, an accurate analysis of causes
leading to re-operation, timing of revisional surgery, and pa-
tient outcome has not been published yet. Therefore, the aim
of the present study was to address this special topic of great
relevance for oncological surgeons. Knowing when and
which postoperative complications may occur could help sur-
geons reduce the failure to rescue and mortality.
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Patients and methods

Data of 474 consequently treated patients who received CRS
and HIPEC between February, 2011, and December, 2015, in
a tertiary referral center in Germany was reviewed. The data
had been entered in the national HIPEC registry administered
by the German Society for General and Visceral Surgery
(DGAV). Due to the retrospective nature of this study, no
institutional review board approval was necessary. The pa-
tients had agreed to data entry during their initial surgery by
written informed consent. All patients had undergone treat-
ment based on a prior-to-surgery interdisciplinary tumor board
consensus; some patients were included in ongoing trials.

The extent of the peritoneal disease was estimated using the
Peritoneal Cancer Index (PCI), which corroborates the size of
the peritoneal lesions with the number of affected areas of the
parietal and visceral peritoneum and ranges between 0 and 39
[12]. Nevertheless, since the PCI was not thoroughly docu-
mented in this cohort, a reliable statistical analysis could not
be performed due to incomplete data.

Following surgical exploration, a complete macroscopic
cytoreduction was achieved by using parietal and visceral
peritonectomy procedures as described by Sugarbaker [1,
13]. A closed HIPEC at 42 °C for 30 or 60 min, depending
on the chemotherapeutic agent, was performed. The bidirec-
tional chemotherapy was applied mainly in patients with co-
lorectal or appendiceal peritoneal carcinomatosis from colo-
rectal and appendiceal cancer, and in those with
pseudomyxoma peritonei associated with a low-grade mucin-
ous neoplasm of the appendix (LAMN); the patients with non-
digestive malignancies as well as the patients with gastric
cancer received cisplatin and doxorubicin intraperitoneally
for 60 min. Mitomycin C and gemcitabine were used as “re-
serve” drugs, administered to patients with platinum allergies
or renal insufficiency, as well as to patients who experienced
an early relapse after platinum-based regimens (Table 1).

The patients were postoperatively routinely admitted to the
intensive care unit for at least 48 h.

Data was analyzed using the chi-squared test, Fisher’s ex-
act test, Mann-Whitney-Wilcoxon test, and a logistic regres-
sion in the stepwise backward/forward technique, based on

the Akaike Information Criterion (open source R-Project for
Statistical Computing, version 3.2.3). This study included on-
ly grade IIIb, IV, and V complications, according to the
Clavien-Dindo classification [14]. A p value < 0.05 was con-
sidered to be significant.

Results

A total of 474 patients suffering from various primary or met-
astatic peritoneal malignancies were treated as summarized in
Table 2. Of those, 182 patients were male (38.4%), 292 female
(61.6%). The median age was 55 years (range 17–79). All
patients received a parietal peritonectomy and/or a visceral
procedure of different extent. Operative data on performed
procedures is shown in Table 3. In our group, 194 patients
(40.9%) received a rectal resection, 106 of which (54.6%) also
received a defunctioning loop-ileostomy.

Most patients received a platinum derivative–based
HIPEC, while the general use of Mitomycin C in the total
patient population was only 11.2%.

A mortality rate of 2.1% and a re-operation rate of 14.5%
were observed. A total number of 69 patients required a re-
operation, of which seven (10.1%) died during their hospital
stay. The median time to re-operation was 9 days (postopera-
tive day 1–28), and 23 patients (33.3%) underwent more than
one revisional surgery.

Overall, an anastomotic leak occurred in 18 patients after
colorectal or small bowel resections. This represents 3.8% of
all patient population, whereas 12 had a small bowel leak due
to extended adhesiolysis with seromuscular tears representing
2.5% (Table 4). An anastomotic leak was diagnosed only in
five patients with rectal resection and defunctioning
ileostomy.

Subgroup of re-operated patients

The median age of the re-operated patients was 55 years (range
22–74). The age did not statistically influence the rate of re-
operation (p = 0.864). Of all re-operated patients, 27.5% had
undergone primary surgery for peritoneal metastatic colorectal

Table 1 HIPEC regimens used in the clinic in the analyzed period

Primary tumor HIPEC regimen

Colorectal, appendiceal cancer, and Pseudomyxoma peritonei Oxaliplatin 300 mg/m2 i.p. for 30 min + 5-FU 400
mg/m2 i.v. + folinic acid 20 mg/m2 i.v.

Ovarian and gastric cancer
Peritoneal mesothelioma

Cisplatin 75 mg/m2 i.p. + Doxorubicin 15 mg/m2 i.p. for 60 min

Reserve drugs

Mitomycin C 20 mg/m2 i.p. for 60 min

Gemcitabine 1000 mg/m2 i.p. for 60 min

542 Langenbecks Arch Surg (2019) 404:541–546



cancer, 18.8% for pseudomyxoma peritonei, and 15.9% for peri-
toneal metastatic ovarian cancer. There was a mean value of
3.15 procedures per patient in the re-operated group. The ma-
jority of the re-operated patients (49.2%) underwent a cisplatin-
based protocol, followed by a bidirectional oxaliplatin-based
HIPEC regimen (43.4%), respectively.

The indications for revisional surgery are summarized in
Table 5.

An anastomotic leak was noticed in nine patients who
underwent rectal resection without defunctioning ostomy; all
of these patients were re-operated. The anastomotic leak after
colonic resections was treated with a discontinuity resection
(Hartmann’s procedure). The fascial dehiscence was treated
by implanting a Vicryl® mesh and vacuum wound therapy,
followed by secondary skin closure. Bile leaks that occurred
following extended resection in the hepato-duodenal ligament
were treated with sutures and T-drain placement. The postop-
erative peritonitis usually benefited from an extensive lavage
of the peritoneal cavity; the postoperative intraabdominal
hemorrhage was mainly due to diffuse bleeding, only two
cases presented with active bleeding and required surgical
hemostasis and packing; in all the other cases, a peritoneal
lavage and drain placement were performed.

Most bleedings reported in our data occurred early in the
postoperative course, in one case as a consequence of a CT-
guided drain, and in three cases associated with a pancreatic
resection. All other bleedings were due to an extended wound
surface.

Complications noted after the first week included fascial
dehiscence, anastomotic leaks, and pancreatitis. Fascial

dehiscence usually occurred later in the postoperative course
(day 6–22), with the highest incidence between the 6th and 7th
day. Thus, this complication and timing should be considered
during the intermediate postoperative course.

Correlation among clinical parameter and the risk
of re-operation

There was no statistically significant correlation between re-
operation and colonic resection (p = 0.116, 16.9% vs. 11.8%;
OR = 5.11 for the patients who received a colonic resection
(95% CI 1.17–11.39)).

There was, however, a significant difference in re-operation
rate for patients who received a splenectomy (N = 108), com-
pared with those who did not (N = 366) (p = 0.01). The odds
of being re-operated were 9.93 times higher (95% CI 1.4–
18.46) in those who underwent a splenectomy as compared
with those who did not (Table 6). Surprisingly, we found no
statistical correlation between the probability of being re-
operated and the pancreatic procedures (20% vs. 14.2%, p =
0.389) or gastric resections (20% vs. 13.4%, p = 0.13), respec-
tively. The univariate analysis showed that splenectomy sig-
nificantly influenced the re-operation rate.

Mitomycin Cwas used in only 2.1% of the patients requiring
re-operation, and there was no statistical association between its
use and pancreatic complications. In addition, there was no sig-
nificant association between pancreatic complications and the
use of hyperthermic intraperitoneal mitomycin C versus plati-
num derivatives (2.1% vs. 97.8%, p = 0.607) or between anas-
tomotic leak and the type of HIPEC regimen (mitomycin C

Table 2 Distribution of the tumor
entities N %

Peritoneal metastatic colorectal cancer 122 25.73

Pseudomyxoma peritonei/appendiceal malignancies 118 24.89

Peritoneal metastatic ovarian cancer 70 14.77

Peritoneal metastatic gastric cancer 56 11.81

Peritoneal mesothelioma 48 10.13

Cancer of unknown primary (CUP), peritoneal sarcomatosis 36 7.59

Others, e.g., small bowel cancer, desmoplastic small round cell tumor 24 5.07

Table 3 Surgical procedures

Procedure N (%)

Parietal peritonectomy and omentectomy 266 (56.12)

Colonic resection 254 (53.59)

Low anterior rectal resection 194 (40.93)

Hysterectomy 110 (23.21)

Splenectomy 108 (22.78)

Gastrectomy 80 (16.88)

Pancreatic resection 25 (5.27)

Table 4 Postoperative complications in the general population

N (%)

Pancreatitis (yes vs. no) 9/474 (1.9)

Fistula (yes vs. no) 12/474 (2.53)

Anastomotic leak (yes vs. no) 18/474 (3.8)

Pulmonary embolism (yes vs. no) 8/474 (1.69)

Deep vein thrombosis (yes vs. no) 8/474 (1.69)

Re-operation (yes vs. no) 69/474 (14.56)

Hematological (yes vs. no) 6/474 (1.27)
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versus platinum derivatives, 3.3% vs. 96.6%, p = 0.131).
Moreover, no statistical significance based on the chi-squared
test was found between the probability of being re-operated and
the type of chemotherapy applied (mitomycinC versus platinum
derivatives, p = 0.259; OR 1.72 (95% CI 0.65–5.76)).

Re-operation led to a significant prolongation of the hospi-
tal stay (95% CI 14–21, p < 0.001) as well as of the ICU stay
(95% CI 2–4, p < 0.001).

Subgroup of mortality patients

Of our cohort, ten patients died during the hospital stay; seven
of them had undergone revisional surgery, thus representing a
10% mortality rate in the re-operated group of patients. The
odds of death showed a statistically significant correlation
with the re-operation rate (OR 14.98, 95% CI 3.31–92.12;
p < 0.01). Two deceased patients (one suffering from malig-
nant peritoneal mesothelioma and the other suffering from
LAMN) died as a consequence of extended mesenterial ische-
mia 3 and 5 days after surgery, respectively. One patient suf-
fering from ovarian cancer was re-operated 19 days after the
initial surgery due to a leak of the jejunal anastomosis and died

following the second re-operation on postoperative day 51.
One patient suffering from malignant peritoneal mesothelio-
ma was re-operated on day 1 due to an acute arterial
diaphragmal hemorrhage and re-operated again 1 day later
due to a diffuse intraperitoneal hemorrhage. Three other pa-
tients were re-operated because of a septic multiorgan dys-
function on postoperative days 1, 2, and 3, respectively, how-
ever without finding a surgical correspondent intraoperatively.

The death causes in patients who died without prior re-
operation were meningiosis carcinomatosa (exitus on day
18), septic multiple organ dysfunction syndrome (exitus on
day 11), and large infarction in the medial cerebral artery
territory with secondary herniation (exitus on day 6).

Discussion

General considerations on morbidity and mortality
after CRS and HIPEC

CRS and HIPEC are associated with a significant morbidity; the
rate may reach 20% when considering only grade III and IV
complications. A comprehensive retrospective analysis on 1200
patients from a reference center from England revealed a major
morbidity rate ranging between 6.7 and 13.7%, as well as a
mortality rate of 0.7–3.0% [6]. Data from another tertiary center
from the USA showed an overall morbidity of 32.9% and a 30-
day mortality of 2.3% [7]. Despite the relatively high morbidity
rates that have been reported, the hospital mortality rates remain
acceptable and the mortality rates observed in experienced cen-
ters are low [15–23]. This may be explained by the higher like-
lihood to rescue patients that have surgical complications by
timely operative revision, before the general condition has dete-
riorated or sepsis has occurred. Therefore, the data was reviewed
with respect to re-operations to find out when they were indi-
cated, how long after initial surgery–specific problems occurred,
and what the outcomes were. To our knowledge, this is the first
publication of detailed data regarding the indication and timing
of the re-operation coming from a high-volume center.

Frequent causes for re-operations

Our reported results regarding morbidity and re-operation rate
were comparable with those from other high-volume centers.
There was no association between the number of peritonectomy
procedures and postoperative complications, which may be re-
lated to the learning curve that builds for the first one hundred
patients, whereas we present here almost 500 patients. Also,
there was no association between the oxaliplatin doses and ma-
jor complications, probably due to the lower dosage adminis-
tered as compared with previous reports. Lower doses of
oxaliplatin were applied in the closed HIPEC technique, as well
as in the reported cohort. [24] Oxaliplatin seems to increase the

Table 5 Indications for revisional surgery in the re-operated patients

No. Indication for re-operation N (%)

1 Fascial dehiscence 13 (18.84%)

2 Hemorrhage 13 (18.84%)

3 Anastomotic leak 9 (13.04%)

4 Bile leak 5 (7.24%)

5 Surgical site infection 5 (7.24%)

6 Planned second-look 5 (7.24%)

7 Small bowel leak 4 (5.79%)

8 Pancreatitis/pancreatic fistula 4 (3/1) (5.79%)

9 Prolonged ileus 2 (2.89%)

10 Peritonitis 2 (2.89%)

11 Hematothorax/pleural empyema 2 (1/1) (2.89%)

12 Knee empyema 1 (1.45%)

13 Ureteral leak 1 (1.45%)

14 Gastric perforation 1 (1.45%)

15 Gastric ulcer 1 (1.45%)

16 Coecal perforation 1 (1.45%)

Total 69 (100%)

Table 6 Odds ratio regarding revisional surgery

9.93 times higher (95% CI 1.4–18.46) after splenectomy

5.11 times higher (95% CI 1.17–11.39) after colonic resection

5.75 (95% CI − 10.26–21.76) after pancreatic resection

6.55 (95% CI − 2.84–15.94) after gastrectomy

2 (95% CI − 4.85–9.62) after hysterectomy
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risk of postoperative bleeding, mostly at least 1 week after sur-
gery, particularly if used in high doses [25].

Another problem that challenges surgeons during the post-
operative course of patients treated with loco-regional ap-
proaches as presented is the anastomotic leak. In the present
study, an incidence of 13% anastomotic leaks was found in the
re-operated patients’ group, while in the full cohort, this inci-
dence was of 3.8%, which was slightly higher than that report-
ed by Chua et al. and by Jafari et al. [4, 7] and may be ex-
plained by the higher number of anterior rectal resections. In
our clinic, we tend to generously recommend CT scans for all
patients presenting postoperative prolonged paralysis and/or
inadequate increase of the CRP value, and thus enable the
early diagnosis of anastomotic leaks.

Another challenging complication is pancreatitis with or
without peripancreatitis. This occurred in patients with large
volume disease in the left upper quadrant. In such cases, the
pancreatic tail was traumatized, and the pancreatic capsule
partially removed during resection including splenectomy.
The need for pancreatic resections in the present cohort was
similar to that reported in other cohorts. In our group, pancre-
atic resection was avoided whenever possible as the combina-
tion with HIPEC is known to increase the severity of pancre-
atic fistula [26, 27]. Splenectomy was identified as a major
risk factor for pancreatitis because patients warranting the
procedure usually had a bulky disease in the lesser sac
afflicting the spleen hilum and thus requiring splenectomy
with or without distal pancreatectomy in order to achieve a
complete macroscopical cytoreduction.

Last but not the least, fascial dehiscence occurred in most
cases associated with other intraabdominal complications—
particularly in patients who had to be re-operated multiple
times. Vicryl® mesh placement and vacuum wound therapy,
followed by secondary skin closure for fascial dehiscence,
were performed in most cases, followed by secondary skin
closure for fascial dehiscence.

Timing of re-operation

Our data shows a re-operation rate comparable with that of
other published series following CRS and HIPEC or similar
extended visceral resections. Moreover, the complication rate
in specialized centers is similar for these groups of patients,
especially when comparing complex pancreatic or esophageal
resections with parietal and visceral peritonectomies plus
HIPEC. Our own (unpublished) data on re-operation rate
and the postoperative mortality were similar to those reported
by other certified centers for pancreatic and for esophageal
resections. As expected, most re-operations were performed
within the first 10 days following surgery with a peak noted on
postoperative day 8. Whereas bleeding was the most frequent
cause for a re-operation during the first 5 days after CRS and
HIPEC, anastomotic leak, pancreatitis, or fascial dehiscence

were the reasons for re-operations between postoperative day
5 and 10. These findings should be kept in mind during the
postoperative treatment of CRS and HIPEC patients.

Recommendations for the management of surgical
complications

As clinical examination is limited in patients following CRS
and HIPEC, timely CT scans should be considered to exclude
the aforementioned causes that may require revision.

Early diagnostic and aggressive treatment may reduce the
lethal outcome for patients with severe surgical complications.

Limitations and conclusions

This study is limited by its retrospective and single-center
nature. The cohort had many indications and different surgical
procedures as well as HIPEC regimens. This reduces the in-
ternal validity of the results. Also for several outcomes or
measurements, the present study shows imprecision, e.g., for
the relation between death and re-operation, thus limiting con-
clusions. Nevertheless, the study includes a large number of
CRS and HIPEC patients treated in a referral center.

Another limitation—although extrapolated to the present
situation—after the presentation of the French multicenter
RCT is a decrease in the number of patients with peritoneal
carcinomatosis and colorectal cancer.

In conclusion, the present study may guide surgeons in the
early detection of specific complications and help indicate re-
operations and reduce the failure to rescue and consequently
the postoperative mortality following CRS and HIPEC.
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