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33.1 Perioperative Complications

About 40% of all patients suffer at least one peri-
operative complication after cytoreductive sur-
gery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC), with a small number
needing ICU intervention for organ support.
Despite chemotherapy-induced nephropathy and
extensive perioperative volume/fluid shifts, the
incidence of acute kidney injury with the need for
renal replacement therapy is low (1.3-5.7%) [4],
although many patients have a temporary increase
in serum creatinine levels. Perioperative kidney
injury is an important independent risk factor
increasing mortality as much as 6.5 times. As a
result a detailed risk assessment with focus on
renal function should be performed preopera-
tively. Risk factors include chronic kidney dis-
ease, high BMI, hyperglycemia, preoperative
hypoalbuminemia, scheduled OR time over
600 minutes, transfusion of blood products, and
an expected blood loss of over 60 ml/kg [4].
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In addition, perioperative optimization of
fluid balance, cardiac output, and oxygen sup-
ply should be achieved through the implemen-
tation of goal-directed therapy and the use of
hemodynamic monitoring (see Chap. 35).
Furthermore, nephrotoxic drugs should be
avoided whenever possible, and an adequate
renal perfusion should be sought. Perioperative
pulmonary complications are also a major
cause of morbidity after CRS and HIPEC pro-
cedures. Non-invasive ventilation or nasal high-
flow systems should be used prophylactically
after extubation to avoid atelectasis and reduce
recruitment/de-recruitment damage, and tho-
racic epidural anesthesia should be imple-
mented routinely for preventative therapy [8].
Septic shock is the leading cause of death after
CRS and HIPEC. Optimal perioperative ther-
moregulation, improved fluid management, and
multimodal pain therapy should be a focus for
every anesthesiologist.

Other complications that should be considered
perioperatively are the side effects of chemother-
apy such as anaphylactic reactions, hypomagne-
saemia following cisplatin application with the
risk of amiodarone-refractory ventricular tachy-
cardia, long QT syndrome following cisplatin
infusion, arrhythmias or cardiomyopathies after
doxorubicin or mitomycin C treatment, hypona-
tremia, lactate acidosis, or hyperglycemia after
HIPEC with oxaliplatin in a dextrose-based car-
rier solution.
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33.2 Thermoregulation

P Maintaining normothermia throughout the
procedure is an important goal during
perioperative management.

During CRS, hypothermia should be mini-
mized given the large abdominal wound surface.
This can be achieved through convective heat or
heated infusions. Perioperative hypothermia is a
common complication and occurs in up to 70%
of all cases. Consequences of hypothermia may
include increased blood loss through the attenu-
ated platelet and clotting-factor function,
increased incidence of wound infections, weak-
ened immune system, and tachycardia with
increased oxygen consumption as well as poten-
tial myocardial ischemia and cardiac arrhyth-
mias [5].

Systemic hyperthermia is also a possible risk
due to the intra-abdominal temperatures of up to
42 °C during HIPEC. This can lead to an
increased metabolic rate and oxygen imbalance
with consequent tachycardia, increased end-tidal
CO, levels, and metabolic acidosis. In addition,
the development of myocardial ischemia is a
potential complication, especially in patients
with pre-existing coronary heart disease [5].
Pulmonary edema, ARDS, and neurocognitive
dysfunction are possible. Furthermore, it has
been shown that temperatures above 42 °C can
lead to neurological and electrophysical changes
in peripheral nerves such as the phrenic nerve,
the vagus, and the recurrent laryngeal nerve,
resulting in dysfunction and dysesthesia [5].

33.3 Coagulation Management

» CRS and HIPEC is often associated with
significant blood loss [8].

This is due not only to the extent of the surgi-
cal procedure but also to an increased bleeding
tendency, which is due to coagulation disorders
in the context of hypo-/hyperthermia and to che-
motherapeutic agents, cancer entity, or hemodilu-
tion and fluid shifts.

About one-third to one-half of patients require
perioperative red blood cell concentrates. It
should be kept in mind that allogeneic blood
transfusions are an independent prognostic risk
factor for the long-term survival of cancer
patients. Blood transfusions are associated with
increased morbidity and mortality in oncological
surgery. For this reason, in addition to minimally
invasive surgical work, the use of a cellsaver and
consecutive radiotherapy with 50 Gy to eliminate
tumor cells and retransfusion are an option to
reduce allogeneic blood transfusions. Irradiated
cellsaver blood has a markedly higher rate of
morphologically intact red blood cells with
higher levels of 2,3-diphosphoglycerate than
allogenic RBCs [2, 3, 8]. Further prospective
studies are needed to establish the long-term
effects of irradiated cellsaver blood in cancer
patients. In any case, the transfusion regime
should be restrictive. Of course, the transfusion
trigger depends on many perioperative factors,
including patient morbidity, but the “cross-
section guidelines of the German Medical
Association on blood component therapy” with a
transfusion trigger of 6-8 g/dl (3.7-5.0 mmol/l)
should serve as a manifest basis [2].

About one-third of all HIPEC patients develop
a clinically relevant bleeding tendency intraop-
eratively, resulting in a high transfusion rate of
fresh frozen plasma (FFP). An international sur-
vey showed that >60% of all HIPEC centers per-
form pre-emptive therapy with FFP before any
coagulopathy is evident clinically [1]. Routine
application of FFP is currently performed in
almost half of all HIPEC centers, whereas only
14%  reported regular administration of
tranexamic acid. A fall in fibrinogen levels may
trigger bleeding during CRS and HIPEC. A
regime of tranexamic acid and cryoprecipitate
has shown promise in reducing the need for FFP
or red blood cell concentrates [10]. In this con-
text, it should be pointed out again that, following
European and German transfusion guidelines
(“cross-sectional guidelines” [2]), the transfusion
of FFP is recommended only in patients with
clinically evident bleeding after substitution of
single factors such as fibrinogen or PPSB and
exclusion of hyperfibrinolysis, since the applica-
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tion of FFP is associated with an increased risk of
developing multi-organ failure and ARDS. Some
HIPEC centers confirm this approach and report
a significantly reduced transfusion rate of FFP of
only 5% [4].

In more than 90% of all HIPEC centers, coag-
ulation management so far has been controlled by
standard coagulation laboratory parameters.
Only about a fifth of all hospitals surveyed con-
trol coagulation by point-of-care (POC) systems
such as thromboelastometry and/or platelet func-
tion analyzers [1]. However, it has been shown
that, with the aid of these POC systems, the com-
plex pathophysiological changes in coagulation
are analyzed much better perioperatively and
could be targeted better. Therefore, these devices
may have an important role to play in coagulation
management of patients undergoing CRS and
HIPEC [8]. Last but not least, pre-emptive admin-
istration of 1 g tranexamic acid should be consid-
ered every 8 hours to prevent hyperfibrinolysis in
patients with CRS and HIPEC since this can
reduce blood loss and the use of red cell transfu-
sions. A recent study has shown human fibrino-
gen concentrate may also be useful in managing
bleeding during CRS and HIPEC when used with
thromboelastometry [9].

33.4 PainTherapy

P It is generally accepted and evident that
thoracic epidural anesthesia supplementing
general anesthesia in the control of
perioperative pain is clearly superior to
general anesthesia alone.

Epidural anesthesia (EA) allows early post-
operative extubation and mobilization, reduces
postoperative pulmonary complications, reduces
morbidity after CRS and HIPEC, and signifi-
cantly improves patient satisfaction [8].
Postoperative ventilation was significantly
shortened in patients after HIPEC, and the
application of intravenous opioids, which in
turn can lead to complications such as gastric
atony, was reduced [5, 8]. It is not surprising
that some studies have observed a significant

reduction in postoperative ileus with epidural
anesthesia. Many patients who undergo CRS
and HIPEC are dependant on opioids pre-opera-
tively with chronic pain and reduced quality of
life, so adequate postoperative pain manage-
ment can be challenging but is vital.

Supportive EA is now regarded as the gold
standard in patients undergoing CRS and
HIPEC. With EA it was possible to significantly
reduce opioid and non-opioid analgesia as well
as numeric rating scale (NRS) levels within the
first 60 h after surgery. Residual functional capac-
ity and vital capacity as well as the FEV1 of the
lungs were improved and the balance between
oxygen consumption and uptake reduced the risk
of myocardial ischemia [5]. The fear that
EA-induced sympathetic blockade together with
the systemic effects of HIPEC leads to hemody-
namic instability is unjustified, since these ther-
modynamic alterations can be avoided with
targeted optimization of fluid administration [8].

As thrombocytopenia and coagulation disor-
ders are often seen following CRS and HIPEC, an
increased risk of an epidural hematoma has been
suggested. Recent studies have shown that, for
patients undergoing CRS and HIPEC, epidural
anesthesia is a safe treatment option, and the risk
of epidural hematoma is not higher than other sur-
gical groups (1:6628) [6]. Considering that the
main reasons for an epidural hematoma are the
insertion of the catheter and a difficult and trau-
matic puncture, preoperative detailed coagulation
tests as well as an atraumatic puncture and cathe-
ter insertion by an experienced anesthetist appear
to reduce the risk of bleeding complications.

Finally, retrospective clinical investigations
have shown an improvement in the long-term
outcome and a reduction in metastatic growth
after cancer surgery with supplemental EA [8].
Currently, three quarters of all HIPEC centers
perform supportive EA [1, 7, 11].

33.5 Monitoring

Not all patients need to be monitored in the ICU
after CRS and HIPEC procedures. Depending on
the Eastern Cooperative Oncology Group
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(ECOG) performance status, the patient’s nutri-
tional status, age, suspected blood loss, and the
extent of cytoreduction, the indication for
intensive care monitoring should be rigorous and
take into consideration the potential complica-
tions such as the risk of infections and the costs
of ICU stay.

In practice, most of the patients (67-100%)
are admitted postoperatively to the ICU, as the
fluid loss of up to 10 liters per day within the first
72 h after surgery is very high. It is similar with
perioperative coagulation disorders and the ensu-
ing bleeding, which usually occur within the first
24 h after surgery before returning to normal.

33.6 Conclusion

In order to avoid perioperative complications, the
anesthesiologist and intensive care physician
should focus especially on fluid management,
thermoregulation, coagulation therapy, and ade-
quate pain management.
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