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KEY POINTS







Hyperthermic intraperitoneal chemotherapy (HIPEC) is a technique which involves infusing chemotherapy heated to
428C-438C into the peritoneal cavity.
It is usually performed following extensive cytoreductive surgery (CRS).
In certain malignancies, it is associated with an improvement in the median 5-year survival.
Marked intraoperative physiological changes due to the temperature and large-volume ﬂuid shifts pose signiﬁcant
anaesthetic challenges.
The use of chemotherapeutic agents in the operating theatre poses potential safety issues.
Patients need to be carefully monitored for postoperative complications.

INTRODUCTION
Hyperthermic intraperitoneal chemotherapy (HIPEC) is a highly concentrated, heated chemotherapy treatment that is delivered
directly to the abdomen during surgery. HIPEC combined with cytoreductive surgery (CRS) has developed over time as an
effective multimodal treatment option for selected patients with peritoneal surface malignancies. Traditionally, these types of
malignancies were considered incurable conditions suitable for palliation only. HIPEC with CRS improves the median survival
as well as the 5-year survival rate for these patients. The technique itself involves infusing chemotherapy heated to 428C-438C
into the peritoneal cavity following macroscopic resection of visible tumour. This procedure can lead to physiological and
potentially pathological changes with implications for perioperative care.

HISTORY
The management of peritoneal malignancies has progressed and advanced over the decades as CRS, HIPEC, and the
perioperative care of these patients have evolved over time (Table 1).
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Date

Development

1930s
1960s
1969
1977

Debulking of ovarian tumour with adjuvant chemotherapy or radiation therapy described
Improved survival in stage IV ovarian cancer linked with aggressive cytoreductive surgery
Report of success with aggressive regional therapy approach on patients with pseudomyxoma peritonei
Delivery system and infusion filtration systems designed for hyperthermic intracavity perfusate; reports of
systemic thermotherapy reducing tumour burden
First patient treated with hyperthermic thiotepa for pseudomyxoma peritonei
Technique investigated for various gastrointestinal malignancies; targeted chemotherapy developed; initial trials
on intraperitoneal chemotherapy versus intravenous chemotherapy
Peritoneal cancer index developed; peritonectomy formally described
Completeness of cytoreduction score described, which is used for measuring the extent of cytoreductive
surgery achieved

1979
1980s
1990s
2000s

Table 1. Timeline of Developments in Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy1

SURGICAL INDICATIONS
Indications are shown in Table 2.

PATIENT SELECTION
Appropriate selection of patients in order to achieve complete cytoreduction is key to a successful outcome (Table 3). Good
baseline health without significant cardiac or respiratory disease and age under 70 are ideally required, however, not absolutely
indicated. Patients presenting for CRS and HIPEC should have no disease progression on chemotherapy whilst awaiting
surgery. Scoring systems such as the peritoneal cancer index described by Sugarbaker and the more recent peritoneal surface
disease severity score are used to assess degree of peritoneal disease, which is used to help prognosticate outcome.4

PREOPERATIVE ASSESSMENT
CRS combined with HIPEC is an invasive abdominal surgical procedure with additional intraoperative temperature changes
and fluid shifts over and above conventional laparoscopic or open surgical approaches. The pathophysiological effects
associated with this procedure can precipitate organ failure in some patients. It is imperative to perform a detailed preoperative
assessment in patients undergoing this procedure. The cardiac risk in these patients is similar to the risk of other major
Indications for HIPEC and CRS
Peritoneal carcinomatosis from colorectal, appendicular, gastric, and ovarian tumours
Pseudomyxoma peritonei
Peritoneal mesothelioma
Low-volume peritoneal seeding from invasive gastrointestinal tumours
Perforated gastrointestinal tumours or invading adjacent organs
Gastrointestinal tumour with positive peritoneal cytology
Treatment of rare tumours complicated by isolated peritoneal diffusion (eg, Frantz tumours)
Prophylactic procedure to prevent peritoneal metastatic disease in patients with a high risk of
developing peritoneal metastases
Palliation of malignant ascites
Table 2. Surgical Indications for Cytoreductive Surgery (CRS) and Hyperthermic Intraperitoneal
Chemotherapy (HIPEC)2,3

Selection criteria for HIPEC and CRS
Medical optimization with no active cardiac conditions as per the American Heart Association guidelines on perioperative
cardiovascular evaluation and care for noncardiac surgery
Absence of extraabdominal disease, extensive hepatic metastases, and significant retroperitoneal disease.
Age ,70
Peritoneal disease that is amenable to complete or near complete resection
Table 3. Selection Criteria for Hyperthermic Intraperitoneal Chemotherapy (HIPEC) and Cytoreductive Surgery (CRS)
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Figure 1. Open technique. (From Halkia et al, ‘‘Peritoneal carcinomatosis: intraoperative parameters in open (Coliseum) versus closed
abdomen HIPEC’’5; used with permission.)

abdominal surgery. Thorough assessment of the patient’s cardiac and pulmonary systems is essential to assess their ability to
respond to the physiological challenges faced intraoperatively. Echocardiography and dynamic cardiac assessments may be
required. Full blood count, coagulation studies, and electrolyte, urea, and creatinine levels should be obtained. It is also
important to review the nutritional status of the patient and to measure a preoperative albumin level. Estimation of the
glomerular filtration rate may help identify patients at risk of an acute kidney injury associated with the HIPEC.3

SURGICAL TECHNIQUES
The procedure is divided into 3 stages:
1) Exploration: The initial step may begin with an exploratory laparoscopy to assess for disease progression or proceed
directly to opening the abdomen through a full-length midline laparotomy incision and evaluation of the peritoneal cancer.
2) Cytoreduction/debulking: In the debulking, or cytoreduction, phase of the procedure, the surgeon will remove the visible/
macroscopic tumour. This may also involve organ removal.
3) Chemoperfusion: Here the abdominal cavity is rinsed with a heated chemotherapy solution.
Cytoreductive surgery can vary from an isolated omentectomy to complete resection of multiple abdominal organs including the
gastrointestinal tract, pancreas, spleen, liver portions, gallbladder, ovaries, and uterus. Peritonectomy is also commonly
performed and this can be associated with increased intraoperative blood loss. The HIPEC can be delivered in one of two
ways—the open (or Coliseum) or closed techniques.5
The open technique (Figure 1) ensures optimal distribution of heat and cytotoxic solution due to manual stirring of the
abdominal contents; however, the technique may be compromised due to heat loss (requiring an increase in the temperature of
the perfusion fluid, thus exposing the bowel to the risk of scald injuries) or suboptimal exposure of the anterior parietal wall as
well as the risk of spillage of cytotoxic drugs.5,6
The closed technique (Figure 2) prevents heat loss associated with the open technique, minimizes drug spillage, and increases
drug penetration, but homogeneous distribution of the perfusion fluid may not be achieved.5,6 The duration of the HIPEC

Figure 2. Closed technique. (From Halkia et al5; used with permission.)
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element of the procedure varies depending on which chemotherapeutic regime is being used, but can vary from 30 minutes up
to 2 hours.

PHYSIOLOGICAL CHANGES DURING HIPEC
Many multisystem physiological changes occur during the HIPEC component of the procedure which the anaesthetist must be
aware of.7





Cardiovascular: Increase in heart rate and central venous pressure. No significant changes in blood pressure.
Respiratory: Increase in peak airway pressures. Decrease in PaO2/FiO2 ratio. Increase in end-tidal CO2 levels.
Renal: Decreased perfusion to kidneys. Metabolic acidosis with increased lactate.
Coagulation: Hyperthermia-associated coagulopathy can see a decrease in platelet count as well as an increase in
Prothrombin Time (PT) and International Normalised Ratio (INR).

INTRAOPERATIVE MANAGEMENT
Fluid Management
Fluid management is important during both the CRS and the hyperthermic chemotherapy infiltration. There can be significant
blood loss associated with the major debulking surgery as well as the evaporative losses related to the open abdomen. The
HIPEC causes peritoneal inflammation that can cause perioperative third-space losses.3,8,9 Cardiac output monitoring, pulse
pressure variation monitoring, urine output monitoring, and point-of-care testing can all be useful in monitoring fluid balance and
haemodynamics. Fluid replacement is with crystalloid or colloid solutions as well as blood and plasma. The choices between
crystalloid and colloid and restrictive or liberal regimes remain the subject of debate. Overall the anaesthetist should be aware
of large fluid shift and should provide a fluid regime that ensures maintenance of systemic and regional perfusion.8,9

Haemodynamic Management
The maintenance of end-organ perfusion is of utmost importance. In response to the rising body temperature associated with
the chemotherapeutic agent, the peripheral vasculature dilates. This results in an increase in heart rate in order to maintain
cardiac output. During the closed technique a rise in airway pressures and central venous pressure occurs as a result of
increased intra-abdominal pressure. The filling of the abdomen with saline and the chemotherapy has a similar effect to that of a
pneumoperitoneum.3,9
Invasive cardiac output monitoring such as transoesophageal echo or a Swan-Ganz catheter is not recommended; however,
more standard monitoring such as an arterial line, a central venous catheter, and a urinary catheter are useful for monitoring the
haemodynamic status of the patient in real time.3 It should be remembered, however, that central venous pressure (CVP) will
not give an accurate representation of the patient’s preload status due to the raised intra-abdominal pressure. The use of stroke
volume variation may help guide fluid status intraoperatively.

Coagulation Management
An important factor to consider when anaesthetising someone for CRS and HIPEC is that there can be a significant
coagulopathy associated with the procedure. Approximately one-third of patients will develop some sort of coagulopathy
requiring transfusion of plasma products.3 There may be an association between disease severity as measured by the
peritoneal carcinomatosis index and the risk of developing a coagulopathy.10
A coagulopathy can develop at either the CRS stage or the HIPEC stage. During the CRS stage, there may be major blood loss
requiring transfusion, which can increase the risk of a coagulopathy due to intraoperative transfusion of red blood cells. During
the HIPEC stage, coagulation may be impaired due to the hyperthermia, the protein loss, the tumour entity, or the
chemotherapeutic toxicity.3,9
Coagulopathy can be monitored with laboratory tests including INR, APTT, and PT as well as with point-of-care testing using
thromboelastography (TEG) or rotational thromboelastometry (ROTEM). There is some evidence for the use of tranexamic acid
in an effort to reduce the requirement for transfusion of red cells during CRS.11 Bearing in mind that outcomes in surgical
oncology where blood transfusions occur can be associated with increased morbidity, a restrictive transfusion policy may be
adopted.

Temperature Management
CRS combined with HIPEC can be associated with both hypothermia and hyperthermia. During the cytoreductive period of the
procedure, there is risk of hypothermia due to the extensive debulking procedure and large area of surgical exposure.
Hypothermia increases the risk of blood loss and surgical wound infections, and alters the pharmacokinetics of commonly used
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anaesthetic drugs. Efforts must be made to prevent this hypothermia by using warmed fluids, forced-air warmers, and warming
blankets and by monitoring the patient temperature and the room temperature, ensuring the patient remains normothermic.3
Prior to commencement of the intraperitoneal chemotherapy, controlled hypothermia can commence by changing to cool
intravenous fluids and decreasing room temperature in anticipation of the chemotherapy, which can lead to a hyperthermia.8
The carrier solution for HIPEC is heated to 428C-438C. Body temperature may rise to up to 40.58C. This hyperthermia increases
the systemic oxygen demand, and may lead to an increased metabolic demand with rising end tidal CO2 levels and a
concomitant metabolic acidosis. Hyperthermia also puts the patient at risk of coagulopathies, renal and liver dysfunction,
neuropathies, and seizures. During the HIPEC phase, cooling blankets and cold head-wraps or cooling blocks can be used to
help to regulate the temperature.

THE ROLE OF REGIONAL ANAESTHESIA
Intra- and postoperative pain management can be achieved via epidural anaesthesia. A well-functioning epidural reduces the
need for both intra- and postoperative opioids. HIPEC is a painful procedure with pain scores similar to, if not greater than, to
those associated with thoracotomy. As many of these patients will already be established on complex analgesia regimes, an
epidural, ideally a patient-controlled epidural analgesia is a useful adjunct.12 Along with a decreased requirement for
postoperative ventilation, the opioid-sparing effects of an epidural result in decreased incidence of bowel dysfunction and atony.

CHEMOTHERAPEUTIC CONSIDERATIONS
Depositing the chemotherapy in the peritoneal cavity allows higher doses to be used than would be tolerated systemically. By
heating the agent it increases cell permeability and metabolic activity, thus increasing its tumouricidal effects.
The anaesthetist should be aware of the side effects associated with the use of chemotherapeutic agents. In addition to the
more common allergic reactions, such as flushing, nausea, and vomiting, consideration should also be given to the direct
cardiotoxic effects of the chemotherapy agents. In particular, cisplatin has been associated with prolongation of the QT interval
and there have been case reports describing pulseless ventricular tachycardia. It is also important to consider the
nephrotoxicity of cisplatin and the need to prevent renal injury. Other agents that are in use, such as mitomycin C and
doxorubicin, are associated with myelotoxicity and neurotoxicity.3,9

SAFETY IN THE THEATRE
The increased use of chemotherapeutic agents in the operating theatre has the potential to pose a risk to theatre staff.
Personnel exposure can arise from different routes, such as air contamination and pulmonary absorption, contact
contamination, manipulation of perfusates, or manipulation of objects or tissues exposed to chemotherapeutic agents. It is
also worth noting that bodily fluids are considered to be chemotherapy contaminated for 48 hours. With the open technique, the
cavity is covered by a plastic sheet to try to minimise exposure and there is a smoke evacuator under the sheets to minimize
vapour contamination. The closed technique, in theory, provides the highest level of protection for operators.
Education and training of personnel who are preparing and using chemotherapy in the operating theatre is important in helping
to minimize risks. Routine medical surveillance of personnel who work with chemotherapeutic agents in theatre may be
undertaken with checking of routine bloods and monitoring for any adverse side effects.13
Ambient air and biological monitoring has demonstrated that the use of intraperitoneal chemotherapy is safe for both patients
and staff provided that the standard safety and chemotherapeutic handling protocols are adhered to. These protocols require
specific preparation of the operating theatre and selection of appropriate personnel, use of personal protective equipment
(PPE), careful handling of chemotherapy by trained personnel and avoidance of any spills.
Appropriate PPE has to be used by all participating personnel at all times. This consists of face masks, gloves, protective gown,
and overshoes. Simple surgical masks do not provide adequate protection; filtering masks should be used and changed every 2
hours. Double-gloving and wearing gloves no longer than 30 minutes are advised. Double-gloving confers a high protection,
using an air layer as an effective barrier. Goggles should also be worn in order to protect eyes from splashes.11
Adequate ventilation and the use of a smoke evacuator are essential for the control of air contamination. Air conditioning should
be continuous throughout surgical operations. The air conditioner filters should be of high-efficiency particulate air (HEPA) type,
while doors should be closed with air-tight closures. Notices should be placed outside the doors to alert people to the use of
chemotherapeutic substances.

POSTOPERATIVE CARE
Postoperatively, patients should be cared for in the critical care setting, depending on the facilities, either an intensive care unit
or a surgical high-dependency unit. This is to monitor for postoperative physiological changes and allow for management of
complications of the surgery or physiological derangement and correction of any coagulopathy.14 Careful fluid balance
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assessment and monitoring is essential as vasodilation may occur after HIPEC. In this instance, vasopressors may need to be
instituted and avoidance of large-volume fluid resuscitation where patients are not fluid responsive.
Early enteral feeding is recommended for these patients, as nutrition is crucial to promote wound healing and improve intestinal
transit.9

COMPLICATIONS
As with all major abdominal surgery, there is a risk of postoperative complications such as bowel perforation, anastomotic
leakage, bile leakage, fistula formation, postoperative bleeding or infections, and venous-thromboembolic complications. A
postoperative ileus is also common after abdominal surgery with HIPEC.
There may also be additional complications associated with the chemotherapy such as a transient leukopenia and deranged
transaminases, which may have an impact on surgical complications.

SUMMARY
In patients undergoing HIPEC, the anesthetist is challenged by ﬂuid shifts, temperature changes, increased intraabdominal pressure, and an increased metabolic rate. It is of utmost importance to be vigilant with ﬂuid management
and haemodynamic monitoring perioperatively. The use of regional anaesthesia in the form of an epidural is a useful
adjunct to pain management, bearing in mind the risk of developing a coagulopathy, which can be monitored by pointof-care testing. Knowledge of both chemotherapeutic safety and handling as well as the adverse effects of the
particular agents is also important for the anaesthetist. Following the procedure, it is recommended that the patient is
monitored in an acute care setting.
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