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39.1	 �Introduction

Cytoreductive surgery (CRS) along with Hyperthermic intraperitoneal chemother-
apy (HIPEC) has been standard of care for a subset of patients with peritoneal sur-
face malignancies (PSM) including primary peritoneal malignancies like 
mesothelioma and peritoneal involvement secondary to ovarian, colorectal, gastric 
and appendicular malignancies. As a first step, cytoreductive surgery (CRS) is per-
formed after which chemotherapeutic agents heated to 41–43 °C are infused intra-
operatively using a dedicated HIPEC machine. As chemotherapeutic drugs can 
penetrate the peritoneal membrane for a maximum of 3 mm, CRS is performed to 
increase the effect of these drugs [1]. CRS includes an amalgamation of multiple 
complex procedures like excision of the primary tumor, omentectomies, peritonec-
tomies, bowel and other organ resections as considered necessary to achieve a mac-
roscopically tumor free peritoneal cavity. Multiple factors decide the efficacy of 
HIPEC such as patient factors, clinical factors, treatment parameters, type of drug 
and techniques, drug concentration, carrier solution, perfusate volume, temperature 
and duration of treatment [2]. A high variability exists with regard to HIPEC treat-
ment globally based on disease type and institutional protocols.

Blood loss and massive transfusions can frequently be a part of such major oper-
ations which can pose an added insult to the perioperative course. In general, this 
procedure involves prolonged duration of anesthesia, fluid and electrolyte shifts, 
thermal stress, along with toxic effects of chemotherapy and acid base disturbances. 
In a systematic review by Chua et al., including data from retrospective and pro-
spective studies reporting CRS with HIPEC, authors reported a mean operative time 
ranging from 5 to 10 h and significant blood loss as high as 3.5 L [3].
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Perioperative and critical care management plays a very important role for opti-
mal outcomes following CRS and HIPEC. This chapter will focus on the critical 
care management issues related to CRS and HIPEC.

39.2	 �Basic Surgical Concerns and Need for Admission in ICU

Multiple factors decide shifting the patients to ICU intubated or following extuba-
tion in the operating room. Some of the important ones are: existing major comor-
bidities of cardiac or respiratory system, blood loss, transfusion requirements, 
hemodynamics, metabolic factors towards end of surgery. Most of the time patients 
are shifted to ICU immediately after surgery (46–74%). In approximately 50% of 
cases endotracheal tube (ETT) is removed in the operating theatre (OT) [4]. Centers 
without ICU facilities can gain from experiences of high-volume centres on case 
selection or situations (e.g. Low volume disease, less blood loss etc.) where an ICU 
can be avoided. The following factors are important for a favorable postoperative 
outcome [5]

	(a)	 Immediate or early extubation
	(b)	 Epidural analgesia,
	(c)	 Postoperative monitoring in ICU
	(d)	 Immediate initiation of parenteral nutrition in postoperative period
	(e)	 Stringent fluid status monitoring

Stress response in the postoperative period involves all major organ systems like 
cardiovascular, respiratory, coagulation, renal and endocrine system [6, 7]. During 
postoperative course patients may experience hyperthermia-related coagulopathy, 
hyperglycaemia, low-grade fever and mild pain. Besides these, secretory diarrhoea 
may occur in the first week. Other biochemical changes can be observed like tran-
sient severe hypophosphatemia (due to renal tubulopathy) and altered liver function 
tests (transaminitis following extensive electrocautery use on the liver capsule). 
Inflammatory markers like C-reactive protein and interleukins usually return to nor-
mal within 12–24 h. Total leukocyte count and platelet counts also decreases within 
a couple of weeks. Recommendations were laid down for postoperative care and 
ICU admission by the Society of Onco-anaesthesia and perioperative care and are 
described in Table 39.1 [5].

39.3	 �Monitoring in ICU (Hemodynamics/Coagulation Profile/
Temperature/Electrolytes)

39.3.1	 �Haemodynamic Monitoring

These patients need invasive blood pressure monitoring and frequently also may 
require central venous pressure monitoring besides standard monitoring practices 
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such as electrocardiogram, noninvasive blood pressure, pulse oximetry, end-tidal 
CO2 monitoring and core-body temperature monitoring [8]. In patients with signifi-
cant disease burden (PCI >15) cardiac output monitoring can additionally be used. 
Goal-directed therapy (GDT) in CRS-HIPEC had shown to decrease morbidity and 
thereby shorten postoperative hospital stay. Additionally, there was no difference in 
mortality.

Throughout the surgery at regular intervals arterial blood gas monitoring is often 
needed to assess gas exchange, electrolyte, glucose and lactate levels [8]. Serum 
magnesium level monitoring is preferred both before initiating HIPEC phase and 
also in the postoperative period. This is because hypomagnesaemia can occur after 
fluid infusion (dilution) and following platinum-based chemotherapy perfusion [9]. 
Ionized calcium should also be monitored and corrected if there is massive transfu-
sion of blood and blood products.

Table 39.1  Postoperative and ICU care recommendations [5]

Sl no Recommendation

Evidence 
available (yes/
no)/consensus 
only

1 Should not routinely extubate the trachea on operating table Yes
2 Attempting extubation in the operating room should be done in 

low-volume (low PCI) cases
Yes

3 Haemodynamically unstable patients should be transferred to ICU 
with endotracheal tube in situ

Consensus

4 Those patients undergoing massive blood loss, high arterial lactate 
and diaphragmatic striping may be considered for transfer to ICU 
with endotracheal tube in situ

Consensus

5 The decision to transfer patient to ICU with endotracheal tube in 
situ or with after tracheal extubation in patients who have 
undergone prolonged (>10 h) surgery, presence of preoperative bad 
pulmonary functions and major cardiac or non-cardiac 
comorbidities should be individualised

No

6 Fluid therapy in postoperative period should be 
based on

Fluid therapy 
guided by mean 
arterial pressure, 
heart rate and 
urine output

Consensus

Fluid therapy 
guided by 
arterial lactate 
concentration

Consensus

7 Starting early enteral nutrition or parenteral nutrition in patient 
who cannot tolerate enteral nutrition

Yes
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39.3.2	 �Goal for Intraoperative Urine Output

Following CRS-HIPEC, acute kidney injury (AKI) can be witnessed in 21–48% of 
patients [10]. Some of the predictors of development of AKI are higher age, BMI, 
pregabalin use (preoperatively), platinum-based chemotherapy, massive blood loss, 
high blood pressure and low intraoperative diuresis. Factors associated with devel-
opment of AKI were low intraoperative urine output, angiotensin II receptor antago-
nist use and raised blood pressure [9]. Urine output is used as a surrogate marker for 
intraoperative measurement of renal perfusion. The target urine output during vari-
ous phases are 0.5 mL/kg/h during CRS phase, 2–4 mL/kg/h during the HIPEC and 
1–2 mL/kg/h after HIPEC across various studies [11]. However fluid therapy should 
also be individualized from patient to patient.

There are also controversies about hydration and higher diuresis during 
HIPEC. Firstly, chemotherapy is administered intraperitoneally rather than usual 
intravenous route. Secondly, with variation in surface area the degree of absorption 
and serum concentration may vary. Thirdly, clearance of a drug depends on the renal 
blood flow rather than urine output. Finally, the etiology of renal failure can be often 
multifactorial instead of attributing only to platinum. Thus, maintaining euvolaemia 
by individualising fluid therapy seems essential.

39.3.3	 �Coagulation Monitoring

The etiology of coagulopathy is multifactorial and depends on various factors like 
the duration of surgery, PCI, resection extent, blood loss and hemodilution. This in 
turn depends on the volume of replacement fluids (crystalloids and colloids), packed 
red cells transfusion and temperature attained (hypothermia). Postoperatively, coag-
ulopathy peaks at 24 h and can remain up to 72 h [12]. Intraoperative monitoring of 
coagulation parameters periodically is advisable. Most centres use prothrombin 
time (PT), activated partial thromboplastin time (aPTT) and international nor-
malised ratio (INR) for monitoring in preoperative and postoperative period [13]. 
Thromboelastography (TEG or ROTEM) is used additionally in some centres 
[13, 14].

39.3.4	 �Fluid Management

An important aspect of haemodynamics in patients undergoing CRS-HIPEC is sus-
taining an optimal fluid balance. Intraoperative fluid loses may reach as high as 
12 mL/kg during CRS phase [15]. To ensure optimal haemodynamic goals without 
causing volume overload adequate perioperative crystalloids and colloids are 
needed. Hydroxyethyl starch (HES) was found to have a adverse impact on the renal 
function in patients undergoing HIPEC. HES causes increased perioperative bleed-
ing compared with crystalloids and albumin and increased reduction in maximum 
amplitude on TEG.  Isotonic normal saline has high chloride content which can 
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induce hyperchloremia and metabolic acidosis. Ringer’s lactate and acetate-based 
solutions, have an electrolyte composition nearly similar to plasma and are gener-
ally preferred.

Increased fluid administration can be dangerous as it could lead to overload and 
tissue oedema thereby causing abdominal, cardiac or pulmonary complications. An 
increase in morbidity has been associated with fluid overload. Restrictive fluid regi-
mens have demonstrated decreased perioperative mortality in other major surgical 
procedures. However, restricted fluid therapy can cause suboptimal tissue and renal 
perfusion in the face of extreme haemodynamic changes that occur during the 
phases of CRS-HIPEC. Secondary to surgical dissection, an extensive loss of pro-
tein in the ascitic fluid was observed. Hence, albumin replacement was found to be 
beneficial in patients requiring extensive debulking and large-volume ascitic fluid 
drainage.

39.3.5	 �Temperature Management

In the perioperative period among patients undergoing CRS-HIPEC, maintaining a 
normothermic status is a challenging goal. Wide variations in temperature can be 
caused by extensive CRS and HIPEC [16]. During the HIPEC phase hyperthermia 
raises metabolic rate, consequentially resulting in increased heart rate, demand for 
oxygen, end-tidal carbon dioxide, lactatemia and metabolic acidosis [16]. These 
peak of the hyperthermia usually reaches a peak level by 60 min after starting infu-
sion. Once the temperature normalizes these hyperdynamic alterations reverse. 
Hyperthermia can lead to coagulopathies, renal and liver dysfunction, neuropathies 
and seizures. High body temperatures can be prevented by using forced air warmers 
at ambient temperature, using cold intravenous fluids (<6 °C), cooling mattress and 
ice packs placed in the axilla and head and neck area before initiating HIPEC. Cooling 
(active or passive) the patient before starting the HIPEC phase can also be done. 
During the CRS phase, a lower body temperature (hypothermia) can be associated 
with cardiac morbidity, decreased humoral and cell-mediated immunity and acid–
base abnormalities [14]. Hence, body temperature should be kept at normothermic 
levels forced air warming with blankets and blood/fluid warmers.

39.4	 �ICU Management

39.4.1	 �Coagulation and Blood Products

Substantial blood loss may occur during cytoreductive surgery, and transfusion may be 
necessary. A hemoglobin transfusion threshold of 8 g/dL is considered by many centers.

Commonly used drugs include antifibrinolytic group i.e., tranexamic acid and 
epsilon aminocaproic acid. These are used routinely for high blood loss during vari-
ous surgeries (e.g., cardiac surgery, orthopedic and spine surgery). Little literature 
exists for the use of tranexamic acid during CRS with HIPEC.
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Abnormal coagulation can also be caused by hyperthermia but that in practical 
this is less likely at usual core body temperatures during HIPEC [16]. Most institu-
tions consider sending blood studies for hemoglobin, platelets, fibrinogen, and 
coagulation parameters as necessary based on blood loss, and correct abnormalities. 
Thromboelastography can be useful tool to help diagnose coagulopathy.

The timing of removal of the epidural catheter can be affected by alteration in 
coagulation parameters and platelet counts following CRS and HIPEC. The reasons 
for coagulopathy can be multifactorial, including dilution related to blood loss, che-
motherapy effects, and other factors. Most patients return to normal by postopera-
tive day 6.

39.4.2	 �Fluid Therapy

39.4.2.1	 �Restrictive Fluid Therapy
Restrictive or goal directed fluid therapy is suggested rather than a liberal adminis-
tration, to decrease complications related to fluid overload. Some of the useful 
points are highlighted below:

•	 A Crystalloid solution is used for maintenance IV fluid therapy at 4 mL/kg/h.
•	 Aim for urine output between 0.5 and 1 mL/kg/h during cytoreduction and 4 mL/

kg/h during HIPEC.
•	 If the patient remains hypotensive and SVV and urine output thresholds have 

been reached, start a vasopressor.
•	 Ongoing bleeding as a source of hypotension should be investigated, and labora-

tory studies used to determine whether blood product transfusions are needed.
•	 Continue goal directed therapy in the postoperative period, adding vasopressors 

as necessary to maintain hemodynamic stability. Aim for urine output of 
>0.5 mL/h.

39.4.2.2	 �Restrictive Versus Goal Directed Versus Liberal 
Fluid Therapy

Early advocates for CRS with HIPEC included liberal fluid administration, particu-
larly during HIPEC phase. But, practice has gradually shifted towards more restric-
tive fluid therapy for all major abdominal procedures, including CRS with 
HIPEC. Many institutional protocols now-a days include restrictive or goal directed 
fluid therapy. This practice change has resulted in low complication rates, morbidity 
and mortality [17]. Liberal fluid administration during CRS with HIPEC has also 
been associated with increased perioperative pulmonary and cardiac morbidity. For 
instance, in a randomized trial of goal directed versus standard fluid therapy for 80 
patients (CRS with HIPEC), the incidence of major abdominal complications has 
decreased significantly (10.5 versus 38%). Additionally, the length of hospital stay 
also decreased (19 versus 29 days) in the group who received goal directed therapy 
(GDT). In a retrospective review of 169 CRS with HIPEC cases before and after an 
institutional change from liberal to restrictive fluid therapy, restrictive fluid therapy 

S. V. S. Deo et al.



497

was associated with decreased 60-day complications and reduced hospital length of 
stay. Renal failure and peak creatinine rates were similar between groups [18].

39.4.3	 �Electrolytes

It is prudent to check blood gases and electrolytes every 30 min during HIPEC and 
during the two hours after infusion of HIPEC is complete. Abnormalities in electro-
lytes occur commonly as chemotherapy is infused during HIPEC [19]. The meta-
bolic acidosis is multifactorial including:

	 (i)	 Massive fluids shifts and electrolyte disturbances due to hyperthermia gener-
ated in the peritoneal cavity.

	(ii)	 Hyperthermia induced vasodilation and systemic hypotension lead to increased 
lactic acid production.

	(iii)	 Lysis of tumor cells releasing organic acids.

As intra-abdominal pressure increases, respiratory acidosis occurs during the 
HIPEC phase, due to increased airway pressure and decreased functional residual 
capacity. Dextrose infusions containing carrier solutions can cause hyperglycemia 
and hyponatremia. Intravenous insulin infusion is usually required to correct hyper-
glycemia. Other electrolyte disturbances can also be encountered including hypo-
magnesemia, hypokalemia, and hypocalcemia .Postoperative electrolyte 
disturbances are very common as large intraoperative fluid shifts can occur follow-
ing intravenous fluids administration and absorption of carrier solutions used dur-
ing HIPEC.

39.4.4	 �Transfusion of Blood and Blood Products

CRS and HIPEC procedures are among the most extensive abdominal surgeries in 
terms of duration, multi-visceral resections and stripping of parietal peritoneum 
over large surface area resulting in significant blood loss. As per an Australian study 
77% of patients undergoing CRS & HIPEC require intraoperative blood transfu-
sion. High tumor burden (i.e. PCI > 15), extensive surgery (operative length more 
than 9 h or more than three peritonectomy procedures), preoperative anemia and 
impaired coagulation profile (INR > 1.2) are risk factors for massive blood transfu-
sion (MBT) [20].

The deleterious effects of blood transfusion in colorectal surgeries are well 
known. It is associated with increased postoperative morbidity and inferior long-
term outcomes [21, 22]. In patients undergoing CRS and HIPEC, a dose-dependent 
relationship between amount of packed red blood cell (PRBC) transfusion and 
oncological outcomes has been established [23]. Also, in a single centre experience 
of 936 patients, it was found that MBT (5 or more units) was associated with an 
increase in peri-operative grade III/IV morbidity and mortality. MBT was also 
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associated with a significant compromise in long term survival among patients of 
colorectal carcinoma and pseudomyxoma peritonei. This is because allogenic blood 
transfusion aggravates systemic inflammation and transfusion-related immunomod-
ulation [24].

Therefore, it is suggested that strategies to reduce incidence of MBT be imple-
mented to achieve better perioperative and oncological outcomes. This can be 
achieved by increasing the threshold of blood transfusion, reduction of intraopera-
tive blood losses and preoperative correction of anemia.

Restrictive approach (trigger of hemoglobin <7 g/dL in asymptomatic patients 
without significant cardiac comorbidity) and liberal approach (‘10/30’ approach: 
transfusion for hemoglobin <10 g/dL or hematocrit <30%) are the two approaches 
to blood transfusion. Upon meta-analysis, restrictive strategy was equivalent to lib-
eral strategy in terms of peri-operative morbidity and mortality [25]. A Cochrane 
review of 31 trials across multiple specialities provides a good evidence that trans-
fusion threshold of 7–8 g/dL with allogenic PRBCs is adequate for most patients 
[26]. Therefore, it would be prudent to adopt a restrictive approach to transfusion in 
patients undergoing CRS and HIPEC, so as to reduce the incidence of MBT.

Intraoperative blood losses can be minimized by improved surgical techniques 
and maintaining a prothrombotic state intra-operatively. Surgically, losses can be 
minimized by effective sealing of vessels using energy devices and double ligation, 
packing and compression of the operative field with dry gauzes after excision and 
by application of hemostatic materials. A balanced pro-thrombotic state can be 
achieved intraoperatively by appropriate transfusion of fibrinogen, prothrombin and 
calcium during peritonectomy. Sargant et al. [27] described a protocol to maintain a 
higher average fibrinogen levels intraoperatively and postoperatively. As per the 
protocol, Tranexemic acid is administered at the beginning of surgery and repeated 
at 4 h into the surgery. Throughout the surgery, the goal is to maintain the patient’s 
fibrinogen level at 2 g/dL.

Alleviation of anemia preoperatively can significantly reduce requirement of 
peri-operative transfusion. In a Greek study, patients of gastro-intestinal tract 
cancer-induced anemia were randomised in a double-blind fashion to receive preop-
erative iron and recombinant erythropoietin (rEPO) or else placebo and iron. The 
patients who received rEPO received significantly fewer transfusions intraopera-
tively and postoperatively. Also, these patients experienced lower post-operative 
morbidity and improved 1-year survival [28].

39.4.5	 �Analgesia Modalities and Advantages

Pain after CRS and HIPEC is caused both due to inflammation caused by surgical 
injuries and chemotherapy agents which result in stimulation of peripheral as well 
as central nociceptors.

The optimal analgesic regimen for a major surgery should provide good pain 
relief, facilitate early mobilisation, early return of gut function and to prevent respi-
ratory complications [29]. There are no randomised trials providing evidence for 
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superior analgesic regimen in CRS & HIPEC. Multimodal analgesia (regional anal-
gesia and local anesthesia), in order to reduce doses of parenteral opioids, remains 
the cornerstone of analgesia management.

Thoracic epidural anesthesia (TEA) containing short acting opiates and local 
anesthetics should be administered for at least 72 h after surgery [30]. TEA aids in 
recovery of gut function, improves the stability of anastomosis by aiding early 
recovery of gut function and reduces pulmonary complications [31–33]. Epidural 
block should be administered before incision and should include segments T5 to 
T11 [34]. An improved survival was noted when TEA was used for a minimum of 
48 h postoperatively, among colorectal cancer and ovarian cancer patients undergo-
ing HIPEC, upon retrospective analysis.

Combination of short-acting opioids and local anesthetics is considered the best 
for TEA, as this combination reduces the risk of hypotension and motor block due 
to sympathetic blockade [35]. In comparison to conventional continuous epidural 
infusion, patient controlled epidural analgesia is gaining popularity [36]. TEA 
should be removed 48–72 h postoperatively. Breakthrough pain, hypotension and 
neurological side effects of TEA should be treated as per local policy [34].

As HIPEC can potentially affect hemostasis and cause thrombocytopenia, 
administration of TEA is potentially unsafe. Korakiantis et  al., in a prospective 
study, demonstrated that TEA is a safe option in patients undergoing CRS & HIPEC 
[37]. In a retrospective study evaluating 4277 patients who underwent CRS & 
HIPEC, none of the patient had postoperative epidural hematoma [38].

Transversus abdominal plane (TAP) block was found to be non-inferior to TEA 
in a study evaluating the postoperative analgesic effects of the two modalities in 
open colorectal surgery. TAP block produces analgesic effects on anterior abdomi-
nal wall skin, muscle and parietal peritoneum by acting on lower thoracic nerves 
(T7 to T12) and the anterior branch of first lumbar nerve (L1). Requirement of 
parenteral opioids can be effectively reduced by TAP block [39].

Paracetamol is a vital part of multimodal analgesia. NSAIDs can be given but 
careful consideration should be made in patients with renal dysfunction. Use of 
alternative analgesic drugs such as lidocaine, ketamine or gabapentin are presently 
not recommended, awaiting further studies.

39.4.6	 �Extubation Planning

Among patients undergoing CRS & HIPEC, the rate of extubation varies from 62 to 
100%, depending upon institutional policy [40–42]. Most patients undergoing CRS 
& HIPEC can be extubated after surgery. A few patients, who are clinically unsta-
ble, require ionotropic support, had diaphragmatic resection or multiple comorbidi-
ties, remain intubated and are shifted to ICU for postoperative ventilation.

Criteria for extubation in CRS & HIPEC patients have not been defined and dif-
fer with institutional practices and anesthesiologist’s comfort and experience. In a 
retrospective study by Balakrishnan et al. [42], higher PCI, longer duration of sur-
gery, higher delta temperature, increased estimated blood loss, high intraoperative 
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fluid requirement, lower mean arterial pressure and higher blood product require-
ment were associated with prolonged post-operative ventilation (>24 h) and longer 
ICU stay.

The advantages of early extubation include early ambulation and shorter dura-
tion of sedation, resulting in earlier return of bowel function and shorter duration of 
hospitalisation. Opioid requirement in perioperative period is reduced upon use of 
TEA and local anesthetic infusion, thereby facilitating early extubation.

ERAS guidelines for perioperative care in CRS & HIPEC recommend early 
extubation to be performed routinely in absence of contra-indications [43].

39.4.7	 �Thromboprophylaxis

Stasis, hypercoagulability and endothelial injury are the classic risk factors associ-
ated with venous thromboembolism (VTE) and are usually present in patients after 
CRS & HIPEC. Western data suggest that without thromboprophylaxis, 30–50% of 
patients of peritoneal malignancy undergoing surgery may experience VTE [44]. It 
is the most common cause of death in perioperative period [45].

Risk factors for VTE include disease burden, blood transfusion and extent of 
surgery, PCI, blood loss, operative time, length of hospital and ICU stay and lack of 
administration of anticoagulant on discharge [46]. Standard guidelines for thrombo-
prophylaxis among patients undergoing major cancer surgery can be extrapolated to 
patients undergoing CRS & HIPEC.

It is observed that 2/3rd of cases of VTE occur in patients ‘after’ discharge. 
Extended thromboprophylaxis reduce the 60 day VTE rate from 10 to 5% and post 
discharge VTE rate from 8 to 2%. ERAS guidelines for CRS & HIPEC strongly 
recommend use of peri-operative mechanical and pharmacological thromboprophy-
laxis and also recommend extended pharmacological thromboprophylaxis [30].

39.4.8	 �Immediate Postoperative Complications

Review of literature reports 18–52% major morbidity in patients undergoing CRS 
& HIPEC during the post-operative period [47]. Majority of complications are 
related to surgical procedures and can be handled as per standard guidelines. In this 
section, we will be focussing on immediate systemic complications caused 
by HIPEC.

Risk of postoperative renal dysfunction is significant and multifactorial. 
Nephrotoxicity is the main dose-limiting side effect of cisplatin, especially at 
doses greater than 240 mg [48]. Sodium thiosulfate can be used to reduce the risk 
of renal failure [49]. Mitomycin C (MMC) can also less commonly lead to neph-
rotoxicity. Goal directed fluid resuscitation and optimising oxygen delivery by 
hemodynamic monitoring is perhaps the most suitable method to prevent and/or 
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treat nephrotoxicity [50]. Use of other nephrotoxic agents in these patients should 
be avoided. Tissue inhibitor of metalloproteinases-2 (TIMP-2) and insulin-like 
growth factor binding protein 7 (IGFBP 7) have been approved by USFDA as 
biomarkers for risk stratification of acute kidney injury (AKI) in critically ill 
patients and can be extrapolated for use among patients undergoing HIPEC [51].

Respiratory complications are important source of morbidity after CRS & 
HIPEC and should therefore be prevented by prophylactic usage of non-invasive 
ventilation (NIV) or HFNC and routine implementation of thoracic epidural 
analgesia.

Septic shock and multisystem organ failure is the leading cause of mortality in 
patients undergoing CRS & HIPEC and causative factors include extensive nature 
of procedure, immunosuppression due to previous chemotherapy, surgical compli-
cations as well as extensive peritoneal inflammation and inflammatory response.

Hematological toxicity is a recognised complication of HIPEC and has been 
reported in up to 10–28% of patients in postoperative period [52]. It appears to be 
primarily related to the type of chemotherapy agent used for HIPEC. Using a dose 
of MMC 35 mg/m2 over 90 min of HIPEC can result in postoperative neutropenia/
leukopenia in as many as 27% of patients. Routine prophylactic granulocyte colony-
stimulating factor (G-CSF) does not alter neutropenia rates but may be used to avoid 
or prevent profound aplasia when white cell counts are decreasing [53].

Major surgical complications are anastomotic leaks (0–9%), intraabdominal 
abscesses (0–37%), intestinal perforation/peritonitis (0–10%), fistulas (0–23%) and 
prolonged ileus (0–86%). Intra abdominal bleeding, bile leaks, pancreatitis, major 
wound infections, acalculous cholecystitis, mesenteric ischemia, mechanical intes-
tinal obstruction are other surgical complications that can be encountered after CRS 
and HIPEC

39.5	 �Conclusion

Peri-operative management and critical care are extremely important determinants 
of outcomes following CRS and HIPEC. Dedicated multi-disciplinary teams includ-
ing Anesthesiologists, and critical care experts play a significant role in the manage-
ment of these patients. Protocol based management approach and establishment of 
standard operating procedures is critical for optimal outcomes. Important domains 
need to be focussed include fluid, blood and protein losses, increased intra-
abdominal pressure, systemic hypo-/hyperthermia and increased metabolic rate in 
patients undergoing HIPEC. TAE and NIV are recommended to ensure adequate 
pain relief and early post-operative extubation. Postoperatively, volume status opti-
mization, early nutrition support, sufficient anti-coagulation and point of care coag-
ulation management are essential. Systemic toxicities need to be identified early 
and optimally managed.

39  Critical Care Management in a Patient of CRS and HIPEC



502

References

	 1.	Dedrick RL, Myers CE, Bungay PM, DeVita VT Jr. Pharmacokinetic rationale for peritoneal 
drug administration in the treatment of ovarian cancer. Cancer Treat Rep. 1978;62(1):1–11. 
PMID 626987 [Internet] [cited 3 Apr 2021]. Available from: https://pubmed.ncbi.nlm.nih.
gov/626987

	 2.	Valle SJ, Alzahrani NA, Liauw W, Sugarbaker PH, Bhatt A, Morris DL. Hyperthermic intra-
peritoneal chemotherapy (HIPEC) methodology, drugs and bidirectional chemotherapy. Indian 
J Surg Oncol. 2016;7:152–9.

	 3.	Chua TC, Yan TD, Saxena A, Morris DL. Should the treatment of peritoneal carcinomato-
sis by cytoreductive surgery and hyperthermic intraperitoneal chemotherapy still be regarded 
as a highly morbid procedure?: a systematic review of morbidity and mortality. Ann Surg. 
2009;249:900.

	 4.	Piccioni F, Casiraghi C, Fumagalli L, Kusamura S, Baratti D, Deraco M, et al. Epidural anal-
gesia for cytoreductive surgery with peritonectomy and heated intraperitoneal chemotherapy. 
Int J Surg. 2015;16(Pt A):99–106.

	 5.	Solanki SL, Mukherjee S, Agarwal V, Thota RS, Balakrishnan K, Shah SB, Desai N, Garg 
R, Ambulkar RP, Bhorkar NM, Patro V, Sinukumar S, Venketeswaran MV, Joshi MP, 
Chikkalingegowda RH, Gottumukkala V, Owusu-Agyemang P, Saklani AP, Mehta SS, 
Seshadri RA, Bell JC, Bhatnagar S, Divatia JV. Society of Onco-Anaesthesia and Perioperative 
Care consensus guidelines for perioperative management of patients for cytoreductive sur-
gery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC). Indian J Anaesth. 
2019;63(12):972–87. https://doi.org/10.4103/ija.IJA_765_19. Epub 11 Dec 2019. PMID: 
31879421

	 6.	Baratti D, Kusamura S, Laterza B, Balestra MR, Deraco M. Early and long-term postoperative 
management following cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. 
World J Gastrointest Oncol. 2010;2:36–43.

	 7.	Padmakumar AV.  Intensive care management of patient after cytoreductive surgery and 
HIPEC—a concise review. Indian J Surg Oncol. 2016;7:244–8.

	 8.	Polderman KH, Varon J, Marik PE. Fluid management decisions should not be guided by fixed 
central venous pressure targets. Am J Emerg Med. 2015;33:1311.

	 9.	Hakeam HA, Breakiet M, Azzam A, Nadeem A, Amin T. The incidence of cisplatin nephrotox-
icity post hyperthermic intraperitoneal chemotherapy (HIPEC) and cytoreductive surgery. Ren 
Fail. 2014;36:1486–91.

	10.	Cata JP, Zavala AM, Van Meter A, Williams UU, Soliz J, Hernandez M, Owusu-Agyemang 
P. Identification of risk factors associated with postoperative acute kidney injury after cytore-
ductive surgery with hyperthermic intraperitoneal chemotherapy: a retrospective study. Int J 
Hyperthermia. 2018;34:538–44.

	11.	Eng OS, Dumitra S, O’Leary M, Raoof M, Wakabayashi M, Dellinger TH, et al. Association of 
fluid administration with morbidity in cytoreductive surgery with hyperthermic intraperitoneal 
chemotherapy. JAMA Surg. 2017;152:1156–60.

	12.	Raspé C, Flöther L, Schneider R, Bucher M, Piso P. Best practice for perioperative manage-
ment of patients with cytoreductive surgery and HIPEC. Eur J Surg Oncol. 2017;43:1013–27.

	13.	Reynolds L, Beckmann J, Kurz A. Perioperative complications of hypothermia. Best Pract Res 
Clin Anaesthesiol. 2008;22:645–57.

	14.	Bell JC, Rylah BG, Chambers RW, Peet H, Mohamed F, Moran BJ. Perioperative management 
of patients undergoing cytoreductive surgery combined with heated intraperitoneal chemo-
therapy for peritoneal surface malignancy: a multi-institutional experience. Ann Surg Oncol. 
2012;19:4244–51.

	15.	Stens J, Hering JP, van der Hoeven CWP, Boom A, Traast HS, Garmers LE, et al. The added 
value of cardiac index and pulse pressure variation monitoring to mean arterial pressure-
guided volume therapy in moderate-risk abdominal surgery (COGUIDE): a pragmatic multi-
centre randomised controlled trial. Anaesthesia. 2017;72:1078–87.

S. V. S. Deo et al.

https://pubmed.ncbi.nlm.nih.gov/626987
https://pubmed.ncbi.nlm.nih.gov/626987
https://doi.org/10.4103/ija.IJA_765_19


503

	16.	Esquivel J, Angulo F, Bland RK, Stephens AD, Sugarbaker PH. Hemodynamic and cardiac 
function parameters during heated intraoperative intraperitoneal chemotherapy using the open 
‘coliseum technique’. Ann Surg Oncol. 2000;7:296–300.

	17.	Colantonio L, Claroni C, Fabrizi L, Marcelli ME, Sofra M, Giannarelli D, et al. A randomized 
trial of goal directed vs. standard fluid therapy in cytoreductive surgery with hyperthermic 
intraperitoneal chemotherapy. J Gastrointest Surg. 2015;19:722–9.

	18.	Hendrix RJ, Damle A, Williams C, Harris A, Spanakis S, Lambert DH, Lambert 
LA. Restrictive intraoperative fluid therapy is associated with decreased morbidity and length 
of stay following hyperthermic intraperitoneal chemoperfusion. Ann Surg Oncol. 2019;26(2): 
490–6.

	19.	Said ET, Sztain JF, Abramson WB, Meineke MN, Furnish TJ, Schmidt UH, et al. A dedicated 
acute pain service is associated with reduced postoperative opioid requirements in patients 
undergoing cytoreductive surgery with hyperthermic intraperitoneal chemotherapy. Anesth 
Analg. 2018;127:1044.

	20.	Saxena A, Yan TD, Chua TC, et al. Risk factors for massive blood transfusion in cytoreduc-
tive surgery: a multivariate analysis of 243 procedures. Ann Surg Oncol. 2009;16:2195–203. 
https://doi.org/10.1245/s10434-009-0484-7.

	21.	Acheson AG, Brookes MJ, Spahn DR. Effects of allogeneic red blood cell transfusions on 
clinical outcomes in patients undergoing colorectal cancer surgery: a systematic review and 
meta-analysis. Ann Surg. 2012;256:235–44. https://doi.org/10.1097/SLA.0b013e31825b35d5.

	22.	Amato A, Pescatori M.  Perioperative blood transfusions for the recurrence of colorectal 
cancer. Cochrane Database Syst Rev. 2006;CD005033. https://doi.org/10.1002/14651858.
CD005033.pub2.

	23.	Nizri E, Kusamura S, Fallabrino G, et  al. Dose-dependent effect of red blood cells trans-
fusion on perioperative and long-term outcomes in peritoneal surface malignancies treated 
with cytoreduction and HIPEC. Ann Surg Oncol. 2018;25:3264–70. https://doi.org/10.1245/
s10434-018-6630-3.

	24.	Saxena A, Valle SJ, Liauw W, Morris DL. Allogenic blood transfusion is an independent pre-
dictor of poorer peri-operative outcomes and reduced long-term survival after cytoreductive 
surgery and hyperthermic intraperitoneal chemotherapy: a review of 936 cases. J Gastrointest 
Surg. 2017;21:1318–27. https://doi.org/10.1007/s11605-017-3444-8.

	25.	Chen Q-H, Wang H-L, Liu L, et al. Effects of restrictive red blood cell transfusion on the prog-
noses of adult patients undergoing cardiac surgery: a meta-analysis of randomized controlled 
trials. Critical Care. 2018;22:142. https://doi.org/10.1186/s13054-018-2062-5.

	26.	Carson JL, Stanworth SJ, Roubinian N, et  al. Transfusion thresholds and other strate-
gies for guiding allogeneic red blood cell transfusion. Cochrane Database Syst Rev. 
2016;10(10):CD002042.

	27.	Sargant N, Roy A, Simpson S, et  al. A protocol for management of blood loss in surgical 
treatment of peritoneal malignancy by cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy. Transfus Med. 2016;26:118–22. https://doi.org/10.1111/tme.12301.

	28.	Kosmadakis N, Messaris E, Maris A, et  al. Perioperative erythropoietin administration in 
patients with gastrointestinal tract cancer: prospective randomized double-blind study. Ann 
Surg. 2003;237:417–21. https://doi.org/10.1097/01.SLA.0000055275.38740.56.

	29.	Veenhof AAFA, Vlug MS, van der Pas MHGM, et al. Surgical stress response and postop-
erative immune function after laparoscopy or open surgery with fast track or standard peri-
operative care: a randomized trial. Ann Surg. 2012;255:216–21. https://doi.org/10.1097/
SLA.0b013e31824336e2.

	30.	Hübner M, Kusamura S, Villeneuve L, et al. Guidelines for perioperative care in CytoReductive 
Surgery (CRS) with or without Hyperthermic IntraPEritoneal Chemotherapy (HIPEC): 
Enhanced Recovery After Surgery (ERAS®) Society recommendations—Part II: Postoperative 
management and special considerations. Eur J Surg Oncol. 2020;46:2311–23. https://doi.
org/10.1016/j.ejso.2020.08.006.

	31.	Michelet P, D’Journo X-B, Roch A, et al. Perioperative risk factors for anastomotic leakage 
after esophagectomy. Chest. 2005;128:3461–6. https://doi.org/10.1378/chest.128.5.3461.

39  Critical Care Management in a Patient of CRS and HIPEC

https://doi.org/10.1245/s10434-009-0484-7
https://doi.org/10.1097/SLA.0b013e31825b35d5
https://doi.org/10.1002/14651858.CD005033.pub2
https://doi.org/10.1002/14651858.CD005033.pub2
https://doi.org/10.1245/s10434-018-6630-3
https://doi.org/10.1245/s10434-018-6630-3
https://doi.org/10.1007/s11605-017-3444-8
https://doi.org/10.1186/s13054-018-2062-5
https://doi.org/10.1111/tme.12301
https://doi.org/10.1097/01.SLA.0000055275.38740.56
https://doi.org/10.1097/SLA.0b013e31824336e2
https://doi.org/10.1097/SLA.0b013e31824336e2
https://doi.org/10.1016/j.ejso.2020.08.006
https://doi.org/10.1016/j.ejso.2020.08.006
https://doi.org/10.1378/chest.128.5.3461


504

	32.	Pöpping DM, Elia N, Marret E, et al. Protective effects of epidural analgesia on pulmonary com-
plications after abdominal and thoracic surgery: a meta-analysis. Arch Surg. 2008;143:990–9. 
Discussion 1000. https://doi.org/10.1001/archsurg.143.10.990.

	33.	Cook TM, Counsell D, Wildsmith JAW.  Major complications of central neuraxial block: 
report on the Third National Audit Project of the Royal College of Anaesthetists. Br J Anaesth. 
2009;102:179–90. https://doi.org/10.1093/bja/aen360.

	34.	Owusu-Agyemang P, Soliz J, Hayes-Jordan A, et al. Safety of epidural analgesia in the perioper-
ative care of patients undergoing cytoreductive surgery with hyperthermic intraperitoneal che-
motherapy. Ann Surg Oncol. 2014;21:1487–93. https://doi.org/10.1245/s10434-013-3221-1.

	35.	Feldheiser A, Aziz O, Baldini G, et al. Enhanced Recovery After Surgery (ERAS) for gastroin-
testinal surgery, part 2: consensus statement for anaesthesia practice. Acta Anaesthesiol Scand. 
2016;60:289–334. https://doi.org/10.1111/aas.12651.

	36.	Osseis M, Weyrech J, Gayat E, et al. Epidural analgesia combined with a comprehensive phys-
iotherapy program after Cytoreductive Surgery and HIPEC is associated with enhanced post-
operative recovery and reduces intensive care unit stay: a retrospective study of 124 patients. 
Eur J Surg Oncol. 2016;42:1938–43. https://doi.org/10.1016/j.ejso.2016.06.390.

	37.	Korakianitis O, Daskalou T, Alevizos L, et al. Lack of significant intraoperative coagulopa-
thy in patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemo-
therapy (HIPEC) indicates that epidural anaesthesia is a safe option. Int J Hyperthermia. 
2015;31:857–62.

	38.	Wang X, Li T.  Postoperative pain pathophysiology and treatment strategies after CRS + 
HIPEC for peritoneal cancer. World J Surg Oncol. 2020;18:62. https://doi.org/10.1186/
s12957-020-01842-7.

	39.	Jakobsson J, Wickerts L, Forsberg S, Ledin G.  Transversus abdominal plane (TAP) block 
for postoperative pain management: a review. F1000Res. 2015;4 https://doi.org/10.12688/
f1000research.7015.1.

	40.	Cooksley TJ, Haji-Michael P. Post-operative critical care management of patients undergoing 
cytoreductive surgery and heated intraperitoneal chemotherapy (HIPEC). World J Surg Oncol. 
2011;9:169. https://doi.org/10.1186/1477-7819-9-169.

	41.	Thong SY, Chia CS, Ng O, et al. A review of 111 anaesthetic patients undergoing cytoreductive 
surgery and hyperthermic intraperitoneal chemotherapy. Singapore Med J. 2017;58:488–96. 
https://doi.org/10.11622/smedj.2016078.

	42.	Balakrishnan KP, Survesan S. Anaesthetic management and perioperative outcomes of cyto-
reductive surgery with hyperthermic intraperitoneal chemotherapy: a retrospective analysis. 
Indian J Anaesth. 2018;62:188–96. https://doi.org/10.4103/ija.IJA_39_18.

	43.	Hübner M, Kusamura S, Villeneuve L, et  al. Guidelines for perioperative care in 
CytoReductive Surgery (CRS) with or without Hyperthermic IntraPEritoneal Chemotherapy 
(HIPEC): Enhanced Recovery After Surgery (ERAS®) Society recommendations—Part I: 
Preoperative and intraoperative management. Eur J Surg Oncol. 2020;46:2292–310. https://
doi.org/10.1016/j.ejso.2020.07.041.

	44.	Sleightholm R, Watley D, Wahlmeier S, et al. The efficacy of dextran-40 as a venous throm-
boembolism prophylaxis strategy in cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy. Am Surg. 2017;83:134–40.

	45.	Agnelli G, Bolis G, Capussotti L, et al. A clinical outcome-based prospective study on venous 
thromboembolism after cancer surgery: the @RISTOS project. Ann Surg. 2006;243:89–95. 
https://doi.org/10.1097/01.sla.0000193959.44677.48.

	46.	Rottenstreich A, Kalish Y, Kleinstern G, et al. Factors associated with thromboembolic events 
following cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. J Surg Oncol. 
2017;116:914–20. https://doi.org/10.1002/jso.24746.

	47.	Baratti D, Kusamura S, Pietrantonio F, et al. Progress in treatments for colorectal cancer peri-
toneal metastases during the years 2010–2015. A systematic review. Crit Rev Oncol Hematol. 
2016;100:209–22.

	48.	Kusamura S, Baratti D, Younan R, et al. Impact of cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy on systemic toxicity. Ann Surg Oncol. 2007;14:2550–8.

S. V. S. Deo et al.

https://doi.org/10.1001/archsurg.143.10.990
https://doi.org/10.1093/bja/aen360
https://doi.org/10.1245/s10434-013-3221-1
https://doi.org/10.1111/aas.12651
https://doi.org/10.1016/j.ejso.2016.06.390
https://doi.org/10.1186/s12957-020-01842-7
https://doi.org/10.1186/s12957-020-01842-7
https://doi.org/10.12688/f1000research.7015.1
https://doi.org/10.12688/f1000research.7015.1
https://doi.org/10.1186/1477-7819-9-169
https://doi.org/10.11622/smedj.2016078
https://doi.org/10.4103/ija.IJA_39_18
https://doi.org/10.1016/j.ejso.2020.07.041
https://doi.org/10.1016/j.ejso.2020.07.041
https://doi.org/10.1097/01.sla.0000193959.44677.48
https://doi.org/10.1002/jso.24746


505

	49.	Van Driel WJ, Koole SN, Sikorska K, et  al. Hyperthermic intraperitoneal chemotherapy in 
ovarian cancer. N Engl J Med. 2018;378:230–40.

	50.	Raspé C, Flöther L, Schneider R, et al. Best practice for perioperative management of patients 
with cytoreductive surgery and HIPEC.  Eur J Surg Oncol. 2017;43:1013–27. https://doi.
org/10.1016/j.ejso.2016.09.008.

	51.	Kashani K, Al-Khafaji A, Ardiles T, et al. Discovery and validation of cell cycle arrest biomark-
ers in human acute kidney injury. Crit Care. 2013;17:R25. https://doi.org/10.1186/cc12503.

	52.	Yan TD, Deraco M, Baratti D, et al. Cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy for malignant peritoneal mesothelioma: multi-institutional experience. J Clin 
Oncol. 2009;27:6237–42. https://doi.org/10.1200/JCO.2009.23.9640.

	53.	Feferman Y, Bhagwandin S, Kim J, et al. Conflicting data on the incidence of leukopenia and 
neutropenia after heated intraperitoneal chemotherapy with mitomycin C. Ann Surg Oncol. 
2017;24:3831–6.

39  Critical Care Management in a Patient of CRS and HIPEC

https://doi.org/10.1016/j.ejso.2016.09.008
https://doi.org/10.1016/j.ejso.2016.09.008
https://doi.org/10.1186/cc12503
https://doi.org/10.1200/JCO.2009.23.9640

	39: Critical Care Management in a Patient of CRS and HIPEC
	39.1	 Introduction
	39.2	 Basic Surgical Concerns and Need for Admission in ICU
	39.3	 Monitoring in ICU (Hemodynamics/Coagulation Profile/Temperature/Electrolytes)
	39.3.1	 Haemodynamic Monitoring
	39.3.2	 Goal for Intraoperative Urine Output
	39.3.3	 Coagulation Monitoring
	39.3.4	 Fluid Management
	39.3.5	 Temperature Management

	39.4	 ICU Management
	39.4.1	 Coagulation and Blood Products
	39.4.2	 Fluid Therapy
	39.4.2.1	 Restrictive Fluid Therapy
	39.4.2.2	 Restrictive Versus Goal Directed Versus Liberal Fluid Therapy

	39.4.3	 Electrolytes
	39.4.4	 Transfusion of Blood and Blood Products
	39.4.5	 Analgesia Modalities and Advantages
	39.4.6	 Extubation Planning
	39.4.7	 Thromboprophylaxis
	39.4.8	 Immediate Postoperative Complications

	39.5	 Conclusion
	References


