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Purpose: This study was to understand the perianesthesia care for the patients under cytoreductive surgery 24 

and hyperthermic intraperitoneal chemotherapy (CRS+HIPEC) through the electronic medical record data from 25 

189 surgical cases. 26 

Method: Retrospective study. 27 

Design: The perioperative electronic medical records of 189 CRS+HIPEC surgical cases at a hospital of west 28 

Pennsylvania from 2012 to 2018 were analyzed to study the characteristics of perianesthesia care for 29 

CRS+HIPEC surgery.  30 

Findings: The patients' median age was 57 (range 21–83) years, and 60% were male. The mean anesthesia 31 

time was 10.47 ± 2.54 hours. Most tumors were appendix or colorectal in origin, and the mean peritoneal 32 

cancer index (PCI) score was 16.19± 8.76. The mean estimated blood loss was 623 ± 582 ml. The mean total 33 

intravenous crystalloid administered was 8377 ± 4100mL. Fifty-two patients received packed red blood cells 34 

during surgery. Postoperatively, 100% of the patients needed to stay at intensive care unit. 52% of patients 35 

were extubated in the operating room. Median lengths of hospital and intensive care unit stays were 13 and 2 36 

days, respectively. The invasive procedure and prolonged hospital stay posed challenges for perianesthesia 37 

care. Even if all CRS+HIPEC patients were pre-screened for medical conditions, 73% of patients had one or 38 

more postoperative complications and 29% of patients experienced major postoperative complications 39 

(Clavien–Dindo grade III or higher) during the hospital stay. Prolonged hospitalization was due to 40 

gastrointestinal dysfunctions and respiratory failure related to atelectasis and pleural effusion. 41 

Conclusions: CRS+HIPEC is a major surgery with numerous challenges to the perinesthesia care team 42 

regarding hemodynamic adjustment, pain control and postoperative complications, which once again demand 43 

training and ongoing studies from the perinesthesia care team. 44 

Keywords: Perianesthesia care, hyperthermic intraperitoneal chemotherapy, postoperative complications.  45 
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Introduction 51 

Peritoneal Carcinomatosis 52 

Peritoneal carcinomatosis (PC) is defined as cancer affecting the peritoneum, the thin membrane 53 

surrounding your abdominal organs. Most PCs are secondary to the tumors originating from the peritoneal 54 

surface, gynecological and gastrointestinal systems.1,2 In the past, PC might cause death, and it was a terminal 55 

disease for some patients.1,3-5 Cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal 56 

chemotherapy (HIPEC) (hereafter, CRS+HIPEC) is a promising therapy for improving quality of life and 57 

survival for PC patients.6 However, CRS+HIPEC surgery causes substantial hemodynamic, metabolic, 58 

pulmonary, hematological instabilities and postoperative complications during perioperative periods due to 59 

aggressive visceral resections during CRS, the high temperature chemotherapy drug during HIPEC, and 60 

prolonged surgical duration.7-10 The perioperative management of these adverse factors poses challenges for 61 

healthcare providers who need to establish strategies to avoid postoperative complications and maintain 62 

adequate normovolemia, normothermia, homeostasis, tissue perfusion and pain management.11  63 

CRS+HIPEC Surgery 64 

CRS+HIPEC is a complicated abdominal and pelvic surgical procedure that involves a degree of 65 

associated tissue injuries. The CRS portion of the procedure plans to remove all macroscopic tumors and may 66 

require extensive organ resection.12-16 The possible resected organs include the uterus, ovaries, 67 

gastrointestinal tract, pancreas, spleen, gallbladder, and portions of the liver—not to mention extensive 68 

peritonectomy (i.e., resection of the affected peritoneal lining of the peritoneal cavity).17 Once the surgical 69 

tumor and organ resection is completed, 3–4 liters of chemotherapy solution (e.g., oxaliplatin diluted with 5% 70 

dextrose) are infused into the abdominal cavity through inflow and outflow catheters placed in the abdomen. 71 

The chemotherapy solution is heated to temperatures of up to 42°C. Infusing heated chemotherapy to 72 

abdomen provides up to a 100-fold increase in the concentration of cytotoxic drugs in the peritoneal cavity 73 

compared to systemic chemotherapy. The abdomen is manually shaken by surgeons for more than one hour 74 

to allow the chemotherapy to bathe all peritoneal surfaces and prevent pooling of the heated chemotherapy 75 

solution. HIPEC is a targeted therapy to eradicate microscopic implants left by CRS.18-27 After HIPEC, 76 

abdominal lavage, reconstruction of the gastrointestinal tract, drainage placement, and abdominal closure are 77 

performed at the last stage of surgery. 78 



Perianesthesia Care for CRS+HIPEC 79 

CRS+HIPEC associated with mortality and morbidity rates of 0.8%–4.1% and 5%–34%, respectively.28-80 

30 Although the surgical techniques and chemotherapeutic agents used for CRS+HIPEC vary among 81 

institutions, all might lead to multiple postoperative complications and hemodynamic and metabolic instability. 82 

To take care of patients safely and achieve the best outcomes for CRS+HIPEC surgeries, the perianesthesia 83 

clinicians need to understand the mechanism of CRS+HIPEC and the characteristics of CRS+HIPEC patients 84 

throughout perianesthesia phases. 8, 31-33 Previous CRS+HIPEC research focused on the surgical and 85 

anesthetic aspects of the procedure, leaving the research about postoperative care aspect under-addressed in 86 

most studies. All perianesthesia clinicians, especially nurses, need evidence-based studies to provide insight 87 

into knowledge about CRS+HIPEC patient care. 88 

Our study retrospectively analyzed the data for perianesthesia management and postoperative course 89 

of patients undergoing CRS+HIPEC over seven years. We aimed to describe patients' characteristics, surgical 90 

procedures, anesthesia management, and postoperative complications to provide information for clinicians 91 

including nurses to improve perianesthesia care. We discussed the roles of perianesthesia nurses in the 92 

context of CRS+HIPEC surgeries. 93 

Method 94 

Patient Information 95 

We conducted a retrospective study to identify patients who underwent CRS+HIPEC for colorectal 96 

cancer, appendiceal cancer, ovarian cancer, uterine cancer, gastric cancer, gastrointestinal cancer and 97 

peritoneal mesothelioma from one hospital in western Pennsylvania. The perianesthesia data, records, and 98 

clinical notes from 2012 to 2018 for CRS+HIPEC patients from this hospital were used for this study. This 99 

hospital implemented Electronic Medical Record (EMR) system and the Anesthesia Information Management 100 

System (AIMS) to replace paper charting in 2011. Since then, most patient information was recorded in digital 101 

format, and could be retrieved for research purposes. All clinical data for this study were retrieved by Health 102 

Record Research Request (R3) service by the Department of Biomedical Informatics (DBMI) of the University 103 

of Pittsburgh. The retrieved data included patient demographic information, medical history, medical data (e.g., 104 

lab values, vital signs, fluid, and medication management), and nursing care data through the duration of the 105 



hospital stay. Our study was approved by the University of Pittsburgh, Human Research Protection Office, 106 

Institutional Review Board. 107 

Perianesthesia Management 108 

Patients were identified in AIMS and EMR with the keywords of surgery name "chemoperfusion” in our 109 

study. Generally, patients who are less than 80 years old and without severe comorbidity are selected for 110 

CRS+HIPEC due to the invasive nature of surgery. Anesthesia management for CRS+HIPEC is conducted 111 

with general anesthesia combined with regional anesthesia for intraoperative and postoperative pain 112 

management.11 The central venous catheter and arterial catheter are routinely placed for fluid infusion and 113 

hemodynamic monitoring.11 In CRS, both peritoneal and visceral resections are performed to remove all 114 

macroscopically visible tumor tissue from the peritoneal surface.16 After CRS, surgeons perform HIPEC by 115 

using the 3~4 liters of diluted chemotherapy solution (e.g., mitomycin C, doxorubicin or oxaliplatin, and 116 

cisplatin) based on the types and origins of tumors. After surgery, patients are transferred to the intensive care 117 

unit (ICU). Some patients stay at the post anesthesia care unit (PACU) for recovery if they are extubated in the 118 

operating room (OR). Patients are discharged from the hospital when their status meets the defined criteria 119 

(e.g., hemodynamic and metabolic stability). 120 

Clinical Parameters 121 

The anesthetic protocol comprises of the complete monitoring of ventilation, anesthetic depth, and 122 

neuromuscular relaxation. Non-invasive hemodynamic monitoring (FloTracVigileo® Edwards Lifesciences 123 

S.L. 4.0) is applied for some patients.34 Intraoperative fluid management maintains urine output at 0.5 ml/kg/h. 124 

During the postoperative period in PACU and ICU, monitoring vital signs, maintaining normothermia, using 125 

ventilation if patients on a ventilator and administering regional anesthesia continue, and fluid therapy is 126 

adjusted to maintain adequate tissue perfusion to obtain a neutral or preferably negative fluid management 127 

balance. CRS+HIPEC patients are assessed and managed daily by the surgical teams. In the case of 128 

postoperative complications (e.g. acute respiratory failure), the physicians from corresponding specialties are 129 

consulted. Postoperative complications are assessed and graded based on the Clavien-Dindo classification 130 

system.36 The Clavien–Dindo classification is a standardized system for the registration of postoperative 131 

complications and the detailed definition is shown in Table 5. When patients have postoperative Infectious 132 

complications, the culture from the urine, blood, and central catheters tips are taken for testing.  The clinical 133 



laboratory service conducts lab tests (e.g., complete blood count, basic chemistry panel, coagulation panel, 134 

and arterial blood gas) on physicians’ orders during the perioperative period for clinical management. 135 

Statistical Analysis 136 

All statistical analyses were performed using SPSS statistics 18.0 (SPSS Inc, Chicago, IL). Normally 137 

distributed data were recorded as mean ± SD, and non-normal variables as the median and interquartile range 138 

(IQR). Missing values in the dataset were excluded. The Pearson or Spearman's rho correlation test was used 139 

to assess correlations among variables. Statistical significance was set at 5% (i.e., p < 0.05). 140 

Results 141 

Our cohort included 189 patients with a mean age of 55.52 years (± 12.44) and median age of 57 142 

years, of which 60% were male. The majority (i.e., 79%) of patients exhibited an American Society of 143 

Anesthesiologists (ASA) physical status classification score of 3. Most patients had limited medical history 144 

besides cancers. For example, 33% of patients were treated for hypertension, but only 2% had a history of 145 

coronary artery disease. Surgical team pre-screened patients' physical condition before scheduling surgeries 146 

since the healthy patients had better clinical outcomes from CRS+HIPEC surgery.37 The tumor origin was 147 

distributed as follows: colorectal 29%, ovarian 14%, appendix 37%, mesothelioma 15%, gastrointestinal 3% 148 

and other 2%. Table 1 summarizes the demographic information and medical history of the patients.  149 

Table 2 summarizes general information about the CRS+HIPEC surgeries in this hospital. The total 150 

anesthesia time for these operations ranged from 4.63–19.03 hours. All 189 patients had undergone 151 

completed CRS+HIPEC surgery. The median value of the peritoneal cancer index (PCI) before operations was 152 

15 and ranged 2–36. PCI is used to assess the extent of peritoneal cancer throughout the peritoneal cavity. It 153 

has a range from 0 to 39 with 0 indicates no peritoneal cancer.5 Figure 1 shows the distribution of PCI in this 154 

study. The completeness of cytoreduction (CC) ranged 0–2 in 96% of the patients if we excluded 30 cases with 155 

missing CC, which showed most patients had a completed tumor debulking. HIPEC was administered with 156 

closed abdomen technique for all cases. For regional anesthesia, bilateral paravertebral blocks were used for 157 

93% of patients in this study. Although bilateral paravertebral blocks aimed for postoperative pain 158 

management, they were placed before surgery and used among 50% of the patients for intraoperative pain 159 

management with 7-10 ml/hour local anesthetic infused to each side of the paravertebral space. 48% of 160 



patients were discharged from the OR intubated, 12% were extubated in the OR and transported to the ICU, 161 

and 40% were extubated in the OR and transported to the post-anesthesia care unit (PACU) and then to the 162 

ICU. The median length of ICU stay was 2 days, with a range of 1-70 days. When ICU patients were stable, 163 

they were transferred to the oncological floor for further recovery. The median length of hospital stay was 13 164 

days, with a range of 6–97 days. No intraoperative mortality was recorded, but one patient died during the 165 

postoperative hospital stay. Figure 1 also shows the distributions of the length of hospital and ICU stays. 166 

Table 3 summarizes the intraoperative fluid management for CRS+HIPEC surgeries. The median 167 

amount of crystalloid administered was 7,600 ml, with a range of 1,500–34,000 ml. The average rate of 168 

administration was 8 ml/kg/h. Meanwhile, 5% albumin was administered at a median value of 1,000 ml, with a 169 

range of 100–5,000 ml. Although hetastarch was used for some of the CRS+HIPEC surgeries before 2012, it 170 

was then discontinued in this hospital due to the side effects (e.g., coagulopathy, pruritus, as well as 171 

nephrotoxicity, acute renal failure and increased mortality) reported worldwide. 38-40 The combined average rate 172 

of crystalloid and colloid administration was 9 ml/kg/h, with a range of 6–15 ml/kg/h. The median amount of 173 

blood loss was 500 ml, with a range of 50–3,000 ml. Fifty-two patients required packed blood cell transfusions, 174 

and 11 patients required fresh frozen plasma. Moreover, platelet and cryoprecipitate were required by four 175 

patients and one patient, respectively. Intraoperative urine outputs were 185–5,610 ml. Five patients had 176 

ascites drained from the intra-abdominal space, and 37 patients exhibited gastrointestinal drain output from the 177 

nasogastric or orogastric tubes.  178 

Table 4 summarizes the intraoperative medication management for CRS+HIPEC surgeries. A similar 179 

anesthetic protocol was applied in 100% of the cases. Fentanyl was the most often used opioid for 180 

intraoperative pain management, and 99% of the patients were administrated fentanyl, with a median dosage 181 

of 500 mcg. Hydromorphone and morphine, administered to 129 patients and 3 patients respectively, were 182 

also used for intraoperative pain management because they provided longer pain control than fentanyl. 183 

Rocuronium was the primary muscle relaxation medication used, with 100% patients given a median dosage of 184 

208.5 mg. Phenylephrine was administered to 164 patients to treat intraoperative hypotension, which was 185 

typical for CRS+HIPEC surgeries. Because patients lost electrolytes from draining and blood loss during 186 

CRS+HIPEC surgeries, several types of electrolytes were administrated intraoperatively. For example, calcium 187 

was the primary electrolyte administered, with a median dosage of CaCl of 1,000 mg.  188 



Using the Clavien-Dindo classification,36 51 out of 189 (27%) patients had no postoperative 189 

complication, and 138 (73%) had at least one postoperative complication. The 140 complicated patients had 190 

the following postop complication grades: 32 patients (17%) had grade I, 51 (27%) had grade II, 34 (18%) had 191 

grade III and 20 (11%) had grade IV. The postop mortality rate (grade V) was 0.5 %. Major complications were 192 

always presented in grades III and above. All patients with grade III required surgical intervention and the 193 

patient with grade IV, who required ICU management. The definitions and results of Clavien-Dindo 194 

classification for our study are shown in Table 5. 195 

138 out of 189 patients presented postoperative complications after this long and invasive surgery, and 196 

the most common (35%) complication was atelectasis. Three out of top five postoperative complications (see 197 

Table 6) were related to pulmonary system- 35% of patients having atelectasis, 31% of patients exhibiting 198 

hypoxemia, and 21% of patients having pleural effusion. These pulmonary complications caused postoperative 199 

acute respiratory failure among 13% of patients who needed ventilation support. The incidences of 200 

postoperative pain were high (34%) even though the nerve blocks were applied for the majority of patients. 201 

Postoperative anemia was common (24%) due to the intraoperative blood loss and hemodilution. 21% of 202 

patients had gastrointestinal dysfunctions (e.g., fistula, ileus, anastomotic leak and severe nausea and 203 

vomiting); some of them needed total parenteral nutrition (TPN) during the hospital stay. We also reported 12 204 

cases of postoperative pulmonary embolism (PE) and 11 cases of deep venous thrombosis (DVT) in this study 205 

despite patients being routinely on venous thromboembolism (VTE) prophylaxis. For treatment of 206 

thromboembolism, anticoagulation such as low molecular weight heparin was used. Cardiac and renal 207 

complications did not differ in a statistically significant fashion from other major abdominal surgeries. Acute 208 

renal failure was diagnosed in eight patients—for two of them were clearly related to the usage of cisplatin for 209 

HIPEC per diagnosis. Table 6 summarizes the postoperative complications for CRS+HIPEC. Only the 210 

postoperative complications taking place on more than 10 patients were shown in this study since we want to 211 

show the typical postoperative complications related CRS+HIPEC surgeries. 212 

Discussion 213 

Although the incidence of PC remains similar in the previous 20 years, the treatment strategies have 214 

advanced to improve patient outcomes.41  The recent meta-analysis study demonstrated CRS+HIPEC surgery 215 

dramatically increased the survival time of PC patients and became a common technique of the surgical 216 



oncologist.42 Indeed, CRS+HIPEC is being used with increasing frequency worldwide as therapeutic 217 

considerations, as CRS+HIPEC is better understood and recognized.42 However, the benefits of this approach 218 

must be evaluated in terms of the risks involved. CRS+HIPEC surgery used to associate with a high rate of 219 

perioperative mortality and morbidity.43 Our results from 7 years of data with this procedure showed that while 220 

the percentage of perioperative mortality was relatively low (0.5%), 29% of patients experienced Clavien–221 

Dindo grade III or higher complications. Because CRS+HIPEC surgery differs from other major abdominal 222 

surgeries in surgical techniques and anesthesia management, it poses many challenges for nurses doing 223 

perianesthesia cares.44,45 In this study, we used the perioperative data to discuss the characteristics of 224 

perianesthesia care for CRS+HIPEC surgery. The whole perioperative period is divided into three phases for 225 

discussion: preoperative phase (from admission to the time anesthesia providers taking patients from 226 

preoperative care unit), intraoperative phase (from the time anesthesia providers taking patients from 227 

preoperative care unit to the time anesthesia providers transferring patients to PACU or ICU), and 228 

postoperative phase (from the time anesthesia providers transferring patients to PACU or ICU to the time 229 

patient discharged from the hospital).  230 

Preoperative Preparation 231 

Patient selection is the key for the success of CRS+HIPEC surgery.37 Patients with minimal tumor and 232 

disease burden had associated with favorable survival outcomes and less complications.44 46 Patient selection 233 

is determined by surgeons during a series of office visits, laboratory tests, cardiac and pulmonary function 234 

exams. Our study showed the patients in this study had mild medical history and only 2% of patients had 235 

coronary artery disease or myocardial infarction. Patients will have chlorhexidine gluconate bath the night 236 

before surgery as other patients for open abdominal surgeries. All CRS+HIPEC patients are admitted in the 237 

morning of the surgical day at our hospital. Any change on patient’s physical and mental condition needs to be 238 

assessed and evaluated in the morning of surgery by healthcare team. 89% of the patients had their 239 

anesthesia start before 7:30 a.m. in the designated OR in this study. The collaborative care provided by 240 

preoperative nurses, the surgical team, and the anesthesia team begins right after admission. Upon 241 

presentation to the preoperative care unit, physical evaluation, and consent signatures by anesthesia and 242 

surgical teams are coordinated by preoperative nurses. Multiple clinicians from anesthesia and surgical teams 243 

will assess patients. Simultaneously, preoperative nurses finish patient education, preoperative medication 244 



administration, and collect lab samples. All patients, unless having contraindications, are administered 245 

antiemetic and anticoagulation medications by preoperative nurses. Our study reported the complication rate 246 

for postoperative nausea and vomiting (5%) and VTE (12%). The mean anesthesia time was 10.47 hours with 247 

the range 4.63–19.03 hours in our study. Previous studies reported similar operative time.47-49 Preoperative 248 

nurses educate patients and families about the duration of the procedure and the location they will meet again 249 

since knowledge about procedures reduces preoperative anxiety for patients and families. 50 A less anxious 250 

patient is desired from the medical viewpoint. Therefore, education during preoperative period plays a critical 251 

role in reducing the anxieties of patients and their families. As Table 6 indicates the postoperative 252 

complications, including atelectasis, post-surgical pain, ileus, and infections, CRS+HIPEC patients also benefit 253 

from early educations about the following topics in the preoperative phase: (1) the use of incentive spirometer 254 

to prevent atelectasis and pneumonia; (2) pain control with infusion local anesthesia pump or pain medication; 255 

(3) early ambulation to prevent VTE, stimulate bowel movement and prevent pneumonia; (4) possible wound 256 

care and ostomy care after the surgery. 257 

Intraoperative Management 258 

1. Intraoperative nursing care 259 

Before a CRS+HIPEC patient is transferred from the preoperative care unit to the OR, the circulating 260 

nurse and scrub person prepare the OR for the patient's specific surgery, considering the individual needs of 261 

the CRS+HIPEC patients. The scrub person prepares the working space to accommodate hyperthermia 262 

pumps that need to be set up in the middle of the whole surgery. The circulating nurse assists the anesthesia 263 

providers during intubation and helps anesthesia providers if the patient experiences distress after moving to 264 

the OR bed and lying flat. The circulating nurse remains vigilant and is ready to assist in the deteriorations in 265 

the patient's cardiac, respiratory, and vital sign status throughout the procedure with anesthesia providers. The 266 

median value of the peritoneal cancer index (PCI) before surgeries was 15 with a range of 2–36 in our hospital. 267 

Previous studies indicated the PCI correlated with bleeding, postoperative complications, and clinical 268 

outcomes.51-53 Our data showed the PCI and intraoperative blood loss had a correlation coefficient of 0.55. The 269 

median amount of blood loss was 500 ml with a range of 50–3,000 ml and 52 patients had intraoperative blood 270 

production transfusion. The circulating nurse communicates with surgeons and anesthesia providers about 271 

blood loss, obtains the order for blood products, reminds blood banks to send blood products to the OR, and 272 



checks blood products with anesthesia providers. In this hospital, a chemotherapy-certified perfusionist is the 273 

person to handle the chemotherapy drug and hyperthermia pumps directly. Any waste containing cytotoxic 274 

agents is disposed of in a rigid yellow chemotherapy bin. The perfusionist must wear chemotherapy PPE 275 

during HIPEC. The perfusionist also document the whole HIPEC process on a paper form which is scanned to 276 

save in EMR. Although it is low risk of exposure to cytotoxic agents for OR staffs during HIPEC, anyone at the 277 

surgical field is suggested to wear double gloves and appropriate chemotherapy PPE when handling waste or 278 

touching patients. Our hospital's educational program covers the intraperitoneal chemotherapy perfusion, 279 

handling cytotoxic agents, waste disposal and effects of hyperthermia on the cytotoxic agents. In some 280 

hospitals, the circulating nurse is responsible for managing the hyperthermia pumps. Therefore, the circulating 281 

nurse is required to know the specific guidelines for the safe administration of cytotoxic drugs based on the 282 

established regulations by their institutions. 283 

2. Intraoperative hemodynamic stability  284 

Patient’s hemodynamic stability during the intraoperative period has a close relationship with recovery 285 

time and postoperative complications. Recovery time, postop complications, and postop morbidity rates are 286 

also related to the intraoperative hemodynamic stability of CRS+HIPEC.54 We found that the hemodynamic 287 

instabilities were hypertension and tachycardia during CRS phase. During HIPEC phase, acute body 288 

hyperthermia and increased intraabdominal pressure caused hemodynamic instability,55 which related to (1) 289 

increasing cardiac output, (2) decreasing systemic vascular resistance, (3) increasing heart rate, and (4) 290 

increasing end-tidal CO2. Anesthesia providers should monitor patient’s core temperature carefully and apply 291 

ice packs, cool forced air blanket or water blanket to lower patient’s temperature when needed. A 292 

hemodynamic monitor, hourly urinary output, central venous pressure monitoring, and invasive arterial blood 293 

pressure monitoring should be used. For the patients with high-risk for hemodynamic instability, Vigileo/floTrac 294 

monitors are used for close hemodynamic monitoring. Intraoperative fluid management and volume therapy 295 

are important for maintaining hemodynamic stability during CRS+HIPEC surgery. Physicians debated about a 296 

restrictive fluid approach versus liberal fluid administration had better patient outcomes and less complications 297 

for major abdominal surgery and the related research was still inconclusive.56 In adults, fluid administration at 298 

an average rate of 9–12 ml/kg/h was recommended to maintain satisfactory urine output of 0.5 ml/kg/h or more 299 

in our study. Our hospital applied goal-directed fluid administration to CRS+HIPEC with a combination of 300 



colloids and crystalloids with a specific therapeutic endpoint.57 Goal-directed therapy decreases the amount of 301 

administered fluid during CRS+ HIPEC surgery.58 Therefore, lower risk of postoperative complications and 302 

hospital stay was observed.58 Our patients received a mean of approximately 9,500 ml of combined crystalloids 303 

and colloids during surgery, which resulted in a positive fluid balance on the day of surgery. No correlation was 304 

found between the intraoperative fluid therapy used (crystalloids, colloids, and the sum of both) and the 305 

occurrence of postoperative pulmonary complications. Vasopressors are used for maintaining patients’ 306 

intraoperative hemodynamic stability and cardiac output. Phenylephrine, used for 89% of patients, was the first 307 

choice for intraoperative vasopressors in our hospital with its fast-acting, short duration, and fewer 308 

complications.  309 

3. Respiratory status 310 

During CRS+HIPEC, impaired tissue oxygenation and an increase in peak airway pressures were 311 

reported due to the cranial shift of the diaphragm.59 Data from our studies indicated that the intraoperative 312 

SpO2 dropped to 94%. Peak airway pressures increased from 17 to 21 cmH2O during HIPEC compared with 313 

values throughout cytoreductive surgery, paralleled by an increase in end-tidal carbon dioxide values from 4.4 314 

to 4.8 kPa after initiation of HIPEC. Although pulmonary complications after CRS+HIPEC were the leading 315 

cause of postoperative complications in our hospital, we did not find relations between intraoperative 316 

respiratory status and postoperative pulmonary complications. Currently, a lung-protective strategy consisting 317 

of positive end-expiratory pressure (i.e., >6 mmg), low tidal volume (i.e., 6–8 ml/kg), and recurrent recruitment 318 

maneuvers (e.g. a sustained increase in airway pressure with the goal to open collapsed alveoli) should be 319 

considered as the respiratory compromise during high peak airway pressures.59  320 

4. Intraoperative pain management 321 

Intraoperative multimodal pain management for CRS+HIPEC surgery consists of intravenous opioid 322 

agonists, non-opioid medications and regional analgesia. Intravenous opioid agonists are the primary method 323 

for intraoperative pain control, with 100% of our patients received opioids during surgery. The majority (93%) of 324 

CRS+HIPEC patients in our study had a bilateral paravertebral block via catheters placed preoperatively. 325 

Thoracic epidural block and bilateral paravertebral block are regional anesthesia methods for postoperative 326 

pain management.60 Our hospital uses the bilateral paravertebral block. Although the primary purpose of 327 

regional anesthesia is for postoperative pain management, 50% of patients received a continuous infusion of 328 



local anesthetic (i.e., Lidocaine) through bilateral paravertebral block catheters during surgery to achieve better 329 

pain management. Intraoperative and postoperative regional anesthesia reduces the requirement for 330 

postoperative ventilation, and the opioid-sparing effects of an epidural result in decreased incidence of bowel 331 

dysfunction and atony.60 Some institutions prefer epidural analgesia over the bilateral paravertebral block for 332 

perioperative pain management.61 Arguments exist about how epidural analgesia may worsen intraoperative 333 

hypotensive episodes because of (1) its synergistic effect with hyperthermia during HIPEC in decreasing 334 

systemic vascular resistance and (2) epidural analgesia causing the sympathetic blockade in some cases. One 335 

study, however, showed that epidural analgesia might improve patient survival time after surgeries by 336 

decreasing the incidence of tumor relapse.62 337 

Postoperative Management 338 

1. Perianesthesia care in PACU and ICU 339 

After the CRS+HIPEC is completed, patients are either extubated in the OR or ICU after physicians 340 

evaluate the duration of surgery, preoperative major cardiac or respiratory comorbidities, blood loss and 341 

transfusion, hemodynamic stability, metabolic derangement, arterial lactate toward end of surgery and any 342 

possible organ failure. Our data revealed that 52% of patients were extubated in the OR, and 48% of patients 343 

were kept intubated to ICU. Previous studies reported extubation in 66-75% of patients after CRS+HIPEC in 344 

the OR.63-66 Our data showed the average ICU stay was 4.41 days, with 77% of patients staying in the ICU for 345 

three days or less. Several studies reported the average ICU stay was from 2.7 to 6 days.63-65 67-69 Based on 346 

our subgroup analysis of ICU and non-ICU patients, we conclude that ASA score, PCI, blood loss during 347 

surgery, and total anesthesia time are the factors to affect the length of ICU stay. In particular, the close 348 

monitoring at PACU and ICU for CRS+HIPEC patients is necessitated by (1) surgery needs to perform multiple 349 

organ resections and excise all macroscopic cancers, (2) HIPEC (i.e., ~100 minutes), (3) the long anesthesia 350 

time (averagely more than 10 hours). Intubated patients are extubated as soon as they are awake and 351 

demonstrated strong spontaneous breathing.  Although the systemic chemotherapy is not restarted 352 

immediately after CRS+HIPEC, any body fluid and blood sample from patients are considered contaminated 353 

by cytotoxic agents for 48~72 hours after CRS+HIPEC.70 Therefore, although PACU and ICU nurses do not 354 

handle cytotoxic drugs directly, they still must know the safety guideline for cytotoxic drugs. 355 

2. Postoperative complications 356 



The gastrointestinal tract and respiratory system are most affected by CRS+HIPEC surgery. 357 

CRS+HIPEC surgery is a major abdominal surgery with multiple organ resection and tumor debulking. The 358 

postoperative complications on the gastrointestinal tract include Ileus, anastomotic leak, enteric fistula, and 359 

severe nausea and vomiting. The perianesthesia care includes encouraging ambulance, identifying patients 360 

with complications, nutrition support, and administering TPN. Nurses have critical roles in the above 361 

interventions. Several studies reported that atelectasis and pleural effusion were the two major respiratory 362 

complications after CRS+HIPEC,71,72 and we found the incidence of atelectasis and pleural effusion were 35% 363 

and 21%, respectively. Moreover, we found hypoxia and acute respiratory insufficient/failure among 31% and 364 

13% patients, respectively. After extubating patients, it is important for PACU, ICU or oncological unit nurses to 365 

encourage patients to use the incentive spirometer. Using the incentive spirometer reduces postoperative 366 

atelectasis and pneumonia, especially for the lengthy surgeries like CRS+HIPEC.68 73 Pleural effusion causes 367 

acute respiratory insufficiency/failure. Some patients recover from pleural effusion without any treatment, but 368 

surgeons need to place a pleural drainage tube when clinically indicated. Although (1) the reasons of 369 

postoperative pleural effusion and (2) the timing of applying subsequent pleural drainage tube need more 370 

investigations, all perianesthesia nurses involving CRS+HIPEC shall be ready for managing pleural drainage 371 

tubes for CRS+HIPEC patients.74 372 

CRS+HIPEC patients are predisposed to develop postoperative VTE. Previous studies reported 373 

incidence for VTE varied between 5.6%-13.5%.75,76 The result from our study indicated 6% of patients had PE, 374 

and 6% of patients had DVT after surgeries. Postoperative DVT of the lower limbs is often asymptomatic. Fatal 375 

PE is the first clinical manifestation of postoperative VTE. Routine and systematic VTE prophylaxis in high-risk 376 

patients is the strategy of choice to reduce the burden of VTE after surgery. Nurses will follow VTE prophylaxis 377 

protocol, which includes mobilization, graduated compression stockings, intermittent pneumatic compression 378 

devices, venous foot pumps, and medications.  379 

30-day readmission rate is another vital patient outcome related to postoperative complications. 380 

Previous studies found 30-day readmission rates after CRS+HIPEC range between 11% and 19%.72 77 381 

Because most of our patients were not local and returned their home state after discharge, we did not have 382 

these results for further investigation.  383 

3. Postoperative pain management 384 



Pain control is crucial in promoting faster recovery from CRS+HIPEC. Severe pain decreases 385 

inspiratory effort and tidal volume, where good postoperative pain management optimizes respiratory system 386 

management. Postoperative pain for CRS+HIPEC is treated by a multimodal pain management plan including 387 

multiple medications and techniques.78 Bilateral paravertebral blocks, which has fewer contraindications than 388 

epidural anesthesia, are being utilized frequently for these patients for both intraoperative anesthesia and 389 

postoperative analgesia. 79 Our data showed 34% of patients still complained acute postoperative pain with 390 

multimodal pain management including paravertebral blocks. Determining optimal postoperative pain 391 

management methods still requires subsequent studies. PACU and ICU nurses will assess and document 392 

patients' pain level with the 0–10 pain scale. Moreover, the regional anesthesia site shall be checked and 393 

assessed, and the dose of medication needs to be documented every shift. A CRS+HIPEC patient receives 394 

opioids through intravenous catheters if regional anesthesia cannot achieve adequate pain control. When a 395 

patient can tolerate clear liquid diets, oral analgesia is used for pain management. Nurses need to ensure that 396 

the patient knows not only the name and dosage of oral analgesia but also how often it is requested. In 397 

addition, nurses should assess and document patient’s pain level and know the symptoms and treatments of 398 

opioid overdose. 399 

4. Postoperative hemodynamic stability 400 

The postoperative stress response involves all major organ systems: cardiovascular, respiratory, 401 

coagulation, renal, and endocrine.80,81 Patients also develop systemic vasodilation due to systemic 402 

inflammatory response, which causes tachycardia, hypotension and needing vasopressor support.63 Overall, 403 

the incidences of postoperative hypotension, hypertension and tachycardia for CRS+HIPEC patients in our 404 

hospital were 10%, 8% and 6%, respectively. Our study showed 11% of CRS+HIPEC patients in our hospital 405 

needed vasopressors support after postoperative day 1. Moreover, postoperative fluid management is an 406 

important cornerstone of hemodynamic stability and organ perfusion in patients undergoing CRS+HIPEC 407 

surgery. Significant intraoperative blood loss and abdominal draining per day present a challenge for each 408 

nurse to monitor and manage hemodynamic instability.82 Adequate perioperative fluid therapy is important to 409 

maintain hemodynamic stability and reduce the risk of chemotherapy-related postoperative renal insufficiency. 410 

On the other hand, recent studies and reviews repeatedly demonstrated a strong correlation between liberal 411 

fluid administration and the incidence of postoperative pulmonary edema.83 Therefore, we suggest a 412 



perioperative urine output more than 100 ml/h, which will be monitored for 3 days after surgery, to avoid over-413 

hydration and ensure hemodynamic stability. The goal-directed fluid and hemodynamic management is 414 

recommended for preventing organ hypoperfusion, especially in the context of CRS+HIPEC surgery.58 415 

Physicians should adjust their fluid management plan based on patients’ responses for fluid therapy. Nurses 416 

should remain vigilant of the amount of drainage, urine output, bleeding, and variable fluid intakes. 417 

5. Discharging from hospital  418 

In terms of recovery, the median number of hospital stay days in our study was 13 days with the range 419 

from 6 to 97 days. Most patients without postoperative complications had a hospital stay less than 8 days, a 420 

result better than that from a recent 2149-patient multi-institutional study that reported a median duration of 421 

hospitalization of 18 days (ranging from 1 to 217 days).84 With limited available data, it is difficult to conclude 422 

the reasons of the shorter hospital stay result in our hospital than that in the study. The main reasons that 423 

cause hampered recovery in our hospital were (1) prolonged pulmonary complications and (2) repeated 424 

procedures due to gastrointestinal dysfunctions. 425 

CRS+HIPEC patients need to meet specific criteria before being discharged from hospital. They should 426 

be able to tolerate clear liquid meals per day without complaining of nausea, vomiting or other discomforts.  427 

Patients should be able to take oral pain medication, urinate without difficulty, and ambulate independently 428 

daily. When patients meet these discharge criteria, the care team will provide patients with the discharge 429 

instructions. Instructions include a discussion of home care, pain management, and the symptoms that require 430 

medical attention. Nurses are the essential health care providers for delivery of these instructions. 431 

Conclusion 432 

CRS+HIPEC is a complicated surgical procedure. Recent research indicated acceptable morbidity and 433 

mortality rates.84 CRS+HIPEC has been shown to (1) extend life among a relevant population of peritoneal 434 

carcinomatosis patients and (2) be safe in high volume surgical centers. The perianesthesia care of the 435 

patients for CRS+HIPEC is essential to improve patient outcomes. Perianesthesia care for CRS+HIPEC 436 

includes monitoring for signs and symptoms of the anticipated complications associated with CRS+HIPEC so 437 

that preventive measures can be initiated timely. Perianesthesia nursing care should focus on 438 

fluid/blood/protein losses, pain management, hemodynamic instability, and multiple postoperative 439 



complications. It is of utmost importance to maintain or restore volume balance by aggressive substitution 440 

intravenous fluids and diuretic to meet patients' needs. Regional analgesia and non-invasive ventilation are 441 

recommended to guarantee adequate pain therapy and postoperative extubation, respectively. Hemodynamic 442 

monitoring is essential for nurses to note the real-time fluid status of the patient. Interdisciplinary clinical 443 

pathways must be developed to achieve good patient outcomes in the patients with more comorbidities for 444 

CRS+HIPEC surgeries.  445 

References 446 

1. Lambert LA. Looking up: Recent advances in understanding and treating peritoneal carcinomatosis. CA: A 447 

Cancer Journal for Clinicians. 2015;65(4):283-298. doi:10.3322/caac.21277 448 

2. van Baal, Juliette O. A. M, van Noorden, Cornelis J. F, Nieuwland R, et al. Development of Peritoneal 449 

Carcinomatosis in Epithelial Ovarian Cancer: A Review. The journal of histochemistry and cytochemistry. 450 

2017;66:67-83 451 

3. Nassour I, Polanco PM. Current Management of Peritoneal Carcinomatosis From Colorectal Cancer: The 452 

Role of Cytoreductive Surgery and Hyperthermic Peritoneal Chemoperfusion. Current colorectal cancer 453 

reports. 2017;13:144-153. 454 

4. Lemoine L, Sugarbaker P, Van der Speeten K. Pathophysiology of colorectal peritoneal carcinomatosis: 455 

Role of the peritoneum. World J Gastroenterol. 2016;22(34):7692-7707. doi:10.3748/wjg.v22.i34.7692  456 

5. Spiliotis J, Kalles V, Kyriazanos I, et al. CRS and HIPEC in patients with peritoneal metastasis secondary 457 

to colorectal cancer: The small-bowel PCI score as a predictor of survival. Pleura and peritoneum. 458 

2019;4(4):20190018. doi:10.1515/pp-2019-0018  459 

6. Choudry HA, Bednar F, Shuai Y, et al. Repeat Cytoreductive Surgery-Hyperthermic Intraperitoneal 460 

Chemoperfusion is Feasible and Offers Survival Benefit in Select Patients with Peritoneal Metastases. 461 

Annals of surgical oncology. 2019;26:1445-1453. 462 

7. Balakrishnan KP, Survesan S. Anaesthetic management and perioperative outcomes of cytoreductive 463 

surgery with hyperthermic intraperitoneal chemotherapy: A retrospective analysis. Indian J Anaesth. 464 

2018;62(3):188-196. doi:10.4103/ija.IJA_39_18  465 

8. Solanki SL, Mukherjee S, Agarwal V, et al. Society of Onco-Anaesthesia and Perioperative Care 466 

consensus guidelines for perioperative management of patients for cytoreductive surgery and hyperthermic 467 



intraperitoneal chemotherapy (CRS-HIPEC). Indian J Anaesth. 2019;63(12):972-987. 468 

doi:10.4103/ija.IJA_765_19 469 

9. Lee L, Alie-Cusson F, Dubé P, Sideris L. Postoperative complications affect long-term outcomes after 470 

cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for colorectal peritoneal 471 

carcinomatosis. Journal of surgical oncology. 2017;116:236-243. 472 

10. Mendonça FT, Guimarães MM, de Matos SH, Dusi RG. Anesthetic management of Cytoreductive Surgery 473 

and Hyperthermic Intraperitoneal Chemotherapy (CRS/HIPEC): The importance of hydro-electrolytic and 474 

acid-basic control. International Journal of Surgery Case Reports. 2017;38:1-4. 475 

doi:10.1016/j.ijscr.2017.07.011  476 

11. Hurst D & Owusu-Agyemang P. Perioperative Management of the Oncologic Patient Undergoing 477 

Cytoreductive Surgery with Hyperthermic Intraperitoneal Chemotherapy (HIPEC). Oncologic Critical Care. 478 

2019; 1783-1791.doi: 10.1007/978-3-319-74698-2_174-1. 479 

12. Du Bois A, Vergote I, Ferron G, et al. Randomized controlled phase III study evaluating the impact of 480 

secondary cytoreductive surgery in recurrent ovarian cancer: AGO DESKTOP III/ENGOT ov20. Journal of 481 

clinical oncology. 2017;35:5501-5501.  482 

13. Rutten MJ, van Meurs HS, van de Vrie R, et al. Laparoscopy to Predict the Result of Primary Cytoreductive 483 

Surgery in Patients With Advanced Ovarian Cancer: A Randomized Controlled Trial. Journal of clinical 484 

oncology. 2017;35:613-621.  485 

14. Bonnot P, Piessen G, Kepenekian V, et al. Cytoreductive Surgery With or Without Hyperthermic 486 

Intraperitoneal Chemotherapy for Gastric Cancer With Peritoneal Metastases (CYTO-CHIP study): A 487 

Propensity Score Analysis. Journal of clinical oncology. 2019;37:2028-2040.  488 

15. Gamboa AC, Winer JH. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy for Gastric 489 

Cancer. Cancers. 2019;11(11). doi:10.3390/cancers11111662  490 

16. Mehta SS, Bhatt A, Glehen O. Cytoreductive Surgery and Peritonectomy Procedures. Indian journal of 491 

surgical oncology. 2016;7(2):139-151. doi:10.1007/s13193-016-0505-5 492 

17. Van Driel WJ, Koole SN, Sikorska K, et al. Hyperthermic Intraperitoneal Chemotherapy in Ovarian Cancer. 493 

The New England journal of medicine. 2018;378(3):230-240. doi:10.1056/NEJMoa1708618 494 



18. Hotouras A, Desai D, Bhan C, Murphy J, Lampe B, Sugarbaker PH. Heated IntraPEritoneal Chemotherapy 495 

(HIPEC) for Patients With Recurrent Ovarian Cancer: A Systematic Literature Review. International Journal 496 

of Gynecological Cancer. 2016;26:661-670. 497 

19. Feingold PL, Kwong MLM, Sabesan A, Sorber R, Rudloff U. Cytoreductive surgery and hyperthermic 498 

intraperitoneal chemotherapy for gastric cancer and other less common disease histologies: is it time? 499 

Journal of gastrointestinal oncology. 2016;7(1):87-98. doi:10.3978/j.issn.2078-6891.2015.098 500 

20. Goodman MD, McPartland S, Detelich D, Saif MW. Chemotherapy for intraperitoneal use: a review of 501 

hyperthermic intraperitoneal chemotherapy and early post-operative intraperitoneal chemotherapy. J 502 

Gastrointest Oncol. 2016;7(1):45-57. doi:10.3978/j.issn.2078-6891.2015.111  503 

21. Baratti D, Kusamura, Pietrantonio, Guaglio, Niger, Deraco. Progress in treatments for colorectal cancer 504 

peritoneal metastases during the years 2010–2015. A systematic review. Critical Reviews in Oncology / 505 

Hematology. 2016;100:209-222. doi:10.1016/j.critrevonc.2016.01.017 506 

22. Passot G, Vaudoyer D, Villeneuve L, et al. What made hyperthermic intraperitoneal chemotherapy an 507 

effective curative treatment for peritoneal surface malignancy: A 25‐year experience with 1,125 508 

procedures. Journal of Surgical Oncology. 2016;113(7):796-803. doi:10.1002/jso.24248 509 

23. Lim MC, Chang S-J, Yoo HJ, Nam B-H, Bristow R, Park S-Y. Randomized trial of hyperthermic 510 

intraperitoneal chemotherapy (HIPEC) in women with primary advanced peritoneal, ovarian, and tubal 511 

cancer. Journal of Clinical Oncology. 2017;35(15_suppl):5520-5520. 512 

doi:10.1200/JCO.2017.35.15_suppl.5520 513 

24. Elias D, Goéré, Dumont, et al. Role of hyperthermic intraoperative peritoneal chemotherapy in the 514 

management of peritoneal metastases. European Journal of Cancer. 2014;50(2):332-340. 515 

doi:10.1016/j.ejca.2013.09.024 516 

25. Helm J, Miura J, Glenn J, et al. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy for 517 

Malignant Peritoneal Mesothelioma: A Systematic Review and Meta-analysis. Annals of Surgical Oncology. 518 

2015;22(5):1686-1693. doi:10.1245/s10434-014-3978-x 519 

26. Helderman RFCPA, Löke DR, Kok HP, et al. Variation in Clinical Application of Hyperthermic 520 

Intraperitoneal Chemotherapy: A Review. Cancers. 2019;11(1). doi:10.3390/cancers11010078  521 



27. Klaver C, Wisselink, Punt, et al. Adjuvant hyperthermic intraperitoneal chemotherapy in patients with locally 522 

advanced colon cancer (COLOPEC): a multicentre, open-label, randomised trial. The Lancet 523 

Gastroenterology & Hepatology. 2019;4(10):761-770. doi:10.1016/S2468-1253(19)30239-0 524 

28. Newton AD, Bartlett EK, Karakousis GC. Cytoreductive surgery and hyperthermic intraperitoneal 525 

chemotherapy: a review of factors contributing to morbidity and mortality. J Gastrointest Oncol. 526 

2016;7(1):99-111. doi:10.3978/j.issn.2078-6891.2015.100 527 

29. Foster JM, Sleightholm R, Patel A, et al. Morbidity and Mortality Rates Following Cytoreductive Surgery 528 

Combined With Hyperthermic Intraperitoneal Chemotherapy Compared With Other High-Risk Surgical 529 

Oncology Procedures. JAMA Network Open. 2019;2(1):e186847. 530 

doi:10.1001/jamanetworkopen.2018.6847 531 

30. Piso P, Nedelcut S, Rau D, et al. Morbidity and Mortality Following Cytoreductive Surgery and 532 

Hyperthermic Intraperitoneal Chemotherapy: Data from the DGAV StuDoQ Registry with 2149 Consecutive 533 

Patients. Annals of Surgical Oncology. 2019;26(1):148-154. doi:10.1245/s10434-018-6992-6  534 

31. Maciver AH, Al-Sukhni E, Esquivel J, Skitzki JJ, Kane JM, Francescutti VA. Current Delivery of 535 

Hyperthermic Intraperitoneal Chemotherapy with Cytoreductive Surgery (CS/HIPEC) and Perioperative 536 

Practices: An International Survey of High-Volume Surgeons. Annals of Surgical Oncology. 537 

2017;24(4):923-930. doi:10.1245/s10434-016-5692-3 538 

32. Li, Xin-Bao, Ma, Ru, Ji, Zhong-He, et al. Perioperative safety after cytoreductive surgery plus hyperthermic 539 

intraperitoneal chemotherapy for pseudomyxoma peritonei from appendiceal origin: Experience on 254 540 

patients from a single center. European Journal of Surgical Oncology. 2020;46(4):600-606. 541 

doi:10.1016/j.ejso.2020.01.017 542 

33. Li D, Henker R, Zhang F. Perianesthesia Measurement during Cytoreductive Surgery and Hyperthermic 543 

Intraperitoneal Chemotherapy Procedure: A Case Report and Review of the Literature. Journal of 544 

PeriAnesthesia Nursing. 2019;34(1):198-205. doi:10.1016/j.jopan.2017.09.013 545 

34. Hattori K, Maeda T, Masubuchi T, et al. Accuracy and Trending Ability of the Fourth-Generation 546 

FloTrac/Vigileo System in Patients With Low Cardiac Index. Journal of Cardiothoracic and Vascular 547 

Anesthesia. 2017;31(1):99-104. doi:10.1053/j.jvca.2016.06.016 548 



35. Bolliger, Kroehnert, Molineus, Kandioler, Schindl, Riss. Experiences with the standardized classification of 549 

surgical complications (Clavien-Dindo) in general surgery patients. European Surgery. 2018;50(6):256-261. 550 

doi:10.1007/s10353-018-0551-z  551 

36. Goitein D, Raziel A, Szold A, Sakran N. Assessment of perioperative complications following primary 552 

bariatric surgery according to the Clavien–Dindo classification: comparison of sleeve gastrectomy and 553 

Roux-Y gastric bypass. Surgical Endoscopy. 2016;30(1):273-278. doi:10.1007/s00464-015-4205-y 554 

37. Esquivel J. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for colorectal cancer: 555 

survival outcomes and patient selection. J Gastrointest Oncol. 2016;7(1):72-78. doi:10.3978/j.issn.2078-556 

6891.2015.114 557 

38. Myburgh JA, Finfer S, Bellomo R, et al. Hydroxyethyl Starch or Saline for Fluid Resuscitation in Intensive 558 

Care. The New England journal of medicine. 2012;367:1901-1911. 559 

39. Perner A, Haase N, Guttormsen AB, et al. Hydroxyethyl Starch 130/0.42 versus Ringer's Acetate in Severe 560 

Sepsis. The New England journal of medicine. 2012;367:124-134. 561 

40. Roberts I, Shakur H, Bellomo R, et al. Hydroxyethyl starch solutions and patient harm. The Lancet. 562 

2018;391:736-736. 563 

41. McMullen JRW, Selleck M, Wall NR, Senthil M. Peritoneal carcinomatosis: limits of diagnosis and the case 564 

for liquid biopsy. Oncotarget. 2017;8(26):43481-43490. doi:10.18632/oncotarget.16480 565 

42. Huang CQ, Min Y, Wang SY, et al. Cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy 566 

improves survival for peritoneal carcinomatosis from colorectal cancer: a systematic review and meta-567 

analysis of current evidence. Oncotarget. 2017;8(33):55657-55683. doi:10.18632/oncotarget.17497 568 

43. Foster JM, Sleightholm R, Patel A, et al. Morbidity and Mortality Rates Following Cytoreductive Surgery 569 

Combined With Hyperthermic Intraperitoneal Chemotherapy Compared With Other High-Risk Surgical 570 

Oncology Procedures. JAMA Network Open. 2019;2(1):e186847. 571 

doi:10.1001/jamanetworkopen.2018.6847  572 

44. Dunn D. Cytoreductive Surgery With Hyperthermic Intraperitoneal Chemotherapy, Part I: Introduction and 573 

Indications. AORN journal. 2019;110(5):479-499. doi:10.1002/aorn.12842  574 

45. Dunn D, Ciccarelli E, Moltzen N. Cytoreductive Surgery With Hyperthermic Intraperitoneal Chemotherapy, 575 

Part II: Implementation. AORN journal. 2019;110(6):606-625. doi:10.1002/aorn.12865 576 



46. Neuwirth MG, Alexander HR, Karakousis GC. Then and now: cytoreductive surgery with hyperthermic 577 

intraperitoneal chemotherapy (HIPEC), a historical perspective. J Gastrointest Oncol. 2016;7(1):18-28. 578 

doi:10.3978/j.issn.2078-6891.2015.106 579 

47. Thong SY, Chia CS, Ng O, et al. A review of 111 anaesthetic patients undergoing cytoreductive surgery 580 

and hyperthermic intraperitoneal chemotherapy. Singapore Med J. 2017;58(8):488-496. 581 

doi:10.11622/smedj.2016078  582 

48. Wiseman JT, Kimbrough C, Beal EW, et al. Predictors of Anastomotic Failure After Cytoreductive Surgery 583 

and Hyperthermic Intraperitoneal Chemotherapy: Does Technique Matter?. Ann Surg Oncol. 584 

2020;27(3):783-792. doi:10.1245/s10434-019-07964-x  585 

49. Polanco PM, Ding Y, Knox JM, et al. Outcomes of Cytoreductive Surgery and Hyperthermic Intraperitoneal 586 

Chemoperfusion in Patients with High-Grade, High-Volume Disseminated Mucinous Appendiceal 587 

Neoplasms. Ann Surg Oncol. 2016;23(2):382-390. doi:10.1245/s10434-015-4838-z 588 

50. Kesänen J, Leino-Kilpi H, Lund T, Montin L, Puukka P, Valkeapää K. Increased preoperative knowledge 589 

reduces surgery-related anxiety: a randomised clinical trial in 100 spinal stenosis patients. European Spine 590 

Journal. 2017;26:2520-2528. 591 

51. Malfroy S, Wallet F, Maucort-Boulch D, et al. Complications after cytoreductive surgery with hyperthermic 592 

intraperitoneal chemotherapy for treatment of peritoneal carcinomatosis: Risk factors for ICU admission 593 

and morbidity prognostic score. Surgical Oncology. 2015;2016;25:6-15. 594 

52. Huang, Yeqian, BMed, MD, Alzahrani NA, MBBS, Chua, Terence C., MBBS, PhD, MRCS (Ed), Liauw, 595 

Winston, MBBS, M Med Sci, Morris, David L., MD, PhD. Impacts of Peritoneal Cancer Index on The 596 

Survival Outcomes of Patients With Colorectal Peritoneal Carcinomatosis. International Journal of Surgery. 597 

2016;32:65-70. 598 

53. Balakrishnan KP, Survesan S. Anaesthetic management and perioperative outcomes of cytoreductive 599 

surgery with hyperthermic intraperitoneal chemotherapy: A retrospective analysis. Indian J Anaesth. 600 

2018;62(3):188-196. doi:10.4103/ija.IJA_39_18 601 

54. Ansari N, Chandrakumaran K, Dayal S, Mohamed F, Cecil TD, Moran BJ. Cytoreductive surgery and 602 

hyperthermic intraperitoneal chemotherapy in 1000 patients with perforated appendiceal epithelial tumours. 603 

European Journal of Surgical Oncology. 2016;42:1035-1041. 604 



55. Sheshadri DB, Chakravarthy MR. Anaesthetic Considerations in the Perioperative Management of 605 

Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy. Indian journal of surgical 606 

oncology. 2016;7(2):236-243. doi:10.1007/s13193-016-0508-2 607 

56. Myles PS, Bellomo R, Corcoran T, et al. Restrictive versus Liberal Fluid Therapy for Major Abdominal 608 

Surgery. The New England journal of medicine. 2018;378:2263-2274. 609 

57. Raspe C, Flother L, Schneider R, et al. Best practice for perioperative management of patients with 610 

cytoreductive surgery and HIPEC. Eur J Surg Oncol. 2017;43:1013–27. 611 

58. Colantonio L, Claroni C, Fabrizi L, et al. A randomized trial of goal directed vs. standard fluid therapy in 612 

cytoreductive surgery with hyperthermic intraperitoneal chemotherapy. J Gastrointest Surg. 613 

2015;19(4):722-729. doi:10.1007/s11605-015-2743-1 614 

59. Reis, Kusamura, Azmi, et al. Hemodynamic and respiratory implications of high intra-abdominal pressure 615 

during HIPEC. European journal of surgical oncology : the journal of the European Society of Surgical 616 

Oncology and the British Association of Surgical Oncology. 2020. doi:10.1016/j.ejso.2020.02.006 617 

60. Karamchandani K, Carr ZJ, Bonavia A, Tung A. Critical Care Pain Management in Patients Affected by the 618 

Opioid Epidemic: A Review. Annals of the American Thoracic Society. 2018;15(9):1016-1023. 619 

doi:10.1513/AnnalsATS.201801-028FR 620 

61. Andrés JAD, Morales JE, Şentürk M. Change in "Gold Standard" of Thoracic Epidural in Thoracic Surgery. 621 

SpringerLink. https://link.springer.com/chapter/10.1007/978-3-030-28528-9_13. Published January 1, 1970. 622 

Accessed August 01, 2020. 623 

62. Sun YJ, Li T, Gan T. The Effects of Perioperative Regional Anesthesia and Analgesia on Cancer 624 

Recurrence and Survival After Oncology Surgery: A Systematic Review and Meta-Analysis. Regional 625 

Anesthesia and Pain Medicine. 2015;40(5):589-598. doi:10.1097/AAP.0000000000000273 626 

63. Kapoor S, Bassily-Marcus A, Alba Yunen R, et al. Critical care management and intensive care unit 627 

outcomes following cytoreductive surgery with hyperthermic intraperitoneal chemotherapy. World J Crit 628 

Care Med. 2017;6(2):116-123. doi:10.5492/wjccm.v6.i2.116 629 

64. Fichmann D, Roth L, Raptis D, et al. Standard Operating Procedures for Anesthesia Management in 630 

Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy Improve Patient Outcomes: A 631 



Patient Cohort Analysis. Annals of Surgical Oncology. 2019;26(11):3652-3662. doi:10.1245/s10434-019-632 

07644-w 633 

65. Balakrishnan K, Survesan S. Anaesthetic management and perioperative outcomes of cytoreductive 634 

surgery with hyperthermic intraperitoneal chemotherapy: A retrospective analysis. Indian Journal of 635 

Anaesthesia. 2018;62(3):188-196. doi:10.4103/ija.IJA_39_18 636 

66. Morales-Soriano R, Esteve-Pérez, Segura-Sampedro, et al. Current practice in cytoreductive surgery and 637 

HIPEC for metastatic peritoneal disease: Spanish multicentric survey. European Journal of Surgical 638 

Oncology. 2018;44(2):228-236. doi:10.1016/j.ejso.2017.11.012 639 

67. Nadeem A, Al-Tarifi A. ICU outcome of patients undergoing cytoreductive surgery followed by hyperthermic 640 

intraperitoneal chemotherapy: a single-center study. Crit Care. 2015;19(Suppl 1):P376. 641 

doi:10.1186/cc14456 642 

68. Eng OS, Dumitra S, O'Leary M, et al. Association of Fluid Administration With Morbidity in Cytoreductive 643 

Surgery With Hyperthermic Intraperitoneal Chemotherapy. JAMA Surg. 2017;152(12):1156-1160. 644 

doi:10.1001/jamasurg.2017.2865 645 

69. López-Basave HN, Morales-Vasquez F, Mendez-Herrera C, et al. Intensive care unit admission after 646 

cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. Is it necessary? Journal of 647 

oncology. 2014; 307317-307317. doi:10.1155/2014/307317  648 

70. Bhatt A, Mittal S, Gopinath KS. Safety considerations for Health care Workers involved in Cytoreductive 649 

Surgery and Perioperative chemotherapy. Indian J Surg Oncol. 2016;7(2):249-257. doi:10.1007/s13193-650 

016-0503-7 651 

71. Cascales Campos P, Martinez Insfran LA, Wallace D, et al. Identifying the incidence of respiratory 652 

complications following diaphragmatic cytoreduction and hyperthermic intraoperative intraperitoneal 653 

chemotherapy. Clinical & translational oncology. 2019;2020;22:852-859. 654 

72. Arakelian E, Torkzad MR, Bergman A, Rubertsson S, Mahteme H. Pulmonary influences on early post-655 

operative recovery in patients after cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 656 

treatment: a retrospective study. World J Surg Oncol. 2012;10:258. doi:10.1186/1477-7819-10-258 657 



73. Giri S, Shah SH, Batra Modi K, et al. Factors Affecting Perioperative Outcomes After CRS and HIPEC for 658 

Advanced and Recurrent Ovarian Cancer: A Prospective Single Institutional Study. Journal of gynecologic 659 

surgery. 2017;33:4-11. 660 

74. Merve Tarhan, Songül Akbaş Gökduman, Abdülkadir Ayan, Levent Dalar. Nurses’ Knowledge Levels of 661 

Chest Drain Management: A Descriptive Study. Eurasian journal of pulmonology. 2016;18(3):153-159. 662 

doi:10.5152/ejp.2016.97269 663 

75. Rottenstreich A, Kalish Y, Kleinstern G, Yaacov AB, Dux J, Nissan A. Factors associated with 664 

thromboembolic events following cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. 665 

Journal of Surgical Oncology. 2017;116:914-920. 666 

76. Khan S, Kelly KJ, Veerapong J, Lowy AM, Baumgartner JM. Incidence, Risk Factors, and Prevention 667 

Strategies for Venous Thromboembolism after Cytoreductive Surgery and Hyperthermic Intraperitoneal 668 

Chemotherapy. Ann Surg Oncol. 2019;26(7):2276-2284. 669 

77. Lee, Tiffany C, Wima, Koffi, Sussman, Jeffrey J, et al. Readmissions After Cytoreductive Surgery and 670 

Hyperthermic Intraperitoneal Chemotherapy: a US HIPEC Collaborative Study. Journal of gastrointestinal 671 

surgery : official journal of the Society for Surgery of the Alimentary Tract. 2020;24(1):165-176. 672 

doi:10.1007/s11605-019-04463-y  673 

78. Said ET, Sztain JF, Abramson WB, et al. A Dedicated Acute Pain Service Is Associated With Reduced 674 

Postoperative Opioid Requirements in Patients Undergoing Cytoreductive Surgery With Hyperthermic 675 

Intraperitoneal Chemotherapy. Anesth Analg. 2018;127(4):1044-1050. 676 

doi:10.1213/ANE.0000000000003342 677 

79. Baeriswyl M, Zeiter F, Piubellini D, Kirkham KR, Albrecht E. The analgesic efficacy of transverse abdominis 678 

plane block versus epidural analgesia: A systematic review with meta-analysis. Medicine. 679 

2018;97(26):e11261-e11261. doi:10.1097/MD.0000000000011261 680 

80. Helander E, Webb M, Menard M, et al. Metabolic and the Surgical Stress Response Considerations to 681 

Improve Postoperative Recovery. Current Pain and Headache Reports. 2019;23(5):1-8. 682 

doi:10.1007/s11916-019-0770-4 683 



81. Steinthorsdottir KJ, Kehlet H, Aasvang EK. Surgical stress response and the potential role of preoperative 684 

glucocorticoids on post-anesthesia care unit recovery. Minerva anestesiologica. 2017;83(12):1324-1331. 685 

doi:10.23736/S0375-9393.17.11878-X  686 

82. Kayilioglu SI, Dinc T, Sozen I, Bostanoglu A, Cete M, Coskun F. Postoperative fluid management. World J 687 

Crit Care Med. 2015;4(3):192-201. doi:10.5492/wjccm.v4.i3.192 688 

83.  Navarro LH, Bloomstone JA, Auler JO Jr, et al. Perioperative fluid therapy: a statement from the 689 

international Fluid Optimization Group. Perioper Med (Lond). 2015;4:3. doi:10.1186/s13741-015-0014-z 690 

84. Piso P, Nedelcut SD, Rau B, et al. Morbidity and Mortality Following Cytoreductive Surgery and 691 

Hyperthermic Intraperitoneal Chemotherapy: Data from the DGAV StuDoQ Registry with 2149 Consecutive 692 

Patients. Ann Surg Oncol. 2019; 693 


