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Abstract  V 

 

Abstract 

Purpose Intraperitoneal local anaesthetic (IPLA) is a new analgesic technique for inclusion in the 

polypharmacy approach to postoperative pain management in enhanced-recovery-after-surgery 

(ERAS) programs. This study determines the effect of IPLA on postoperative pain and functional 

recovery in patients undergoing colectomy.  

Methodology Multi-site, double-blinded, randomized, placebo-controlled trial design: 

ClinicalTrials.gov Identifier NCT02449720.  Adults undergoing colectomy (35 open; 51 laparoscopic) 

received i.p. ropivacaine 100mg instillation both pre- and post-dissection and 20mg/hr continuous 

postoperative infusion for 48hrs (IPLA group), or a normal saline equivalent (Control Group). A 

standardised ERAS program was used in perioperative care. Data collected included baseline 

demographics, functional postoperative recovery using the surgical-recovery-scale (SRS), 

postoperative pain using a visual-analogue-scale (VAS), opioid consumption, use of rescue ketamine, 

recovery of bowel function, time-to-readiness-for-discharge (TRD), and perioperative complications. 

Participants were followed for 45 days.  

Results Eighty-six participants were recruited (IPLA n=44; Control n=42). The IPLA group reported 

improved SRS scores at day 1 and 7, lower pain scores, required less rescue ketamine, and passed 

flatus earlier than the Control group (P<0.05). The improved SRS at day 7 and pain scores remained 

present when the subset of participants undergoing laparoscopically-assisted colectomy were 

considered separately. There was no difference between the groups in opioid consumption or TRD.  

Conclusion Instillation and infusion of intraperitoneal ropivacaine for patients undergoing colectomy 

is safe, decreases pain, and improves functional recovery. We recommend routine inclusion of IPLA 

into the multimodal analgesia component of ERAS programs for colectomy.  
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1. Literature Review 

 

Intraperitoneal local anaesthetic (IPLA) is a promising new analgesic technique that could be used 

as part of the polypharmacy approach to manage postoperative pain in patients undergoing 

abdominal surgery. Following open colectomy, augmentation of epidural analgesia with an 

intraoperative instillation and postoperative infusion of IPLA was shown to not only reduce pain, but 

also to improve functional recovery, decrease the time to flatus, and reduce circulating cytokines and 

cortisol1. Not all patients requiring colectomy are managed with epidural anaesthesia, there is 

therefore a need to expand upon the findings of the prior study by assessing the effect of 

intraoperative instillation and postoperative infusion of IPLA on functional recovery in patients 

undergoing colectomy under general anaesthesia. 

1.1 The Current Standard of Perioperative Care for Patients 

Undergoing Colectomy 

 

Currently, the evidence-base for optimal management of patients undergoing colectomy 

recommends surgery, where possible, by the minimally invasive laparoscopic approach in the setting 

of an optimised enhanced-recovery-after-surgery (ERAS) program2.  

1.1.1 MINIMALLY INVASIVE SURGERY FOR COLECTOMY 

Open and laparoscopically-assisted colectomy are internationally accepted as having equivalence in 

surgical and oncological outcome3. The laparoscopic approach, however has the additional benefits 

of reduced postoperative pain and analgesia use, shorter length of ileus, lower morbidity, faster 

recovery and a shorter hospital stay when compared with the open approach4-8. The benefits of the 

laparoscopic approach can be augmented by addition of perioperative management that involves an 

established enhanced-recovery-after-surgery (ERAS), or fast-track program 9. 
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1.1.2 ENHANCED RECOVERY AFTER SURGERY (ERAS) 

The concept of an ERAS program was introduced by Kehlett in 199910. These programs prescribe a 

list of interventions with independent evidence for improvement of a component of postoperative 

recovery or reduction of morbidity, and when integrated as a patient care program have been 

demonstrated to reduce complication rates and length of hospital stay in both young and elderly 

patients11 without increasing readmission rates12 13 and to be both clinically efficacious and cost 

effective across a variety of surgical specialties14. Some of these interventions include preoperative 

patient education and preoperative assessment, which allows for reduction in the emotional 

contribution to postoperative surgical stress, optimisation of pre-exisiting organ dysfunction, and 

improvement of physiological reserves;  pre-operative glucose loading and early introduction of 

enteral nutrition, which has been shown to reduce postoperative insulin resistance15;  minimisation of 

tubes, drains, and catheters to reduce immobility and infection rates; and temperature control shown 

to have implications for coagulopathy16 17.   

 

ERAS interventions that aim to achieve a reduction in the incidence or duration of postoperative ileus 

are particularly relevant to patients requiring colectomy. Postoperative ileus is a transient impairment 

of bowel motility following surgery and is clinically diagnosed by the presence of abdominal distension 

and decreased or absent bowel sounds, lack of passage of flatus or stool and inability to tolerate oral 

diet. The rate of ileus following abdominal surgery has been determined at 10.3%18, with ileus 

following colectomy more likely at rates of 15-25%19. Ileus resulted in a nearly doubled length of stay 

(LOS), total cost of admission and 30 day all-cause readmission rate18 19. The interventions that 

influence the presence and duration of ileus following colectomy include avoidance of hypervolemia, 

as it is well established that fluid excess increases morbidity and LOS for patients that have 
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undergone abdominal surgery 20 21, early introduction of enteral nutrition, and the polypharmacy 

approach to pain relief. 

 

A further important component of an optimised ERAS program is the provision of adequate 

analgesia22. Good analgesia allows unencumbered respiration and early mobilisation, both 

independent factors for prevention of a common perioperative complication, pneumonia. Depending 

on the modality, analgesia also variably contributes to a reduction in the pain-induced stress response 

to surgery. The surgical stress response is an umbrella term historically used to encompass the 

endocrine, metabolic and inflammatory responses to injury that are incurred by surgery. These 

responses include an increase in adrenocorticotropin (ACTH) and circulating cortisol, and an 

associated relative insulin resistance23 24, increase in circulating sympathomimetic agents and 

inflammatory mediators, in particular the interleukins. As the understanding of this physiological 

response to injury and inflammation has developed the ‘surgical stress response’ has more accurately 

been described as the neuro-immuno-humoral axis.  

 

An optimised ERAS program promotes a polypharmacy approach to adequate postoperative 

analgesia in order to minimise the use of opioids. Opioids are well known to provide analgesia through 

varying affinity with their mu, delta and kappa receptors, but also have a well-established side effect 

profile including sedation, euphoria, respiratory depression, nausea, constipation and physical 

dependence. Opioids are known to stimulate delta receptors on the bowel resulting in decreased 

motility, thereby contributing to the pathogenesis of ileus 25 26. Thus, minimisation of opioids improves 

post-operative nausea and vomiting and reduces the incidence and duration of ileus. 

 

Analgesic agents used within a polypharmacy approach to postoperative analgesia for patients 

undergoing colectomy currently include the opioids, but also combinations of paracetamol 
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(acetaminophen), cox-2 selective non-steroidal anti-inflammatory drug (NSAID), and regional 

anaesthetic techniques such as wound infiltration and transversus-abdominis plane (TAP) block, 

intravenous lidocaine infusion, and spinal or epidural local anaethestic27.  

 

1.1.3 THE USE OF LOCAL ANAESTHETIC AGENTS FOR POSTOPERATIVE ANALGESIA  

To date, thoracic epidural analgesia has the best developed evidence base of all the local analgesic 

techniques for colectomy and was traditionally considered the gold standard analgesic technique for 

use in open colectomy. For both open and laparoscopic colectomy there is level 1 evidence that 

thoracic epidural analgesia provides improved postoperative pain scores 28 29 and results in improved 

recovery of bowel function30, and a decrease in duration of ileus31 when compared with patient 

controlled parenteral opioid. Then again, epidural analgesia also has a risk of adverse effects, 

including incomplete block, and level 1 evidence for an increase in incidence of urinary retention (OR 

4.3 (1.2 to 15.9)) and a marked increase in incidence of arterial hypotension (OR 13.5 (4.0 to 57.7)31 

32. In laparoscopic colectomy a series of RCTs have demonstrated that TAP blocks are not inferior to 

thoracic epidural analgesia in analgesic effect, have a significantly lower incidence of arterial 

hypotension 33 34, and may result in an improvement in nausea, vomiting, rates of ileus35 and length 

of stay36. In laparoscopic colectomy, intraoperative intravenous lidocaine infusions result in 

decreased postoperative pain, reduced fentanyl consumption37 38, a quicker recovery of gut function 

and shorter length of stay38 39 during the first 24 hours following surgery when compared with control 

normal saline. Non-inferiority of intravenous lidocaine compared with epidural analgesia has been 

described, however only in a single RCT with study arms of approximately 20 participants undergoing 

open colectomy40.  
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A lesser known analgesic technique that could be used as part of the polypharmacy approach to 

reduce pain during the post-operative recovery phase is intraoperative instillation of intraperitoneal 

local anaesthetic (IPLA). There is level 1 evidence that IPLA as an intraoperative bolus dose reduces 

postoperative pain following laparoscopic gynaecological procedures41, laparoscopic gastric 

procedures42, laparoscopic cholecystectomy43, and level 2 evidence for pain reduction following open 

hysterectomy44 45, laparoscopic appendicectomy46 and laparoscopic colectomy47, when compared 

with parenteral opioids alone.  

 

The theorised mechanism of action for the analgesic effect of IPLA is particularly interesting. IPLA 

acts to modulate the vagally-mediated neuro-immuno-humoral axis response to the visceral 

peritoneum injury 48-54 that is incurred by surgery. In any individual, injury, infection, or bowel handling 

stimulates visceral peritoneal mesothelial and local immune cells to release cytokines. These activate 

nociceptive vagal afferent nerve endings that are present in visceral peritoneum 55 56. Stimulatory 

vagal transmission to the nucleus of the tractus solitarius and dorsal motor nucleus of the vagus 50 is 

integrated with information from other sources and has two prominent effects, altered perception of 

visceral pain and activation of the cholinergic anti-inflammatory pathway. The role of the cholinergic 

anti-inflammatory pathway is to modulate the peritoneal inflammatory cascade through vagal efferent 

neuronal signalling that culminates in nicotinic cholinergic inhibition of intraperitoneal macrophage 

activation and cytokine production 49 57-60. It is therefore a a negative feedback loop that acts to reduce 

the magnitude of the inflammatory response to intraabdominal injury. IPLA is thought to induce 

decreased perception of visceral pain and dampening of the surgical stress response through 

activation of the cholinergic anti-inflammatory pathway 49 57-60. IPLA administration has been shown 

to reduce circulating levels of cytokines IL-6, IL-8, TNF-α and cortisol 1 43 61 62, and peritoneal cytokine 

(IL-6, IL-10 and TNF-α) levels during the first 24hrs following colorectal surgery, and levels  of these 
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cytokines have been directly related to the trajectory of postoperative fatigue experience for 2 

months63. 

 

In a key study by Kahokehr and colleagues patients undergoing colectomy within an ERAS protocol 

were managed with epidural analgesia, and it was then determined if a postoperative infusion of IPLA 

as an adjunct to an intraoperative bolus dose would have any benefit. This study demonstrated that 

augmentation of epidural analgesia with IPLA instillation and 48hr postoperative infusion following 

colectomy, not only reduced postoperative pain and nausea but also improved functional recovery, 

time to flatus, and interestingly significantly lowered circulating cytokines IL-6, IL-8, TNF-, and 

cortisol within the first postoperative week1, consistent with the proposed mechanism of action of 

IPLA. In this study, which demonstrated the potential benefits of IPLA above and beyond simple 

analgesia, 92% of participants underwent colectomy by the open approach. The effect of IPLA as an 

intraoperative bolus followed by postoperative infusion in patients undergoing laparoscopic colectomy 

is therefore yet to be determined. In laparoscopic colectomy use of epidural analgesia is not the gold 

standard, and in the absence of an epidural infusion of local anaesthetic there is capacity to 

administer a greater dose of local anaesthetic by the intraperitoneal route, with potentially a greater 

effect on postoperative recovery. This holds true for patients undergoing open colectomy where 

epidural analgesia is contraindicated.  

 

1.2 Postoperative Recovery: Definition and Assessment Methods 

 

To date there is no published consensus of the definition or assessment method of postoperative 

recovery. It can be divided into early, intermediate and late phases equivalent to the time from 

termination of anaesthesia until recovery of protective reflexes, then time from recovery of protective 

reflexes until readiness for discharge to home and finally the time from discharge until return to 
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baseline preoperative function and well-being some weeks to months following surgery64 65. The 

concept of post-operative recovery following bowel surgery has shown temporality in its evolution 

from publication to publication, and has been described as multiple domains, rather than a single 

entity. To date, the domains of recovery have included fatigue, patient satisfaction, the post-discharge 

return to normal functioning in both cognition and activities of daily living, pain, return of normal bowel 

function, time to readiness for discharge (TRD) or length of hospital stay (LOS), and post-operative 

complications.  

 

A number of postoperative recovery or quality-of-life assessment tools have been developed for use 

in English-speaking inpatients as a primary outcome measure at a variety of time-points 66-72,  and 

held-up for comparison  with the eight standardised validation quality criteria for health status 

questionnaires73 74 that were outlined by the Scientific Advisory Committee of the Medical Outcomes 

Trust 75 and in a follow up paper by Terwee and colleagues 76. The best validated and most widely 

used of these Quality of Recovery Tools are the Quality-of-Recovery(QoR)-40 tool66 77 and its short-

form version the QoR-1571, the Surgical Recovery Scale68, and the Postoperative Quality of Recovery 

(PQRS)67 tool, but none of these assess all the domains of recovery (Table 1) .  

 

As opposed to the QoR-40, -15 and PQRS that were designed by anaesthetists with an interest in 

post-operative recovery from an anaesthetic perspective, the SRS was designed by a psychologist 

expert in fatigue in collaboration with a group of general surgeons. The aim of the SRS is to assess 

fatigue, vigor, mental function, impact on patient activity and impact on ADLs as a percent of 

maximum score, in post- laparoscopic and open abdominal surgical patients at multiple time-points. 

It is a 13- item scale adapted from the longer 31-item Identity-Consequence Fatigue Scale (ICFS) 

published in 200570, and validated against 7 of the 8 quality criteria68.  It is important to note that the 

discriminant validity of the ICFS has been proven, such that principal components analysis shows all 
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sub-scales are distinctive from depression and anxiety as determined by the State-Trait Anxiety 

Inventory (STAI) and Centre for Epidemiological Studies-Depression Scale (CES-D). This tool 

includes baseline patient data and temporal assessment of recovery domains at baseline, and day 3, 

7, 30 and 60 postoperation. 

 

 

Table 1.1:  Comparison of validated Quality of Recovery Tools 

Recovery Parameters QoR-4066 77 QoR-1571 SRS68 70 PQRS67 74 

Pain Yes Yes No Yes 

Normal bowel function No No No No 

Fatigue Yes No Yes No 

Patient Satisfaction Yes Yes No Yes 

Cognition Concentration No Concentration Yes 

Psychosocial 

function/Emotions 

No Yes No Yes 

ADLs/Physical 

Independence 

Yes Yes Yes Yes 

Composition / Timing 
of Tool  

40 item 
composite score.  
At postoperative 
24hr  

15 item 
composite score.  
At postoperative 
24hr  

13 item 
composite score.  
Baseline, day 3, 
7, 30 and 60 
postoperation  

22 item 
dichotomous 
score.  
Baseline, 15 min, 
40 min, days 1 
and 3 
postoperation  

 

 

There are numerous assessment methods for pain. Due to the complex and subjective nature of pain 

a valid and reliable objective outcome measure has never been developed. In the literature, the most 

commonly used method to assess acute abdominal pain or postoperative pain following abdominal 

surgery is the Visual Analogue Scale (VAS). The VAS is presented as a 100 mm line, with no numbers 

but verbal descriptors, usually ‘no pain’ and ‘worst imaginable pain’ at the polar ends of the line. The 
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patient is asked to mark the line at their perceived level of pain intensity. The length from the no pain 

end to the patient mark in mm is the pain score. A variation of this with similar sensitivity is the Numeric 

Rating Scale (NRS) where the line is numbered from 1 to 1078. There is limited and ongoing work 

regarding the clinical interpretation of particular pain scores, and what magnitude change score is 

clinically revelant once a statistical difference in pain scores has been obtained. It has been 

suggested that in the postoperative setting 0 to 4 mm can be considered no pain; 5 to 44 mm, mild 

pain; 45 to 74 mm, moderate pain; and 75 to 100 mm, severe pain79. When either post-laparotomy 

pain or acute abdominal pain is managed with opioids, a minimal change in VAS of 10-17mm has 

been shown to produce a clinically relevant level of analgesia as assessed by self reported change 

in pain79-81. Separately, a change in VAS that is associated with a reduction in opioid consumption 

may be considered clinically relevant. 

 

Postoperative gut dysfunction involves both the stomach, small bowel and colon, and is multifactorial 

in etiology. The mechanisms include: impaired myotonic contractions as a result of altered electrolyte 

and fluid balance; oxidative stress associated with relative intestinal ischaemia; smooth muscle 

relaxation due to the direct effect of particular inflammatory mediators i.e., nitric oxide 82; modulation 

by the NIH-axis 50; and opioid agonism of the myenteric plexus µ-receptor with subsequent inhibition 

of acetylcholine release and increased smooth muscle tone 82. Indicators of recovery of 

gastrointestinal transit are the combined outcome measures of tolerance of solid food and defecation 

(PPV 93% for scintigraphic evidence of colonic transit)83, or the passage of flatus84.  

 

The time to readiness for discharge (TRD) is a validated measurement of short-term recovery after 

colorectal surgery85. Discharge criteria were defined as passage of flatus or bowel motion, tolerance 

of oral diet and absence of nausea and vomiting, mobilisation back to baseline function, analgesia 

requirement managed with oral tablets only, and willingness to be discharged home. 
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1.3 The Efficacy and Safety of Intraperitoneal Ropivacaine for 

Postoperative Analgesia 

 

As described previously, the effect of IPLA as an intraoperative bolus followed by postoperative 

infusion in patients undergoing laparoscopic colectomy is yet to be determined, and in the absence 

of an epidural infusion of local anaesthetic there is capacity to administer a greater dose of local 

anaesthetic by the intraperitoneal route, with potentially a greater effect on postoperative recovery, 

while still avoiding development of clinical and serum toxicity. Ropivacaine is currently known as the 

safest long acting local anaesthetic due to a better cardiac toxicity profile 86 and higher plasma 

concentration achieved prior to toxicity when compared with alternatives such as bupivacaine 41 87. It 

is therefore appropriate to review the current literature that assesses the analgesic efficacy, and 

clinical or serum toxicity of intraperitoneal ropivacaine, to determine what dose would be most 

effective and safe in this setting. 

 

There are currently eighteen blinded randomised controlled trials that compare intraperitoneal 

ropivacaine with placebo normal saline to determine analgesic effect and assess for clinical signs or 

symptoms of local anaesthetic toxicity. Ropivacaine was administered into the peritoneal cavity during 

abdominal surgery by nebulisation in five (Table 1.2), by instillation in twelve (Table 1.3), and by 

instillation and postoperative infusion in the study of Kahokehr and colleagues1 (Table 1.3). There 

were also seven studies that evaluated both the analgesic effect of ropivacaine and post-

administration serum concentrations using gas or liquid chromatography following administration by 

instillation into the peritoneal cavity during abdominal surgery (Table 1.4). In these studies of 

ropivacaine pharmacokinetics, the intraperitoneal ropivacaine doses that were used varied between 

100 to 300 mg, the mean Cmax ranged from 0.66 to 3.76 microg/ml and mean Tmax ranged from 15 

to 35 minutes without adrenaline.  
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The evidence that ropivacaine administered via nebulisation is an effective post-operative analgesic 

is inconclusive (Table 1.2). An analgesic effect of nebulized intraperitoneal ropivacaine was identified 

in only two of the five RCTs. These studies were of patients undergoing laparoscopic 

cholecystectomy and laparoscopic gynaecological procedures, used lower doses of ropivacaine (30-

50mg administered over 6min pre-dissection) and assessed analgesia using a 1-100mm Visual 

Analogue Scale for pain performed within the first 24hr after surgery. No analgesic effect was seen 

in three of the five studies identified. Two of these were by the same authors and were of patients 

undergoing laparoscopic gynaecological procedures (unilateral/bilateral salpingo-oophorectomy or 

unilateral/bilateral ovarian cystectomy), using 100mg ropivacaine administered over 30min, and 

assessed pain using a labelled 1-10cm Numerical Rating Scale. 

 

Table 1.2:  The analgesic efficacy and clinical toxicity of intraperitoneal ropivacaine by 

nebulisation. 

Reference 
Administration 

route 

Ropivacaine doses in mg 

(concentration) 
Operation Analgesic effect 

Clinical 

signs of 

toxicity 

Kaufman 

200888 

IP nebulisation 100mg (10ml 1% over 

30min) 

Laparoscopic 

gynaecological 

procedures 

Absent None 

Kaufman 

201389 

IP nebulisation 100mg (10ml 1% over 

30min) 

Laparoscopic 

gynaecological 

procedures 

Absent None 

Ingelmo 201390 IP nebulization pre-

dissection or post-

dissection 

30 mg (3ml 1% over 6min) Laparoscopic 

cholecystectomy 

Present 

No difference pre- 

or post-dissection 

None 

Somaini 201491 IP nebulization pre-

dissection, or post-

dissection 

30 mg (3ml 1% over 6 min) Laparoscopic  

gynaecological 

procedures 

Present None 

McDermott 

201592 

IP nebulization at 

peritoneal 

insufflation + pre-

incisional trocar site 

infiltration  

75mg (10ml 0.75%) to trocar 

sites + 50mg (5ml 1%) 

nebulized 

Laparoscopic 

cholecystectomy 

+ Nissen 

fundoplication 

Absent, present in 

subgroup analysis 

by operation type 

None 

IP - intraperitoneal 
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Table 1.3:  The analgesic efficacy and clinical toxicity of intraperitoneal ropivacaine by 

instillation  

Reference Administration route 
Ropivacaine doses in 

mg (concentration) 
Operation Analgesic effect 

Clinical 

signs of 

toxicity 

Kang 201046 IP instillation  2mg/kg 100ml Laparoscopic 

appendicectomy 

Present None 

Dreher 200093 IP instillation 200mg (20ml 1%) Laparoscopic tubal ligation Present None 

Kucuk 200794 IP instillation 150 mg (20 ml 0.5%)  

with 1ml 1:200000 

adrenaline 

Laparoscopic 

cholecystectomy 

Present None 

Park 201147 (A) IP instillation pre-

dissection, or (B) pre- 

and post- dissection 

1 mg/kg each instillation Laparoscopic colectomy (A) Present 

(B) Present and 

greater than A 

None 

Karaman 

201295 

IP instillation 3mg/kg 0.75% diluted to 

200ml saline 

Laparoscopic 

gynaecological procedures 

Present None 

Somaini 201491 IP instillation  100mg (20ml 0.5%) 

  

Laparoscopic  

gynaecological procedures 

Present 

 

None 

 

Callesen 

199996 

IP instillation / Trocar 

site infiltration 

285 mg total: 150 mg 

(30 ml 0.2% to pelvic 

peritoneum + 12ml 7.5% 

to mesosalpinx / 135mg 

(18ml 7.5%) 

Laparoscopic sterilisation Present  

 

None 

Pappas-Gogos 

200897 

IP instillation / Trocar 

site infiltration pre-

dissection 

155mg total: 80mg 

(40ml 0.2%)  / 75mg (10 

ml 0.75%) 

Laparoscopic 

cholecystectomy 

Present  None 

Yan 200862 IP instillation + trocar 

site infiltration  

150 mg total: 50mg 

(10ml 0.5%) / 100mg 

(20ml 0.5%) 

Laparoscopic 

gastrointestinal surgery 

(stomach + bowel) 

Present None 

Cha 201298 IP instillation / Trocar 

site infiltration 

240mg total: 200 mg 

(100 ml 0.2%) / 40 mg 

(20 ml 0.2%) 

Laparoscopic 

cholecystectomy 

Present None 

Liu 201599 (A) IP instillation post-

dissection, or (B) IP 

instillation + trocar site 

infiltration  

75mg (10 ml 0.75%) 

instillation +/- 75mg 

(10ml 0.75%) infiltration 

Laparoscopic 

cholecystectomy 

(A) Reduced 

opioid 

consumption, but 

no change in VAS 

(B) Present 

None 

 

Kahokehr 2011 
1 

IP instillation & 

postoperative infusion 

+ epidural infusion 

75mg instillation + 

4ml/hr  0.2% solution for 

72hr 

Open colectomy Present Serum  

Ruiz-Tovar 

2016100 

IP instillation + trocar 

site infiltration 

300mg ropivacaine 

(200ml 1.5%) 

Laparoscopic sleeve 

gastrectomy or Roux-en-Y 

gastric bypass 

Present  

IP - intraperitoneal 
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Table 1.4:  The pharmacokinetics of ropivacaine following intraperitoneal bolus administration  

Reference 
Procedure, 

N 

Timing of 

administrat

ion 

Ropivacaine 

concentration, 

total mg instilled 

Time serum 

level 

measured 

Serum/clinical 

toxicity 

CMax/TMax 

(µg/ml)/min 
Conclusion 

Narchi 

1992101 

Diagnostic 

laparoscopy

, 7 

Pre-

exploration 

120 mg (80 ml 

0.125% 

+1:800000 

adrenaline) 

0, 1, 3, 5, 10, 

15, 20, 30, 40, 

60, 90, 120, 

180, 240, 360 

min 

 0.92 ± 0.63 

(mean ± SD) / 52 

± 24;  

t1/2 204 ± 47min 

Analgesic 

effect. Serum 

levels safe 

Gupta 

2002102 

Lap chole, 8 Post-

dissection 

150mg (20 ml 

0.5% IP & 10ml 

0.5% port 

sites). 

Postoperative 

q4h PCA 50mg 

prn. 

30, 60, 90, 

120 min and 

at 20-24h  

None detected Total 0.9 (median 

range 0.3-1.8). 

Median free0.019 

/ 30  

Analgesic 

effect. Serum 

levels safe 

Bambingoye 

2009103 

Elective 

ceserean 

section, 10 

 225mg (10ml 

0.75% IP & 20 

ml 0.75% to 

rectus 

aponeurosis 

and 

subcutaneously 

0,15,30,60,12

0,240,480, 

960, 1920 min 

None detected 1.6±0.9 (mean ± 

SD) / 30  

Analgesic 

effect. Serum 

levels safe. No 

correlation 

between body 

size and 

serum levels. 

Labaille 

2002104 

Lap chole, 

19 

Pre-

pneumoper

itoneum 

(T1) and 

post-

dissection 

(T2) 

G1: 100 mg 

(20ml 0.25% at 

T1 & T2). 

G2: 300 mg 

(20ml 0.75% at 

T1 &T2). 

0,1,5,10,15,20

,40 after T1 

and T2 

G1: None 

detected 

G2: 2 patients 

had levels >4 

µg/ml after T1 

and 6 after T2. 

No clinical 

toxicity 

G1:  

T1 0.66 / 35  

T2 2.34 / 15 

 

G2: 

T1 2.93 / 30 

T2 3.76 / 30 

Equi-analgesia 

between 

100mg and 

300 mg doses, 

but serum 

levels toxicity 

reached at 

300 mg.  

Paech 

2008105 

Lap chole 

and lap 

gynae 

procedures 

 150 mg (20ml 

0.75%). 

0, 15, 30, 60, 

120 min 

No clinical or 

serum toxicity 

0.82 / 30 Analgesic 

effect. Serum 

levels safe. 

McDermott 

2014106 

Lap chole, 5 Trocar site 

infiltration 

+ IP 

nebulizatio

n at 

peritoneal 

insufflation 

75mg (10ml 

0.75%) to trocar 

sites + 50mg 

(5ml 1%) 

nebulized 

0, 10, 20, 30, 

60, 90 min 

No clinical or 

serum toxicity 

0.98±0.05 / 10-

20min; t1/2 108 – 

252 min 

Analgesic 

effect not 

assessed. 

Serum levels 

safe. 

Yakoshi 

2015107 108 

Lap gynae 

surgery 

Pre-

operative 

RSB then 

IP 

instillation 

RSB 75mg 

(20ml 0.375%) 

+ either (A)  

50mg (20 ml 

0.25%) or 

(B)100mg (20ml 

0.5%) IP 

0, 30, 60, 120, 

180min post 

RSB then 0, 

5, 12, 30, 45, 

60, 90min 

post IP 

instillation 

No clinical or 

serum toxicity 

Pre IP plasma 

conc  

A = 0.52±0.03,  

B = 0.51±0.02 

Cmax  

A = 0.82±0.04,  

B = 1.00±0.05 

Tmax  

A = 17.7±2.3,  

B = 24.4±2.5 

Analgesic 

effect not 

compared with 

sham. No 

difference in 

effect between 

A and B. 

IP – intraperitoneal; RSB – rectus sheath block 
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The analgesic effect of ropivacaine instilled into the intraperitoneal cavity as a single bolus dose was 

consistently demonstrable at a bolus dosing range of 100 -200 mg IP 91 93 94 (Table 1.3). Analgesia 

was determined as a significant difference in VAS scores at varying time points within the first 24hrs 

postoperation, by all studies excepting the study of Pappas-Gogos97, which used a numeric rating 

scale (NRS). All of the studies reviewed reported differences in VAS that were both significantly 

different and clinically relelvant80 81, with seven of twelve studies reporting decreased consumption of 

opioid 1 46 47 93 94 98 100. An analgesic effect of a 75mg instillation dose followed by 8mg/hr 

intraperitoneal infusion of ropivacaine as an adjunct to at 15-20mg/hr epidural infusion of ropivacaine 

was demonstrated in patients undergoing open colectomy 109 (Table 1.3). It was also shown to was 

shown to result in an improved functional postoperative recovery as measured by the SRS, and a 

reduction in systemic cytokine and cortisol concentrations 109. It is currently unknown whether use of 

intra-abdominal drain negates the effect of intraperitoneal ropivacaine instillation. 

 

Ropivacaine toxicity is a well documented event. Clinical signs or symptoms of toxicity are produced 

via the central nervous system, and include perioral numbness, dysarthria, light-headedness, visual 

and hearing disturbances and muscle twitching, which precede convulsion, coma, respiratory arrest 

and the cardiotoxic effects of prolonged QRS, and cardiovascular depression 87. Ropivacaine plasma 

levels are detectable in great variation following epidural110 or peritoneal administration96 and are not 

correlated to body size103. Ropivacaine is predominantly bound to α1-acid glycoprotein over a range 

of concentrations, where 2-6% ropivacaine is always in the unbound state 111-113.It is the unbound 

drug levels that result in serum and clinical toxicity. The maximum tolerated venous plasma 

concentrations of ropivacaine prior to onset of signs and symptoms of clinical toxicity are reported to 

be 0.11±0.1 (range 0.01 – 0.38 mg/L) of unbound ropivacaine, and 2.1±1.2 (range 0.8-4.5mg/L) total. 

At these concentrations ropivacaine increased systolic and diastolic BP and pulse, increased QRS 

width and decreased EF by 11.6% and CO by 2.5% relative to placebo. No arrhythmia occurred at 
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this level of toxicity. Once clinical signs of toxicity are established, the time from cessation of infusion 

to resolution of symptoms is reportedly 13 ±11 min87.  

 

Ropivacaine toxicity is more likely in patients with hepatic impairment as ropivacaine is metabolised 

by the liver and excreted by the kidney. Patients with end-stage liver disease have around a 60% 

lower mean ropivacaine clearance than healthy subjects and are thus expected to have over two-fold 

higher steady-state ropivacaine plasma concentrations during a continuous ropivacaine infusion114. 

Concurrent use of fluvoxamine, enoxacin, ketoconazole, or cimetidine, potent CYP1A2, 2E1, or 3A4 

inhibitors, has been shown to reduce ropivacaine clearance in both in vivo and in in vitro models. The 

pharmacokinetics of ropivacaine are not affected by renal failure. While the renal clearance of 

ropivacaines’ main metabolite (S)-2',6'-pipecoloxylidide (PPX) correlates with creatinine clearance, 

non-renal clearance compensates for reduced renal clearance in most patients115. None of the 

studies reviewed reported the presence of clinical signs or symptoms of ropivacaine toxicity (Table 

1.2, Table 1.3, Table 1.4).  

 

Safe serum levels of ropivacaine were demonstrated at an IP bolus dosing range of 100-150mg 104 

105 or pre-dissection bolus of 100mg followed by post-dissection bolus of 100mg approximately 60 

minutes apart104. At a bolus IP dose of 300mg toxic serum levels begin to be identified in some 

individuals104. With concurrent trocar site infiltration a total dose of 285 mg can be tolerated without 

clinical evidence of central nervous system or cardiovascular toxicity96, and 225mg tolerated without 

development of serum toxicity103 (Table 1.4). Following ropivacaine infusion by concurrent epidural 

and intraperitoneal routes to a total dose of 28mg/hr over 72hrs, no clinical toxicity was observed and 

plasma levels of ropivacaine were below the level at which central nervous toxicity can occur 

(4.3mg/L87) in all excepting two random samples in two separate patients (Table 1.3). This raises the 

possibility that a ropivacaine infusion of 28mg/hr is at the upper limit of safety. 
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No other studies employing postoperative infusion of IPLA were identified for review, therefore 

evaluation of the efficacy and safety of a lower infusion rate is not possible, however, preperitoneal110 

116 117,  epidural113 118 119, transversus abdominis plane (TAP) 120 and peripheral wound infusion121 

rates of 20mg/hr have all separately been shown to be safe. This includes infusions running for up to 

48hrs120, 72hrs113 119 122 123, 96hrs123, and 1 month post-operation 121, where the serum levels of 

unbound ropivacaine remained stable and below the plasma toxicity threshold as the result of a dose 

and time-dependent increase in the serum levels of binding protein α1-acid glycoprotein113 119-121 123-

125, total and bound ropivacaine113 118-125. The transferability of the safety profile of the 20mg/hr 

ropivacaine infusions in these studies of alternative routes of administration to the intraperitoneal 

route depends on the comparability of the absorption profile of ropivacaine by the different routes. 

While the absorption of ropivacaine from the intraperitoneal compartment has yet to be evaluated in 

humans, the absorption of ropivacaine in the intraperitoneal compartment of pigs has been shown to 

replicate the biphasic absorption profile after femoral nerve, spinal, epidural and paravertebral block 

in humans 126-132. Separately, the half-life of ropivacaine administered by both the epidural, TAP, 

RSB, peripheral, rectal and intraperitoneal routes are comparable, at 3-4 hrs 101 131 133 134, implying 

similar absorption profiles. 

1.4 Study Hypothesis and Aims 

 

The aim of this double-blind randomised controlled trial (RCT) is to determine the effect of 

intraperitoneal local anaesthetic (IPLA) intraoperative instillation and postoperative infusion on 

postoperative recovery following laparoscopic and open bowel resection in an optimised enhanced-

recovery-after-surgery (ERAS) program. We hypothesise that intraperitoneal instillation and infusion 

of the local anaesthetic ropivicaine to the site of maximal visceral dissection from the time of surgery 
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to 48 hours post laparoscopic bowel resection in an optimised ERAS setting will result in an improved 

functional postoperative recovery, as assessed by the SRS. While the SRS is our primary outcome 

measure for the purpose of determining power for this study, it is important to note that fatigue is not 

independent of the other domains of postoperative recovery, and that the other domains of recovery 

have equivalent importance as outcome measures.Therefore, this study also aims to determine the 

effect of intraperitoneal ropivicaine infusion on postoperative pain, opioid consumption, recovery of 

bowel function, discharge parameters and postoperative complications.  

 

IPLA has the potential to significantly improve post-operative recovery through the reduction of pain, 

post-operative nausea and ileus which may have the follow-on effect of a reduction in hospital length 

of stay and potential reduction in cost to the health system. This research will provide evidence to 

allow recommendation on the routine inclusion of IPLA into the multi-modal analgesia component of 

Enhanced Recovery After Surgery programs for laparoscopic colectomy. 
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2. METHODS 

2.1 Participants 

The study population included adults undergoing colectomy or reversal of Hartmanns procedure at 

Royal Adelaide Hospital, St Andrew’s Hospital or Calvary North Adelaide Hospital in South Australia. 

Patients planned for Abdomino-Perineal Resection (APR) or Ultra-Low Anterior resection (ULAR) 

were not assessed for eligibility as these procedures are associated with use of an intraabdominal 

drain, and it is not known if use of in intraabdominal drain might negate the effect of intraperitoneal 

infusion. 

 

Potential participants were invited to participate in the study and provided with an Information Sheet. 

(Appendix 6.1). Prior to requesting a decision regarding participation the potential participant was 

encouraged to take the time to read and discuss the information sheet with their next of kin, and to 

ask the inviting investigator questions. They were reassured that participation was voluntary and there 

was no disadvantage to them if they decide not to participate. 

 

After obtaining informed consent for participation in the study, eligibility for inclusion was determined 

based on the following exclusion criteria. 

2.1.1 EXCLUSION CRITERIA 

Exclusion criteria: 

• Under 18 years of age or over age 90. 

• Allergy to local anaesthetic. 
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• Requirement for spinal or epidural anaesthesia rather than general anaesthesia as this is 

a significant deviation from the proposed anaesthetic protocol. 

• ASA ≥ 4 due to the higher likelihood or morbidity and mortality, which may confound 

resulting data. 

• Severe underlying cardiovascular disease including conduction abnormalities, ischaemic 

heart disease or congestive heart failure, or use of amiodarone as a regular medication 

due to a higher risk or cardiac arrest under general anaesthetic or during use of local 

anaesthesia.   

• Chronic Renal Failure (CRF) Stage 3 (GFR < 60 based on a single sample within a month 

prior to operation). The pharmacokinetics of ropivacaine is not affected by renal failure 

although the renal clearance of its main metabolite (S)-2',6'-pipecoloxylidide (PPX) 

correlates with creatinine clearance, non-renal clearance compensates for reduced renal 

clearance in most patients115. 

GFR will be calculated using the Cockcroft Gault equation for creatinine clearance: 

CrCl ml/min = [140-age(years)] x bodyweight (kg) / R x serumcreatinine (micromol/L) 

R = 0.815 for males, 0.85 for females 

• Hepatic dysfunction of Child-Pugh class B or C.  Patients with end-stage liver disease have 

about a 60% lower mean ropivacaine clearance than healthy subjects and are thus 

expected to have over two-fold higher steady-state ropivacaine plasma concentrations 

during a continuous ropivacaine infusion114.  

• Concurrent or recent (within 3 months) use of fluvoxamine, enoxacin, ketoconazole, or 

cimetidine. These are potent CYP1A2, 2E1, or 3A4 inhibitors that have been shown to 

reduce ropivacaine clearance in vivo or in in vitro models. Potential participants 

concurrently using other potent CYP1A2, 2E1, or 3A4 inhibitors, where it is unclear if there 
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is an effect on ropivacaine clearance, will be included or excluded from the study at the 

discretion of their study specialist anaesthetist. 

• Change in operative plan such that intra-abdominal drain is required, as this may negate 

the effect of intra-abdominal infusion. 

• Intraoperative formation of stoma due to increased ratio of abdominal wall:visceral 

peritoneum dissection. This exclusion criterion was discontinued in August 2015 to improve 

recruitment rate. 

• Preoperative systemic steroid dependence due to derangement of the inflammatory 

response. 

• Preoperative chronic pain illness including fibromyalgia, chronic regional pain syndrome, 

chronic fatigue syndrome, non specific chronic pain requiring daily opiate use, and history 

of alcohol or drug dependence due to the impact these have on subjective interpretation 

of pain and tolerance to opioid requiring significantly higher dosing regimens. 

• Inability to consent or complete data scores in the study questionnaires due to cognitive 

impairment and/or language barrier. 

• Pregnancy or breastfeeding. 

2.2 Settings 

2.2.1 ROYAL ADELAIDE HOSPITAL (RAH) 

The RAH is South Australia’s largest public accredited teaching hospital and is the states 

quarternary referral centre. It has 554 general medical beds, 96 specialty beds, and up to 60 

Intensive Care beds. It has a specialist colorectal surgery service. At the RAH 12000 emergency 

and 10000 elective surgical procedures are performed per year (2011-2012 data). 
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2.2.2 SAINT ANDREW’S HOSPITAL 

Saint Andrews Hospital is a privately run accredited teaching hospital. It is a tertiary hospital of 

201 beds located in the central business district of Adelaide. It has 9 operating theatre suites 

and an 18 bed Critical Care Unit. It has a specialist colorectal surgery service. 12000 theatre 

procedures are performed per year (2014-2015 data). 

 

2.2.3 CALVARY NORTH ADELAIDE HOSPITAL – CALVARY HEALTH CARE ADELAIDE 

Calvary North Adelaide Hospital is a privately run hospital owned by the Sisters of the Little 

Company of Mary and located in North Adelaide. It is a tertiary hospital of 153 beds (2016 data), 

7 theatres specialising in General / Colorectal Surgery, Urology and Gynaecology and an 8-bed 

Critical Care Unit. 

2.3 Drugs and Devices 

2.3.1 DRUG: ROPIVACAINE HYDROCHLORIDE 0.2% 

The formulation and description of drug Ropicaine Hydrochloride (Kabi Brand), trade name 

Naropin, is outlined in the Appendix 6.2: NAROPIN Product Information PAIN.000-114-897.7.0 

Approved: 13/4/2011. 

2.3.2 DRUG: NORMAL SALINE 

The formulation and description of drug Sodium Chloride Injection 0.9% is outlined in the 

Appendix 6.3 : Sodium Chloride Injection 0.9% Product Information. It is approved by the 

Therapeutic Goods Adminstration of Australia (TGA) for use as a sterile irrigation medium. 
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2.3.3 DEVICE: ON-Q PAINBUSTER  

The On-Q Painbuster (B.Braun Melsungen) is a disposable closed elastomeric pump device for 

the continuous regulated infusion of local anaesthetic for wound infiltration or regional 

anaesthesia through a soaker catheter. It is delivered in a single sterile pack of all components: 

pump, catheter, 60 ml filling syringe, E-clip or carry case, 17G T-peel introducer(s) and sheath(s), 

5ml priming syringe, labels. All components are disposable after use. Specifications for this study 

are Fill volume: 400 ml; Flow rate 10ml.hr; Delivery time 2 days; 25cm soaker catheter. Further 

product information is outlined in Appendix 6.4: On-Q Painbuster Product Information. 

2.4 Study Plan and Design 

 

This study is a prospective double-blind randomised controlled trial (RCT) comparing the effect of 

intraperitoneal local anaesthetic (IPLA) instillation and infusion on postoperative recovery following 

laparoscopic and open bowel resection in an optimised enhanced-recovery-after-surgery (ERAS) 

program, with a normal saline equivalent.The study design is closely aligned with the study design of 

Kahokehr and collegues1, and underwent a peer-review process during the design phase. A working 

group was established, consisting of eight clinical co-investigators, including Colorectal Surgeons, 

Anaesthetists, a Clinical Pharmacist and senior nursing staff. It was presented for critical evaluation 

at the Royal Adelaide Hosital Surgery and Gastroenterology Research Meeting and at the 

Department of Anaesthesia, Hyperbaric and Pain Medicine audit meeting.  In addition, members from 

the working group met together throughout the study to review adherence to protocol, general safety, 

safety reports, and systems problems to make any necessary recommendations for amendments as 

required. Of note this working group implemented a number of changes to the study design including 

discontinuation of the exclusion criterion “Intraoperative formation of stoma” in August 2015 to 
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improve recruitment rate, the addition of two new recruitment sites (St Andrew’s Hospital in August 

2015 and Calvary North Adelaide Hospital in November 2015, with both additional sites provided 

independent Ethics Committee review), and, due to initial overestimation of the recruitment rate and 

time restrictions, closure of recruitment upon completion of the laparoscopic arm, prior to completion 

of the open arm. 

 

This RCT was approved by the Investigational Drugs Subcommittee (IDSC) and the Human Research 

Ethics Committee (HREC) of the Royal Adelaide Hospital on 19 March 2015, and assigned identifiers: 

HREC/15/RAH/45 Protocol Record 150219. The requirements of the Research Governance Unit 

were adhered to SSA/15/RAH/164 (MyIP 6436).  

 

This RCT was approved by the HREC of St Andrew’s Hospital on 13 July 2015 and allocated 

Identifier: Project Number 91, and by the HREC of Calvary Health Care Adelaide on 28 October 2015 

and allocated Identifier: 15-CHREC-F009. 

 

Registration at ClinicalTrials.gov register was prospective, and resulted in automated registration in 

the Australian and New Zealand Clinical Trial Register http://www.anzctr.org.au/ and allocation of 

WHO Universal Trial Number  http://apps.who.int/trialsearch/utn.aspx as follows: 

Universal Trial Number (UTN) Identifier : U1111-1170-6367 

ClinicalTrials.gov Identifier: NCT02449720 

 

This study was conducted in accordance with the ethical principles that have their origin from the 

declaration of Helsinki and are consistent with ICH/GCP. This study complies with the National Health 

http://www.anzctr.org.au/
http://apps.who.int/trialsearch/utn.aspx
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& Medical Research Council (NHMRC) National Statement on Ethical Conduct in Research Involving 

Humans.  

2.4.1 RANDOMISATION AND ALLOCATION CONCEALMENT 

Randomisation was performed electronically by staff of the Department of Pharmacy, the Royal 

Adelaide Hospital. Randomisation was stratified by open or laparoscopic colectomy and then 

performed in a 1:1 ratio in blocks of 4 to Control and IPLA arms with allocation concealment. 

Where a laparoscopic case was converted to the open approach the allocation would be reissued 

by pharmacy staff with maintenance of concealment. Staff of the Department of Pharmacy 

prepared the study experimental solution (medication) prior to the day of surgery and labelled it 

with a unique identifier that indicated intention for an open or laparoscopic case, but did not 

indicate which study arm the experimental solution corresponded to. Once a participant received 

the experimental solution within the study protocol they were allocated the unique identifier of the 

experimental solution used. 

2.4.2 BLINDING 

All participants, anaesthetists, surgeons, operating theatre staff and ward-based nursing and 

medical staff were blinded to the allocated study arm. Emergency unblinding was made available 

(at the discretion of the investigator) via a request to the on-call pharmacy research technician to 

disclose the patient study arm. Unblinding events were recorded in the patient’s chart and study 

file and with the reason for unblinding. 

2.4.1 POWER CALCULATION 

The a priori power calculation was carried out using G*Power 3.1 based on the primary outcome 

of SRS on day 3 (day aimed at for discharge). Based on previously published data a difference of 
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~10% in SRS at postoperative day 3 between control and intervention arms was considered 

clinically significant109. Using a two-tailed Mann-Whitney test between two independent groups, 

n=22 per group would be required to detect a difference of 10% between groups at postoperative 

day 3 with an α-error probability of 0.05 and a power of 0.80. No interim analyses were planned 

to be carried out. 

Based on this calculation and to allow for a withdrawal rate / reoperation rate of 10%, 25 patients 

were required to be recruited to each arm of both the laparoscopic and open approach cohorts, 

total = 100.  

2.4.2 STANDARD PERIOPERATIVE CARE 

Study participants were randomised into two parallel arms - Control and IPLA Group. Both groups 

received equivalent standardised perioperative care described as follows, with the exception of 

experimental solution type provided as bolus and 48h infusion. 

2.4.2.1 Enhanced recovery after surgery program (ERAS) 

Perioperative management of all patients was standardised to minimise variation in patient 

outcomes by use of an established evidence-based27 ERAS program (Table 2.1). This program 

was active at the Royal Adelaide Hospital prior to commencement of this study. At Saint Andrews 

Hospital the majority of the program was considered standard practice but for the purposes of this 

study the program in full was implemented, including successful introduction of routine 

preoperative assessment, patient education and use of pre-operative nutritional drinks. Ward-

based staff were provided in-service training regarding adherence to the program. At Calvary 

North Adelaide Hospital the program was considered standard practice and no changes to 

practice were implemented.  
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Table 2.1: Enhanced Recovery After Surgery (ERAS) Program 

Preoperative 

Patient education in preadmission 

clinic  

Detailed counselling regarding perioperative management and 

expected postoperative progress, reinforcing the expectation of early 

oral intake, early ambulation and self-care. 

Smoking cessation advice.  

Discharge planning 

Bowel Preparation   No routine bowel preparation. 

Minimal preoperative fasting Fast from solids for 6h, from clear fluid from 2h 

Preoperative nutritious drink 2 serves the night prior and 2 on day of surgery 

Intraoperative 

Intravenous fluids   Aim for euvolemia with crystalloid. Colloid, Albumin, or Red blood 

cells given only if required. 

Antiemetic IV dexamethasone and ondansetron 

Analgesia 1g IV paracetamol, parecoxib, IV tramadol and titrated fentanyl. 

Oxygenation  80% oxygen intraoperatively and in recovery  

Hypothermia prevention  Minimise exposure, bairhugger, warmed IV fluids 

VTE prophylaxis SC heparin on induction 

Vasopressor Titrated metaraminol or ephedrine for hypotension. 

Surgery  Minimally invasive where possible. No routine drains. No routine 

NGT. Antibiotic prophylaxis (gentamicin + metronidazole). 

Postoperative 

Multimodal analgesia regimen 

Fentanyl PCA 

Regular paracetamol (1g 6 hourly) IV or oral  

Regular ibuprofen 400 mg TDS orally if tolerating oral fluids, without 

renal impairment or NSAID sensitive asthma. 

When PCA ceased, tramadol 50 - 100mg 4 hourly prn. 

Oral intake  Diet as tolerated from 4 hours post operation. Protein drink at 4 

hours post op and BD until eating and drinking well.  

Antiemetic  Regular ondansetron 4mg IV BD from Day 1, droperidol IV PRN. 

Mobilisation Sit out of bed at 6 hrs post op if practical. Mobilise on Day 1 including 

shower and walk.  

IV therapy  Titrate to euvolemia and normalised electrolyte levels. Cease as 

soon as possible when drinking equivalent volume.  

VTE prophylaxis TEDS, 5000 units heparin SC BD 

IDC removal Day 1 postoperation 

Discharge Aim for day 3. 
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2.4.2.2 Anaesthesia 

All patients received standardised anaesthesia. Induction was achieved with a titrated dose of 

propofol and neuromuscular blockade, with reversal at discretion of the anaesthetist. Maintenance 

was achieved with oxygen, air and volatile anaesthetic with avoidance of nitrous oxide. 

Intraoperatively, patients received 1g paracetamol, 40 mg parecoxib, 100 mg tramadol unless 

contraindicated by concurrent use of selective serotonin reuptake inhibitor (SSRI), and titrated 

intravenous fentanyl.  

For PONV prophylaxis patients were given 4-8mg dexamethasone and either 4mg ondansetron, 

2mg tropisetron or 1mg granisetron. If required during the post-anaesthesia recovery period 

further dexamethasone or ondansetron, or 0.5mg droperidol was given.  

Avoidance of the use of ketamine, dexemetomedine and clonidine were encouraged due to the 

analgesic implications of these medications. 

Active warming was achieved with warm air blanket. 

Intravenous fluids were titrated to euvolemia. Colloid, Albumin, or Red blood cells were given if 

required. 

When required, hypotension was managed with titrated metaraminol or ephedrine. 

Antibiotic prophylaxis was routinely provided. 

2.4.2.3 Surgery 

All patients underwent colectomy by surgeons in an accredited Colorectal Surgery Unit at either 

the Royal Adelaide Hospital, St Andrew’s Hospital or Calvary North Adelaide Hospital. Technical 

aspects of the surgical procedures separate to the intervention were determined at the discretion 

of the operating team.  

Prior to skin closure the abdominal wall wounds were infiltrated with 20ml 0.2% Ropivacaine. 
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2.4.2.4 Intervention 

On the basis of systematic review of the efficacy and safety of intraperitoneal ropivacaine for 

postoperative analgesia described in the literature review of this thesis, we have determined a 

dosing regimen of intraperitoneal instillation of 50ml 0.2% ropivacaine (100mg), both pre-

dissection and end-surgery, followed by infusion via On-Q Painbuster at 10ml/hr (20mg/hr) for 

48h, with a local wound infiltration (field block) to the abdominal wall incision at end-surgery of 20 

ml 0.2% ropivacaine (40mg) will be optimal to potentially produce a clinical reduction in 

postoperative pain and yet to be below the threshold for clinical toxicity. 

 

Therefore, on entry into the abdominal cavity and prior to dissection a 50 ml loading dose of either 

Control (0.9% saline) or IPLA (0.2% Ropivacaine) solution was instilled throughout the abdomen 

to coat the abdominal viscera and paracolic gutters. Suction or packs to excess moisture was 

avoided. Post-operation but prior to closure of abdominal wall a further 50 ml of Control (0.9% 

saline) or IPLA (0.2% Ropivacaine) solution was instilled throughout the abdomen to coat the 

operative region of greatest dissection. An ON-Q Painbuster (ON-Q Painbuster, B. Braun 

Melsungen AG, Melsungen, Germany) soaker catheter was passed through the abdominal wall in 

the relevant upper quadrant and placed intraperitoneally along the paracolic gutter corresponding 

with the region of greatest operative dissection, into the pelvis. The external end was fixed to the 

skin with dressing.  After closure of the abdominal wall the external tubing end was connected to 

the continuous infuser reservoir and an intraperitoneal infusion of Control (0.9% saline) or IPLA 

(Ropivacaine, 20mg/hr) solution commenced immediately post-operation and continued for 48 

hrs. 
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2.4.2.5 Standardised Adjunct Postoperative Analgesia 

All patients received 1g regular paracetamol (acetaminophen) every 6 hours IV or orally (4g/day) 

until discharge. A patient-controlled analgesia pump (PCA) containing Fentanyl 1mg in 50ml 0.9% 

saline (20mcg/ml) was commenced immediately postoperatively providing boluses of 20 mcg 

available at 5min lockout intervals for patients < 70 years of age and 10 mcg at 5 min lockout 

intervals for patients > 70 years of age. This was managed and ceased at the discretion of the 

anaesthetists involved in the RAH Acute Pain Service, or the responsible clinical decision maker 

for patients of St Andrews Hospital or Calvary North Adelaide Hospital.  

 

2.4.3 SPECIFIC SAFETY CONSIDERATIONS  

2.4.3.1 The Risk for Ropivacaine Toxicity 

Severe to life threatening side effects reported for Ropivacaine (Table 2.2) are similar to those 

observed with similar other local anaesthetics. These may result from overdosage, accidental 

intravenous injection, or altered absorption or metabolism of the drug.  
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Table 2.2: Side Effects of Ropivacaine 

Side Effects  
 
 

Symptoms  
How often is 
it likely to 
occur?  

How severe might it 
be?  

How long might 
it last? 
(If symptoms 
related to the drug 
and the drug is 
stopped) 

Nervous system  

Decreased sensation of 
other body parts, fever or 
chills, headache, dizziness  

> 1%  Mild  

2 - 4 hours  

No sensation of other body 
parts  

≤ 1%  Mild  

Heart  

Low blood pressure  > 10 %  Moderate  

2 - 4 hours  Slow heart rate, high blood 
pressure and fast heart rate  

> 1 %  Moderate  

Gastrointestinal  
Nausea  > 10 %  Mild  

2 - 4 hours  
Vomiting  > 1 %  Mild  

Other  
Urinary retention  > 1 %  Moderate  

2 - 4 hours  
Anxiety  ≤ 1%  Mild  

Toxicity  

Tingling of numbness of 
mouth and tongue  

Unlikely as we 
will use a dose 
shown to be 
below the 
levels required 
to develop 
toxicity  

Severe 
*Life threatening 
 
These symptoms 
appear in order and 
therefore there are 
reversible minor signs 
of toxicity present 
before serious 
problems occur. If you 
report these 
symptoms your 
treatment will be 
discontinued.  

15-25min  

Inability to properly form 
words while speaking  

Light-headedness  

Visual and hearing 
disturbances  

Muscle twitching  

ECG changes  

Cardiac arrest*  

Allergy  
Anaphylaxis  

Rare  
Severe – Life 
threatening  

Variable  
Cardiac arrest 
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2.4.3.2 Clinical Monitoring for Ropivacaine Toxicity : Ropivacaine Toxicity Screening Chart 

The surgical/anaesthetic team and other ward-based staff monitored participants for signs of side 

effects of ropivacaine as part of their standard management, as follows: 

 

• The patient was under the direct care of an anaesthetist in the controlled monitored 

environment of operating theatre, with constant real-time respiratory and cardiac monitoring, 

while receiving supplemental oxygen at the time of intraperitoneal bolus instillation and 

commencement of infusion of ropivacaine.  

• During the immediate post-operative period the patient was cared for in the Post-anaesthesia 

Recovery Unit (PARU) by 1:1 specialist nursing staff, with ongoing monitoring of respiratory 

and cardiac function, and supplemental oxygen.  

• At all times in theatre and PARU the 1:1 ratio of specialist staff:patient allowed for direct 

observation of CNS toxicity manifested as perioral muscle twitching.  

• If signs or symptoms of toxicity developed while in theatre or PARU then management plan 

was to cease ropivacaine administration, provide ongoing monitoring of the patients 

respiratory and cardiac function, and at the anaesthetists discretion, provide an intravascular 

lipid emulsion, known to counteract the toxic effects of ropivacaine.  

 

• During the intermediate post-operative period the patient was cared for in a ward setting by 

trained nursing staff. A study information sheet was maintained in the front of the case file 

for each participant (Appendix 6.5). Screening for signs and symptoms of clinical toxicity 

occurred at intervals by assessment of vital signs: pulse, BP, RR, SaO2, temperature, and 

use of a tool designed specifically for this study, the Ropivacaine Toxicity Screening Chart 
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(Appendix 6.6). This tool prompted nursing staff to ask the participant if they were 

experiencing one of the following symptoms of ropivacaine toxicity:  

o Do you feel lightheaded? 

o Have you experienced any numbness or tingling of your mouth or tongue?, and 

o Have you noticed any muscle twitching? 

• Ward-based nursing staff were instructed to respond to abnormal vital signs as per the clinical 

chart guidelines. If a patient provided a positive response to any of the ropivacaine toxicity 

screening questions then ward-based nursing staff were advised to pause the infusion and 

initiate a medical officer review. If nursing staff directly observed muscle twitching they were 

instructed to initiate a Medical Emergency Response (MER) call for immediate medical officer 

review. At any time, if a medical officer suspected that the sign or symptom was the result of 

ropivacaine infusion, the infusion was immediately ceased and further investigation and 

management implemented, such as transfer to a monitored bed. The principal investigator 

was notified of the event during business hours, and provided a report regarding the event to 

the IDSC/HREC within 48 hours of occurrence 

. 

All the staff involved in care of the study patients were educated to provide the care as described 

above and an information sheet for staff was made available in the case-notes for each study 

participant.  

2.4.3.3 Risk for Infusion Catheter-Associated Infection 

The use of an infusion device is associated with a low risk of catheter associated infection. If this 

happens, it can be easily treated. The surgical team monitored participants for signs of infection as 

part of their normal management. 
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2.4.3.4 Safety Monitoring 

At a minimum of monthly the principal investigator conducted interviews with the Colorectal Surgeons 

and Anaesthetists performing bowel surgery for the participants to ensure there were no concerns 

regarding the safety of the experimental infusions. 

A monthly audit of all postoperative complications and side effects of ropivacaine that occurred within 

a 30d postoperative period was performed and reported at the Study Working Group Meetings. 

During the hospital inpatient stay and at the completion of involvement with the research project 

participants were invited to give verbal feedback on the project. Feedback was not restricted to these 

times. 

The severity of adverse effects associated with ropivacaine are defined in the Table 2.2. Severe to 

life threatening side effects of ropivacaine were reported to the Chairman of the Research Ethics 

Committee within 72 hours of occurring. 

2.4.3.5 Stopping Criteria 

Stopping rules for the study included: 

• The occurrence of symptoms and signs of toxicity from ropivacaine infusion, which are 

suspected by a medical officer to be directly attributable to use of the drug, in two patients. 

• The occurrence of anaphylaxis or cardiac arrest during ropivacaine infusion, which is 

suspected by a medical officer to be directly attributable to allergy to ropivacaine, in two 

patients. 

 

2.4.4 WITHDRAWAL  CRITERIA 

A participant was withdrawn from the research project if they 
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I. withdrew consent prior to commencement of the intervention,  

II. required a significant deviation from standardised anaesthetic protocol or required 

intraoperative insertion of abdominal drain. 

No data from a withdrawn participant was included in statisitical analysis. 

 

The intervention was stopped if the participant 

I. developed a Painbuster catheter associated infection,  

II. developed a side effect of ropivacaine infusion (See SAFETY SPECIFIC CONSIDERATIONS 

for full list), which was suspected by a medical officer to be directly attributable to use of the 

drug, and was incompatible with patient safety or intolerable to the patient. 

Data collection was continued and analysed in an intention-to-treat basis. 

 

Participant data collection was ceased if they 

I. withdrew consent following commencement of the intervention,  

II. required a significant deviation from standard postoperative recovery including an 

unplanned return to theatre, or commencement of chemoradiotherapy during the 45 

day follow up period. 

Data collected up to the time of cessation was included in statistical analysis. 
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2.4.5 CLINICAL STAFF CREDENTIALLING AND TRAINING 

All clinical staff involved in this study complied with the accreditation and credentialing requirements 

of their clinical role as outlined by either The Royal Adelaide Hospital, St Andrews Hospital or Calvary 

North Adelaide Hospital, and in accordance with state and federal law.  

 

All site staff with allocated responsibilities or tasks in the study, particularly surgeons, anaesthetists 

and ward-based staff, received study protocol training, and training regarding the investigational 

product, recognition of clinical toxicity, safety reporting systems and protocol for unblinding in the 

event of risk to the patient. Attendance at training was recorded on a sign-in attendance sheet. Any 

questions raised during the training, including responses, were documented and filed by the principal 

investigator. A copy of training material was maintained on file. Compliance with the study protocol 

was audited by the principal investigator at regular intervals. 

2.5 ETHICAL CONSIDERATIONS 

2.5.1 RESEARCH PARTICIPANTS 

The National Statement identifies the need to pay attention to ethical issues associated with research 

involving specific populations. In this study, information regarding a participants’ nationality or cultural 

background was not sought, therefore Aboriginal and/or Torres Strait Islander peoples may have 

been coincidentally recruited to the study. The study exclusion criteria, including “Inability to consent 

or complete data scores in the study questionnaires due to cognitive impairment and/or language 

barrier” aims to protect vulnerable individuals from any cultural background. Consent was sought with 

the customs and requirements of each individual participants’ community taken into consideration, 

adhering to the NHMRC guidelines for Ethical Conduct and Aboriginal and Torres Strait Islander 

Health Research. 
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In this study people who may have been involved in illegal activity may have been coincidentally 

recruited to the study as it is not always possible for researchers to be able to know who is and is not. 

In the current study the researchers adhered to their legal responsibilities as members of the 

community and clinicians. 

2.5.2 RELATIONSHIP OF INVESTIGATORS TO PARTICIPANTS 

This is defined as the Patient-Doctor relationship. The participants were patients being treated at 

either The Royal Adelaide Hospital, St Andrews Hospital or Calvary North Adelaide Hospital, and 

highly dependent on medical care. This relationship should not have influenced a patient’s decision 

making regarding study participation. Refusal to take part in the study did not involve penalty or loss 

of benefits or attention to which they were otherwise entitled to receive from their health care provider. 

Participants were informed they were free to decide at any time that they no longer wish to participate 

in the trial and that leaving the trial will not affect their future treatment. They were also assured that 

leaving the trial will not have any negative effect(s) on their relationship with the treating doctor or the 

hospital staff. This information is and was clearly stated in the Participant Information Sheet.  

2.5.3 PRIVACY / CONFIDENTIALITY 

Information collected directly from the participant was individually identifiable as it made up part of 

their hospital medical record. This was required in order to ensure a complete medical history is 

maintained by the hospital for future medical care. All trial personnel reviewing the patient's 

information were familiar with Australia's laws on confidentiality and privacy and their employment 

contract includes a mandate to uphold those laws. Deidentified information collected about 

participants was analysed as group data to test the hypotheses defined in the study protocol. The 

results of this analysis will be published in a peer-reviewed journal. 
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2.5.1 THE PARTICIPANTS’ EXPERIENCE DESCRIBED IN LAYMANS TERMS 

Participants received the standard care of persons having bowel surgery at the Royal Adelaide 

Hospital. In addition to the standard post-operative pain relief regimen that included a Patient 

Controlled Analgesia (PCA) pump for self-administration of opioid, the participant also had a thin 

catheter inserted into the abdomen while anaesthetised. It was fixed to the skin to avoid accidental 

removal and connected to an infusion device called a “painbuster”, about the size of a tennis ball, 

which was carried using a small carry-bag. This device administered the continuous infusion of 

Ropivacaine or Saline and was removed after 48hrs. 

Participants completed a diary prompting provision of a score reflecting their level of pain, and 

recovery at intervals post- operation. They also recorded details such as first drink, food, and first 

flatus. 

The trial coordinator visited the participants while in hospital to ensure their comfort and progress. 

Following discharge, participants were contacted by the trial coordinator to determine satisfaction 

with participation and to gain further scores of pain, and recovery up to day 45 post-operation. 

 

2.6 OUTCOMES 

2.6.1 BASELINE PATIENT DATA 

The baseline patient data recorded was age, sex, BMI, past medical history, past surgical history, 

American Society of Anesthesiologists (ASA) score, and Colorectal Physiological and Operative 

Severity Score (Cr-POSSUM) 135. 

Perioperative data to be recorded was operation performed, operation time, intraoperative 

adherence to anaesthetic protocol, intraoperative intravenous fluid use, and intravenous fluid 

administered within the first postoperative 24hours. 
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2.6.2 PRIMARY OUTCOME MEASURE – SURGICAL RECOVERY SCALE 

The postoperative domains of recovery of fatigue, and the post-discharge return to normal 

functioning in both cognition (concentration) and activities of daily living were assessed using the 

Surgical Recovery Scale (SRS) 68 pre-operatively (baseline) and on postoperative days 1, 3, 7, 

30 and 45. This was administered in the form of a patient diary (Appendix 6.7) Once discharged 

from care the patient diary with instructions was returned by email or mail with a phone call or 

email reminder. 

 

2.6.3 SECONDARY OUTCOME MEASURES 

2.6.3.1 Pain – Visual Analogue Score 

Postoperative pain at rest was evaluated using a 100mm Visual Analogue Scale with the end-

points labelled “no pain” and “the worst possible pain”78 79 for each of: 

I. somatic pain (incisional pain in the abdominal wall that the patient can touch) 

II. visceral pain (deep, dull, inside the abdomen) 

III. shoulder tip pain 

at postoperative hours 3, 6, 12, 24, 48, and 72, and at day 7. This was administered in the form 

of a patient diary (Appendix 2.5) Once discharged from care the patient diary with instructions was 

returned by email or mail with a phone call or email reminder. 

2.6.3.2 Total Adjunct Opioid Use 

Total opioid analgesia use during the postoperative day 1, 2, and 3 prior to discharge was recorded 

and quantified using the Mean Equivalent Dose (MED) method136-140. Initially this was parenteral 

fentanyl consumption, as part of the pain protocol in PACU and recorded daily in the PCA device 
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until removal of PCA. Thereafter, prn tramadol, ibuprofen, or other opioid use as charted, until 

discharge. The use of rescue ketamine infusion was not included in the study protocol, but was 

noted to be prescribed by clinicians when very high doses of parenteral opioids were consumed. 

If a patient was provided with an additional ketamine infusion for rescue analgesia this was 

recorded. 

2.6.3.3 Recovery of Normal Bowel Function 

In the current study the following indicators of return of normal bowel function were recorded: time 

to tolerating oral fluid, oral diet and to first postoperative flatus, and bowel motion. A diagnosis of 

ileus was made on clinical findings or the requirement for insertion of naso-gastric tube. Ileus 

manifests clinically with nausea, vomiting, intolerance of food and fluid and therefore a 

requirement for intravenous fluid therapy and naso-gastric tube placement. In the current study 

post-operative antiemetic use was recorded, as were number of episodes of vomiting. The length 

of time requiring postoperative intravenous fluid was recorded.  

2.6.3.4 Time to Readiness For Discharge (TRD) 

TRD and actual length of stay (LOS) were recorded. Readmission, defined as unplanned return 

to hospital within 30d surgery and requiring an overnight admission, was recorded.  

2.6.3.5 Operative Complications 

All complications that occurred within a 30d postoperative period were recorded and graded using 

the Clavien-Dindo classification system141 142 
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Table 2.3: Classification of Surgical Complications141 142 

Grade Definition 

Grade I  

Any deviation from the normal postoperative course without the need for 

pharmacological treatment or surgical, endoscopic, and radiological 

interventions Allowed therapeutic regimens are: drugs as antiemetics, 

antipyretics, analgetics, diuretics, electrolytes, and physiotherapy. This 

grade also includes wound infections opened at the bedside 

Grade II   

Requiring pharmacological treatment with drugs other than such allowed 

for grade I complications. Blood transfusions and total parenteral nutrition 

are also included 

Grade III 

Grade IIIa 

Grade IIIb 

Requiring surgical, endoscopic or radiological intervention.  

Intervention not under general anesthesia 

Intervention under general anesthesia 

Grade IV 

Grade IVa 

Grade IVb 

Life-threatening complication (including CNS)* requiring IC/ICU 

management.  

Single organ dysfunction (including dialysis) 

Multiorgan dysfunction 

Grade V  Death of a patient 

Suffix “d” 

If the patient suffers from a complication at the time of discharge (see 

examples in Table 2), the suffix “d” (for “disability”) is added to the 

respective grade of complication. This label indicates the need for a follow-

up to fully evaluate the complication. 

*Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient ischemic attacks.  

CNS, central nervous system; IC, intermediate care; ICU, intensive care unit. 
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2.7 STATISTICAL ANALYSIS 

Patient recruitment and flow are reported and represented in CONSORT diagram (Figure 3.1). Data 

was analysed as a cohort analysis of all participants with subgroup analysis of participants in the 

laparoscopic arm only. 

Data was assessed for normality using the Shapiro-Wilk test. Skewed data sets including time to oral 

fluid, diet and first flatus were log transformed. Results are presented as either Mean ± SEM or 

Median (Interquartile Range, IQR) for parametric data, or Geometric Mean (95% Confidence Interval, 

CI) for log-transformed parametric data. Differences in categorical variables was determined using 

the Fisher’s Exact or Pearson’s chi-square test, while differences in ordinal variables was determined 

via a Mann-whitney U Test for ordinal variables, and student’s T-test for parametric variables as 

indicated. The SRS score at baseline and each postoperative time-point was compared between 

IPLA and Control groups, in accordance with validated design68, and the change in SRS across time 

was not tested. A negative binomial regression was used to determine a statistical difference in 

incidence of vomiting episodes, presented as Incidence Rate Ratio (95% CI). All analyses were 

performed using Stata14 (StataCorp LP, College Station, TX). Statistical significance was accepted 

at P < 0.05.  
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3. RESULTS 

3.1 Participant Recruitment and Flow 

3.1.1 RECRUITMENT TIMELINE 

Between May 2015 and July 2016, 180 patients were screened for inclusion at the Royal Adelaide 

Hospital. Recruitment at St Andrew’s Hospital occurred between August 2015 and July 2016, and at 

Calvary North Adelaide Hospital between November 2015 and July 2016.  

3.1.2 PARTICIPANT FLOW 

180 individuals were identified as potential participants. 30 declined to participate. Of the remaining 

individuals 107 were eligible to participate according to the criteria outlined in Section 2.1. 90 

participants were randomized equally between the Control and IPLA groups.  See Figure 3.1 for 

CONSORT Diagram. 

 

Five participants in the control group and three in the IPLA group noted accidental removal of 

painbuster catheters prior to completion of the 48hr infusion. One participant in the control group and 

three in the IPLA group had painbuster catheters removed early due to clinical suspicion of 

ropivacaine toxicity (see Section 3.4.1 for details). Two participants in the IPLA group were noted to 

have incomplete emptying of painbuster pump reservoirs. All of the above patients were analysed 

on an intention to treat basis. The number of SRS questionnaires that were not completed was: 1,3, 

23, 27, 20 and 19 for baseline, postoperative day 1, 3, 7, 30 and 45, respectively. Noncompletion 

rates were similar between IPLA and control groups, resulting from participant noncompliance, loss 

to follow up, or withdrawal from data collection according to the criteria outlined in Section 2.4.5. All 

individual items achieved a minimum of 70% completed data. 
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Figure 3.1 CONSORT Diagram of Participant Flow 

The number of participants who were randomly allocated, received the study intervention, and were 

analysed for outcome measures in the Control and IPLA groups. 
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3.1.3 LOSSES AND EXCLUSIONS AFTER RANDOMISATION 

Four participants (Control = 1, IPLA = 3) were excluded after randomization due to: intraoperative 

change in management requiring insertion of abdominal drain (open arm, IPLA group); emergency 

unblinding in response to intraoperative critical event (lap arm, control group; See Section 3.4.2 – 

Emergency Unblinding Event – Severe Adverse Event for details); and significant deviation from 

study protocol including one participant (open arm, IPLA group) who did not receive the study 

intervention due to surgeon omission of intraoperative intraperitoneal bolus doses and incorrect 

preparation of painbuster by theatre staff, and one participant (open arm, IPLA group) to whom the 

anaesthetist administered 147.25 mg iv lignocaine over 20min and 3.12mg ketamine intraoperatively. 

These participants did not have study data collected and were not included in analysis. 
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3.2 Baseline Data 

The baseline patient and perioperative data were similar between the Control and IPLA groups 

(Table 3.1) 

 

Table 3.1: Baseline patient and perioperative data 

All Participants (n=86) 
Subgroup Laparoscopic 

Approach (n=51) 

Control (n=42) IPLA (n=44) Control (n=25) IPLA (n=26) 

Surgical Approach     

Open 14 (33.3%) 13 (29.5%)   
Lap conversion to open 3 (7.1%) 5 (11.4%)   

Laparoscopic 25 (59.6%) 26 (59.0%) 25 (49%) 26 (51%) 

Age (median in yrs, IQR) 63.4 (54.4, 72.4) 67.9 (59.4, 76.4) 63.2 (54.8, 71.3) 71.4 (60.7, 77.3) 

Gender     

Female 22 (52.4%) 18 (40.9%) 11 (44%) 11 (42.3%) 

Male 20 (47.6%) 26 (59.1%) 14 (56%) 15 (57.7%) 

BMI (mean in kg/m2, SD) 26.4 ± 5.6 28.6 ± 2.9 26.4 ± 4.8 28.5 ± 4.5 

ASA     

I 2 (5%) 0 (0%) 2 (8.3%) 0 (0%) 

II 30 (75%) 26 (66.7%) 16 (66.7%) 16 (72.7%) 

III 8 (20%) 13 (33.3%) 6 (25%) 6 (27.3%) 

Cr-POSSUM (median % 
risk, IQR) 

1.85 (0.92, 2.51) 1.85 (1.30, 2.60) 1.85 (0.90, 2.58) 1.9 (1.33, 2.60) 

Diagnosis     

Polyp / cancer 30 (73.2%) 28 (66.6%) 22 (88%) 20 (83.3%) 

Diverticulitis 6 (14.6%) 7 (16.7%) 0 (0%) 1 (4.2%) 

IBD 4 (9.8%) 5 (11.9%) 2 (8%0 2 (8.3%) 

Other benign 1 (2.4%) 2 (4.8%) 1 (4%) 1 (4.2%) 

Operation time (median in 
min, IQR) 

165 (130, 180) 150 (121, 190) 167 (130, 190) 153 (135, 190) 

IVT (mean in ml ± SD)     

Intraoperative  1694 ± 676 1674 ± 775 1759 ± 633 1654 ± 750 

First Postoperative 
24hr 

2975 ± 649 3081 ± 1068 2924 ± 700 2927 ± 874 

N indicates number of patients; IQR, interquartile range; BMI, body mass index; SD, standard deviation; Cr-POSSUM, 
Colorectal-Physiological and Operative Severity Score for the enumeration of postoperative morbidity and mortality. 
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3.3 Postoperative Surgical Recovery and Pain Outcomes 

3.3.1 COHORT ANALYSIS OF ALL PARTICIPANTS N=86 

When considering the SRS scores at each postoperative time-point for the IPLA and Control groups, 

participants in the IPLA group were shown to have an improved functional recovery at postoperative 

day 1 and day 7 compared with Control (Figure 3.3.1). Participants in the IPLA group scored 

significantly lower on VAS for somatic pain at postoperative 3, 6, 12 and 24h, and on VAS for visceral 

pain at postoperative 3, 12, 24h and 7days. The mean shoulder tip pain score was less than 8mm 

with SEM < 4mm for every time point assessed, and not different between the groups. There was a 

trend (P=0.08) toward reduced opioid use (MED) in the IPLA group during the first 24hr post 

operation (Table 3.2), but no significant difference between IPLA and control in opioid use (MED) 

during postoperative day 2 or day 3. The data for these two items was skewed requiring log-

transformation and is therefore not presented in table form. There was a significant difference in the 

incidence of the introduction of rescue ketamine infusion between the groups, with rescue ketamine 

used for six Control participants, in contrast with one IPLA participant. Participants in the IPLA group 

passed flatus 10h earlier than their Control counterparts and there was also a trend towards an earlier 

bowel motion. There was no difference in the time to first oral fluid or food intake. There was a 

nonsignificant 14.1% decrease in the number of vomiting episodes in IPLA participants and no 

difference in rate of ileus between the Control and IPLA groups. The TRD, LOS complication rate, 

and anastomotic leak rate were not different between the groups (Table 3.3).  

  



Chapter 3 47 

Results 

 

  

 

 

 

 

  

 
Number of participants analysed, n 

SRS 
Baseline 

SRS day 1 SRS day 3 SRS day 7 
SRS day 

30 
SRS day 

45 

Control 42 41 30 29 32 33 

IPLA 43 42 33 32 34 34 

 

 

Figure 3.2 Postoperative recovery following colectomy by any approach 

Surgical Recovery Score at baseline (Day 0, preoperation), and following colectomy to postoperative 

day 45 for the Control (normal saline) and IPLA (intraperitoneal local anaesthetic) groups. Data is 

presented as Mean ± SEM. * P < 0.05. 
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B  

 

 

Figure 3.3 Visual Analogue Scale Pain Scores - Post Colectomy 

Visual analogue scale pain score for (A) somatic pain and (B) visceral pain at rest following colectomy 

by any approach from postoperative 3 hours to day 7 for the Control (normal saline) and IPLA 

(intraperitoneal local anaesthetic) groups. Data is presented as Mean ± SEM. ** P < 0.01, * P < 0.05, 

^ P < 0.08.  
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Table 3.2: Recovery of Bowel Function, Discharge Parameters and Complication Rates 
following Colectomy 

 
 

Control  
 

IPLA  P value 

Return of Bowel Function (g-mean 
in hours [CI]) 

(n) 
 

(n) 
  

Time to oral fluid 42 8   [7, 10]  43 10 [7, 12]  0.39† 
Time to diet 41 24 [18, 31] 41 21 [17, 25] 0.41† 

Time to flatus 39 45 [38, 52] 39 34 [28, 41] 0.03† 

Time to bowel motion (mean) 40 91 [74, 104] 39 75 [61, 89] 0.09† 

Number of vomiting episodes 
(IRR, CI) 

42 0.86 [0.36, 2.05] 44 0.60 (0.32, 1.09) 0.73◊ 

Diagnosis of ileus 42 10 (24%) 43 5 (11%) 0.14‡ 

Discharge Parameters (median in 
days, IQR) 

 
 

 
  

TRD 41 4.5 [3.0, 5.9] 41 3.7 [2.8, 5.5] 0.20╫ 

LOS 42 6.0 [4.7, 9.0] 41 5.5 [4.0, 6.9] 0.20╫ 

Opioid Use (mean in MED± SEM)      

Post operative day 1 42 91.4 ± 9.6 44 72.9 ± 9.3 0.08╫ 

Post operative day 2 42   44    

Post operative day 3 42  44   

Use of rescue ketamine infusion  42 6 (14%) 44 1 (2%) 0.05♦ 

Readmission rate 42 2 (5%) 44 5 (11%) 0.61‡ 

Complication rate 42 15 (36%) 44 14 (32%) 0.82‡ 

Complication type 42  44   
Wound dehiscence  0  1  
Urinary retention  0  1  
Respiratory infection  3  3  

Anastomotic leak  1  4  

Intraperitoneal collection  2  1 NS 

Bacteremia (no leak)  1  1  

Cardiorespiratory  1  3  

Bleeding  3  0  

Other  2  1  

Complication grade (Clavien-Dindo) 42  44   

I  13  9  

II  3  5  

III  3  5 NS 

IV  3  3  
V  0  0*  

N indicates number in group; n indicates number analysed; g-mean, geometric mean; CI, 95% confidence interval; IRR, 
incidence rate ratio; IQR, interquartile range; TRD, time to readiness for discharge; LOS, length of stay; MED, 
milliequivalent dose; SEM, standard error of the mean.  
*patient death related to initial operation and complication but > 30 days post operation. 
† student’s t-test, ‡ Pearson chi-square, ◊negative binomial regression, ╫Mann-Whitney, ♦Fisher’s exact 
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3.3.2 SUBGROUP ANALYSIS OF LAPAROSCOPIC PARTICIPANTS N=51 

When considering the SRS scores at each postoperative time-point for the IPLA and Control groups 

of participants who underwent surgery by the laparoscopic approach, participants in the IPLA group 

were shown to have an improved functional recovery at postoperative day 7 and day 30 compared 

with Control (Figure 3.3.4). Participants in the IPLA group scored significantly lower on VAS for 

somatic pain at postoperative 3, 6, 12, 24h, and 7 days and on VAS for visceral pain at postoperative 

3, 12, 24, 48h and 7days. The mean shoulder tip pain score was less than 12 mm with SEM < 8 mm 

for every time point assessed, and not different between the groups. There was a trend (P<0.09) 

toward reduced opioid use (MED) in the IPLA group during the first 24hr (Table 3.3), but no significant 

difference between IPLA and control in opioid use (MED) during postoperative day 2 or day 3. The 

data for these two items was skewed requiring log-transformation and is therefore not presented in 

table form. There was no difference in the rate of rescue ketamine infusion between the groups. 

There was no difference in the time to first oral fluid, food intake, flatus or bowel motion. There was 

no difference in the number of vomiting episodes or rate of ileus between the Control and IPLA 

groups. The TRD, LOS complication rate, and anastomotic leak rate were not different between the 

groups (Table 3.3).  

  



Chapter 3 51 

Results 

 

 

 

 

 

 

  

 
Number of participants analysed, n 

SRS 
Baseline 

SRS day 1 SRS day 3 SRS day 7 
SRS day 

30 
SRS day 

45 

Control 25 24 19 16 17 18 

IPLA 26 26 18 21 21 22 

 

 

Figure 3.4 Postoperative recovery following laparoscopic colectomy 

Surgical Recovery Score at baseline (Day 0, preoperation), and following laparoscopic colectomy to 

postoperative day 45 for the Control (normal saline) and IPLA (intraperitoneal local anaesthetic) 

groups. Data is presented as Mean ± SEM. * P < 0.05. 
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Figure 3.5 Visual Analogue Scale Pain Scores – Post Laparoscopic Colectomy  

Visual analogue scale pain score for (A) somatic pain and (B) visceral pain at rest following 

laparoscopic colectomy from postoperative 3 hours to day 7 for the Control (normal saline) and IPLA 

(intraperitoneal local anaesthetic) groups. Data is presented as Mean ± SEM. ** P < 0.01, * P < 

0.05, ^ P < 0.08. 
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Table 3.3: Recovery of Bowel Function, Discharge Parameters and Complication Rates 
following Laparoscopic Colectomy 

 
 

Control (N=25) 
 

IPLA (N=26) P value 

Return of Bowel Function (mean 
in hours, CI) 

(n) 
 

(n) 
  

Time to oral fluid 25 9   [6, 10] 25 9   [6, 13]  0.58† 
Time to diet 25 22 [15, 31] 23 18 [14, 24] 0.45† 

Time to flatus 24 42 [34, 52] 26 33 [25, 42] 0.11† 

Time to bowel motion (mean) 23 91 [78, 104] 22 75 [61, 90] 0.22† 

Number of vomiting episodes 
(IRR, CI) 

25 0.52 [0.29, 0.75] 26 1.07 [0.72, 1.42] 0.90◊ 

Diagnosis of ileus 25 4 (16%) 25 1 (4%) 0.16‡ 

Discharge Parameters (median in 
days, IQR) 

 
 

 
  

TRD 24 3.8 [2.4, 5.2] 25 3.0 [2.5, 3.9] 0.29╫ 

LOS 24 5.0 [4.0, 6.1] 25 5.1 [3.6, 6.6] 0.53╫ 

Opioid Use (mean in MED, SEM)      

Post operative day 1 25 68.0 (7.59) 26 52.7 (9.40) 0.09╫ 

Post operative day 2 25   26    

Post operative day 3 25  26   

Use of rescue ketamine infusion  25 3 (12.0%) 26 0 (0.0%) 0.11♦ 

Readmission rate 25 1 (4%) 26 1 (3.8%) 1.00‡ 

Complication rate 25 7 (28%) 26 6 (23%) 0.75‡ 

Complication type 25  26   
Respiratory infection  2  1  
Anastomotic leak  1  1  
Intraperitoneal collection  1  1  
Bacteremia (no leak)  1  1 NS 

Cardiorespiratory  1  2  

Bleeding  1  0  

Other  0  1  

Complication grade (Clavien-Dindo) 25  26   

I  10  2  

II  1  2  

III  2  1 NS 

IV  1  2  
V  0  0  

N indicates number in group; n indicates number analysed; g-mean, geometric mean; CI, 95% confidence interval; IRR, 
incidence rate ratio; IQR, interquartile range; TRD, time to readiness for discharge; LOS, length of stay; MED, 
milliequivalent dose; SEM, standard error of the mean.  
† student’s t-test, ‡ Pearson chi-square, ◊negative binomial regression, ╫Mann-Whitney, ♦Fisher’s exact 
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3.4 Screening for Clinical Toxicity of Ropivacaine and Safety Measures 

3.4.1 ROPIVACAINE TOXICITY SCREENING CHART- REPORTED SYMPTOMS AND ACTION TAKEN 

The ropivacaine toxicity screening chart was completed for all participants and was locatable in the 

case notes of Control n=40 and IPLA n=43 participants. A subjective symptom(s) of clinical 

ropivacaine toxicity was reported by seventeen participants (Table 3.3). All participants had a normal 

blood pressure, pulse, and ECG unchanged from baseline at the time of reporting, except one 

participant shown to be in atrial fibrillation (AF), but with a normal QRS complex. There was no 

difference in the rate of symptom reporting between the Control and IPLA groups. The postoperative 

painbuster infusion was ceased early for four participants due to clinical concern. The participant with 

delirium did not improve significantly following cessation of painbuster infusion. The participant who 

reported blurry vision was reviewed by an ophalmologist on the ward who reported a previously 

undiagnosed visual defect requiring glasses for correction. The participant reporting perioral 

numbness improved 10min post cessation of infusion, with no alternate cause present, however the 

operation report commented on a clinical suspicion of undiagnosed liver disease, despite normal 

preoperative liver function tests. In the presence of undiagnosed liver disease there may be lower 

mean ropivacaine clearance as it is known that patients with end-stage liver disease have about a 

60% lower mean ropivacaine clearance than healthy subjects and are thus expected to have over 

two-fold higher steady-state ropivacaine plasma concentrations during a continuous ropivacaine 

infusion114. For this participant perioral numbness was reported at 190 minutes following the second 

bolus dose, and It is therefore highly likely that clinical ropivacaine toxicity was identified. 

For the participants (Control n = 3, IPLA n = 3) that were observed to develop arrhythymia an 

alternate cause was present in 100% of cases, including sepsis secondary to pneumonia or 

anastomotic leak, electrolyte disturbance secondary to high-volume lower GI losses, malabsorption 

of oral anti-arrhythymic agent secondary to ileus and critical bleed associated hypotension. 
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Table 3.4: Ropivacaine Toxicity Screening Chart – Reported Symptoms and Action Taken 

 Control (N=40) IPLA (N=43) 

Early removal of painbuster   

For delirium 1 0 

For AF, subsequently explained by alternate cause 0 1 

For perioral numbness 0 1 

For blurry vision, subsequently explained by 
alternate cause 

0 1 

Painbuster intermittently clamped   

For lightheadedness 4 4 

For lightheadedness, alternate explanation present 3 1 

For muscle twitching 1 0 

For muscle twitching, alternate explanation present 1 1 

 

3.4.2 EMERGENCY UNBLINDING EVENT – SEVERE ADVERSE EVENT 

In response to an intraoperative severe adverse event (SAE) a participant in the laparoscopic arm at 

Calvary North Adelaide Hospital was withdrawn from the study and had emergency unblinding of 

study group allocation performed. The SAE occurred approximately 2 minutes following abdominal 

insufflation with CO2 and intraperitoneal instillation of experimental solution via laparoscopic port. 

The patient became bradycardic then recorded asystole. This was recognised by the anaesthetist to 

likely be a vagal response to laparoscopic insufflation therefore 2 minutes cardiopulmonary 

resuscitation (CPR) and 600mcg atropine were administered with reversion to normal cardiac 

activity. To allow for clarity in management the study protocol was abandoned and study group 

allocation unblinded to CONTROL (normal saline).  

This SAE was conclusively not related to study intervention. 
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4. Discussion, Conclusions and Future Directions for Research 

 

4.1 Summary  

This is the first study to establish the effect of intraperitoneal local anaesthetic (IPLA) instillation and 

postoperative infusion on functional postoperative recovery following colectomy, in the absence of 

concurrent epidural analgesia. In this study participants underwent colectomy by both the open and 

laparoscopic approach and received optimised perioperative care within an ERAS program. The local 

anaesthetic drug ropivacaine was instilled into the intraabdominal space pre-and post-dissection 

during colectomy, and then infused into the intraperitoneal space during the first postoperative 48 

hours. This technique resulted in an improvement in functional postoperative recovery, in the 

domains of fatigue, vigor, mental function, impact on patient activity and impact on ADLs, as 

assessed by the Surgical Recovery Scale (SRS). It also resulted in reduced pain scores for up to 

one week postoperation, as assessed by 100mm Visual Analogue Scale (VAS), a decreased need 

for rescue ketamine infusion analgesia, and an earlier passage of flatus.  

4.2 IPLA Instillation and Infusion Improves Functional Postoperative 

Recovery Following Colectomy  

Intraoperative instillation and postoperative infusion of IPLA following colectomy enhances functional 

recovery during the infusion period. In this study postoperative infusion of IPLA for 48 hrs resulted in 

an improved SRS score during the infusion, on day 1 postoperation. At day 3 postoperation, 24hrs 

after cessation of infusion, there was no persisting effect of IPLA on recovery. This is comparable 

with the key prior study by Kahokehr and colleagues1, where augmentation of epidural analgesia with 

IPLA infusion for 72 hrs resulted in an improvement in SRS during the infusion, on postoperative days 

1 and 3. Further similarities between the two studies include comparable baseline SRS scores, and 

the return to baseline SRS by both IPLA and Control groups at day 30 postoperation. An increased 
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frequency of assessment prior to day 30 is required to determine the earliest time point at which 

recovery scores achieve baseline, or whether IPLA hastens the return to baseline scores. 

 

Interestingly, in the current study enhanced recovery was again identified in the IPLA group at day 7 

postoperation, during the intermediate to late phase of recovery. This finding is in contrast to the study 

of Kahokehr and colleagues, where the postoperative recovery scores were similar between IPLA 

and Control groups at day 7 postoperation. The explanation for the difference between the studies is 

not known, however it could be postulated that the delayed effect of IP ropivacaine on recovery is 

dose dependent such that the higher total IP instillation dose of 200mg in the current study in 

comparison with 75mg, or the higher IP infusion rate of 20mg/hr compared with 8mg/hour was 

required for an effect to be produced. Alternatively, it may reflect the differences between the two 

study populations, where in the current study 60% of participants underwent laparoscopically-

assisted colectomy in contrast with 3% of study participants in the study by Kahokehr and colleagues. 

 

When the subset of participants who underwent colectomy by the laparoscopic approach were 

considered separately, it remained true that intraoperative instillation and postoperative infusion of 

IPLA resulted in enhanced recovery at day 7, during the intermediate to late phase of recovery. 

Enhanced recovery was additionally identified at day 30 postoperation in the IPLA group, although 

the relevance of this difference when SRS scores approximate baseline is unclear. IPLA did not, 

however, enhance functional recovery during the infusion period. It is not known whether this subset 

analysis is simply not powered to detect the effect of IPLA on recovery during the infusion period or 

whether there is a difference between the open and laparoscopic subgroups in the effect of IPLA. It 

is highly possible that the subset analysis is not powered to detect the effect of IPLA on recovery 

during the infusion peiord. Laparoscopic colectomy is well known to have an improved postoperative 

recovery compared with open colectomy, based on studies of of recovery that were conducted prior 
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to development of the SRS tool. These studies demonstrate laparoscopic colectomy results in a 

reduced postoperative pain, duration of ileus, and length of hospital stay 2 8 compared with open 

colectomy. It is therefore likely that early SRS scores would be ameliorated by the laparoscopic 

approach, resulting in attenuation of the effect of IPLA on SRS. Therefore, in laparoscopic colectomy 

a greater number of participants may be required for the study to be powered to show an effect of 

IPLA on recovery during the infusion period, 

 

In the current study, IPLA as an intraoperative bolus dose followed by postoperative infusion also led 

to a significant improvement in postoperative pain as determined by VAS scores. This was expected 

on the basis of the previous similar finding in an RCT that investigated the effect of a bolus dose of 

IPLA on postoperative analgesia in laparoscopic colectomy47, and the level 1 evidence for the 

analgesic role for IPLA as an intraoperative bolus dose in a broad range of other abdominal surgeries, 

including laparoscopic and open gynaecological procedures41 44 45, and laparoscopic gastric 

procedures42 143, and. In both the current study and the study of Kahokehr and colleagues1, the 

analgesic effect of IPLA was present not only for the duration of infusion, but also at day 7, implying 

that there is an imprinting effect of IPLA on subsequent nociception. Improved pain at day 7 did not 

occur in the subset of laparoscopic colectomy. The findings in the current study of improved pain 

scores that persist beyond the cessation of IPLA infusion to day 7, and of improved recovery scores 

during the intermediate and late phases of functional recovery are consistent with the concept that 

IPLA acts locally 144-146 to dampen the vagally mediated neuro-immuno-humoral (NIH) axis surgical 

stress response to visceral peritoneum injury 48.  

 

IPLA appeared to improve the recovery of bowel function. In the current study, participants that 

received IPLA passed flatus earlier and demonstrated a weak statistical trend toward earlier bowel 

movement when compared with Control participants. This finding did not remain true in the subset of 
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laparoscopically-assisted colectomies. An earlier passage of flatus was previously noted following 

augmentation of epidural anaesthesia with IPLA following open colectomy in adults1. Earlier passage 

of flatus was also noted when IP ropivacaine was administered to children during laparoscopic 

herniorrhaphy147 The mechanism by which IPLA may act to improve recovery of gut function is 

unknown, but could be either through modulation of the NIH-axis and/or the result of the trend to 

decreased opioid consumption. 

4.3 Study Limitations 

In this study assessing the effect of IPLA on functional postoperative recovery following colectomy 

the sample size required to detect a change in SRS was determined and an improvement in SRS 

was identified. This study was not powered to show a difference in the remaining domains of 

postoperative recovery, including reduction in incidence and duration of ileus and time to readiness 

for discharge. Nor was it powered to demonstrate a statistical difference in reduction in opioid 

consumption as previously described in level 1 evidence to accompany an improvement in 

postoperative pain 1 42 43 47. Although not powered to this outcome, prior studies have demonstrated 

this effect with as few as 30 participants per study arm. Perhaps in this study the ability to identify 

only a trend towards a decreased opioid use in the IPLA group is due to a clinical ceiling effect for 

opioid use, such that at the higher levels of opioid use the responsible clinican was likely to commence 

a ketamine infusion rather than continue to increase the dose of administered opioid. Interestingly, 

there was a statistically significant increase in the rate of rescue ketamine in the Control, compared 

with the IPLA group.   

 

Ropivacaine dosing in the current study was determined on the basis of prior studies describing the 

pharmacokinetic profile, safety and efficacy of ropivacaine at varied doses. While in this study plasma 

concentrations of ropivacaine were not measured, participants were screened for signs and 
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symptoms of ropivacaine toxicity throughout the infusion period. There was no difference in the rate 

of symptom reporting between the Control and IPLA groups, however one potentially toxic event was 

identified. This was suspected to be related to underlying undiagnosed liver disease, known to 

reduce the capacity for ropivacaine metabolism.  

 

This study was limited by availability of potential participants, although it had a standard recruitment 

rate. Two additional recruitment sites were opened in order to facilitate participant recruitment and 

completion of the laparoscopic arm of the study was achieved.   

4.1 Study Strengths  

This study was small, but was able to determine a significant difference in SRS between the 

intervention and control groups.  Therefore, the magnitude of the effect of the intervention was large.  

The research question was able to be answered in a shorter amount of time and over fewer centres 

with limited cost to the institutions involved. 

The study design was modelled on the research of Kahokehr and colleagues1, and wherever possible 

used validated and standardized assessment methods, permitting the study to be replicated by 

different clinical groups, and over time, with the production of comparable findings. Clear 

documentation is provided regarding the content and application of the survey instruments so that 

other researchers can assess the validity of the findings. 

This study was inclusive of all patients undergoing elective colectomy at each study centre, and 

therefore an accurate representation of the South Australian population. The findings can be 

generalized to the Australian population. 

This study is a prospective double-blind randomised controlled trial and therefore can establish 

causation, and is not subject to allocation bias, selection bias, patient or observer bias. Recruitment 

bias remains present in all RCTs. The impact of nonresponse bias to the patient reported outcome 
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SRS is not known. The randomisation was stratified by surgical approach, allowing subgroup 

analysis of participants undergoing laparoscopically-assisted colectomy. This study was designed to 

determine the benefits and risks of the intervention as it would occur in routine clinical practice. This 

provides information on the comparative effectiveness of the intervention when employed by 

clinicians in the hospital, where patients have complex medical conditions and institutions have 

systematic differences in the capacity to complete an intervention.   The result can therefore inform 

clinical practice.  

4.1 Conclusions and Future Directions for Research  

This double-blind randomised controlled trial (RCT) has demonstrated a benefit of intraperitoneal 

local anaesthetic (IPLA) instillation and postoperative infusion to functional postoperative recovery 

following colectomy, most apparent during the late phase of recovery when the patient has been 

discharged to home. IPLA also resulted in improved pain scores during the intermediate recovery 

phase, and earlier return of postoperative bowel function.  IPLA may therefore may be regarded as a 

successful standalone treatment with an impact in the late phase of recovery, likely through 

modulation of the NIH-axis response to surgery, or in other words, a dampening of the surgical stress 

response. IPLA can therefore be recommended for inclusion into the ERAS polypharmacy approach 

to postoperative pain management following laparoscopic colectomy. IPLA has the potential to 

reduce the patient hospital length of stay and cost to the health system. We propose that while we 

did not show improvement in discharge parameters or postoperative complications, these may be 

demonstrated in a study with more participants.  

 

The potential benefit of IPLA goes well beyond good postoperative analgesia and improved 

postoperative functional recovery. In recent research the magnitude of the peritoneal cytokine 

response has been linked to the degree of postoperative metabolic derangement, presence and 
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duration of ileus, formation of adhesions and oncological outcomes. The potential benefit of IPLA to 

impact upon these factors should be evaluated in future research. 
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5. Appendix 

5.1 Participant Information Sheet and Consent Form 

 

Dear  

 

You are invited to be a participant in a study about infusion of local anaesthetic into the 

abdomen and how well that reduces pain and improves recovery after bowel surgery  

This study is available to patients having bowel surgery at Calvary North Adelaide 

Hospital, St Andrew’s Hospital and The Royal Adelaide Hospital. Participants will receive 

a standard post-operative pain relief regimen and in addition will also have a “Painbuster” 

that delivers local anaesthetic (or saline) into the abdomen to the operation site for 48 

hours.  

Participants are required to complete a diary that contains questionnaires about pain 

levels and recovery markers at different times after their surgery. Participants are also 

asked to record details such as first drink, food and flatus. Questionnaires are asked on 

day 1, 2, 3, 7, 30 and 45 after surgery. The Clinical Coordinator will remind participants 

on the day to complete the questionnaire. 

Participation is voluntary. You may choose to discontinue participation at any time during 

the trial. Your decision not to take part in this trial, or to stop participating in this trial will 

not affect your current or future medical care or your relationship with employees of 

Calvary North Adelaide Hospital, St Andrew’s Hospital or the Royal Adelaide Hospital. 

If you have any questions please contact the Study Coordinator Dr Jaime Duffield on 

0418329970. 

 

Sincerely 

Dr Jaime Duffield 
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5.2 Naropin Product Information PAIN.000-114-897.7.0 
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5.3 Sodium Chloride Injection 0.9% Product Information 
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5.4 On-Q Painbuster Product Information 
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5.5 Participant Case File Information Sheet 
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5.6 Ropivacaine Toxicity Screening Chart 
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5.7 Participant Diary 

 

 

 



Appendix  112 

 

 

 

 

 

 



Appendix  113 

 

 

 

 

 

 



Appendix  114 

 

 

 

 

 

 



Appendix  115 

 

 

 

 

 

 



Appendix  116 

 

 

 

 

 

 



Appendix  117 

 

 

 

 

 

 



Appendix  118 

 

 

 

 

 

 



Appendix  119 

 

 

 

 

 

 



Appendix  120 

 

 

 

 

 

 



Appendix  121 

 

 

 

 

 

 



Appendix  122 

 

 

 

 

 

 



Appendix  123 

 

 

 

 

 

 



Appendix  124 

 

 

 

 

 

 



Bibliography  125 

 

6. Bibliography  

 

1. Kahokehr A, Sammour T, Shoshtari KZ, et al. Intraperitoneal local anesthetic improves recovery 
after colon resection: A double-blinded randomized controlled trial. Annals of Surgery 
2011;254(1):28-38. 

2. Vlug MS, Wind J, Hollmann MW, et al. Laparoscopy in combination with fast track multimodal 
management is the best perioperative strategy in patients undergoing colonic surgery: a 
randomized clinical trial (LAFA-study). Ann Surg 2011;254(6):868-75. doi: 
10.1097/SLA.0b013e31821fd1ce [published Online First: 2011/05/21] 

3. Fleshman J, Sargent DJ, Green E, et al. Laparoscopic colectomy for cancer is not inferior to 
open surgery based on 5-year data from the COST Study Group trial. Ann Surg 
2007;246(4):655-62; discussion 62-4. doi: 10.1097/SLA.0b013e318155a762 

4. Klarenbeek BR, Bergamaschi R, Veenhof AA, et al. Laparoscopic versus open sigmoid resection 
for diverticular disease: follow-up assessment of the randomized control Sigma trial. Surg 
Endosc 2011;25(4):1121-6. doi: 10.1007/s00464-010-1327-0 [published Online First: 
2010/09/28] 

5. Biondi A, Grosso G, Mistretta A, et al. Laparoscopic vs. open approach for colorectal cancer: 
evolution over time of minimal invasive surgery. BMC Surg 2013;13 Suppl 2:S12. doi: 
1471-2482-13-S2-S12 [pii] 

 10.1186/1471-2482-13-S2-S12 [published Online First: 2013/12/07] 
6. Korolija D, Tadic S, Simic D. Extent of oncological resection in laparoscopic vs. open colorectal 

surgery: meta-analysis. Langenbecks Arch Surg 2003;387(9-10):366-71. doi: 
10.1007/s00423-002-0335-5 [published Online First: 2003/01/22] 

7. Lacy AM, Garcia-Valdecasas JC, Delgado S, et al. Laparoscopy-assisted colectomy versus 
open colectomy for treatment of non-metastatic colon cancer: a randomised trial. Lancet 
2002;359(9325):2224-9. doi: 10.1016/S0140-6736(02)09290-5 

8. Schwenk W, Haase O, Neudecker J, et al. Short term benefits for laparoscopic colorectal 
resection. Cochrane Database Syst Rev 2005(3):CD003145. doi: 
10.1002/14651858.CD003145.pub2 

9. Zhuang CL, Huang DD, Chen FF, et al. Laparoscopic versus open colorectal surgery within 
enhanced recovery after surgery programs: a systematic review and meta-analysis of 
randomized controlled trials. Surg Endosc 2014 doi: 10.1007/s00464-014-3922-y 
[published Online First: 2014/11/22] 

10. Kehlet H, Mogensen T. Hospital stay of 2 days after open sigmoidectomy with a multimodal 
rehabilitation programme. Br J Surg 1999;86(2):227-30. doi: 10.1046/j.1365-
2168.1999.01023.x [published Online First: 1999/04/01] 

11. Bagnall NM, Malietzis G, Kennedy RH, et al. A systematic review of enhanced recovery care 
after colorectal surgery in elderly patients. Colorectal Dis 2014;16(12):947-56. doi: 
10.1111/codi.12718 [published Online First: 2014/07/22] 

12. Paton F, Chambers D, Wilson P, et al. Effectiveness and implementation of enhanced recovery 
after surgery programmes: a rapid evidence synthesis. BMJ Open 2014;4(7):e005015. 
doi: bmjopen-2014-005015 [pii] 
10.1136/bmjopen-2014-005015 [published Online First: 2014/07/24] 

13. Greco M, Capretti G, Beretta L, et al. Enhanced recovery program in colorectal surgery: a 
meta-analysis of randomized controlled trials. World J Surg 2014;38(6):1531-41. doi: 
10.1007/s00268-013-2416-8 



Bibliography  126 

 

14. Stowers MD, Lemanu DP, Hill AG. Health economics in Enhanced Recovery After Surgery 
programs. Can J Anaesth 2015;62(2):219-30. doi: 10.1007/s12630-014-0272-0 
[published Online First: 2014/11/14] 

15. Awad S, Varadhan KK, Ljungqvist O, et al. A meta-analysis of randomised controlled trials on 
preoperative oral carbohydrate treatment in elective surgery. Clin Nutr 2013;32(1):34-
44. doi: 10.1016/j.clnu.2012.10.011 

16. Grade M, Quintel M, Ghadimi BM. Standard perioperative management in gastrointestinal 
surgery. Langenbecks Arch Surg 2011;396(5):591-606. doi: 10.1007/s00423-011-0782-
y 

17. Scott MJ, Baldini G, Fearon KC, et al. Enhanced Recovery After Surgery (ERAS) for 
gastrointestinal surgery, part 1: pathophysiological considerations. Acta Anaesthesiol 
Scand 2015;59(10):1212-31. doi: 10.1111/aas.12601 

18. Gan TJ, Robinson SB, Oderda GM, et al. Impact of postsurgical opioid use and ileus on 
economic outcomes in gastrointestinal surgeries. Curr Med Res Opin 2015;31(4):677-
86. doi: 10.1185/03007995.2015.1005833 

19. Iyer S, Saunders WB, Stemkowski S. Economic burden of postoperative ileus associated with 
colectomy in the United States. J Manag Care Pharm 2009;15(6):485-94. doi: 
10.18553/jmcp.2009.15.6.485 

20. Boland MR, Reynolds I, McCawley N, et al. Liberal perioperative fluid administration is an 
independent risk factor for morbidity and is associated with longer hospital stay after 
rectal cancer surgery. Ann R Coll Surg Engl 2017;99(2):113-16. doi: 
10.1308/rcsann.2016.0280 

21. Fischer M, Matsuo K, Gonen M, et al. Relationship between intraoperative fluid administration 
and perioperative outcome after pancreaticoduodenectomy: results of a prospective 
randomized trial of acute normovolemic hemodilution compared with standard 
intraoperative management. Ann Surg 2010;252(6):952-8. doi: 
10.1097/SLA.0b013e3181ff36b1 

22. Wu CL, Rowlingson AJ, Partin AW, et al. Correlation of postoperative pain to quality of recovery 
in the immediate postoperative period. Reg Anesth Pain Med 2005;30(6):516-22. doi: 
S1098-7339(05)00474-8 [pii] 
10.1016/j.rapm.2005.07.190 [published Online First: 2005/12/06] 

23. Ljungqvist O. Jonathan E. Rhoads lecture 2011: Insulin resistance and enhanced recovery 
after surgery. JPEN J Parenter Enteral Nutr 2012;36(4):389-98. doi: 
10.1177/0148607112445580 

24. Thorell A, Nygren J, Hirshman MF, et al. Surgery-induced insulin resistance in human patients: 
relation to glucose transport and utilization. Am J Physiol 1999;276(4 Pt 1):E754-61. 

25. Holte K, Kehlet H. Postoperative ileus: progress towards effective management. Drugs 
2002;62(18):2603-15. 

26. Kehlet H, Holte K. Review of postoperative ileus. Am J Surg 2001;182(5A Suppl):3S-10S. 
27. Kehlet H. Fast-track surgery-an update on physiological care principles to enhance recovery. 

Langenbecks Arch Surg 2011;396(5):585-90. doi: 10.1007/s00423-011-0790-y 
[published Online First: 2011/04/07] 

28. Liu H, Hu X, Duan X, et al. Thoracic epidural analgesia (TEA) vs. patient controlled analgesia 
(PCA) in laparoscopic colectomy: a meta-analysis. Hepatogastroenterology 
2014;61(133):1213-9. 

29. Block BM, Liu SS, Rowlingson AJ, et al. Efficacy of postoperative epidural analgesia: a meta-
analysis. JAMA 2003;290(18):2455-63. doi: 10.1001/jama.290.18.2455 

30. Khan SA, Khokhar HA, Nasr AR, et al. Effect of epidural analgesia on bowel function in 
laparoscopic colorectal surgery: a systematic review and meta-analysis. Surg Endosc 
2013;27(7):2581-91. doi: 10.1007/s00464-013-2794-x 



Bibliography  127 

 

31. Marret E, Remy C, Bonnet F, et al. Meta-analysis of epidural analgesia versus parenteral opioid 
analgesia after colorectal surgery. Br J Surg 2007;94(6):665-73. doi: 10.1002/bjs.5825 

32. Christie IW, McCabe S. Major complications of epidural analgesia after surgery: results of a 
six-year survey. Anaesthesia 2007;62(4):335-41. doi: 10.1111/j.1365-
2044.2007.04992.x 

33. Joshi GP, Bonnet F, Kehlet H, et al. Evidence-based postoperative pain management after 
laparoscopic colorectal surgery. Colorectal Dis 2013;15(2):146-55. doi: 10.1111/j.1463-
1318.2012.03062.x 

34. Kim AJ, Yong RJ, Urman RD. The Role of Transversus Abdominis Plane Blocks in Enhanced 
Recovery After Surgery Pathways for Open and Laparoscopic Colorectal Surgery. J 
Laparoendosc Adv Surg Tech A 2017;27(9):909-14. doi: 10.1089/lap.2017.0337 

35. Pirrera B, Alagna V, Lucchi A, et al. Transversus abdominis plane (TAP) block versus thoracic 
epidural analgesia (TEA) in laparoscopic colon surgery in the ERAS program. Surg 
Endosc 2018;32(1):376-82. doi: 10.1007/s00464-017-5686-7 

36. Ris F, Findlay JM, Hompes R, et al. Addition of transversus abdominis plane block to patient 
controlled analgesia for laparoscopic high anterior resection improves analgesia, 
reduces opioid requirement and expedites recovery of bowel function. Ann R Coll Surg 
Engl 2014;96(8):579-85. doi: 10.1308/003588414X13946184900921 

37. Ahn E, Kang H, Choi GJ, et al. Intravenous lidocaine for effective pain relief after a laparoscopic 
colectomy: a prospective, randomized, double-blind, placebo-controlled study. Int Surg 
2015;100(3):394-401. doi: 10.9738/INTSURG-D-14-00225.1 

38. Herroeder S, Pecher S, Schonherr ME, et al. Systemic lidocaine shortens length of hospital 
stay after colorectal surgery: a double-blinded, randomized, placebo-controlled trial. Ann 
Surg 2007;246(2):192-200. doi: 10.1097/SLA.0b013e31805dac11 

39. Kaba A, Laurent SR, Detroz BJ, et al. Intravenous lidocaine infusion facilitates acute 
rehabilitation after laparoscopic colectomy. Anesthesiology 2007;106(1):11-8; 
discussion 5-6. 

40. Swenson BR, Gottschalk A, Wells LT, et al. Intravenous lidocaine is as effective as epidural 
bupivacaine in reducing ileus duration, hospital stay, and pain after open colon resection: 
a randomized clinical trial. Reg Anesth Pain Med 2010;35(4):370-6. doi: 
10.1097/AAP.0b013e3181e8d5da 

41. Marks JL, Ata B, Tulandi T. Systematic review and metaanalysis of intraperitoneal instillation 
of local anesthetics for reduction of pain after gynecologic laparoscopy. J Minim Invasive 
Gynecol 2012;19(5):545-53. doi: S1553-4650(12)00187-2 [pii] 
10.1016/j.jmig.2012.04.002 [published Online First: 2012/07/06] 

42. Kahokehr A, Sammour T, Srinivasa S, et al. Systematic review and meta-analysis of 
intraperitoneal local anaesthetic for pain reduction after laparoscopic gastric procedures. 
Br J Surg 2011;98(1):29-36. doi: 10.1002/bjs.7293 [published Online First: 2010/10/28] 

43. Kahokehr A, Sammour T, Soop M, et al. Intraperitoneal use of local anesthetic in laparoscopic 
cholecystectomy: systematic review and metaanalysis of randomized controlled trials. J 
Hepatobiliary Pancreat Sci 2010;17(5):637-56. doi: 10.1007/s00534-010-0271-7 
[published Online First: 2010/04/16] 

44. Gupta A, Perniola A, Axelsson K, et al. Postoperative pain after abdominal hysterectomy: a 
double-blind comparison between placebo and local anesthetic infused intraperitoneally. 
Anesth Analg 2004;99(4):1173-9, table of contents. doi: 
10.1213/01.ANE.0000130260.24433.A2 
99/4/1173 [pii] [published Online First: 2004/09/24] 

45. Ng A, Swami A, Smith G, et al. The analgesic effects of intraperitoneal and incisional 
bupivacaine with epinephrine after total abdominal hysterectomy. Anesth Analg 
2002;95(1):158-62, table of contents. [published Online First: 2002/06/29] 



Bibliography  128 

 

46. Kang H, Kim BG. Intraperitoneal ropivacaine for effective pain relief after laparoscopic 
appendectomy: a prospective, randomized, double-blind, placebo-controlled study. The 
Journal of international medical research 2010; 38(3). 
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/795/CN-
00762795/frame.html. 

47. Park YH, Kang H, Woo YC, et al. The effect of intraperitoneal ropivacaine on pain after 
laparoscopic colectomy: a prospective randomized controlled trial. J Surg Res 
2011;171(1):94-100. doi: S0022-4804(10)00187-3 [pii] 
10.1016/j.jss.2010.03.024 [published Online First: 2010/07/08] 

48. Sammour T, Kahokehr A, Soop M, et al. Peritoneal damage: the inflammatory response and 
clinical implications of the neuro-immuno-humoral axis. World J Surg 2010;34(4):704-
20. doi: 10.1007/s00268-009-0382-y 

49. Tracey KJ. The inflammatory reflex. Nature 2002;420(6917):853-9. doi: 10.1038/nature01321 
50. Cailotto C, Costes LM, van der Vliet J, et al. Neuroanatomical evidence demonstrating the 

existence of the vagal anti-inflammatory reflex in the intestine. Neurogastroenterol Motil 
2012;24(2):191-200, e93. doi: 10.1111/j.1365-2982.2011.01824.x 

51. Chen SL, Wu XY, Cao ZJ, et al. Subdiaphragmatic vagal afferent nerves modulate visceral 
pain. Am J Physiol Gastrointest Liver Physiol 2008;294(6):G1441-9. doi: 00588.2007 [pii] 
10.1152/ajpgi.00588.2007 [published Online First: 2008/04/19] 

52. Janig W, Khasar SG, Levine JD, et al. The role of vagal visceral afferents in the control of 
nociception. Prog Brain Res 2000;122:273-87. [published Online First: 2000/03/29] 

53. Zurowski D, Nowak L, Wordliczek J, et al. Effects of vagus nerve stimulation in visceral pain 
model. Folia Med Cracov 2012;52(1-2):57-69. [published Online First: 2012/01/01] 

54. Goehler LE, Gaykema RP, Hansen MK, et al. Vagal immune-to-brain communication: a 
visceral chemosensory pathway. Auton Neurosci 2000;85(1-3):49-59. doi: S1566-
0702(00)00219-8 [pii] 
10.1016/S1566-0702(00)00219-8 [published Online First: 2001/02/24] 

55. Cervero F, Laird JM. Visceral pain. Lancet 1999;353(9170):2145-8. doi: 10.1016/S0140-
6736(99)01306-9 

56. Grundy D, Al-Chaer ED, Aziz Q, et al. Fundamentals of neurogastroenterology: basic science. 
Gastroenterology 2006;130(5):1391-411. doi: 10.1053/j.gastro.2005.11.060 

57. Wang H, Yu M, Ochani M, et al. Nicotinic acetylcholine receptor alpha7 subunit is an essential 
regulator of inflammation. Nature 2003;421(6921):384-8. doi: 10.1038/nature01339 

58. Borovikova LV, Ivanova S, Zhang M, et al. Vagus nerve stimulation attenuates the systemic 
inflammatory response to endotoxin. Nature 2000;405(6785):458-62. doi: 
10.1038/35013070 

59. Gallowitsch-Puerta M, Pavlov VA. Neuro-immune interactions via the cholinergic anti-
inflammatory pathway. Life Sci 2007;80(24-25):2325-9. doi: 10.1016/j.lfs.2007.01.002 

60. Gallowitsch-Puerta M, Tracey KJ. Immunologic role of the cholinergic anti-inflammatory 
pathway and the nicotinic acetylcholine alpha 7 receptor. Ann N Y Acad Sci 
2005;1062:209-19. doi: 10.1196/annals.1358.024 

61. Thanapal MR, Tata MD, Tan AJ, et al. Pre-emptive intraperitoneal local anaesthesia: An 
effective method in immediate post-operative pain management and metabolic stress 
response in laparoscopic appendicectomy, a randomized, double-blinded, placebo-
controlled study. ANZ Journal of Surgery 2014;84(1-2):47-51. 

62. Yan J, Jin J, Zheng Mh, et al. Can ropivacaine be effectively and safely used in analgesia after 
laparoscopically assisted gastrointestinal surgery? Acute Pain 2009; 11(1). 
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/655/CN-
00754655/frame.html 
http://www.sciencedirect.com/science/article/pii/S1366007108001745. 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/795/CN-00762795/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/795/CN-00762795/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/655/CN-00754655/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/655/CN-00754655/frame.html


Bibliography  129 

 

63. Paddison JS, Booth RJ, Fuchs D, et al. Peritoneal inflammation and fatigue experiences 
following colorectal surgery: a pilot study. Psychoneuroendocrinology 2008;33(4):446-
54. doi: 10.1016/j.psyneuen.2007.12.011 

64. Allvin R, Berg K, Idvall E, et al. Postoperative recovery: a concept analysis. J Adv Nurs 
2007;57(5):552-8. doi: JAN4156 [pii] 
10.1111/j.1365-2648.2006.04156.x [published Online First: 2007/02/08] 

65. McGrath B, Chung F. Postoperative recovery and discharge. Anesthesiol Clin North America 
2003;21(2):367-86. [published Online First: 2003/06/19] 

66. Myles PS, Weitkamp B, Jones K, et al. Validity and reliability of a postoperative quality of 
recovery score: the QoR-40. Br J Anaesth 2000;84(1):11-5. [published Online First: 
2000/03/31] 

67. Royse CF, Newman S, Chung F, et al. Development and feasibility of a scale to assess 
postoperative recovery: the post-operative quality recovery scale. Anesthesiology 
2010;113(4):892-905. doi: 10.1097/ALN.0b013e3181d960a9 [published Online First: 
2010/07/06] 

68. Paddison JS, Sammour T, Kahokehr A, et al. Development and validation of the Surgical 
Recovery Scale (SRS). J Surg Res 2011;167(2):e85-91. doi: S0022-4804(10)01906-2 
[pii] 
10.1016/j.jss.2010.12.043 [published Online First: 2011/03/12] 

69. Talamini MA, Stanfield CL, Chang DC, et al. The Surgical Recovery Index. Surg Endosc 
2004;18(4):596-600. doi: 10.1007/s00464-002-8962-z [published Online First: 
2004/03/18] 

70. Paddison JS, Booth RJ, Hill AG, et al. Comprehensive assessment of peri-operative fatigue: 
development of the Identity-Consequence Fatigue Scale. J Psychosom Res 
2006;60(6):615-22. doi: S0022-3999(05)00312-0 [pii] 
10.1016/j.jpsychores.2005.08.008 [published Online First: 2006/05/30] 

71. Stark PA, Myles PS, Burke JA. Development and psychometric evaluation of a postoperative 
quality of recovery score: the QoR-15. Anesthesiology 2013;118(6):1332-40. doi: 
10.1097/ALN.0b013e318289b84b [published Online First: 2013/02/16] 

72. Wong J, Tong D, De Silva Y, et al. Development of the functional recovery index for ambulatory 
surgery and anesthesia. Anesthesiology 2009;110(3):596-602. doi: 
10.1097/ALN.0b013e318197a16d [published Online First: 2009/02/13] 

73. Kluivers KB, Riphagen I, Vierhout ME, et al. Systematic review on recovery specific quality-of-
life instruments. Surgery 2008;143(2):206-15. doi: S0039-6060(07)00564-8 [pii] 
10.1016/j.surg.2007.08.017 [published Online First: 2008/02/05] 

74. Bowyer A, Jakobsson J, Ljungqvist O, et al. A review of the scope and measurement of 
postoperative quality of recovery. Anaesthesia 2014;69(11):1266-78. doi: 
10.1111/anae.12730 [published Online First: 2014/06/04] 

75. Aaronson N, Alonso J, Burnam A, et al. Assessing health status and quality-of-life instruments: 
attributes and review criteria. Qual Life Res 2002;11(3):193-205. [published Online First: 
2002/06/21] 

76. Terwee CB, Bot SD, de Boer MR, et al. Quality criteria were proposed for measurement 
properties of health status questionnaires. J Clin Epidemiol 2007;60(1):34-42. doi: 
S0895-4356(06)00174-0 [pii] 
10.1016/j.jclinepi.2006.03.012 [published Online First: 2006/12/13] 

77. Gornall BF, Myles PS, Smith CL, et al. Measurement of quality of recovery using the QoR-40: 
a quantitative systematic review. Br J Anaesth 2013;111(2):161-9. doi: aet014 [pii] 
10.1093/bja/aet014 [published Online First: 2013/03/09] 



Bibliography  130 

 

78. Jensen M. Measurement of pain. In: Fishman S, Ballantyne J, Rathmell J, eds. Bonica's 
management of pain. Philadelphia: Lippincott Williams & Wilkins, Wolters Kluwer 
Business 2010. 

79. Jensen MP, Chen C, Brugger AM. Interpretation of visual analog scale ratings and change 
scores: a reanalysis of two clinical trials of postoperative pain. J Pain 2003;4(7):407-14. 
doi: S1526590003007168 [pii] [published Online First: 2003/11/19] 

80. Gallagher EJ, Bijur PE, Latimer C, et al. Reliability and validity of a visual analog scale for acute 
abdominal pain in the ED. Am J Emerg Med 2002;20(4):287-90. 

81. Kelly AM. The minimum clinically significant difference in visual analogue scale pain score 
does not differ with severity of pain. Emerg Med J 2001;18(3):205-7. 

82. Vather R, O'Grady G, Bissett IP, et al. Postoperative ileus: mechanisms and future directions 
for research. Clin Exp Pharmacol Physiol 2014;41(5):358-70. doi: 10.1111/1440-
1681.12220 

83. van Bree SH, Bemelman WA, Hollmann MW, et al. Identification of clinical outcome measures 
for recovery of gastrointestinal motility in postoperative ileus. Ann Surg 2014;259(4):708-
14. doi: 10.1097/SLA.0b013e318293ee55 [published Online First: 2013/05/10] 

84. Vather R, Trivedi S, Bissett I. Defining postoperative ileus: results of a systematic review and 
global survey. J Gastrointest Surg 2013;17(5):962-72. doi: 10.1007/s11605-013-2148-y 

85. Fiore JF, Jr., Faragher IG, Bialocerkowski A, et al. Time to readiness for discharge is a valid 
and reliable measure of short-term recovery after colorectal surgery. World J Surg 
2013;37(12):2927-34. doi: 10.1007/s00268-013-2208-1 [published Online First: 
2013/10/09] 

86. Zink W, Graf BM. The toxicity of local anesthetics: the place of ropivacaine and 
levobupivacaine. Curr Opin Anaesthesiol 2008;21(5):645-50. doi: 
10.1097/ACO.0b013e32830c214c 
00001503-200810000-00021 [pii] [published Online First: 2008/09/12] 

87. Knudsen K, Beckman Suurkula M, Blomberg S, et al. Central nervous and cardiovascular 
effects of i.v. infusions of ropivacaine, bupivacaine and placebo in volunteers. Br J 
Anaesth 1997;78(5):507-14. [published Online First: 1997/05/01] 

88. Kaufman Y, Hirsch I, Ostrovsky L, et al. Pain Relief by Continuous Intraperitoneal Nebulization 
of Ropivacaine during Gynecologic Laparoscopic Surgery-A Randomized Study and 
Review of the Literature. Journal of Minimally Invasive Gynecology 2008;15(5):554-58. 

89. Kaufman Y, Ostrovsky L, Klein O, et al. Pain reduction by continuous intraperitoneal 
nebulization of ropivacaine during gynecological laparoscopic surgery. Gynecological 
surgery 2013; 10(1). http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/083/CN-
00859083/frame.html. 

90. Ingelmo PM, Bucciero M, Somaini M, et al. Intraperitoneal nebulization of ropivacaine for pain 
control after laparoscopic cholecystectomy: a double-blind, randomized, placebo-
controlled trial. British journal of anaesthesia 2013; 110(5). 
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/811/CN-
00877811/frame.html 
http://bja.oxfordjournals.org/content/110/5/800.full.pdf. 

91. Somaini M, Brambillasca P, Ingelmo PM, et al. Effects of peritoneal ropivacaine nebulization 
for pain control after laparoscopic gynecologic surgery. Journal of minimally invasive 
gynecology 2014; 21(5). 
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/614/CN-
01022614/frame.html. 

92. McDermott AM, Chang KH, Mieske K, et al. Aerosolized intraperitoneal local anesthetic for 
laparoscopic surgery: a randomized, double-blinded, placebo-controlled trial. World J 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/083/CN-00859083/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/083/CN-00859083/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/811/CN-00877811/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/811/CN-00877811/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/614/CN-01022614/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/614/CN-01022614/frame.html


Bibliography  131 

 

Surg 2015;39(7):1681-9. doi: 10.1007/s00268-015-2973-0 [published Online First: 
2015/02/06] 

93. Dreher JK, Nemeth D, Limb R. Pain relief following day case laparaoscopic tubal ligation with 
intra-peritoneal ropivacaine: A randomised double blind control study. Australian & New 
Zealand journal of obstetrics & gynaecology 2000; 40(4). 
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/711/CN-
00399711/frame.html. 

94. Kucuk C, Kadiogullari N, Canoler O, et al. A placebo-controlled comparison of bupivacaine and 
ropivacaine instillation for preventing postoperative pain after laparoscopic 
cholecystectomy. Surg Today 2007;37(5):396-400. doi: 10.1007/s00595-006-3408-1 
[published Online First: 2007/05/01] 

95. Karaman S, Kocabas S, Ergun S, et al. Intraperitoneal ropivacaine or ropivacaine plus 
meperidine for laparoscopic gynecological procedures. Agri : Agri (Algoloji) Dernegi'nin 
Yayin organidir = The journal of the Turkish Society of Algology 2012;24(2):56-62. doi: 
10.5505/agri.2012.21033 [published Online First: 2012/08/07] 

96. Callesen T, Hjort D, Mogensen T, et al. Combined field block and i.p. instillation of ropivacaine 
for pain management after laparoscopic sterilization. Br J Anaesth 1999;82(4):586-90. 
[published Online First: 1999/09/03] 

97. Pappas-Gogos G, Tsimogiannis KE, Zikos N, et al. Preincisional and intraperitoneal 
ropivacaine plus normal saline infusion for postoperative pain relief after laparoscopic 
cholecystectomy: a randomized double-blind controlled trial. Surgical endoscopy 2008; 
22(9). http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/091/CN-
00669091/frame.html 
http://link.springer.com/article/10.1007%2Fs00464-008-9762-x. 

98. Cha SM, Kang H, Baek CW, et al. Peritrocal and intraperitoneal ropivacaine for laparoscopic 
cholecystectomy: a prospective, randomized, double-blind controlled trial. J Surg Res 
2012;175(2):251-8. doi: S0022-4804(11)00413-6 [pii] 
10.1016/j.jss.2011.04.033 [published Online First: 2011/06/11] 

99. Liu DS, Guan F, Wang B, et al. Combined usage with intraperitoneal and incisional ropivacaine 
reduces pain severity after laparoscopic cholecystectomy. International Journal of 
Clinical and Experimental Medicine 2015;8(12):22460-68. 

100. Ruiz-Tovar J, Gonzalez J, Garcia A, et al. Intraperitoneal ropivacaine irrigation in patients 
undergoing bariatric surgery: A prospective randomized clinical trial. Obesity Facts 
2016;9:301. 

101. Narchi P, Benhamou D, Bouaziz H, et al. Serum concentrations of local anaesthetics following 
intraperitoneal administration during laparoscopy. Eur J Clin Pharmacol 1992;42(2):223-
5. [published Online First: 1992/01/01] 

102. Gupta A, Thorn SE, Axelsson K, et al. Postoperative pain relief using intermittent injections 
of 0.5% ropivacaine through a catheter after laparoscopic cholecystectomy. Anesth 
Analg 2002;95(2):450-6, table of contents. [published Online First: 2002/07/30] 

103. Bamigboye AA. Ropivacaine serum concentration following peritoneal spraying and wound 
infiltration for pain after cesarean delivery. Int J Gynaecol Obstet 2009;105(1):68-9. doi: 
S0020-7292(08)00496-7 [pii] 
10.1016/j.ijgo.2008.10.024 [published Online First: 2008/12/09] 

104. Labaille T, Mazoit JX, Paqueron X, et al. The clinical efficacy and pharmacokinetics of 
intraperitoneal ropivacaine for laparoscopic cholecystectomy. Anesth Analg 
2002;94(1):100-5, table of contents. [published Online First: 2002/01/05] 

105. Paech MJ, Ilett KF, Hackett LP, et al. Disposition and clinical outcome after intraperitoneal 
meperidine and ropivacaine administration during laparoscopic surgery. Anesth Analg 
2008;106(1):278-86, table of contents. doi: 106/1/278 [pii] 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/711/CN-00399711/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/711/CN-00399711/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/091/CN-00669091/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/091/CN-00669091/frame.html


Bibliography  132 

 

10.1213/01.ane.0000287650.75027.11 [published Online First: 2008/01/01] 
106. McDermott AM, Chang KH, Mieske K, et al. Total systemic ropivacaine concentrations 

following aerosolized intraperitoneal delivery using the AeroSurge. Journal of Clinical 
Anesthesia 2014;26(1):18-24. 

107. Yakoshi C, Niwa H, Kitayama M, et al. Postoperative analgesic effect and safety of the 
intraperitoneal instillation of ropivacaine for pain relief after laparoscopic gynecological 
surgery. Anesthesia and Analgesia 2015;1):S334. 

108. Yakoshi C, Hashimoto H, Niwa H, et al. The analgesic efficacy and clinical safety of 
intraperitoneal instillation combined with rectus sheath block using ropivacaine for pain 
relief after laparoscopic gynecological surgery. [Japanese]. Japanese Journal of 
Anesthesiology 2014; 63(3). 
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/073/CN-
00992073/frame.html. 

109. Kahokehr A, Sammour T, Zargar Shoshtari K, et al. Intraperitoneal local anesthetic improves 
recovery after colon resection: a double-blinded randomized controlled trial. Ann Surg 
2011;254(1):28-38. doi: 10.1097/SLA.0b013e318221f0cf 
00000658-201107000-00007 [pii] [published Online First: 2011/06/15] 

110. Bertoglio S, Fabiani F, Negri PD, et al. The postoperative analgesic efficacy of preperitoneal 
continuous wound infusion compared to epidural continuous infusion with local 
anesthetics after colorectal cancer surgery: a randomized controlled multicenter study. 
Anesth Analg 2012;115(6):1442-50. doi: ANE.0b013e31826b4694 [pii] 
10.1213/ANE.0b013e31826b4694 [published Online First: 2012/11/13] 

111. Tucker GT. Pharmacokinetics of local anaesthetics. Br J Anaesth 1986;58(7):717-31. 
[published Online First: 1986/07/01] 

112. Routledge PA. The plasma protein binding of basic drugs. Br J Clin Pharmacol 
1986;22(5):499-506. [published Online First: 1986/11/01] 

113. Yokogawa K, Shimomura S, Ishizaki J, et al. Involvement of alpha1-acid glycoprotein in inter-
individual variation of disposition kinetics of ropivacaine following epidural infusion in off-
pump coronary artery bypass grafting. J Pharm Pharmacol 2007;59(1):67-73. doi: 
10.1211/jpp.59.1.0009 [published Online First: 2007/01/18] 

114. Jokinen MJ. The pharmacokinetics of ropivacaine in hepatic and renal insufficiency. Best 
Pract Res Clin Anaesthesiol 2005;19(2):269-74. [published Online First: 2005/06/22] 

115. Pere PJ, Ekstrand A, Salonen M, et al. Pharmacokinetics of ropivacaine in patients with 
chronic renal failure. Br J Anaesth 2011;106(4):512-21. doi: aer002 [pii] 
10.1093/bja/aer002 [published Online First: 2011/02/11] 

116. Beaussier M, El'Ayoubi H, Schiffer E, et al. Continuous preperitoneal infusion of ropivacaine 
provides effective analgesia and accelerates recovery after colorectal surgery: a 
randomized, double-blind, placebo-controlled study. Anesthesiology 2007;107(3):461-8. 
doi: 10.1097/01.anes.0000278903.91986.19 
00000542-200709000-00017 [pii] [published Online First: 2007/08/28] 

117. Forastiere E, Sofra M, Giannarelli D, et al. Effectiveness of continuous wound infusion of 0.5% 
ropivacaine by On-Q pain relief system for postoperative pain management after open 
nephrectomy. Br J Anaesth 2008;101(6):841-7. doi: aen309 [pii] 
10.1093/bja/aen309 [published Online First: 2008/11/14] 

118. Erichsen CJ, Sjovall J, Kehlet H, et al. Pharmacokinetics and analgesic effect of ropivacaine 
during continuous epidural infusion for postoperative pain relief. Anesthesiology 
1996;84(4):834-42. [published Online First: 1996/04/01] 

119. Burm AG, Stienstra R, Brouwer RP, et al. Epidural infusion of ropivacaine for postoperative 
analgesia after major orthopedic surgery: pharmacokinetic evaluation. Anesthesiology 
2000;93(2):395-403. [published Online First: 2000/07/26] 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/073/CN-00992073/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/073/CN-00992073/frame.html


Bibliography  133 

 

120. Kumar SK, Rao V, Morris RG, et al. Ropivacaine (total and unbound) and AGP concentrations 
after transversus abdominis plane block for analgesia after abdominal surgery. Ther 
Drug Monit 2014;36(6):759-64. doi: 10.1097/FTD.0000000000000091 [published Online 
First: 2014/05/14] 

121. Bleckner LL, Bina S, Kwon KH, et al. Serum ropivacaine concentrations and systemic local 
anesthetic toxicity in trauma patients receiving long-term continuous peripheral nerve 
block catheters. Anesth Analg 2010;110(2):630-4. doi: ANE.0b013e3181c76a33 [pii] 
10.1213/ANE.0b013e3181c76a33 [published Online First: 2009/12/04] 

122. Berde CB, Yaster M, Meretoja O, et al. Stable plasma concentrations of unbound ropivacaine 
during postoperative epidural infusion for 24-72 hours in children. Eur J Anaesthesiol 
2008;25(5):410-7. doi: S0265021507003146 [pii] 
10.1017/S0265021507003146 [published Online First: 2008/01/22] 

123. Corso OH, Morris RG, Hewett PJ, et al. Safety of 96-hour incision-site continuous infusion of 
ropivacaine for postoperative analgesia after bowel cancer resection. Ther Drug Monit 
2007;29(1):57-63. doi: 10.1097/FTD.0b013e31802c59ec 
00007691-200702000-00009 [pii] [published Online First: 2007/02/17] 

124. Scott DA, Emanuelsson BM, Mooney PH, et al. Pharmacokinetics and efficacy of long-term 
epidural ropivacaine infusion for postoperative analgesia. Anesth Analg 
1997;85(6):1322-30. [published Online First: 1997/12/09] 

125. Wiedemann D, Muhlnickel B, Staroske E, et al. Ropivacaine plasma concentrations during 
120-hour epidural infusion. Br J Anaesth 2000;85(6):830-5. [published Online First: 
2001/12/06] 

126. Burm AG, Vermeulen NP, van Kleef JW, et al. Pharmacokinetics of lignocaine and 
bupivacaine in surgical patients following epidural administration. Simultaneous 
investigation of absorption and disposition kinetics using stable isotopes. Clin 
Pharmacokinet 1987;13(3):191-203. [published Online First: 1987/09/01] 

127. Gaudreault F, Drolet P, Fallaha M, et al. A population pharmacokinetic model for the complex 
systemic absorption of ropivacaine after femoral nerve block in patients undergoing knee 
surgery. J Pharmacokinet Pharmacodyn 2012;39(6):635-42. doi: 10.1007/s10928-012-
9275-z [published Online First: 2012/10/12] 

128. Tucker GT, Mather LE. Pharmacology of local anaesthetic agents. Pharmacokinetics of local 
anaesthetic agents. Br J Anaesth 1975;47 suppl:213-24. [published Online First: 
1975/02/01] 

129. Burm AG, Van Kleef JW, Vermeulen NP, et al. Pharmacokinetics of lidocaine and bupivacaine 
following subarachnoid administration in surgical patients: simultaneous investigation of 
absorption and disposition kinetics using stable isotopes. Anesthesiology 
1988;69(4):584-92. [published Online First: 1988/10/01] 

130. Karmakar MK, Ho AM, Law BK, et al. Arterial and venous pharmacokinetics of ropivacaine 
with and without epinephrine after thoracic paravertebral block. Anesthesiology 
2005;103(4):704-11. doi: 00000542-200510000-00008 [pii] [published Online First: 
2005/09/30] 

131. Simon MJ, Veering BT, Vletter AA, et al. The effect of age on the systemic absorption and 
systemic disposition of ropivacaine after epidural administration. Anesth Analg 
2006;102(1):276-82. doi: 102/1/276 [pii] 
10.1213/01.ane.0000185038.86939.74 [published Online First: 2005/12/22] 

132. Emanuelsson BM, Persson J, Alm C, et al. Systemic absorption and block after epidural 
injection of ropivacaine in healthy volunteers. Anesthesiology 1997;87(6):1309-17. 
[published Online First: 1998/01/07] 



Bibliography  134 

 

133. Arlander E, Ost A, Stahlberg D, et al. Ropivacaine gel in active distal ulcerative colitis and 
proctitis -- a pharmacokinetic and exploratory clinical study. Aliment Pharmacol Ther 
1996;10(1):73-81. [published Online First: 1996/02/01] 

134. Kitayama M, Wada M, Hashimoto H, et al. Plasma ropivacaine concentrations after 
ultrasound-guided transversus abdominis plane block for open retropubic prostatectomy. 
J Anesth 2014;28(4):576-9. doi: 10.1007/s00540-013-1763-9 [published Online First: 
2013/12/19] 

135. Tekkis PP, Prytherch DR, Kocher HM, et al. Development of a dedicated risk-adjustment 
scoring system for colorectal surgery (colorectal POSSUM). Br J Surg 2004;91(9):1174-
82. doi: 10.1002/bjs.4430 [published Online First: 2004/09/28] 

136. Pereira J, Lawlor P, Vigano A, et al. Equianalgesic dose ratios for opioids. a critical review 
and proposals for long-term dosing. J Pain Symptom Manage 2001;22(2):672-87. doi: 
S0885392401002949 [pii] [published Online First: 2001/08/10] 

137. Lawlor P, Pereira J, Bruera E. Dose ratios among different opioids: underlying issues and an 
update on the use of the equianalgesic table. In: Bruera E, Portenoy R, eds. Topics in 
Palliative Care. New York: Oxford University Press 2001:247-76. 

138. Schlachta CM, Burpee SE, Fernandez C, et al. Optimizing recovery after laparoscopic colon 
surgery (ORAL-CS): effect of intravenous ketorolac on length of hospital stay. Surg 
Endosc 2007;21(12):2212-9. doi: 10.1007/s00464-007-9335-4 [published Online First: 
2007/04/19] 

139. Schwenk W, Bohm B, Muller JM. Postoperative pain and fatigue after laparoscopic or 
conventional colorectal resections. A prospective randomized trial. Surg Endosc 
1998;12(9):1131-6. [published Online First: 1998/08/26] 

140. Senagore AJ, Delaney CP, Mekhail N, et al. Randomized clinical trial comparing epidural 
anaesthesia and patient-controlled analgesia after laparoscopic segmental colectomy. 
Br J Surg 2003;90(10):1195-9. doi: 10.1002/bjs.4223 [published Online First: 
2003/09/30] 

141. Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo classification of surgical 
complications: five-year experience. Ann Surg 2009;250(2):187-96. doi: 
10.1097/SLA.0b013e3181b13ca2 [published Online First: 2009/07/30] 

142. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal 
with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 
2004;240(2):205-13. doi: 00000658-200408000-00003 [pii] [published Online First: 
2004/07/27] 

143. Hamill JK, Rahiri JL, Hill AG. Analgesic effect of intraperitoneal local anesthetic in surgery: 
an overview of systematic reviews. J Surg Res 2017;212:167-77. doi: 
10.1016/j.jss.2017.01.022 

144. Perniola A, Magnuson A, Axelsson K, et al. Intraperitoneal local anesthetics have 
predominant local analgesic effect: a randomized, double-blind study. Anesthesiology 
2014;121(2):352-61. doi: 10.1097/ALN.0000000000000267 

145. Yang SY, Kang H, Choi GJ, et al. Efficacy of intraperitoneal and intravenous lidocaine on pain 
relief after laparoscopic cholecystectomy. J Int Med Res 2014;42(2):307-19. doi: 
10.1177/0300060513505493 

146. Kim TH, Kang H, Hong JH, et al. Intraperitoneal and intravenous lidocaine for effective pain 
relief after laparoscopic appendectomy: a prospective, randomized, double-blind, 
placebo-controlled study. Surg Endosc 2011;25(10):3183-90. doi: 10.1007/s00464-011-
1684-3 

147. Tian X, Yang P, Su T, et al. Intraperitoneal ropivacaine and early postoperative pain and 
postsurgical outcomes after laparoscopic herniorrhaphy in toddlers: a randomized 
clinical trial. Paediatr Anaesth 2016;26(9):891-8. doi: 10.1111/pan.12953 



Bibliography  135 

 

 




