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WOUND INFUSION CATHETERS 

 
 
INTRODUCTION 
 
Continuous Wound Infusion: 
 
Continuous Wound Infusion is a technique which uses a multi-holed catheter to deliver local 
anaesthetics or analgesics directly into the wound for postoperative pain relief. It can be used 
as a single technique or as part of a multi-modal analgesic approach 
 
Compared with opioid analgesia, continuous regional infusion of local anaesthetic provides 
better pain control with reduction in opioid use and opioid related side effects 
 
By optimizing postoperative analgesia, you increase patient satisfaction and clinically outcomes 
are improved.  Postoperative pain that is uncontrolled can result in significant morbidity and 
mortality ¹. 
 
Categories of Regional Analgesia include: 
 

• Extrapleural (equivalent to intercostal or paravertebral) and interpleural  
 

• Peripheral Nerve Blocks e.g. interscalene, femoral nerve, sciatic nerve  
 

• Intra-articular infusion e.g. post shoulder surgery 
 

• Wound site infusion including use of a disposable elastomeric infusion device 
 
 
 
 
 
HISTORY OF WOUND INFUSION CATHETERS 
 
Continuous infiltration of local anaesthetic into surgical wounds as an analgesic technique was 
first descibed just over a decade ago, after the development of multi-holed catheters.  
 
Together with the widespread availability of infusion pumps, placement of multi-holed flexible 
catheters inside or alongside surgical wounds enables continuous, evenly spread infiltration of 
LA over an indefinite period.¹ 
 
First described in 1935, it has been experimented with throughout the 20th century and the 
technique has been found to be safe and effective in several clinical settings. [4] 
 
Currently a number of brands and devices are available each carrying its own pros and cons.   
With evolving technology, delivery of local anaesthetics is becoming more accurate, reliable, 
safe and effective.   
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Figure 1: Possible scope of application [11] 
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ADVANTAGES OF WOUND INFUSION CATHETERS 
 
� Easy placement of catheter with fewer complications associated with insertion compared 

with neuraxial anesthesia and peripheral nerve blocking techniques.¹  
 
� Potentially it offers to reduce postoperative opioid requirements and its associated side 

effects and increase postoperative patient mobility, with minimal failure¹ 
 
� Pain is relieved by Continuous Local Anaesthetic wound infusion into a surgical wound 

and works by direct inhibition of noxious afferent generator potentials from peripheral 
nerve fibres and a decrease of the local inflammatory response to injury¹ 

 
� Local Anaesthetic infusion analgesia can be used as a viable option when epidural 

analgesia is contraindicated or physically challenging to do.¹ 
 
� Ability to have pain rescue with PCA without overdosing the patient 
 
� Cost effectiveness with reduced morbidity and mortality, length of stay, and burden of cost 

to patient 
 
� Monitoring of patient is made easier 
 
� Infusion of local anaesthetic for regional analgesia can be used either alone or in 

combination with systemic non-opioid and/or opioid analgesia 
 

 
Figure 2: Disposable elastomeric ballon pump device [12] 
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Figure 3: Special arrangement of catheter perforation for uniform distribution [11] 
 
 
 
 
 

 
 
Figure 4: Integrated stainless steel helical coil, for uniform flow of anaesthetic and 
prevention of kinking or buckling.  Also radiopaque and visible under ultrasound [11] 
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DIFFERENT TYPES OF WOUND CATHETERS AND PLACEMENT 
 

Fig 5: Surgical details showing, step by step, the positioning of two multiholed 
catheters for an        open nephrectomy On-Q pain Buster ³ 

 
 

Maric et al did a study to compare the quality of analgesia with multi-versus two 
few-hole catheters in patients after colorectal surgery. The choice of optimal type 
of wound catheter, few or multi-hole is still controversial. The aim was to evaluate the 
analgesic potential of these two catheter types.  [4] 
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EFFECTIVENESS IN DIFFERENT TYPES OF SURGERIES 
  
Forty patients undergoing colorectal surgery were randomized to intraoperative placement of 
two epidural catheters (Group EC) or multi-hole catheter (Group WC) in the wound above the 
fascia.  
 
Patients received 0.25% levobupivacaine (Group WC) with 10 mL bolus through the wound 
catheter followed by an infusion of 6 mL/h during 48 h, or the same protocol with equally divided 
levobupivacaine doses through two epidural catheters (Group EC). Simultaneously, patient-
controlled analgesia provided intravenous morphine. [4] 
 
Pain was evaluated postoperatively with 4-point verbal scale (VRS) for the first 2 h, with Visual 
Analogue Scale at rest (VAS r), and during coughing (VAS c) every 6 h for the first 48 h. [4] 
 
Results and Conclusions: No significant difference in morphine consumption was observed 
between groups. There were no significant differences in VRS scores between the groups 
(p=0,756). VAS scores were significantlylower in Group WC in rest (rWC, p=0,007) and 
coughing (cWC, p=0,018) for the 6 h, 12 h, and 24 h postoperatively. [4] 
 
In the period 30–48 h there was no difference between groups. They concluded that 
levobupivacaine infusion through multi-hole catheter provides better quality of postoperative 
analgesia compared with two epidural catheters for the first 24 h. [4] 
 
The type of catheter plays the most important role. In this context, catheters with multiple holes 
may provide larger wound spread compared with triple orifice epidural catheters. The choice of 
catheter, multihole versus few holes is without any documentation for larger wound spread or 
improved analgesia. [4] 
 
The question also lies in the pumps, elastomeric or electronic? In their study they used 
electronic pumps because of lower price and good clinical experience. Elastomeric 
pumps are strongly recommended by wound catheter producers but Remerand et al. have 
published that elastomeric pumps may deliver inappropriate amounts of local anaesthetics with 
inaccuracy higher than 15% and failure to deflate is also not uncommon [4] 
 
Type of catheter plays a more important role in providing better analgesia for the first 24 hours. 
It seems logical that larger spread of local anaesthetics through more catheter holes provides 
better analgesia. In the first 24 h pain is more intense than following that critical period.  They 
emphasize that VAS 6–24 h was in the clinically acceptable range between 0–2 in both groups. 
[4] 
 
Wound catheters are more expensive than epidural ones, and usage of disposable elastomeric 
pumps are more expensive than usage of electronic ones.  [4] 
 
Local Anaesthetic Catheter Positioning seems to be crucial in determining how effective the 
technique is.  
 
Some catheters are placed in the pre-peritoneal space after laparotomy or open prostatectomy 
and have reduced postoperative pain, accelerated recovery, and postoperative pulmonary 
function may have benefitted some, while catheter placement superficial to i.m. fascia was 
mostly ineffective [1] 
 
Further support by a study of open nephrectomy patients showed optimal analgesia with one of 
the catheters that traversed between abdominal wall muscle layers and the pre-peritoneum. [1] 
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A study by Liu et al showed Wound catheters which were placed in various locations 
(subcutaneous, subfascial, suprafascial,, intraarticular, peripleural, or periosteal), and only two 
Randomised Control Trials specifically stated that catheters were not placed or activated until 
surgical closure, as a result no preemptive analgesia was attempted or administered. For a 
median and mode of 2 days, local anaesthetic was infused . The cardiothoracic discipline had 
the most Randomised Controlled Trials (n 14), followed by Orthopaedic surgery (n 12), General 
Surgery (n 11), and gynecology-urology (n 7).   [5] 
 
Metaanalysis associated multiple potential benefits with use of continuous wound catheters 
(Table 1). For all groups combined, mean VAS pain scores decreased considerably at rest (10 
mm weighted mean difference; 95% CI, 13 to 7 mm) and with activity (22 mm weighted mean 
difference; 95% CI, 32 to 13mm). Subgroup analysis confirmed decreased pain scores. [5] 
 
 

Cardiothoracic surgery 

 
Thoracotomy for lung resection was explored by most trials, with the exception of 1 examining 
thoracotomy for esophagectomy and 3 examining median sternotomy for cardiac surgery   
(Table 1).  
 
Continuous infusion delivery or intermittent bolus delivery were the only methods studied. 
Placement of Thoracotomy wound catheters were in a variety of described peripleural locations 
(extrapleural: 2, interpleural: 2, intercostal:3, and intrapleural:4). Two of the cardiac studies 
done had placed catheters adjacent to the sternum whilst the other had inserted subfascial and 
subcutaneous (SC) catheters. Most of the Randomised Controlled Trials (12 of 14) reported 
significant (p0.05) analgesic efficacy for pain scores or opioid use. [5] 
 
(11 of 13) Randomised Control Trials showed considerable reduction in pain scores in the 
immediate postoperative period, and five Randomised Control Trials had seen a reduction until 
the second postoperative day. Only a few trials reported opioid-related side effects (three of  
fourteen) or patient satisfaction (one of fourteen). The length of stay was reported by 6 trials, 
with four out of the six finding some reduction in the group of wound catheters. [5] 
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Table 1: Liu et al - Cardiothoracics, Randomized controlled trials [5] 
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Table2 : Liu et al [5] Cardiothoracics 
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Table3 : Liu et al [5] Abdominal surgery (General surgery) 

 
 
 
 

General surgery 

 
Upper abdominal and vascular surgery, were some of the various surgical procedures used. 
(PCA) patient-controlled analgesia, continuous infusion, and intermittent bolus was the choice of 
continuous delivery methods that were used. Placement of Wound catheters were SC, 
subfascial, or between muscle and peritoneum. Ten of twelve reported significant (p0.05) 
analgesic efficacy, be it either a reduction in opioid use or a reduction in pain scores.  
 
A substantial reduction in Pain scores in the immediate postoperative period were found in 8 of 
11 randomised controlled trials, but only three RCTs reported reduction through second 
postoperative day . Opioid side effects were reported by four of twelve studies whilst patient 
satisfaction (2 of 12), or length of hospital stay (3 of 12). 
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Obstetrics and Gynaecology 

 

 
Table 4: Liu et al  [5] Obstetrics and gynaecology 

  
 

Gynecology-Urology surgery 

 
Cesarean section or abdominal hysterectomy were mostly examined.  Similarly Patient 
controlled analgesia, continuous infusion, and intermittent bolus were used.  Wound catheters 
were placed between muscle fascia and SC tissue (6 of 9) in the majority of cases. More than 
half  (5 of 9) of RCTs had obtained substantial analgesic efficacy, both as reduced pain scores 
or reduced opioid use. Through the immediate postoperative period pain scores were 
substantially reduced in (4 of 9) RCTs, with no RCTs reporting a reduction past day one 
postoperatively. Improvement was found in All RCTs that reported side effects and patient 
satisfaction. Reported length of stay without any differences: (5 RCTs). [5] 
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Orthopaedics 

 
 

Table 5: Orthopaedic outcomes for different sites [5] 
 

 

Orthopaedic surgery 

 
Open and arthroscopic procedures on upper and lower extremities including spine surgery were 
some of the procedures that were studied. Again continuous delivery methods were used:  
patient-controlled analgesia, continuous infusion, and intermittent bolus. The various locations  
used for the wound catheters: intraarticular, periosteal and SC. Majority of RCTs (13 / 16) found 
significant (p0.05) analgesic efficacy both as decreased pain scores or opioid use. Pain scores 
immediately postoperative were significantly {p0.05} reduced in (12 of 16 RCTs), whilst 11 
RCTs found a reduction through days 2 to 5 postoperatively. Only a few trials measured opioid-
related side effects, a reduction in PONV in 4 of 6 RCTs, although not one reached individual 
statistical significance. Considerable increase in patient satisfaction was seen in the 3 RCTs 
that reported these outcomes. Length of stay measured in only 3 RCTs, and majority of the 
procedures (9 of 16 RCTs) were ambulatory. [5] 
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Table 6:  Liu et al [5] Orthopaedics 

 
 
 
 

Overall summary of results from quantitative and qualitative review 

 

Consistent analgesic efficacy was demonstrated by continuous wound infusion catheters with 
regards to reduced pain scores or opioid use for all surgical subspecialities, despite the type of 
surgical procedure done, exact location of  the wound catheter, dose of local anaesthetic or 
mode of delivery of local anaesthetic, and mixture of analgesic. Opioid-related side effects, 
patient satisfaction, and length of hospital stay were infrequently assessed for each surgical 
group 
 
Increased patient satisfaction, a reduction in PONV globally, and decreased length of stay. [5] 
 
Several mechanisms of analgesia can be provided by direct application of local anaesthetic to 
wounds. Local anaesthetics would provide a direct blockade of transmission of pain from 
nociceptive afferents coming from the wound surface. There is mounting proof that local 
inflammatory response to injury which can be sensitizing to nociceptive receptors and contribute 
to pain and hyperalgesia, can be inhibited by local anaesthetic,. [5] 
 
Some studies of local anaesthetics have observed a reduction in release of inflammatory 
mediators obtained from neutrophils, a reduction of neutrophil adhesion to the endothelium, 
reduction in  formation of free O2 radicals, and formation of oedema is decreased. 
 
By providing a prolonged application of local anaesthesic to wounds by a catheter, it proved to 
be far more beneficial from that of single injection technique of local anaesthetic in laparoscopic 
or abdominal operations, as previous systematic reviews demonstrated. [5] 
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Table7 : Liu et al [5] orthopaedics 
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Physiology 

 
Combination of 3 Factors associated with Postoperative pain: 
  
(i)  Nerve fibres that are innervating the site of the incision,retraction or suturing generate 

impulses; [6] 
 
(ii)  A number of inflammatory mediators, which become elevated at the surgical site and are 

found to sensitize uninjured and injured nerve fibres. These include , prostaglandins, 
endothelin-1, cytokines and nerve growth factor [6] 

  
(iii)  The spinal cord which has pain transmitting circuits become sensitized which then has an 

increased response to stimuli that are noxious and can transform their responsiveness to  
stimuli that is not painful, for example light touch or gentle pressure. [6] 

 
Induction of the firing of impulses in peripheral neurones is precipitated by incisional trauma and 
of the stretch and compression from retraction, clamping, etc during surgery. Sensitization 
involving central pathways will be activated by these discharges, although it is  probably largely 
restricted intraoperatively [6] 
 
Local inflammation is fostered by Tissue damage, bleeding, and the release of 
chemoattractants from the injury site. The chemokines or cytokines that are produced by 
migrating and proliferative immune cells, for example TNF-a, IL-6, and prostaglandin E2 and 
prostacyclin, provide enhancement to the excitability of neurones by enhancing specific inward 
currents, especially those that are expressed on the nociceptors[6] 
 
Short term pain coming from the transitory discharge of nociceptors is from a result of mild 
noxious stimulation. Surgery which causes substantial injury, engages pathways involving this 
positive feedback cascade and therefore leads to a prolongation of hypersensitivity of peripheral 
tissues. [6] 
 
Such prolonged peripheral sensitization results in a sufficient barrage of nociceptive impulses 
into the spinal cord (and, perhaps, the brain) that the properties of the ‘receiving circuits’ there 
are sensitized. [6] 
 
Spinal cells (so called pain transmitting cells) response to central sensitization accounts for the 
response to non-noxious stimuli, which are conveyed by Ab-mechanoreceptors and accounts 
partly for the occurence of postoperative tactile allodynia, which is a common problem.  
 
The phenomenon of secondary hyperaesthesia: Where central sensitization is transmitted past 
the spinal neurones that are usually directly stimulated from the injured tissue, such that 
stimulation of surrounding areas, surrounding dermatomes, or even those on the contralateral 
side to the injury site now can cause pain. [6] 
 
Perioperatively, local anaesthetics are useful in affecting all three of these factors. During 
surgical manipulations, wound site local anaesthetic infiltration, and even deep into the surgical 
cavity, can attenuate the generation and propagation of injury-induced discharges. [6] 
 
This action may partly be due to inhibition of the transduction and sensitization steps in 
nociception, for specific local anaesthetics, examples like bupivacaine and amethocaine, which 
have been shown to inhibit a transducing channel, TRPV-1, which plays a vital role in the 
development of hyperalgesia after an insult like inflammation or injury. [6] 
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The continuous delivery of local anaesthetics, from either slow-release formulations or catheters 
placed temporarily, may have an extention of impulse inhibition, days after surgery.  
 
Inflammatory and local sensitizing responses can be inhibited by local anaesthetics, which 
directly suppress some phases of the inflammation, which is, neutrophil priming, and by 
inhibiting some of the neuronal pathways that are activated by inflammation, which is protein 
kinase C, and certain G protein-coupled receptors.[6] 
 
Providing a persistent postoperative motor block, even of the peripheries (foot / ankle), creates 
another hurdle for the safety of mobilization in patients, extremely important after ‘ambulatory’ 
surgery. [6] 
 
Local anaesthetic concentration in systemic circulation, can alter postoperative pain profoundly. 
In the perioperative period , plasma lidocaine concentrations of 2–4 mg ml(8–15 mM), have 
exhibited a reduction of postoperative pain scores and opiate consumption; Circulatory 
presence of these drugs for a few hours, can suppress processes that would eventually 
escalate pain in the days following surgery[6] 
 
The plasma concentrations of local anaesthetics can be obtained and maintained  by 
continuous i.v. infusions, at safe or effective rates, and also from the uptake of drugs by the 
vascular system, which is situated around a peripheral nerve or epidural site, for local / regional 
anaesthesia. 
 
The benefit of systemically circulating agents following the unintentional local anaesthetic 
administration is an unknown question. [6] 
 
 
 

Ropivacaine vs Levobupivacaine 

 
Levobupivacaine and ropivacaine, developed recently as longer-acting local anaesthetics, 
motivated as an alternative to bupivacaine, after severe toxicity was associated with its use. 

 
 

Table: Pharmacology, toxicology, and clinical use of new long acting local 
anesthetics, ropivacaine and levobupivacaine Stefania Leone, Simone Di Cianni, 
Andrea Casati†, Guido Fanelli 
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Ropivacaine as compared to bupivacaine and levobupivacaine is 40-50% less potent due to its  
lower lipid solubility. Although it has a reduced potency, it does not imply that it has a lower 
efficacy than bupivacaine or levobupivacaine. The use of an equipotency ratio of 1.5 : 1 
between ropivacaine and the other two drugs results in a significantly similar clinical profile with 
motor function having been preserved adequately. [7] 
 
A study has recently confirmed a better neurotoxic profile of levobupivacaine in comparison to 
racemic bupivacaine, thus making levobupivacaine safer in clinical practice. [7] 
 
CNS signs of intoxication are usually evident before the appearance of cardiovascular toxicity, 
as the CNS is more susceptible to the actions of local anaesthetics [7] 
 
Initial or early signs of CNS toxicity are usually excitatory in nature and include shivering, 
muscle twitching, and tremors. These are as a result of a preferential block of inhibitory central 
pathways. As the local anesthetic plasma concentrations increase, there is blockage of the 
excitatory pathway of CNS toxicity.  Following signs of CNS excitation is generalized CNS 
depression featuring hypoventilation and respiratory arrest, eventually progressing to 
generalized convulsions. One objective measure of CNS toxicity is the convulsive threshold. [7] 
 
In human subjects only mildly toxic doses are given for ethical reasons. Local anaesthetics are  
administered intravenously deliberately only for research, until the appearance of  initial 
subjective signs of CNS toxicity. [7] 
 
Bupivacaine Ropivacaine and levobupivacaine show a dose-dependent prolongation of cardiac 
conduction.  There is an increase in the PR interval and QRS duration on ECG. This is caused 
by the persistent block of sodium channels into diastole phase, predisposing to re-entrant 
arrhythmias. [7] 
 
The inhibition of cardiac contractility is also proportional to the lipid solubility and nerve-blocking 
potency of the local anesthetics, in order of rank (from least to most) of the cardiotoxic potency 
of the three local anaesthetics with ropivacaine < S  bupivacaine <racemic bupivacaine <R(+) 
bupivacaine [7] 
 
The comparison of levobupivacaine and ropivacaine regarding the CVS effects after IV injection 
in healthy volunteers, showed no differences in mean percentage changes from baseline to the 
end of infusion  for stroke index, cardiac index, acceleration index, or for PR interval, QRS 
duration, QT interval and heart rate. [7] 
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Table 9: Summary of surgically placed wound catheters with type of surgery, infusion 
used and whether they were opioid sparing and of analgesic benefit  [10] 
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COST FACTOR  
 

 

Fig 1: Mean time spent by nursing professionals to commence and supervise the 
analgesic technique. [8] 

 
 
 
 
When calculating all the resources consumed, the Continuous Wound Infusion arm (Euros : 
6460) is economically superior when compared with i.v.-PCA (Euros: 7273) and Epidural 
Anaesthesia (Euros: 7500). [8] 
 
The proportion of patients successfully controlled for their postoperative pain management are 
77.4%, 53.9%, and 72.9% for Continuous Wound Infusion, i.v.-PCA, and Epidural Anaesthesia, 
respectively, demonstrating the Continuous Wound Infusion procedure to be both economically 
and clinically dominant.   
 
Continuous Wound Infusion has remained cost saving in 70.4% of cases when compared with 
Epidural Anaesthesia and in 59.2% of cases when compared with PCA. [8] 
 
 
 
 
 
 
 
 
 



Page 22 of 25 

DISCUSSION 
 
Optimal management of postoperative pain, a shorter length of hospital stay and a fast turnover 
after a major surgery have been important concerns among surgeons, anaesthetists and 
hospital administrators. [9] 
 
As epidural puncture is always associated with side effects such as neuraxial hematoma and 
nerve damages, patients with spinal malformations, infectious puncture site, and anticoagulant 
therapy are normally not included in the criteria for epidural analgesia use [9] 
 
In the case of hepatectomy, opioid administration even at lower doses can induce oxidative 
stress in the liver, leading to hepatocyte apoptosis and liver enzyme elevation [9] 
 
Patient satisfaction, safety and cost-effectiveness are all achieved using local anesthetic wound 
infusion catheters. 
 
In the event of failure or partial effectiveness, rescue analgesia is available and a smaller 
amount can be given. 
 
This is certainly an option for district level hospitals where turnover is high and bed space is at a 
premium with staff shortages and fewer resources. 
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WOUND INFUSION CATHETERS 

 
 
INTRODUCTION 
 
Continuous Wound Infusion: 
 
Continuous Wound Infusion is a technique which uses a multi-holed catheter to deliver local 
anaesthetics or analgesics directly into the wound for postoperative pain relief. It can be used 
as a single technique or as part of a multi-modal analgesic approach 
 
Compared with opioid analgesia, continuous regional infusion of local anaesthetic provides 
better pain control with reduction in opioid use and opioid related side effects 
 
By optimizing postoperative analgesia, you increase patient satisfaction and clinically outcomes 
are improved.  Postoperative pain that is uncontrolled can result in significant morbidity and 
mortality ¹. 
 
Categories of Regional Analgesia include: 
 

• Extrapleural (equivalent to intercostal or paravertebral) and interpleural  
 

• Peripheral Nerve Blocks e.g. interscalene, femoral nerve, sciatic nerve  
 

• Intra-articular infusion e.g. post shoulder surgery 
 

• Wound site infusion including use of a disposable elastomeric infusion device 
 
 
 
 
 
HISTORY OF WOUND INFUSION CATHETERS 
 
Continuous infiltration of local anaesthetic into surgical wounds as an analgesic technique was 
first descibed just over a decade ago, after the development of multi-holed catheters.  
 
Together with the widespread availability of infusion pumps, placement of multi-holed flexible 
catheters inside or alongside surgical wounds enables continuous, evenly spread infiltration of 
LA over an indefinite period.¹ 
 
First described in 1935, it has been experimented with throughout the 20th century and the 
technique has been found to be safe and effective in several clinical settings. [4] 
 
Currently a number of brands and devices are available each carrying its own pros and cons.   
With evolving technology, delivery of local anaesthetics is becoming more accurate, reliable, 
safe and effective.   
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Figure 1: Possible scope of application [11] 
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ADVANTAGES OF WOUND INFUSION CATHETERS 
 
� Easy placement of catheter with fewer complications associated with insertion compared 

with neuraxial anesthesia and peripheral nerve blocking techniques.¹  
 
� Potentially it offers to reduce postoperative opioid requirements and its associated side 

effects and increase postoperative patient mobility, with minimal failure¹ 
 
� Pain is relieved by Continuous Local Anaesthetic wound infusion into a surgical wound 

and works by direct inhibition of noxious afferent generator potentials from peripheral 
nerve fibres and a decrease of the local inflammatory response to injury¹ 

 
� Local Anaesthetic infusion analgesia can be used as a viable option when epidural 

analgesia is contraindicated or physically challenging to do.¹ 
 
� Ability to have pain rescue with PCA without overdosing the patient 
 
� Cost effectiveness with reduced morbidity and mortality, length of stay, and burden of cost 

to patient 
 
� Monitoring of patient is made easier 
 
� Infusion of local anaesthetic for regional analgesia can be used either alone or in 

combination with systemic non-opioid and/or opioid analgesia 
 

 
Figure 2: Disposable elastomeric ballon pump device [12] 
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Figure 3: Special arrangement of catheter perforation for uniform distribution [11] 
 
 
 
 
 

 
 
Figure 4: Integrated stainless steel helical coil, for uniform flow of anaesthetic and 
prevention of kinking or buckling.  Also radiopaque and visible under ultrasound [11] 
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DIFFERENT TYPES OF WOUND CATHETERS AND PLACEMENT 
 

Fig 5: Surgical details showing, step by step, the positioning of two multiholed 
catheters for an        open nephrectomy On-Q pain Buster ³ 

 
 

Maric et al did a study to compare the quality of analgesia with multi-versus two 
few-hole catheters in patients after colorectal surgery. The choice of optimal type 
of wound catheter, few or multi-hole is still controversial. The aim was to evaluate the 
analgesic potential of these two catheter types.  [4] 
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EFFECTIVENESS IN DIFFERENT TYPES OF SURGERIES 
  
Forty patients undergoing colorectal surgery were randomized to intraoperative placement of 
two epidural catheters (Group EC) or multi-hole catheter (Group WC) in the wound above the 
fascia.  
 
Patients received 0.25% levobupivacaine (Group WC) with 10 mL bolus through the wound 
catheter followed by an infusion of 6 mL/h during 48 h, or the same protocol with equally divided 
levobupivacaine doses through two epidural catheters (Group EC). Simultaneously, patient-
controlled analgesia provided intravenous morphine. [4] 
 
Pain was evaluated postoperatively with 4-point verbal scale (VRS) for the first 2 h, with Visual 
Analogue Scale at rest (VAS r), and during coughing (VAS c) every 6 h for the first 48 h. [4] 
 
Results and Conclusions: No significant difference in morphine consumption was observed 
between groups. There were no significant differences in VRS scores between the groups 
(p=0,756). VAS scores were significantlylower in Group WC in rest (rWC, p=0,007) and 
coughing (cWC, p=0,018) for the 6 h, 12 h, and 24 h postoperatively. [4] 
 
In the period 30–48 h there was no difference between groups. They concluded that 
levobupivacaine infusion through multi-hole catheter provides better quality of postoperative 
analgesia compared with two epidural catheters for the first 24 h. [4] 
 
The type of catheter plays the most important role. In this context, catheters with multiple holes 
may provide larger wound spread compared with triple orifice epidural catheters. The choice of 
catheter, multihole versus few holes is without any documentation for larger wound spread or 
improved analgesia. [4] 
 
The question also lies in the pumps, elastomeric or electronic? In their study they used 
electronic pumps because of lower price and good clinical experience. Elastomeric 
pumps are strongly recommended by wound catheter producers but Remerand et al. have 
published that elastomeric pumps may deliver inappropriate amounts of local anaesthetics with 
inaccuracy higher than 15% and failure to deflate is also not uncommon [4] 
 
Type of catheter plays a more important role in providing better analgesia for the first 24 hours. 
It seems logical that larger spread of local anaesthetics through more catheter holes provides 
better analgesia. In the first 24 h pain is more intense than following that critical period.  They 
emphasize that VAS 6–24 h was in the clinically acceptable range between 0–2 in both groups. 
[4] 
 
Wound catheters are more expensive than epidural ones, and usage of disposable elastomeric 
pumps are more expensive than usage of electronic ones.  [4] 
 
Local Anaesthetic Catheter Positioning seems to be crucial in determining how effective the 
technique is.  
 
Some catheters are placed in the pre-peritoneal space after laparotomy or open prostatectomy 
and have reduced postoperative pain, accelerated recovery, and postoperative pulmonary 
function may have benefitted some, while catheter placement superficial to i.m. fascia was 
mostly ineffective [1] 
 
Further support by a study of open nephrectomy patients showed optimal analgesia with one of 
the catheters that traversed between abdominal wall muscle layers and the pre-peritoneum. [1] 
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A study by Liu et al showed Wound catheters which were placed in various locations 
(subcutaneous, subfascial, suprafascial,, intraarticular, peripleural, or periosteal), and only two 
Randomised Control Trials specifically stated that catheters were not placed or activated until 
surgical closure, as a result no preemptive analgesia was attempted or administered. For a 
median and mode of 2 days, local anaesthetic was infused . The cardiothoracic discipline had 
the most Randomised Controlled Trials (n 14), followed by Orthopaedic surgery (n 12), General 
Surgery (n 11), and gynecology-urology (n 7).   [5] 
 
Metaanalysis associated multiple potential benefits with use of continuous wound catheters 
(Table 1). For all groups combined, mean VAS pain scores decreased considerably at rest (10 
mm weighted mean difference; 95% CI, 13 to 7 mm) and with activity (22 mm weighted mean 
difference; 95% CI, 32 to 13mm). Subgroup analysis confirmed decreased pain scores. [5] 
 
 

Cardiothoracic surgery 

 
Thoracotomy for lung resection was explored by most trials, with the exception of 1 examining 
thoracotomy for esophagectomy and 3 examining median sternotomy for cardiac surgery   
(Table 1).  
 
Continuous infusion delivery or intermittent bolus delivery were the only methods studied. 
Placement of Thoracotomy wound catheters were in a variety of described peripleural locations 
(extrapleural: 2, interpleural: 2, intercostal:3, and intrapleural:4). Two of the cardiac studies 
done had placed catheters adjacent to the sternum whilst the other had inserted subfascial and 
subcutaneous (SC) catheters. Most of the Randomised Controlled Trials (12 of 14) reported 
significant (p0.05) analgesic efficacy for pain scores or opioid use. [5] 
 
(11 of 13) Randomised Control Trials showed considerable reduction in pain scores in the 
immediate postoperative period, and five Randomised Control Trials had seen a reduction until 
the second postoperative day. Only a few trials reported opioid-related side effects (three of  
fourteen) or patient satisfaction (one of fourteen). The length of stay was reported by 6 trials, 
with four out of the six finding some reduction in the group of wound catheters. [5] 
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Table 1: Liu et al - Cardiothoracics, Randomized controlled trials [5] 
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Table2 : Liu et al [5] Cardiothoracics 
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Table3 : Liu et al [5] Abdominal surgery (General surgery) 

 
 
 
 

General surgery 

 
Upper abdominal and vascular surgery, were some of the various surgical procedures used. 
(PCA) patient-controlled analgesia, continuous infusion, and intermittent bolus was the choice of 
continuous delivery methods that were used. Placement of Wound catheters were SC, 
subfascial, or between muscle and peritoneum. Ten of twelve reported significant (p0.05) 
analgesic efficacy, be it either a reduction in opioid use or a reduction in pain scores.  
 
A substantial reduction in Pain scores in the immediate postoperative period were found in 8 of 
11 randomised controlled trials, but only three RCTs reported reduction through second 
postoperative day . Opioid side effects were reported by four of twelve studies whilst patient 
satisfaction (2 of 12), or length of hospital stay (3 of 12). 
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Obstetrics and Gynaecology 

 

 
Table 4: Liu et al  [5] Obstetrics and gynaecology 

  
 

Gynecology-Urology surgery 

 
Cesarean section or abdominal hysterectomy were mostly examined.  Similarly Patient 
controlled analgesia, continuous infusion, and intermittent bolus were used.  Wound catheters 
were placed between muscle fascia and SC tissue (6 of 9) in the majority of cases. More than 
half  (5 of 9) of RCTs had obtained substantial analgesic efficacy, both as reduced pain scores 
or reduced opioid use. Through the immediate postoperative period pain scores were 
substantially reduced in (4 of 9) RCTs, with no RCTs reporting a reduction past day one 
postoperatively. Improvement was found in All RCTs that reported side effects and patient 
satisfaction. Reported length of stay without any differences: (5 RCTs). [5] 
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Orthopaedics 

 
 

Table 5: Orthopaedic outcomes for different sites [5] 
 

 

Orthopaedic surgery 

 
Open and arthroscopic procedures on upper and lower extremities including spine surgery were 
some of the procedures that were studied. Again continuous delivery methods were used:  
patient-controlled analgesia, continuous infusion, and intermittent bolus. The various locations  
used for the wound catheters: intraarticular, periosteal and SC. Majority of RCTs (13 / 16) found 
significant (p0.05) analgesic efficacy both as decreased pain scores or opioid use. Pain scores 
immediately postoperative were significantly {p0.05} reduced in (12 of 16 RCTs), whilst 11 
RCTs found a reduction through days 2 to 5 postoperatively. Only a few trials measured opioid-
related side effects, a reduction in PONV in 4 of 6 RCTs, although not one reached individual 
statistical significance. Considerable increase in patient satisfaction was seen in the 3 RCTs 
that reported these outcomes. Length of stay measured in only 3 RCTs, and majority of the 
procedures (9 of 16 RCTs) were ambulatory. [5] 
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Table 6:  Liu et al [5] Orthopaedics 

 
 
 
 

Overall summary of results from quantitative and qualitative review 

 

Consistent analgesic efficacy was demonstrated by continuous wound infusion catheters with 
regards to reduced pain scores or opioid use for all surgical subspecialities, despite the type of 
surgical procedure done, exact location of  the wound catheter, dose of local anaesthetic or 
mode of delivery of local anaesthetic, and mixture of analgesic. Opioid-related side effects, 
patient satisfaction, and length of hospital stay were infrequently assessed for each surgical 
group 
 
Increased patient satisfaction, a reduction in PONV globally, and decreased length of stay. [5] 
 
Several mechanisms of analgesia can be provided by direct application of local anaesthetic to 
wounds. Local anaesthetics would provide a direct blockade of transmission of pain from 
nociceptive afferents coming from the wound surface. There is mounting proof that local 
inflammatory response to injury which can be sensitizing to nociceptive receptors and contribute 
to pain and hyperalgesia, can be inhibited by local anaesthetic,. [5] 
 
Some studies of local anaesthetics have observed a reduction in release of inflammatory 
mediators obtained from neutrophils, a reduction of neutrophil adhesion to the endothelium, 
reduction in  formation of free O2 radicals, and formation of oedema is decreased. 
 
By providing a prolonged application of local anaesthesic to wounds by a catheter, it proved to 
be far more beneficial from that of single injection technique of local anaesthetic in laparoscopic 
or abdominal operations, as previous systematic reviews demonstrated. [5] 
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Table7 : Liu et al [5] orthopaedics 
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Physiology 

 
Combination of 3 Factors associated with Postoperative pain: 
  
(i)  Nerve fibres that are innervating the site of the incision,retraction or suturing generate 

impulses; [6] 
 
(ii)  A number of inflammatory mediators, which become elevated at the surgical site and are 

found to sensitize uninjured and injured nerve fibres. These include , prostaglandins, 
endothelin-1, cytokines and nerve growth factor [6] 

  
(iii)  The spinal cord which has pain transmitting circuits become sensitized which then has an 

increased response to stimuli that are noxious and can transform their responsiveness to  
stimuli that is not painful, for example light touch or gentle pressure. [6] 

 
Induction of the firing of impulses in peripheral neurones is precipitated by incisional trauma and 
of the stretch and compression from retraction, clamping, etc during surgery. Sensitization 
involving central pathways will be activated by these discharges, although it is  probably largely 
restricted intraoperatively [6] 
 
Local inflammation is fostered by Tissue damage, bleeding, and the release of 
chemoattractants from the injury site. The chemokines or cytokines that are produced by 
migrating and proliferative immune cells, for example TNF-a, IL-6, and prostaglandin E2 and 
prostacyclin, provide enhancement to the excitability of neurones by enhancing specific inward 
currents, especially those that are expressed on the nociceptors[6] 
 
Short term pain coming from the transitory discharge of nociceptors is from a result of mild 
noxious stimulation. Surgery which causes substantial injury, engages pathways involving this 
positive feedback cascade and therefore leads to a prolongation of hypersensitivity of peripheral 
tissues. [6] 
 
Such prolonged peripheral sensitization results in a sufficient barrage of nociceptive impulses 
into the spinal cord (and, perhaps, the brain) that the properties of the ‘receiving circuits’ there 
are sensitized. [6] 
 
Spinal cells (so called pain transmitting cells) response to central sensitization accounts for the 
response to non-noxious stimuli, which are conveyed by Ab-mechanoreceptors and accounts 
partly for the occurence of postoperative tactile allodynia, which is a common problem.  
 
The phenomenon of secondary hyperaesthesia: Where central sensitization is transmitted past 
the spinal neurones that are usually directly stimulated from the injured tissue, such that 
stimulation of surrounding areas, surrounding dermatomes, or even those on the contralateral 
side to the injury site now can cause pain. [6] 
 
Perioperatively, local anaesthetics are useful in affecting all three of these factors. During 
surgical manipulations, wound site local anaesthetic infiltration, and even deep into the surgical 
cavity, can attenuate the generation and propagation of injury-induced discharges. [6] 
 
This action may partly be due to inhibition of the transduction and sensitization steps in 
nociception, for specific local anaesthetics, examples like bupivacaine and amethocaine, which 
have been shown to inhibit a transducing channel, TRPV-1, which plays a vital role in the 
development of hyperalgesia after an insult like inflammation or injury. [6] 
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The continuous delivery of local anaesthetics, from either slow-release formulations or catheters 
placed temporarily, may have an extention of impulse inhibition, days after surgery.  
 
Inflammatory and local sensitizing responses can be inhibited by local anaesthetics, which 
directly suppress some phases of the inflammation, which is, neutrophil priming, and by 
inhibiting some of the neuronal pathways that are activated by inflammation, which is protein 
kinase C, and certain G protein-coupled receptors.[6] 
 
Providing a persistent postoperative motor block, even of the peripheries (foot / ankle), creates 
another hurdle for the safety of mobilization in patients, extremely important after ‘ambulatory’ 
surgery. [6] 
 
Local anaesthetic concentration in systemic circulation, can alter postoperative pain profoundly. 
In the perioperative period , plasma lidocaine concentrations of 2–4 mg ml(8–15 mM), have 
exhibited a reduction of postoperative pain scores and opiate consumption; Circulatory 
presence of these drugs for a few hours, can suppress processes that would eventually 
escalate pain in the days following surgery[6] 
 
The plasma concentrations of local anaesthetics can be obtained and maintained  by 
continuous i.v. infusions, at safe or effective rates, and also from the uptake of drugs by the 
vascular system, which is situated around a peripheral nerve or epidural site, for local / regional 
anaesthesia. 
 
The benefit of systemically circulating agents following the unintentional local anaesthetic 
administration is an unknown question. [6] 
 
 
 

Ropivacaine vs Levobupivacaine 

 
Levobupivacaine and ropivacaine, developed recently as longer-acting local anaesthetics, 
motivated as an alternative to bupivacaine, after severe toxicity was associated with its use. 

 
 

Table: Pharmacology, toxicology, and clinical use of new long acting local 
anesthetics, ropivacaine and levobupivacaine Stefania Leone, Simone Di Cianni, 
Andrea Casati†, Guido Fanelli 
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Ropivacaine as compared to bupivacaine and levobupivacaine is 40-50% less potent due to its  
lower lipid solubility. Although it has a reduced potency, it does not imply that it has a lower 
efficacy than bupivacaine or levobupivacaine. The use of an equipotency ratio of 1.5 : 1 
between ropivacaine and the other two drugs results in a significantly similar clinical profile with 
motor function having been preserved adequately. [7] 
 
A study has recently confirmed a better neurotoxic profile of levobupivacaine in comparison to 
racemic bupivacaine, thus making levobupivacaine safer in clinical practice. [7] 
 
CNS signs of intoxication are usually evident before the appearance of cardiovascular toxicity, 
as the CNS is more susceptible to the actions of local anaesthetics [7] 
 
Initial or early signs of CNS toxicity are usually excitatory in nature and include shivering, 
muscle twitching, and tremors. These are as a result of a preferential block of inhibitory central 
pathways. As the local anesthetic plasma concentrations increase, there is blockage of the 
excitatory pathway of CNS toxicity.  Following signs of CNS excitation is generalized CNS 
depression featuring hypoventilation and respiratory arrest, eventually progressing to 
generalized convulsions. One objective measure of CNS toxicity is the convulsive threshold. [7] 
 
In human subjects only mildly toxic doses are given for ethical reasons. Local anaesthetics are  
administered intravenously deliberately only for research, until the appearance of  initial 
subjective signs of CNS toxicity. [7] 
 
Bupivacaine Ropivacaine and levobupivacaine show a dose-dependent prolongation of cardiac 
conduction.  There is an increase in the PR interval and QRS duration on ECG. This is caused 
by the persistent block of sodium channels into diastole phase, predisposing to re-entrant 
arrhythmias. [7] 
 
The inhibition of cardiac contractility is also proportional to the lipid solubility and nerve-blocking 
potency of the local anesthetics, in order of rank (from least to most) of the cardiotoxic potency 
of the three local anaesthetics with ropivacaine < S  bupivacaine <racemic bupivacaine <R(+) 
bupivacaine [7] 
 
The comparison of levobupivacaine and ropivacaine regarding the CVS effects after IV injection 
in healthy volunteers, showed no differences in mean percentage changes from baseline to the 
end of infusion  for stroke index, cardiac index, acceleration index, or for PR interval, QRS 
duration, QT interval and heart rate. [7] 
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Table 9: Summary of surgically placed wound catheters with type of surgery, infusion 
used and whether they were opioid sparing and of analgesic benefit  [10] 
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COST FACTOR  
 

 

Fig 1: Mean time spent by nursing professionals to commence and supervise the 
analgesic technique. [8] 

 
 
 
 
When calculating all the resources consumed, the Continuous Wound Infusion arm (Euros : 
6460) is economically superior when compared with i.v.-PCA (Euros: 7273) and Epidural 
Anaesthesia (Euros: 7500). [8] 
 
The proportion of patients successfully controlled for their postoperative pain management are 
77.4%, 53.9%, and 72.9% for Continuous Wound Infusion, i.v.-PCA, and Epidural Anaesthesia, 
respectively, demonstrating the Continuous Wound Infusion procedure to be both economically 
and clinically dominant.   
 
Continuous Wound Infusion has remained cost saving in 70.4% of cases when compared with 
Epidural Anaesthesia and in 59.2% of cases when compared with PCA. [8] 
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DISCUSSION 
 
Optimal management of postoperative pain, a shorter length of hospital stay and a fast turnover 
after a major surgery have been important concerns among surgeons, anaesthetists and 
hospital administrators. [9] 
 
As epidural puncture is always associated with side effects such as neuraxial hematoma and 
nerve damages, patients with spinal malformations, infectious puncture site, and anticoagulant 
therapy are normally not included in the criteria for epidural analgesia use [9] 
 
In the case of hepatectomy, opioid administration even at lower doses can induce oxidative 
stress in the liver, leading to hepatocyte apoptosis and liver enzyme elevation [9] 
 
Patient satisfaction, safety and cost-effectiveness are all achieved using local anesthetic wound 
infusion catheters. 
 
In the event of failure or partial effectiveness, rescue analgesia is available and a smaller 
amount can be given. 
 
This is certainly an option for district level hospitals where turnover is high and bed space is at a 
premium with staff shortages and fewer resources. 
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WOUND INFUSION CATHETERS 

 
 
INTRODUCTION 
 
Continuous Wound Infusion: 
 
Continuous Wound Infusion is a technique which uses a multi-holed catheter to deliver local 
anaesthetics or analgesics directly into the wound for postoperative pain relief. It can be used 
as a single technique or as part of a multi-modal analgesic approach 
 
Compared with opioid analgesia, continuous regional infusion of local anaesthetic provides 
better pain control with reduction in opioid use and opioid related side effects 
 
By optimizing postoperative analgesia, you increase patient satisfaction and clinically outcomes 
are improved.  Postoperative pain that is uncontrolled can result in significant morbidity and 
mortality ¹. 
 
Categories of Regional Analgesia include: 
 

• Extrapleural (equivalent to intercostal or paravertebral) and interpleural  
 

• Peripheral Nerve Blocks e.g. interscalene, femoral nerve, sciatic nerve  
 

• Intra-articular infusion e.g. post shoulder surgery 
 

• Wound site infusion including use of a disposable elastomeric infusion device 
 
 
 
 
 
HISTORY OF WOUND INFUSION CATHETERS 
 
Continuous infiltration of local anaesthetic into surgical wounds as an analgesic technique was 
first descibed just over a decade ago, after the development of multi-holed catheters.  
 
Together with the widespread availability of infusion pumps, placement of multi-holed flexible 
catheters inside or alongside surgical wounds enables continuous, evenly spread infiltration of 
LA over an indefinite period.¹ 
 
First described in 1935, it has been experimented with throughout the 20th century and the 
technique has been found to be safe and effective in several clinical settings. [4] 
 
Currently a number of brands and devices are available each carrying its own pros and cons.   
With evolving technology, delivery of local anaesthetics is becoming more accurate, reliable, 
safe and effective.   
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Figure 1: Possible scope of application [11] 
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ADVANTAGES OF WOUND INFUSION CATHETERS 
 
� Easy placement of catheter with fewer complications associated with insertion compared 

with neuraxial anesthesia and peripheral nerve blocking techniques.¹  
 
� Potentially it offers to reduce postoperative opioid requirements and its associated side 

effects and increase postoperative patient mobility, with minimal failure¹ 
 
� Pain is relieved by Continuous Local Anaesthetic wound infusion into a surgical wound 

and works by direct inhibition of noxious afferent generator potentials from peripheral 
nerve fibres and a decrease of the local inflammatory response to injury¹ 

 
� Local Anaesthetic infusion analgesia can be used as a viable option when epidural 

analgesia is contraindicated or physically challenging to do.¹ 
 
� Ability to have pain rescue with PCA without overdosing the patient 
 
� Cost effectiveness with reduced morbidity and mortality, length of stay, and burden of cost 

to patient 
 
� Monitoring of patient is made easier 
 
� Infusion of local anaesthetic for regional analgesia can be used either alone or in 

combination with systemic non-opioid and/or opioid analgesia 
 

 
Figure 2: Disposable elastomeric ballon pump device [12] 
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Figure 3: Special arrangement of catheter perforation for uniform distribution [11] 
 
 
 
 
 

 
 
Figure 4: Integrated stainless steel helical coil, for uniform flow of anaesthetic and 
prevention of kinking or buckling.  Also radiopaque and visible under ultrasound [11] 
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DIFFERENT TYPES OF WOUND CATHETERS AND PLACEMENT 
 

Fig 5: Surgical details showing, step by step, the positioning of two multiholed 
catheters for an        open nephrectomy On-Q pain Buster ³ 

 
 

Maric et al did a study to compare the quality of analgesia with multi-versus two 
few-hole catheters in patients after colorectal surgery. The choice of optimal type 
of wound catheter, few or multi-hole is still controversial. The aim was to evaluate the 
analgesic potential of these two catheter types.  [4] 
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EFFECTIVENESS IN DIFFERENT TYPES OF SURGERIES 
  
Forty patients undergoing colorectal surgery were randomized to intraoperative placement of 
two epidural catheters (Group EC) or multi-hole catheter (Group WC) in the wound above the 
fascia.  
 
Patients received 0.25% levobupivacaine (Group WC) with 10 mL bolus through the wound 
catheter followed by an infusion of 6 mL/h during 48 h, or the same protocol with equally divided 
levobupivacaine doses through two epidural catheters (Group EC). Simultaneously, patient-
controlled analgesia provided intravenous morphine. [4] 
 
Pain was evaluated postoperatively with 4-point verbal scale (VRS) for the first 2 h, with Visual 
Analogue Scale at rest (VAS r), and during coughing (VAS c) every 6 h for the first 48 h. [4] 
 
Results and Conclusions: No significant difference in morphine consumption was observed 
between groups. There were no significant differences in VRS scores between the groups 
(p=0,756). VAS scores were significantlylower in Group WC in rest (rWC, p=0,007) and 
coughing (cWC, p=0,018) for the 6 h, 12 h, and 24 h postoperatively. [4] 
 
In the period 30–48 h there was no difference between groups. They concluded that 
levobupivacaine infusion through multi-hole catheter provides better quality of postoperative 
analgesia compared with two epidural catheters for the first 24 h. [4] 
 
The type of catheter plays the most important role. In this context, catheters with multiple holes 
may provide larger wound spread compared with triple orifice epidural catheters. The choice of 
catheter, multihole versus few holes is without any documentation for larger wound spread or 
improved analgesia. [4] 
 
The question also lies in the pumps, elastomeric or electronic? In their study they used 
electronic pumps because of lower price and good clinical experience. Elastomeric 
pumps are strongly recommended by wound catheter producers but Remerand et al. have 
published that elastomeric pumps may deliver inappropriate amounts of local anaesthetics with 
inaccuracy higher than 15% and failure to deflate is also not uncommon [4] 
 
Type of catheter plays a more important role in providing better analgesia for the first 24 hours. 
It seems logical that larger spread of local anaesthetics through more catheter holes provides 
better analgesia. In the first 24 h pain is more intense than following that critical period.  They 
emphasize that VAS 6–24 h was in the clinically acceptable range between 0–2 in both groups. 
[4] 
 
Wound catheters are more expensive than epidural ones, and usage of disposable elastomeric 
pumps are more expensive than usage of electronic ones.  [4] 
 
Local Anaesthetic Catheter Positioning seems to be crucial in determining how effective the 
technique is.  
 
Some catheters are placed in the pre-peritoneal space after laparotomy or open prostatectomy 
and have reduced postoperative pain, accelerated recovery, and postoperative pulmonary 
function may have benefitted some, while catheter placement superficial to i.m. fascia was 
mostly ineffective [1] 
 
Further support by a study of open nephrectomy patients showed optimal analgesia with one of 
the catheters that traversed between abdominal wall muscle layers and the pre-peritoneum. [1] 
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A study by Liu et al showed Wound catheters which were placed in various locations 
(subcutaneous, subfascial, suprafascial,, intraarticular, peripleural, or periosteal), and only two 
Randomised Control Trials specifically stated that catheters were not placed or activated until 
surgical closure, as a result no preemptive analgesia was attempted or administered. For a 
median and mode of 2 days, local anaesthetic was infused . The cardiothoracic discipline had 
the most Randomised Controlled Trials (n 14), followed by Orthopaedic surgery (n 12), General 
Surgery (n 11), and gynecology-urology (n 7).   [5] 
 
Metaanalysis associated multiple potential benefits with use of continuous wound catheters 
(Table 1). For all groups combined, mean VAS pain scores decreased considerably at rest (10 
mm weighted mean difference; 95% CI, 13 to 7 mm) and with activity (22 mm weighted mean 
difference; 95% CI, 32 to 13mm). Subgroup analysis confirmed decreased pain scores. [5] 
 
 

Cardiothoracic surgery 

 
Thoracotomy for lung resection was explored by most trials, with the exception of 1 examining 
thoracotomy for esophagectomy and 3 examining median sternotomy for cardiac surgery   
(Table 1).  
 
Continuous infusion delivery or intermittent bolus delivery were the only methods studied. 
Placement of Thoracotomy wound catheters were in a variety of described peripleural locations 
(extrapleural: 2, interpleural: 2, intercostal:3, and intrapleural:4). Two of the cardiac studies 
done had placed catheters adjacent to the sternum whilst the other had inserted subfascial and 
subcutaneous (SC) catheters. Most of the Randomised Controlled Trials (12 of 14) reported 
significant (p0.05) analgesic efficacy for pain scores or opioid use. [5] 
 
(11 of 13) Randomised Control Trials showed considerable reduction in pain scores in the 
immediate postoperative period, and five Randomised Control Trials had seen a reduction until 
the second postoperative day. Only a few trials reported opioid-related side effects (three of  
fourteen) or patient satisfaction (one of fourteen). The length of stay was reported by 6 trials, 
with four out of the six finding some reduction in the group of wound catheters. [5] 
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Table 1: Liu et al - Cardiothoracics, Randomized controlled trials [5] 
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Table2 : Liu et al [5] Cardiothoracics 
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Table3 : Liu et al [5] Abdominal surgery (General surgery) 

 
 
 
 

General surgery 

 
Upper abdominal and vascular surgery, were some of the various surgical procedures used. 
(PCA) patient-controlled analgesia, continuous infusion, and intermittent bolus was the choice of 
continuous delivery methods that were used. Placement of Wound catheters were SC, 
subfascial, or between muscle and peritoneum. Ten of twelve reported significant (p0.05) 
analgesic efficacy, be it either a reduction in opioid use or a reduction in pain scores.  
 
A substantial reduction in Pain scores in the immediate postoperative period were found in 8 of 
11 randomised controlled trials, but only three RCTs reported reduction through second 
postoperative day . Opioid side effects were reported by four of twelve studies whilst patient 
satisfaction (2 of 12), or length of hospital stay (3 of 12). 
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Obstetrics and Gynaecology 

 

 
Table 4: Liu et al  [5] Obstetrics and gynaecology 

  
 

Gynecology-Urology surgery 

 
Cesarean section or abdominal hysterectomy were mostly examined.  Similarly Patient 
controlled analgesia, continuous infusion, and intermittent bolus were used.  Wound catheters 
were placed between muscle fascia and SC tissue (6 of 9) in the majority of cases. More than 
half  (5 of 9) of RCTs had obtained substantial analgesic efficacy, both as reduced pain scores 
or reduced opioid use. Through the immediate postoperative period pain scores were 
substantially reduced in (4 of 9) RCTs, with no RCTs reporting a reduction past day one 
postoperatively. Improvement was found in All RCTs that reported side effects and patient 
satisfaction. Reported length of stay without any differences: (5 RCTs). [5] 
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Orthopaedics 

 
 

Table 5: Orthopaedic outcomes for different sites [5] 
 

 

Orthopaedic surgery 

 
Open and arthroscopic procedures on upper and lower extremities including spine surgery were 
some of the procedures that were studied. Again continuous delivery methods were used:  
patient-controlled analgesia, continuous infusion, and intermittent bolus. The various locations  
used for the wound catheters: intraarticular, periosteal and SC. Majority of RCTs (13 / 16) found 
significant (p0.05) analgesic efficacy both as decreased pain scores or opioid use. Pain scores 
immediately postoperative were significantly {p0.05} reduced in (12 of 16 RCTs), whilst 11 
RCTs found a reduction through days 2 to 5 postoperatively. Only a few trials measured opioid-
related side effects, a reduction in PONV in 4 of 6 RCTs, although not one reached individual 
statistical significance. Considerable increase in patient satisfaction was seen in the 3 RCTs 
that reported these outcomes. Length of stay measured in only 3 RCTs, and majority of the 
procedures (9 of 16 RCTs) were ambulatory. [5] 
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Table 6:  Liu et al [5] Orthopaedics 

 
 
 
 

Overall summary of results from quantitative and qualitative review 

 

Consistent analgesic efficacy was demonstrated by continuous wound infusion catheters with 
regards to reduced pain scores or opioid use for all surgical subspecialities, despite the type of 
surgical procedure done, exact location of  the wound catheter, dose of local anaesthetic or 
mode of delivery of local anaesthetic, and mixture of analgesic. Opioid-related side effects, 
patient satisfaction, and length of hospital stay were infrequently assessed for each surgical 
group 
 
Increased patient satisfaction, a reduction in PONV globally, and decreased length of stay. [5] 
 
Several mechanisms of analgesia can be provided by direct application of local anaesthetic to 
wounds. Local anaesthetics would provide a direct blockade of transmission of pain from 
nociceptive afferents coming from the wound surface. There is mounting proof that local 
inflammatory response to injury which can be sensitizing to nociceptive receptors and contribute 
to pain and hyperalgesia, can be inhibited by local anaesthetic,. [5] 
 
Some studies of local anaesthetics have observed a reduction in release of inflammatory 
mediators obtained from neutrophils, a reduction of neutrophil adhesion to the endothelium, 
reduction in  formation of free O2 radicals, and formation of oedema is decreased. 
 
By providing a prolonged application of local anaesthesic to wounds by a catheter, it proved to 
be far more beneficial from that of single injection technique of local anaesthetic in laparoscopic 
or abdominal operations, as previous systematic reviews demonstrated. [5] 
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Table7 : Liu et al [5] orthopaedics 
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Physiology 

 
Combination of 3 Factors associated with Postoperative pain: 
  
(i)  Nerve fibres that are innervating the site of the incision,retraction or suturing generate 

impulses; [6] 
 
(ii)  A number of inflammatory mediators, which become elevated at the surgical site and are 

found to sensitize uninjured and injured nerve fibres. These include , prostaglandins, 
endothelin-1, cytokines and nerve growth factor [6] 

  
(iii)  The spinal cord which has pain transmitting circuits become sensitized which then has an 

increased response to stimuli that are noxious and can transform their responsiveness to  
stimuli that is not painful, for example light touch or gentle pressure. [6] 

 
Induction of the firing of impulses in peripheral neurones is precipitated by incisional trauma and 
of the stretch and compression from retraction, clamping, etc during surgery. Sensitization 
involving central pathways will be activated by these discharges, although it is  probably largely 
restricted intraoperatively [6] 
 
Local inflammation is fostered by Tissue damage, bleeding, and the release of 
chemoattractants from the injury site. The chemokines or cytokines that are produced by 
migrating and proliferative immune cells, for example TNF-a, IL-6, and prostaglandin E2 and 
prostacyclin, provide enhancement to the excitability of neurones by enhancing specific inward 
currents, especially those that are expressed on the nociceptors[6] 
 
Short term pain coming from the transitory discharge of nociceptors is from a result of mild 
noxious stimulation. Surgery which causes substantial injury, engages pathways involving this 
positive feedback cascade and therefore leads to a prolongation of hypersensitivity of peripheral 
tissues. [6] 
 
Such prolonged peripheral sensitization results in a sufficient barrage of nociceptive impulses 
into the spinal cord (and, perhaps, the brain) that the properties of the ‘receiving circuits’ there 
are sensitized. [6] 
 
Spinal cells (so called pain transmitting cells) response to central sensitization accounts for the 
response to non-noxious stimuli, which are conveyed by Ab-mechanoreceptors and accounts 
partly for the occurence of postoperative tactile allodynia, which is a common problem.  
 
The phenomenon of secondary hyperaesthesia: Where central sensitization is transmitted past 
the spinal neurones that are usually directly stimulated from the injured tissue, such that 
stimulation of surrounding areas, surrounding dermatomes, or even those on the contralateral 
side to the injury site now can cause pain. [6] 
 
Perioperatively, local anaesthetics are useful in affecting all three of these factors. During 
surgical manipulations, wound site local anaesthetic infiltration, and even deep into the surgical 
cavity, can attenuate the generation and propagation of injury-induced discharges. [6] 
 
This action may partly be due to inhibition of the transduction and sensitization steps in 
nociception, for specific local anaesthetics, examples like bupivacaine and amethocaine, which 
have been shown to inhibit a transducing channel, TRPV-1, which plays a vital role in the 
development of hyperalgesia after an insult like inflammation or injury. [6] 
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The continuous delivery of local anaesthetics, from either slow-release formulations or catheters 
placed temporarily, may have an extention of impulse inhibition, days after surgery.  
 
Inflammatory and local sensitizing responses can be inhibited by local anaesthetics, which 
directly suppress some phases of the inflammation, which is, neutrophil priming, and by 
inhibiting some of the neuronal pathways that are activated by inflammation, which is protein 
kinase C, and certain G protein-coupled receptors.[6] 
 
Providing a persistent postoperative motor block, even of the peripheries (foot / ankle), creates 
another hurdle for the safety of mobilization in patients, extremely important after ‘ambulatory’ 
surgery. [6] 
 
Local anaesthetic concentration in systemic circulation, can alter postoperative pain profoundly. 
In the perioperative period , plasma lidocaine concentrations of 2–4 mg ml(8–15 mM), have 
exhibited a reduction of postoperative pain scores and opiate consumption; Circulatory 
presence of these drugs for a few hours, can suppress processes that would eventually 
escalate pain in the days following surgery[6] 
 
The plasma concentrations of local anaesthetics can be obtained and maintained  by 
continuous i.v. infusions, at safe or effective rates, and also from the uptake of drugs by the 
vascular system, which is situated around a peripheral nerve or epidural site, for local / regional 
anaesthesia. 
 
The benefit of systemically circulating agents following the unintentional local anaesthetic 
administration is an unknown question. [6] 
 
 
 

Ropivacaine vs Levobupivacaine 

 
Levobupivacaine and ropivacaine, developed recently as longer-acting local anaesthetics, 
motivated as an alternative to bupivacaine, after severe toxicity was associated with its use. 

 
 

Table: Pharmacology, toxicology, and clinical use of new long acting local 
anesthetics, ropivacaine and levobupivacaine Stefania Leone, Simone Di Cianni, 
Andrea Casati†, Guido Fanelli 
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Ropivacaine as compared to bupivacaine and levobupivacaine is 40-50% less potent due to its  
lower lipid solubility. Although it has a reduced potency, it does not imply that it has a lower 
efficacy than bupivacaine or levobupivacaine. The use of an equipotency ratio of 1.5 : 1 
between ropivacaine and the other two drugs results in a significantly similar clinical profile with 
motor function having been preserved adequately. [7] 
 
A study has recently confirmed a better neurotoxic profile of levobupivacaine in comparison to 
racemic bupivacaine, thus making levobupivacaine safer in clinical practice. [7] 
 
CNS signs of intoxication are usually evident before the appearance of cardiovascular toxicity, 
as the CNS is more susceptible to the actions of local anaesthetics [7] 
 
Initial or early signs of CNS toxicity are usually excitatory in nature and include shivering, 
muscle twitching, and tremors. These are as a result of a preferential block of inhibitory central 
pathways. As the local anesthetic plasma concentrations increase, there is blockage of the 
excitatory pathway of CNS toxicity.  Following signs of CNS excitation is generalized CNS 
depression featuring hypoventilation and respiratory arrest, eventually progressing to 
generalized convulsions. One objective measure of CNS toxicity is the convulsive threshold. [7] 
 
In human subjects only mildly toxic doses are given for ethical reasons. Local anaesthetics are  
administered intravenously deliberately only for research, until the appearance of  initial 
subjective signs of CNS toxicity. [7] 
 
Bupivacaine Ropivacaine and levobupivacaine show a dose-dependent prolongation of cardiac 
conduction.  There is an increase in the PR interval and QRS duration on ECG. This is caused 
by the persistent block of sodium channels into diastole phase, predisposing to re-entrant 
arrhythmias. [7] 
 
The inhibition of cardiac contractility is also proportional to the lipid solubility and nerve-blocking 
potency of the local anesthetics, in order of rank (from least to most) of the cardiotoxic potency 
of the three local anaesthetics with ropivacaine < S  bupivacaine <racemic bupivacaine <R(+) 
bupivacaine [7] 
 
The comparison of levobupivacaine and ropivacaine regarding the CVS effects after IV injection 
in healthy volunteers, showed no differences in mean percentage changes from baseline to the 
end of infusion  for stroke index, cardiac index, acceleration index, or for PR interval, QRS 
duration, QT interval and heart rate. [7] 
 
 



Page 20 of 25 

 
Table 9: Summary of surgically placed wound catheters with type of surgery, infusion 
used and whether they were opioid sparing and of analgesic benefit  [10] 
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COST FACTOR  
 

 

Fig 1: Mean time spent by nursing professionals to commence and supervise the 
analgesic technique. [8] 

 
 
 
 
When calculating all the resources consumed, the Continuous Wound Infusion arm (Euros : 
6460) is economically superior when compared with i.v.-PCA (Euros: 7273) and Epidural 
Anaesthesia (Euros: 7500). [8] 
 
The proportion of patients successfully controlled for their postoperative pain management are 
77.4%, 53.9%, and 72.9% for Continuous Wound Infusion, i.v.-PCA, and Epidural Anaesthesia, 
respectively, demonstrating the Continuous Wound Infusion procedure to be both economically 
and clinically dominant.   
 
Continuous Wound Infusion has remained cost saving in 70.4% of cases when compared with 
Epidural Anaesthesia and in 59.2% of cases when compared with PCA. [8] 
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DISCUSSION 
 
Optimal management of postoperative pain, a shorter length of hospital stay and a fast turnover 
after a major surgery have been important concerns among surgeons, anaesthetists and 
hospital administrators. [9] 
 
As epidural puncture is always associated with side effects such as neuraxial hematoma and 
nerve damages, patients with spinal malformations, infectious puncture site, and anticoagulant 
therapy are normally not included in the criteria for epidural analgesia use [9] 
 
In the case of hepatectomy, opioid administration even at lower doses can induce oxidative 
stress in the liver, leading to hepatocyte apoptosis and liver enzyme elevation [9] 
 
Patient satisfaction, safety and cost-effectiveness are all achieved using local anesthetic wound 
infusion catheters. 
 
In the event of failure or partial effectiveness, rescue analgesia is available and a smaller 
amount can be given. 
 
This is certainly an option for district level hospitals where turnover is high and bed space is at a 
premium with staff shortages and fewer resources. 
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WOUND INFUSION CATHETERS 

 
 
INTRODUCTION 
 
Continuous Wound Infusion: 
 
Continuous Wound Infusion is a technique which uses a multi-holed catheter to deliver local 
anaesthetics or analgesics directly into the wound for postoperative pain relief. It can be used 
as a single technique or as part of a multi-modal analgesic approach 
 
Compared with opioid analgesia, continuous regional infusion of local anaesthetic provides 
better pain control with reduction in opioid use and opioid related side effects 
 
By optimizing postoperative analgesia, you increase patient satisfaction and clinically outcomes 
are improved.  Postoperative pain that is uncontrolled can result in significant morbidity and 
mortality ¹. 
 
Categories of Regional Analgesia include: 
 

• Extrapleural (equivalent to intercostal or paravertebral) and interpleural  
 

• Peripheral Nerve Blocks e.g. interscalene, femoral nerve, sciatic nerve  
 

• Intra-articular infusion e.g. post shoulder surgery 
 

• Wound site infusion including use of a disposable elastomeric infusion device 
 
 
 
 
 
HISTORY OF WOUND INFUSION CATHETERS 
 
Continuous infiltration of local anaesthetic into surgical wounds as an analgesic technique was 
first descibed just over a decade ago, after the development of multi-holed catheters.  
 
Together with the widespread availability of infusion pumps, placement of multi-holed flexible 
catheters inside or alongside surgical wounds enables continuous, evenly spread infiltration of 
LA over an indefinite period.¹ 
 
First described in 1935, it has been experimented with throughout the 20th century and the 
technique has been found to be safe and effective in several clinical settings. [4] 
 
Currently a number of brands and devices are available each carrying its own pros and cons.   
With evolving technology, delivery of local anaesthetics is becoming more accurate, reliable, 
safe and effective.   
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Figure 1: Possible scope of application [11] 
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ADVANTAGES OF WOUND INFUSION CATHETERS 
 
� Easy placement of catheter with fewer complications associated with insertion compared 

with neuraxial anesthesia and peripheral nerve blocking techniques.¹  
 
� Potentially it offers to reduce postoperative opioid requirements and its associated side 

effects and increase postoperative patient mobility, with minimal failure¹ 
 
� Pain is relieved by Continuous Local Anaesthetic wound infusion into a surgical wound 

and works by direct inhibition of noxious afferent generator potentials from peripheral 
nerve fibres and a decrease of the local inflammatory response to injury¹ 

 
� Local Anaesthetic infusion analgesia can be used as a viable option when epidural 

analgesia is contraindicated or physically challenging to do.¹ 
 
� Ability to have pain rescue with PCA without overdosing the patient 
 
� Cost effectiveness with reduced morbidity and mortality, length of stay, and burden of cost 

to patient 
 
� Monitoring of patient is made easier 
 
� Infusion of local anaesthetic for regional analgesia can be used either alone or in 

combination with systemic non-opioid and/or opioid analgesia 
 

 
Figure 2: Disposable elastomeric ballon pump device [12] 
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Figure 3: Special arrangement of catheter perforation for uniform distribution [11] 
 
 
 
 
 

 
 
Figure 4: Integrated stainless steel helical coil, for uniform flow of anaesthetic and 
prevention of kinking or buckling.  Also radiopaque and visible under ultrasound [11] 
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DIFFERENT TYPES OF WOUND CATHETERS AND PLACEMENT 
 

Fig 5: Surgical details showing, step by step, the positioning of two multiholed 
catheters for an        open nephrectomy On-Q pain Buster ³ 

 
 

Maric et al did a study to compare the quality of analgesia with multi-versus two 
few-hole catheters in patients after colorectal surgery. The choice of optimal type 
of wound catheter, few or multi-hole is still controversial. The aim was to evaluate the 
analgesic potential of these two catheter types.  [4] 
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EFFECTIVENESS IN DIFFERENT TYPES OF SURGERIES 
  
Forty patients undergoing colorectal surgery were randomized to intraoperative placement of 
two epidural catheters (Group EC) or multi-hole catheter (Group WC) in the wound above the 
fascia.  
 
Patients received 0.25% levobupivacaine (Group WC) with 10 mL bolus through the wound 
catheter followed by an infusion of 6 mL/h during 48 h, or the same protocol with equally divided 
levobupivacaine doses through two epidural catheters (Group EC). Simultaneously, patient-
controlled analgesia provided intravenous morphine. [4] 
 
Pain was evaluated postoperatively with 4-point verbal scale (VRS) for the first 2 h, with Visual 
Analogue Scale at rest (VAS r), and during coughing (VAS c) every 6 h for the first 48 h. [4] 
 
Results and Conclusions: No significant difference in morphine consumption was observed 
between groups. There were no significant differences in VRS scores between the groups 
(p=0,756). VAS scores were significantlylower in Group WC in rest (rWC, p=0,007) and 
coughing (cWC, p=0,018) for the 6 h, 12 h, and 24 h postoperatively. [4] 
 
In the period 30–48 h there was no difference between groups. They concluded that 
levobupivacaine infusion through multi-hole catheter provides better quality of postoperative 
analgesia compared with two epidural catheters for the first 24 h. [4] 
 
The type of catheter plays the most important role. In this context, catheters with multiple holes 
may provide larger wound spread compared with triple orifice epidural catheters. The choice of 
catheter, multihole versus few holes is without any documentation for larger wound spread or 
improved analgesia. [4] 
 
The question also lies in the pumps, elastomeric or electronic? In their study they used 
electronic pumps because of lower price and good clinical experience. Elastomeric 
pumps are strongly recommended by wound catheter producers but Remerand et al. have 
published that elastomeric pumps may deliver inappropriate amounts of local anaesthetics with 
inaccuracy higher than 15% and failure to deflate is also not uncommon [4] 
 
Type of catheter plays a more important role in providing better analgesia for the first 24 hours. 
It seems logical that larger spread of local anaesthetics through more catheter holes provides 
better analgesia. In the first 24 h pain is more intense than following that critical period.  They 
emphasize that VAS 6–24 h was in the clinically acceptable range between 0–2 in both groups. 
[4] 
 
Wound catheters are more expensive than epidural ones, and usage of disposable elastomeric 
pumps are more expensive than usage of electronic ones.  [4] 
 
Local Anaesthetic Catheter Positioning seems to be crucial in determining how effective the 
technique is.  
 
Some catheters are placed in the pre-peritoneal space after laparotomy or open prostatectomy 
and have reduced postoperative pain, accelerated recovery, and postoperative pulmonary 
function may have benefitted some, while catheter placement superficial to i.m. fascia was 
mostly ineffective [1] 
 
Further support by a study of open nephrectomy patients showed optimal analgesia with one of 
the catheters that traversed between abdominal wall muscle layers and the pre-peritoneum. [1] 
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A study by Liu et al showed Wound catheters which were placed in various locations 
(subcutaneous, subfascial, suprafascial,, intraarticular, peripleural, or periosteal), and only two 
Randomised Control Trials specifically stated that catheters were not placed or activated until 
surgical closure, as a result no preemptive analgesia was attempted or administered. For a 
median and mode of 2 days, local anaesthetic was infused . The cardiothoracic discipline had 
the most Randomised Controlled Trials (n 14), followed by Orthopaedic surgery (n 12), General 
Surgery (n 11), and gynecology-urology (n 7).   [5] 
 
Metaanalysis associated multiple potential benefits with use of continuous wound catheters 
(Table 1). For all groups combined, mean VAS pain scores decreased considerably at rest (10 
mm weighted mean difference; 95% CI, 13 to 7 mm) and with activity (22 mm weighted mean 
difference; 95% CI, 32 to 13mm). Subgroup analysis confirmed decreased pain scores. [5] 
 
 

Cardiothoracic surgery 

 
Thoracotomy for lung resection was explored by most trials, with the exception of 1 examining 
thoracotomy for esophagectomy and 3 examining median sternotomy for cardiac surgery   
(Table 1).  
 
Continuous infusion delivery or intermittent bolus delivery were the only methods studied. 
Placement of Thoracotomy wound catheters were in a variety of described peripleural locations 
(extrapleural: 2, interpleural: 2, intercostal:3, and intrapleural:4). Two of the cardiac studies 
done had placed catheters adjacent to the sternum whilst the other had inserted subfascial and 
subcutaneous (SC) catheters. Most of the Randomised Controlled Trials (12 of 14) reported 
significant (p0.05) analgesic efficacy for pain scores or opioid use. [5] 
 
(11 of 13) Randomised Control Trials showed considerable reduction in pain scores in the 
immediate postoperative period, and five Randomised Control Trials had seen a reduction until 
the second postoperative day. Only a few trials reported opioid-related side effects (three of  
fourteen) or patient satisfaction (one of fourteen). The length of stay was reported by 6 trials, 
with four out of the six finding some reduction in the group of wound catheters. [5] 
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Table 1: Liu et al - Cardiothoracics, Randomized controlled trials [5] 
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Table2 : Liu et al [5] Cardiothoracics 
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Table3 : Liu et al [5] Abdominal surgery (General surgery) 

 
 
 
 

General surgery 

 
Upper abdominal and vascular surgery, were some of the various surgical procedures used. 
(PCA) patient-controlled analgesia, continuous infusion, and intermittent bolus was the choice of 
continuous delivery methods that were used. Placement of Wound catheters were SC, 
subfascial, or between muscle and peritoneum. Ten of twelve reported significant (p0.05) 
analgesic efficacy, be it either a reduction in opioid use or a reduction in pain scores.  
 
A substantial reduction in Pain scores in the immediate postoperative period were found in 8 of 
11 randomised controlled trials, but only three RCTs reported reduction through second 
postoperative day . Opioid side effects were reported by four of twelve studies whilst patient 
satisfaction (2 of 12), or length of hospital stay (3 of 12). 
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Obstetrics and Gynaecology 

 

 
Table 4: Liu et al  [5] Obstetrics and gynaecology 

  
 

Gynecology-Urology surgery 

 
Cesarean section or abdominal hysterectomy were mostly examined.  Similarly Patient 
controlled analgesia, continuous infusion, and intermittent bolus were used.  Wound catheters 
were placed between muscle fascia and SC tissue (6 of 9) in the majority of cases. More than 
half  (5 of 9) of RCTs had obtained substantial analgesic efficacy, both as reduced pain scores 
or reduced opioid use. Through the immediate postoperative period pain scores were 
substantially reduced in (4 of 9) RCTs, with no RCTs reporting a reduction past day one 
postoperatively. Improvement was found in All RCTs that reported side effects and patient 
satisfaction. Reported length of stay without any differences: (5 RCTs). [5] 
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Orthopaedics 

 
 

Table 5: Orthopaedic outcomes for different sites [5] 
 

 

Orthopaedic surgery 

 
Open and arthroscopic procedures on upper and lower extremities including spine surgery were 
some of the procedures that were studied. Again continuous delivery methods were used:  
patient-controlled analgesia, continuous infusion, and intermittent bolus. The various locations  
used for the wound catheters: intraarticular, periosteal and SC. Majority of RCTs (13 / 16) found 
significant (p0.05) analgesic efficacy both as decreased pain scores or opioid use. Pain scores 
immediately postoperative were significantly {p0.05} reduced in (12 of 16 RCTs), whilst 11 
RCTs found a reduction through days 2 to 5 postoperatively. Only a few trials measured opioid-
related side effects, a reduction in PONV in 4 of 6 RCTs, although not one reached individual 
statistical significance. Considerable increase in patient satisfaction was seen in the 3 RCTs 
that reported these outcomes. Length of stay measured in only 3 RCTs, and majority of the 
procedures (9 of 16 RCTs) were ambulatory. [5] 
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Table 6:  Liu et al [5] Orthopaedics 

 
 
 
 

Overall summary of results from quantitative and qualitative review 

 

Consistent analgesic efficacy was demonstrated by continuous wound infusion catheters with 
regards to reduced pain scores or opioid use for all surgical subspecialities, despite the type of 
surgical procedure done, exact location of  the wound catheter, dose of local anaesthetic or 
mode of delivery of local anaesthetic, and mixture of analgesic. Opioid-related side effects, 
patient satisfaction, and length of hospital stay were infrequently assessed for each surgical 
group 
 
Increased patient satisfaction, a reduction in PONV globally, and decreased length of stay. [5] 
 
Several mechanisms of analgesia can be provided by direct application of local anaesthetic to 
wounds. Local anaesthetics would provide a direct blockade of transmission of pain from 
nociceptive afferents coming from the wound surface. There is mounting proof that local 
inflammatory response to injury which can be sensitizing to nociceptive receptors and contribute 
to pain and hyperalgesia, can be inhibited by local anaesthetic,. [5] 
 
Some studies of local anaesthetics have observed a reduction in release of inflammatory 
mediators obtained from neutrophils, a reduction of neutrophil adhesion to the endothelium, 
reduction in  formation of free O2 radicals, and formation of oedema is decreased. 
 
By providing a prolonged application of local anaesthesic to wounds by a catheter, it proved to 
be far more beneficial from that of single injection technique of local anaesthetic in laparoscopic 
or abdominal operations, as previous systematic reviews demonstrated. [5] 
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Table7 : Liu et al [5] orthopaedics 
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Physiology 

 
Combination of 3 Factors associated with Postoperative pain: 
  
(i)  Nerve fibres that are innervating the site of the incision,retraction or suturing generate 

impulses; [6] 
 
(ii)  A number of inflammatory mediators, which become elevated at the surgical site and are 

found to sensitize uninjured and injured nerve fibres. These include , prostaglandins, 
endothelin-1, cytokines and nerve growth factor [6] 

  
(iii)  The spinal cord which has pain transmitting circuits become sensitized which then has an 

increased response to stimuli that are noxious and can transform their responsiveness to  
stimuli that is not painful, for example light touch or gentle pressure. [6] 

 
Induction of the firing of impulses in peripheral neurones is precipitated by incisional trauma and 
of the stretch and compression from retraction, clamping, etc during surgery. Sensitization 
involving central pathways will be activated by these discharges, although it is  probably largely 
restricted intraoperatively [6] 
 
Local inflammation is fostered by Tissue damage, bleeding, and the release of 
chemoattractants from the injury site. The chemokines or cytokines that are produced by 
migrating and proliferative immune cells, for example TNF-a, IL-6, and prostaglandin E2 and 
prostacyclin, provide enhancement to the excitability of neurones by enhancing specific inward 
currents, especially those that are expressed on the nociceptors[6] 
 
Short term pain coming from the transitory discharge of nociceptors is from a result of mild 
noxious stimulation. Surgery which causes substantial injury, engages pathways involving this 
positive feedback cascade and therefore leads to a prolongation of hypersensitivity of peripheral 
tissues. [6] 
 
Such prolonged peripheral sensitization results in a sufficient barrage of nociceptive impulses 
into the spinal cord (and, perhaps, the brain) that the properties of the ‘receiving circuits’ there 
are sensitized. [6] 
 
Spinal cells (so called pain transmitting cells) response to central sensitization accounts for the 
response to non-noxious stimuli, which are conveyed by Ab-mechanoreceptors and accounts 
partly for the occurence of postoperative tactile allodynia, which is a common problem.  
 
The phenomenon of secondary hyperaesthesia: Where central sensitization is transmitted past 
the spinal neurones that are usually directly stimulated from the injured tissue, such that 
stimulation of surrounding areas, surrounding dermatomes, or even those on the contralateral 
side to the injury site now can cause pain. [6] 
 
Perioperatively, local anaesthetics are useful in affecting all three of these factors. During 
surgical manipulations, wound site local anaesthetic infiltration, and even deep into the surgical 
cavity, can attenuate the generation and propagation of injury-induced discharges. [6] 
 
This action may partly be due to inhibition of the transduction and sensitization steps in 
nociception, for specific local anaesthetics, examples like bupivacaine and amethocaine, which 
have been shown to inhibit a transducing channel, TRPV-1, which plays a vital role in the 
development of hyperalgesia after an insult like inflammation or injury. [6] 
 



Page 18 of 25 

The continuous delivery of local anaesthetics, from either slow-release formulations or catheters 
placed temporarily, may have an extention of impulse inhibition, days after surgery.  
 
Inflammatory and local sensitizing responses can be inhibited by local anaesthetics, which 
directly suppress some phases of the inflammation, which is, neutrophil priming, and by 
inhibiting some of the neuronal pathways that are activated by inflammation, which is protein 
kinase C, and certain G protein-coupled receptors.[6] 
 
Providing a persistent postoperative motor block, even of the peripheries (foot / ankle), creates 
another hurdle for the safety of mobilization in patients, extremely important after ‘ambulatory’ 
surgery. [6] 
 
Local anaesthetic concentration in systemic circulation, can alter postoperative pain profoundly. 
In the perioperative period , plasma lidocaine concentrations of 2–4 mg ml(8–15 mM), have 
exhibited a reduction of postoperative pain scores and opiate consumption; Circulatory 
presence of these drugs for a few hours, can suppress processes that would eventually 
escalate pain in the days following surgery[6] 
 
The plasma concentrations of local anaesthetics can be obtained and maintained  by 
continuous i.v. infusions, at safe or effective rates, and also from the uptake of drugs by the 
vascular system, which is situated around a peripheral nerve or epidural site, for local / regional 
anaesthesia. 
 
The benefit of systemically circulating agents following the unintentional local anaesthetic 
administration is an unknown question. [6] 
 
 
 

Ropivacaine vs Levobupivacaine 

 
Levobupivacaine and ropivacaine, developed recently as longer-acting local anaesthetics, 
motivated as an alternative to bupivacaine, after severe toxicity was associated with its use. 

 
 

Table: Pharmacology, toxicology, and clinical use of new long acting local 
anesthetics, ropivacaine and levobupivacaine Stefania Leone, Simone Di Cianni, 
Andrea Casati†, Guido Fanelli 
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Ropivacaine as compared to bupivacaine and levobupivacaine is 40-50% less potent due to its  
lower lipid solubility. Although it has a reduced potency, it does not imply that it has a lower 
efficacy than bupivacaine or levobupivacaine. The use of an equipotency ratio of 1.5 : 1 
between ropivacaine and the other two drugs results in a significantly similar clinical profile with 
motor function having been preserved adequately. [7] 
 
A study has recently confirmed a better neurotoxic profile of levobupivacaine in comparison to 
racemic bupivacaine, thus making levobupivacaine safer in clinical practice. [7] 
 
CNS signs of intoxication are usually evident before the appearance of cardiovascular toxicity, 
as the CNS is more susceptible to the actions of local anaesthetics [7] 
 
Initial or early signs of CNS toxicity are usually excitatory in nature and include shivering, 
muscle twitching, and tremors. These are as a result of a preferential block of inhibitory central 
pathways. As the local anesthetic plasma concentrations increase, there is blockage of the 
excitatory pathway of CNS toxicity.  Following signs of CNS excitation is generalized CNS 
depression featuring hypoventilation and respiratory arrest, eventually progressing to 
generalized convulsions. One objective measure of CNS toxicity is the convulsive threshold. [7] 
 
In human subjects only mildly toxic doses are given for ethical reasons. Local anaesthetics are  
administered intravenously deliberately only for research, until the appearance of  initial 
subjective signs of CNS toxicity. [7] 
 
Bupivacaine Ropivacaine and levobupivacaine show a dose-dependent prolongation of cardiac 
conduction.  There is an increase in the PR interval and QRS duration on ECG. This is caused 
by the persistent block of sodium channels into diastole phase, predisposing to re-entrant 
arrhythmias. [7] 
 
The inhibition of cardiac contractility is also proportional to the lipid solubility and nerve-blocking 
potency of the local anesthetics, in order of rank (from least to most) of the cardiotoxic potency 
of the three local anaesthetics with ropivacaine < S  bupivacaine <racemic bupivacaine <R(+) 
bupivacaine [7] 
 
The comparison of levobupivacaine and ropivacaine regarding the CVS effects after IV injection 
in healthy volunteers, showed no differences in mean percentage changes from baseline to the 
end of infusion  for stroke index, cardiac index, acceleration index, or for PR interval, QRS 
duration, QT interval and heart rate. [7] 
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Table 9: Summary of surgically placed wound catheters with type of surgery, infusion 
used and whether they were opioid sparing and of analgesic benefit  [10] 
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COST FACTOR  
 

 

Fig 1: Mean time spent by nursing professionals to commence and supervise the 
analgesic technique. [8] 

 
 
 
 
When calculating all the resources consumed, the Continuous Wound Infusion arm (Euros : 
6460) is economically superior when compared with i.v.-PCA (Euros: 7273) and Epidural 
Anaesthesia (Euros: 7500). [8] 
 
The proportion of patients successfully controlled for their postoperative pain management are 
77.4%, 53.9%, and 72.9% for Continuous Wound Infusion, i.v.-PCA, and Epidural Anaesthesia, 
respectively, demonstrating the Continuous Wound Infusion procedure to be both economically 
and clinically dominant.   
 
Continuous Wound Infusion has remained cost saving in 70.4% of cases when compared with 
Epidural Anaesthesia and in 59.2% of cases when compared with PCA. [8] 
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DISCUSSION 
 
Optimal management of postoperative pain, a shorter length of hospital stay and a fast turnover 
after a major surgery have been important concerns among surgeons, anaesthetists and 
hospital administrators. [9] 
 
As epidural puncture is always associated with side effects such as neuraxial hematoma and 
nerve damages, patients with spinal malformations, infectious puncture site, and anticoagulant 
therapy are normally not included in the criteria for epidural analgesia use [9] 
 
In the case of hepatectomy, opioid administration even at lower doses can induce oxidative 
stress in the liver, leading to hepatocyte apoptosis and liver enzyme elevation [9] 
 
Patient satisfaction, safety and cost-effectiveness are all achieved using local anesthetic wound 
infusion catheters. 
 
In the event of failure or partial effectiveness, rescue analgesia is available and a smaller 
amount can be given. 
 
This is certainly an option for district level hospitals where turnover is high and bed space is at a 
premium with staff shortages and fewer resources. 
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WOUND INFUSION CATHETERS 

 
 
INTRODUCTION 
 
Continuous Wound Infusion: 
 
Continuous Wound Infusion is a technique which uses a multi-holed catheter to deliver local 
anaesthetics or analgesics directly into the wound for postoperative pain relief. It can be used 
as a single technique or as part of a multi-modal analgesic approach 
 
Compared with opioid analgesia, continuous regional infusion of local anaesthetic provides 
better pain control with reduction in opioid use and opioid related side effects 
 
By optimizing postoperative analgesia, you increase patient satisfaction and clinically outcomes 
are improved.  Postoperative pain that is uncontrolled can result in significant morbidity and 
mortality ¹. 
 
Categories of Regional Analgesia include: 
 

• Extrapleural (equivalent to intercostal or paravertebral) and interpleural  
 

• Peripheral Nerve Blocks e.g. interscalene, femoral nerve, sciatic nerve  
 

• Intra-articular infusion e.g. post shoulder surgery 
 

• Wound site infusion including use of a disposable elastomeric infusion device 
 
 
 
 
 
HISTORY OF WOUND INFUSION CATHETERS 
 
Continuous infiltration of local anaesthetic into surgical wounds as an analgesic technique was 
first descibed just over a decade ago, after the development of multi-holed catheters.  
 
Together with the widespread availability of infusion pumps, placement of multi-holed flexible 
catheters inside or alongside surgical wounds enables continuous, evenly spread infiltration of 
LA over an indefinite period.¹ 
 
First described in 1935, it has been experimented with throughout the 20th century and the 
technique has been found to be safe and effective in several clinical settings. [4] 
 
Currently a number of brands and devices are available each carrying its own pros and cons.   
With evolving technology, delivery of local anaesthetics is becoming more accurate, reliable, 
safe and effective.   
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Figure 1: Possible scope of application [11] 
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ADVANTAGES OF WOUND INFUSION CATHETERS 
 
� Easy placement of catheter with fewer complications associated with insertion compared 

with neuraxial anesthesia and peripheral nerve blocking techniques.¹  
 
� Potentially it offers to reduce postoperative opioid requirements and its associated side 

effects and increase postoperative patient mobility, with minimal failure¹ 
 
� Pain is relieved by Continuous Local Anaesthetic wound infusion into a surgical wound 

and works by direct inhibition of noxious afferent generator potentials from peripheral 
nerve fibres and a decrease of the local inflammatory response to injury¹ 

 
� Local Anaesthetic infusion analgesia can be used as a viable option when epidural 

analgesia is contraindicated or physically challenging to do.¹ 
 
� Ability to have pain rescue with PCA without overdosing the patient 
 
� Cost effectiveness with reduced morbidity and mortality, length of stay, and burden of cost 

to patient 
 
� Monitoring of patient is made easier 
 
� Infusion of local anaesthetic for regional analgesia can be used either alone or in 

combination with systemic non-opioid and/or opioid analgesia 
 

 
Figure 2: Disposable elastomeric ballon pump device [12] 
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Figure 3: Special arrangement of catheter perforation for uniform distribution [11] 
 
 
 
 
 

 
 
Figure 4: Integrated stainless steel helical coil, for uniform flow of anaesthetic and 
prevention of kinking or buckling.  Also radiopaque and visible under ultrasound [11] 
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DIFFERENT TYPES OF WOUND CATHETERS AND PLACEMENT 
 

Fig 5: Surgical details showing, step by step, the positioning of two multiholed 
catheters for an        open nephrectomy On-Q pain Buster ³ 

 
 

Maric et al did a study to compare the quality of analgesia with multi-versus two 
few-hole catheters in patients after colorectal surgery. The choice of optimal type 
of wound catheter, few or multi-hole is still controversial. The aim was to evaluate the 
analgesic potential of these two catheter types.  [4] 
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EFFECTIVENESS IN DIFFERENT TYPES OF SURGERIES 
  
Forty patients undergoing colorectal surgery were randomized to intraoperative placement of 
two epidural catheters (Group EC) or multi-hole catheter (Group WC) in the wound above the 
fascia.  
 
Patients received 0.25% levobupivacaine (Group WC) with 10 mL bolus through the wound 
catheter followed by an infusion of 6 mL/h during 48 h, or the same protocol with equally divided 
levobupivacaine doses through two epidural catheters (Group EC). Simultaneously, patient-
controlled analgesia provided intravenous morphine. [4] 
 
Pain was evaluated postoperatively with 4-point verbal scale (VRS) for the first 2 h, with Visual 
Analogue Scale at rest (VAS r), and during coughing (VAS c) every 6 h for the first 48 h. [4] 
 
Results and Conclusions: No significant difference in morphine consumption was observed 
between groups. There were no significant differences in VRS scores between the groups 
(p=0,756). VAS scores were significantlylower in Group WC in rest (rWC, p=0,007) and 
coughing (cWC, p=0,018) for the 6 h, 12 h, and 24 h postoperatively. [4] 
 
In the period 30–48 h there was no difference between groups. They concluded that 
levobupivacaine infusion through multi-hole catheter provides better quality of postoperative 
analgesia compared with two epidural catheters for the first 24 h. [4] 
 
The type of catheter plays the most important role. In this context, catheters with multiple holes 
may provide larger wound spread compared with triple orifice epidural catheters. The choice of 
catheter, multihole versus few holes is without any documentation for larger wound spread or 
improved analgesia. [4] 
 
The question also lies in the pumps, elastomeric or electronic? In their study they used 
electronic pumps because of lower price and good clinical experience. Elastomeric 
pumps are strongly recommended by wound catheter producers but Remerand et al. have 
published that elastomeric pumps may deliver inappropriate amounts of local anaesthetics with 
inaccuracy higher than 15% and failure to deflate is also not uncommon [4] 
 
Type of catheter plays a more important role in providing better analgesia for the first 24 hours. 
It seems logical that larger spread of local anaesthetics through more catheter holes provides 
better analgesia. In the first 24 h pain is more intense than following that critical period.  They 
emphasize that VAS 6–24 h was in the clinically acceptable range between 0–2 in both groups. 
[4] 
 
Wound catheters are more expensive than epidural ones, and usage of disposable elastomeric 
pumps are more expensive than usage of electronic ones.  [4] 
 
Local Anaesthetic Catheter Positioning seems to be crucial in determining how effective the 
technique is.  
 
Some catheters are placed in the pre-peritoneal space after laparotomy or open prostatectomy 
and have reduced postoperative pain, accelerated recovery, and postoperative pulmonary 
function may have benefitted some, while catheter placement superficial to i.m. fascia was 
mostly ineffective [1] 
 
Further support by a study of open nephrectomy patients showed optimal analgesia with one of 
the catheters that traversed between abdominal wall muscle layers and the pre-peritoneum. [1] 
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A study by Liu et al showed Wound catheters which were placed in various locations 
(subcutaneous, subfascial, suprafascial,, intraarticular, peripleural, or periosteal), and only two 
Randomised Control Trials specifically stated that catheters were not placed or activated until 
surgical closure, as a result no preemptive analgesia was attempted or administered. For a 
median and mode of 2 days, local anaesthetic was infused . The cardiothoracic discipline had 
the most Randomised Controlled Trials (n 14), followed by Orthopaedic surgery (n 12), General 
Surgery (n 11), and gynecology-urology (n 7).   [5] 
 
Metaanalysis associated multiple potential benefits with use of continuous wound catheters 
(Table 1). For all groups combined, mean VAS pain scores decreased considerably at rest (10 
mm weighted mean difference; 95% CI, 13 to 7 mm) and with activity (22 mm weighted mean 
difference; 95% CI, 32 to 13mm). Subgroup analysis confirmed decreased pain scores. [5] 
 
 

Cardiothoracic surgery 

 
Thoracotomy for lung resection was explored by most trials, with the exception of 1 examining 
thoracotomy for esophagectomy and 3 examining median sternotomy for cardiac surgery   
(Table 1).  
 
Continuous infusion delivery or intermittent bolus delivery were the only methods studied. 
Placement of Thoracotomy wound catheters were in a variety of described peripleural locations 
(extrapleural: 2, interpleural: 2, intercostal:3, and intrapleural:4). Two of the cardiac studies 
done had placed catheters adjacent to the sternum whilst the other had inserted subfascial and 
subcutaneous (SC) catheters. Most of the Randomised Controlled Trials (12 of 14) reported 
significant (p0.05) analgesic efficacy for pain scores or opioid use. [5] 
 
(11 of 13) Randomised Control Trials showed considerable reduction in pain scores in the 
immediate postoperative period, and five Randomised Control Trials had seen a reduction until 
the second postoperative day. Only a few trials reported opioid-related side effects (three of  
fourteen) or patient satisfaction (one of fourteen). The length of stay was reported by 6 trials, 
with four out of the six finding some reduction in the group of wound catheters. [5] 
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Table 1: Liu et al - Cardiothoracics, Randomized controlled trials [5] 
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Table2 : Liu et al [5] Cardiothoracics 
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Table3 : Liu et al [5] Abdominal surgery (General surgery) 

 
 
 
 

General surgery 

 
Upper abdominal and vascular surgery, were some of the various surgical procedures used. 
(PCA) patient-controlled analgesia, continuous infusion, and intermittent bolus was the choice of 
continuous delivery methods that were used. Placement of Wound catheters were SC, 
subfascial, or between muscle and peritoneum. Ten of twelve reported significant (p0.05) 
analgesic efficacy, be it either a reduction in opioid use or a reduction in pain scores.  
 
A substantial reduction in Pain scores in the immediate postoperative period were found in 8 of 
11 randomised controlled trials, but only three RCTs reported reduction through second 
postoperative day . Opioid side effects were reported by four of twelve studies whilst patient 
satisfaction (2 of 12), or length of hospital stay (3 of 12). 
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Obstetrics and Gynaecology 

 

 
Table 4: Liu et al  [5] Obstetrics and gynaecology 

  
 

Gynecology-Urology surgery 

 
Cesarean section or abdominal hysterectomy were mostly examined.  Similarly Patient 
controlled analgesia, continuous infusion, and intermittent bolus were used.  Wound catheters 
were placed between muscle fascia and SC tissue (6 of 9) in the majority of cases. More than 
half  (5 of 9) of RCTs had obtained substantial analgesic efficacy, both as reduced pain scores 
or reduced opioid use. Through the immediate postoperative period pain scores were 
substantially reduced in (4 of 9) RCTs, with no RCTs reporting a reduction past day one 
postoperatively. Improvement was found in All RCTs that reported side effects and patient 
satisfaction. Reported length of stay without any differences: (5 RCTs). [5] 
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Orthopaedics 

 
 

Table 5: Orthopaedic outcomes for different sites [5] 
 

 

Orthopaedic surgery 

 
Open and arthroscopic procedures on upper and lower extremities including spine surgery were 
some of the procedures that were studied. Again continuous delivery methods were used:  
patient-controlled analgesia, continuous infusion, and intermittent bolus. The various locations  
used for the wound catheters: intraarticular, periosteal and SC. Majority of RCTs (13 / 16) found 
significant (p0.05) analgesic efficacy both as decreased pain scores or opioid use. Pain scores 
immediately postoperative were significantly {p0.05} reduced in (12 of 16 RCTs), whilst 11 
RCTs found a reduction through days 2 to 5 postoperatively. Only a few trials measured opioid-
related side effects, a reduction in PONV in 4 of 6 RCTs, although not one reached individual 
statistical significance. Considerable increase in patient satisfaction was seen in the 3 RCTs 
that reported these outcomes. Length of stay measured in only 3 RCTs, and majority of the 
procedures (9 of 16 RCTs) were ambulatory. [5] 
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Table 6:  Liu et al [5] Orthopaedics 

 
 
 
 

Overall summary of results from quantitative and qualitative review 

 

Consistent analgesic efficacy was demonstrated by continuous wound infusion catheters with 
regards to reduced pain scores or opioid use for all surgical subspecialities, despite the type of 
surgical procedure done, exact location of  the wound catheter, dose of local anaesthetic or 
mode of delivery of local anaesthetic, and mixture of analgesic. Opioid-related side effects, 
patient satisfaction, and length of hospital stay were infrequently assessed for each surgical 
group 
 
Increased patient satisfaction, a reduction in PONV globally, and decreased length of stay. [5] 
 
Several mechanisms of analgesia can be provided by direct application of local anaesthetic to 
wounds. Local anaesthetics would provide a direct blockade of transmission of pain from 
nociceptive afferents coming from the wound surface. There is mounting proof that local 
inflammatory response to injury which can be sensitizing to nociceptive receptors and contribute 
to pain and hyperalgesia, can be inhibited by local anaesthetic,. [5] 
 
Some studies of local anaesthetics have observed a reduction in release of inflammatory 
mediators obtained from neutrophils, a reduction of neutrophil adhesion to the endothelium, 
reduction in  formation of free O2 radicals, and formation of oedema is decreased. 
 
By providing a prolonged application of local anaesthesic to wounds by a catheter, it proved to 
be far more beneficial from that of single injection technique of local anaesthetic in laparoscopic 
or abdominal operations, as previous systematic reviews demonstrated. [5] 
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Table7 : Liu et al [5] orthopaedics 
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Physiology 

 
Combination of 3 Factors associated with Postoperative pain: 
  
(i)  Nerve fibres that are innervating the site of the incision,retraction or suturing generate 

impulses; [6] 
 
(ii)  A number of inflammatory mediators, which become elevated at the surgical site and are 

found to sensitize uninjured and injured nerve fibres. These include , prostaglandins, 
endothelin-1, cytokines and nerve growth factor [6] 

  
(iii)  The spinal cord which has pain transmitting circuits become sensitized which then has an 

increased response to stimuli that are noxious and can transform their responsiveness to  
stimuli that is not painful, for example light touch or gentle pressure. [6] 

 
Induction of the firing of impulses in peripheral neurones is precipitated by incisional trauma and 
of the stretch and compression from retraction, clamping, etc during surgery. Sensitization 
involving central pathways will be activated by these discharges, although it is  probably largely 
restricted intraoperatively [6] 
 
Local inflammation is fostered by Tissue damage, bleeding, and the release of 
chemoattractants from the injury site. The chemokines or cytokines that are produced by 
migrating and proliferative immune cells, for example TNF-a, IL-6, and prostaglandin E2 and 
prostacyclin, provide enhancement to the excitability of neurones by enhancing specific inward 
currents, especially those that are expressed on the nociceptors[6] 
 
Short term pain coming from the transitory discharge of nociceptors is from a result of mild 
noxious stimulation. Surgery which causes substantial injury, engages pathways involving this 
positive feedback cascade and therefore leads to a prolongation of hypersensitivity of peripheral 
tissues. [6] 
 
Such prolonged peripheral sensitization results in a sufficient barrage of nociceptive impulses 
into the spinal cord (and, perhaps, the brain) that the properties of the ‘receiving circuits’ there 
are sensitized. [6] 
 
Spinal cells (so called pain transmitting cells) response to central sensitization accounts for the 
response to non-noxious stimuli, which are conveyed by Ab-mechanoreceptors and accounts 
partly for the occurence of postoperative tactile allodynia, which is a common problem.  
 
The phenomenon of secondary hyperaesthesia: Where central sensitization is transmitted past 
the spinal neurones that are usually directly stimulated from the injured tissue, such that 
stimulation of surrounding areas, surrounding dermatomes, or even those on the contralateral 
side to the injury site now can cause pain. [6] 
 
Perioperatively, local anaesthetics are useful in affecting all three of these factors. During 
surgical manipulations, wound site local anaesthetic infiltration, and even deep into the surgical 
cavity, can attenuate the generation and propagation of injury-induced discharges. [6] 
 
This action may partly be due to inhibition of the transduction and sensitization steps in 
nociception, for specific local anaesthetics, examples like bupivacaine and amethocaine, which 
have been shown to inhibit a transducing channel, TRPV-1, which plays a vital role in the 
development of hyperalgesia after an insult like inflammation or injury. [6] 
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The continuous delivery of local anaesthetics, from either slow-release formulations or catheters 
placed temporarily, may have an extention of impulse inhibition, days after surgery.  
 
Inflammatory and local sensitizing responses can be inhibited by local anaesthetics, which 
directly suppress some phases of the inflammation, which is, neutrophil priming, and by 
inhibiting some of the neuronal pathways that are activated by inflammation, which is protein 
kinase C, and certain G protein-coupled receptors.[6] 
 
Providing a persistent postoperative motor block, even of the peripheries (foot / ankle), creates 
another hurdle for the safety of mobilization in patients, extremely important after ‘ambulatory’ 
surgery. [6] 
 
Local anaesthetic concentration in systemic circulation, can alter postoperative pain profoundly. 
In the perioperative period , plasma lidocaine concentrations of 2–4 mg ml(8–15 mM), have 
exhibited a reduction of postoperative pain scores and opiate consumption; Circulatory 
presence of these drugs for a few hours, can suppress processes that would eventually 
escalate pain in the days following surgery[6] 
 
The plasma concentrations of local anaesthetics can be obtained and maintained  by 
continuous i.v. infusions, at safe or effective rates, and also from the uptake of drugs by the 
vascular system, which is situated around a peripheral nerve or epidural site, for local / regional 
anaesthesia. 
 
The benefit of systemically circulating agents following the unintentional local anaesthetic 
administration is an unknown question. [6] 
 
 
 

Ropivacaine vs Levobupivacaine 

 
Levobupivacaine and ropivacaine, developed recently as longer-acting local anaesthetics, 
motivated as an alternative to bupivacaine, after severe toxicity was associated with its use. 

 
 

Table: Pharmacology, toxicology, and clinical use of new long acting local 
anesthetics, ropivacaine and levobupivacaine Stefania Leone, Simone Di Cianni, 
Andrea Casati†, Guido Fanelli 
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Ropivacaine as compared to bupivacaine and levobupivacaine is 40-50% less potent due to its  
lower lipid solubility. Although it has a reduced potency, it does not imply that it has a lower 
efficacy than bupivacaine or levobupivacaine. The use of an equipotency ratio of 1.5 : 1 
between ropivacaine and the other two drugs results in a significantly similar clinical profile with 
motor function having been preserved adequately. [7] 
 
A study has recently confirmed a better neurotoxic profile of levobupivacaine in comparison to 
racemic bupivacaine, thus making levobupivacaine safer in clinical practice. [7] 
 
CNS signs of intoxication are usually evident before the appearance of cardiovascular toxicity, 
as the CNS is more susceptible to the actions of local anaesthetics [7] 
 
Initial or early signs of CNS toxicity are usually excitatory in nature and include shivering, 
muscle twitching, and tremors. These are as a result of a preferential block of inhibitory central 
pathways. As the local anesthetic plasma concentrations increase, there is blockage of the 
excitatory pathway of CNS toxicity.  Following signs of CNS excitation is generalized CNS 
depression featuring hypoventilation and respiratory arrest, eventually progressing to 
generalized convulsions. One objective measure of CNS toxicity is the convulsive threshold. [7] 
 
In human subjects only mildly toxic doses are given for ethical reasons. Local anaesthetics are  
administered intravenously deliberately only for research, until the appearance of  initial 
subjective signs of CNS toxicity. [7] 
 
Bupivacaine Ropivacaine and levobupivacaine show a dose-dependent prolongation of cardiac 
conduction.  There is an increase in the PR interval and QRS duration on ECG. This is caused 
by the persistent block of sodium channels into diastole phase, predisposing to re-entrant 
arrhythmias. [7] 
 
The inhibition of cardiac contractility is also proportional to the lipid solubility and nerve-blocking 
potency of the local anesthetics, in order of rank (from least to most) of the cardiotoxic potency 
of the three local anaesthetics with ropivacaine < S  bupivacaine <racemic bupivacaine <R(+) 
bupivacaine [7] 
 
The comparison of levobupivacaine and ropivacaine regarding the CVS effects after IV injection 
in healthy volunteers, showed no differences in mean percentage changes from baseline to the 
end of infusion  for stroke index, cardiac index, acceleration index, or for PR interval, QRS 
duration, QT interval and heart rate. [7] 
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Table 9: Summary of surgically placed wound catheters with type of surgery, infusion 
used and whether they were opioid sparing and of analgesic benefit  [10] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Page 21 of 25 

COST FACTOR  
 

 

Fig 1: Mean time spent by nursing professionals to commence and supervise the 
analgesic technique. [8] 

 
 
 
 
When calculating all the resources consumed, the Continuous Wound Infusion arm (Euros : 
6460) is economically superior when compared with i.v.-PCA (Euros: 7273) and Epidural 
Anaesthesia (Euros: 7500). [8] 
 
The proportion of patients successfully controlled for their postoperative pain management are 
77.4%, 53.9%, and 72.9% for Continuous Wound Infusion, i.v.-PCA, and Epidural Anaesthesia, 
respectively, demonstrating the Continuous Wound Infusion procedure to be both economically 
and clinically dominant.   
 
Continuous Wound Infusion has remained cost saving in 70.4% of cases when compared with 
Epidural Anaesthesia and in 59.2% of cases when compared with PCA. [8] 
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DISCUSSION 
 
Optimal management of postoperative pain, a shorter length of hospital stay and a fast turnover 
after a major surgery have been important concerns among surgeons, anaesthetists and 
hospital administrators. [9] 
 
As epidural puncture is always associated with side effects such as neuraxial hematoma and 
nerve damages, patients with spinal malformations, infectious puncture site, and anticoagulant 
therapy are normally not included in the criteria for epidural analgesia use [9] 
 
In the case of hepatectomy, opioid administration even at lower doses can induce oxidative 
stress in the liver, leading to hepatocyte apoptosis and liver enzyme elevation [9] 
 
Patient satisfaction, safety and cost-effectiveness are all achieved using local anesthetic wound 
infusion catheters. 
 
In the event of failure or partial effectiveness, rescue analgesia is available and a smaller 
amount can be given. 
 
This is certainly an option for district level hospitals where turnover is high and bed space is at a 
premium with staff shortages and fewer resources. 
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