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ABSTR/...

Introduction:

Post-operative analgesia currently refies on muitimodal therapy including epidural analgesia, intravenous
morphine and/or paracetamol! (Perfalgan®) infusion. Local wound infusion has been effectively utilized in
adults with promising results but has not been prospectively tested in children undergoing different abdominal
operations. The aim of this study was to compare continuous local anesthetic wound infusion to the current
standard of care in post-operative pain control in children.

Methods: We conducted a prospective randomized, pain assessor blinded trial comparing Bupivacaine wound
infusion (Continuous Local Anaesthetic Wound Infusion — CLAWI) in addition to intravenous paracetamol
(Perfalgan®) and morphine for rescue analgesia. This was compared to: (a) epidural bupivacaine plus
intravenous morphine and Perfalgan® [EPI] for children undergoing open abdominal surgery and (b)
intravenous morphine and Perfalgan® infusion alone [standard post-operative analgesia - SAPA] in children
undergoing Lanz incision laparotomy for complicated appendicitis.

Patients aged between 3 months and 12 years undergoing laparotomy or open appendectomy were randomly
selected for local anesthetic wound infusion (CLAWI) versus EPI or CLAWI versus (SAPA) respectively. Exclusion
criteria were neurological impairment, post-operative ventilation and history of adverse reaction to
bupivacaine. Consent from the guardian, assent from patients above the age of 7 years and ethics approval
from the University of Cape Town Human Ethics Research Committee was obtained. The wound infusion
catheter (‘Infiltrallong’, PANJUNK®) was placed sub-fascially after suture of the peritoneum and 0.2 %
bupivacaine 2mis/kg infused on anesthetic reversal followed by 0.2ml/kg/hour thereafter for 48 hours. Pain
assessments were performed for each patient at regular intervals by a single assessor who had training in
pediatric pain management and who was blinded to the group allocation. The duration of surgery, length of
incision, perioperative antibiotics, wound class risk of surgical site infection, time to return to full feeds, drug
reactions; hospital stay, surgical site infection and wound catheter and epidural catheter complications were
recorded for each patient. Primary outcome measure was total morphine used in the appendectomy-SAPA vs
appendectomy-CLAWI group and rescue morphine requirements in the laparotomy-EP! vs laparotomy-CLAWI
group. The secondary outcomes were pain control as measured using the FLACC scale, time to full feeds,
mobilization and requirement for urinary catheter.

Results: Sixty patients (18 Laparotomy-CLAWI (LAP-CLAWI), 17 Laparotomy-EPI (LAP-EPI) and 12
Appendectomy-CLAWI (APP-CLAWI), 13 Appendectomy-SAPA (APP-SAPA)) were analyzed.

Within these two main study groups, the subgroup demographic, clinical variables and secondary outcome
variables were analyzed for frequencies/percentage, means and standard deviation as appropriate. The
Student’s t-test was used for continuous variables and Chi-square for categorical variables to assess for
differences between subgroups. Total morphine requirement for the APP-SAPA vs APP-CLAWI groups were
calculated for each patient and expressed as a mean and standard deviation for each subgroup. Total rescue
morphine requirements were used in the LAP-EPl vs LAP-CLAWI groups. The Student’s t-test was used to
compare morphine requirements between subgroups. Pain scores were recorded at multiple regular intervals
for each study participant. Each participant had a total of eight pain scores done by the blinded pain assessor.
A time series of pain scores for each subgroup was created and used to compare pain control trends between
groups. A mean and standard deviation of the pain scores was also calculated and the means compared
between subgroups using the t-test. The average FLACC (Face, Legs, Activity, Cry & Consolability) pain score in
the CLAWI groups was 2.5 [=minimal pain] (1-4) and 3.0 (1-5) in the EPI group and 3.5 (2-5) in the SAPA group.
Mean morphine requirements were significantly higher in the control groups: Appendectomy-standard
analgesia group had a mean of 490ug compared to 96 ug in the infusion group, p-value 0.016. Laparotomy-
epidural group had a mean morphine requirement of 406ug compared to a mean of 230ug in the infusion
group, p-value 0.052. The SAPA and EPI group had a longer duration to removal of urinary catheter and
mobilization (average 4 days vs. 2 days in the CLAWI group). Time to full feeds was comparable in all groups.
There were no wound infections and no bupivacaine related complications in the CLAWI group.

Conclusion: Continuous subfascial bupivacaine infusion is a reliable, safe and effective technique for post-

operative pain control in children undergoing open abdominal surgery. It is comparable to current standard of
care and has the benefit of a considerably reduced requirement for opioid analgesia in children undergoing
various abdominal operations.
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INTRODUCTION

Postoperative pain is a cause of morbidity and contributes indirectly to prolonged hospital stay and
cost of care. For these reasons and to ensure quality patient care, the control of pain in the

postoperative period is paramount for optimal outcomes in pediatric surgery.

The current methods of postoperative pain management are prone to complications and vary in
their effectiveness. Furthermore the application of standardized tools of assessment of pain in the

pediatric population is not widely utilized.

Local anesthetic as a continuous infusion in the subfascial space of the surgical wound for
postoperative pain control has been used in adult patients with promising results. However, its
application in pediatric patients {(age more than 3 months to 12 years) has not been adopted in most
centers. Controlled trials comparing standard postoperative anaigesia to continuous subfascial
bupivacaine infusion for children undergoing different abdominal operations are few.

There is also limited information on the physiological benefits of subfascial local anaesthetic wound
infusion in pediatrics in terms of return to bowel function, need for urethral catheterization, hospital
stay as well as rates of surgical site infection and short term wound complications.

We conducted a pain assessor blinded randomized control trial comparing subfascial bupivacaine
wound infusion to the standard of care in post-operative analgesia to determine the morphine
requirements among patients undergoing varied abdominal operations. The other endpoints were to
determine the rates of surgical site infections, local wound infusion related complications, length of
hospital stay, the time to resumption of full feeds, need for and duration of urethral catheterization

and mortality.



CHAPTER 1: LITERATURE REVIEW

1.1 PAIN

The International Association for the Study of Pain (IASP) defines pain as “an unpleasant sensory and
emotional experience associated with actual or potential tissue damage”. It is a combination of
unpleasant sensory, emotional and mental experiences which are associated with autonomic,
psychological, and behavioral responses[1].

Pain has plagued mankind since we can remember and has been described by some as “a problem of
epidemic proportions”[2]. In the Montreal declaration of 2011, pain control was adopted as a human

right(3-4).

1.2 POSTOPERATIVE PAIN

Although there is a degree of overlap, pain can be classified as inflammatory/acute or
neuropathic/chronic. This classification is founded on the understanding of the pathways involved in
the onset and evolution of pain in surgical practice. It informs to a large extent, the design and
application of targeted therapies and monitoring tools(5-6}. One of the factors associated with the

transition from acute to chronic pain is inadequate postoperative analgesia[5].

Postoperative pain falls in the acute category. Surgery causes tissue damage including injury to the
peripheral nerves. This leads to local and regional inflammatory reaction accompanied by a local,
regional and systemic neural response. The local effects of these reactions include wound site tissue
hypo-perfusion. The systemic effects include reduced general movement and respiratory effort as a
result of skeletal and diaphragmatic splinting. Uncontrolled pain also has deleterious effects on
gastrointestinal and bladder functions due to release of catecholamines and stress hormones.
Therefore a patient with poor pain control is at risk of respiratory dysfunction and surgical site

infections, poor venous return and ileus among other complications[6-9].

POSTOPERATIVE PAIN IN INFANTS AND CHILDREN

The impact of pain during and following surgical procedures in infants is now well recognised.This
was not the case in the 19" and 20™ centuries mainly due to the misconception that neonates did
not experience pain due to what was thought to be underdeveloped nerual circuitry[10]. The fact
that the manifestation of pain in neonates, infants and children is different from adults contributed
to this notion and lead to a practice where children, especially neonates and infants, underwent

painfull procedures with minimal or no analgesia[11].



Neonates, infants and children may in fact suffer more adverse consequences of inadequate pain
control when compared to adults due to a robust generalised inflamatory response and lack of
central neural inhibition reflex[12, 13]. The longterm effects of a previous painful experience may be

evident on followup and include a lowered threshold to noxious stimuli[14].

Although the pain control and monitoring for pain in children has improved from the 19" and 20™
century, different surveys show that Infants and children are still at a higher risk of suffering from
pain and its consequences[9, 15]. They are more likely to suffer pain more frequently and more likely
to have suboptimal postoperative analgesia. Some of the contributing factors include the fear of side
effects, especially from opiates, a misconception that pediatric pain control is complex and time
consuming, non-application of pain assessment tools and lack of dedicated pediatric pain

services[16, 17][16—20].

Pain management services are critical in the delivery of surgical care for children. Furthermore
regular audits on pain management in every unit and research in post-operative analgesia in

paediatrics are important for the development and adoption of more effective modalities[21].

Research on the efficacy and safety of new post-operative analgesia modalities in children has
lagged behind when compared to the adult population. Studies in paediatric postoperative pain
control have not shown a significant difference in hospital stay and return to function. Studies aimed
at showing physiological gains (bowel and bladder function and physical activities) are also

lacking[22].
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1.3 PAEDIATRIC POSTOPERATIVE ANALGESIA

The mainstay of current post-operative analgesia regimens is multi-modal therapy. This includes pre-
emptive analgesia through local and regional nerve blockade peri-operatively and a combination of
opioid and non-steroidal agents or paracetamol in the post-operative period [23]. The aim of multi-
modal pain therapy is to achieve near total pain contro! from the synergistic and additive effects of

the drugs while reducing their individual side effects and potential complications{24, 25].

1.4 CONTINOUS LOCAL ANESTHETIC WOUND INFUSION (CLAWI)

One of the modes of post-operative analgesia is the use of a multi-holed catheter placed in the
wound to deliver a local anesthetic continuously. It allows continuous interruption of efferent
nociception at the site of surgical trauma eliminating noxious stimulus sensation in the pain nerve
circuitry[26].

The concept of local wound infusion is not new. Continuous local anesthetic wound infusion (CLAWI)
has been used in obstetrics, gynecology, urology, thoracic surgery and colorectal surgery in adults
with good efficacy and without increase in complications[27-29). Although the safety and efficacy of
CLAW!I has been shown to a large extent, simple extrapolation of potential benefits of local wound
infusion from the results involving adult populations cannot be made as the pharmacodynamics of

the utilized agents is different in pediatrics[13, 30].

The results of studies on the efficacy of continuous local anesthetic wound infusion in children have
been published recently. They include patients undergoing urologic[31], thoracic[32] and abdominal
procedures[33] and show a similar trend towards better or equivalent pain control with reduction in
morphine requirements. The site of multi-holed wound catheter placement is dependent on the
type of operation and preference. Placement of the catheter on the pre-peritoneal area or within

the muscle fascia is associated with better pain control compared to the subcutaneous layer[22, 34].

At the time of this study CLAWI was not an option for post-operative analgesia at our center and
within the African continent as a whole partly due to unavailability of muiti-holed catheters , the
relative lack of robust evidence for its use in children undergoing different abdominal operations

and the fear of increased risk of infections.
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1.5 PAIN ASSESSMENT IN POST-OPERATIVE PEDIATRIC PATIENTS

There are several validated tools for pain assessment for non-verbal or neurologically impaired
patients. There is a wide variety of pain assessment scales available to clinician. This allows one to
choose the most appropriate means depending on the patient age, neurological status, and
underlying disease. The ease of application and social/cultural factors that may influence the

expression of pain are also important consideration in pain scale choice[35-37].

Pain assessment scales are useful in the monitoring and documenting pain scores in the
postoperative period as well in research requiring pain measurement. ideally all postoperative
patients should have regular pain assessment as part of the vital sigh measurements[38]. The best
tool for assessment is the one that can be applied easily, has low inter-observer variability and is
both sensitive and specific. In this study we used the Faces, Legs, Activity, Cry and Consolability
(FLACC) scale[37], shown in

Figure 1 & Appendix Il. It is applicable in both the communicating and non-communicating pediatric
patients, is already use in our center, easy to apply and requires a short duration of observation to
make an assessment. To reduce the degree of inter-observer variability, this study had one pain

specialist doing all the pain scores.

Figure 1: FLACC pain scale.
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CHAPTER 2: THE STUDY

2.1 STUDY JUSTIFICATION
HYPOTHESES

Given the results from the adult patient studies on continuous local anesthetic wound infusion, we

inferred that there would be difference in post-operative pain control between pediatric patients

undergoing subfascial wound bupivacaine infusion and those who receive continuous epidural

bupivacaine infusion or continuous intravenous morphine infusion with or without adjunctive oral or

rectal paracetamol.

The use of an effective continuous local anesthetic wound infusion alone or in combination with

other modalities is an attractive option for the following reasons:

It will obviate the need for the more invasive, technically demanding and time consuming

epidural analgesia{39, 40].

o Atourinstitutiontl »bslac nent of epidural catheters is done by an anesthesiologist who
also follow-up its use and function. CLAW! will reduce the warkload on anesthesiologists.

o Patients on epidural analgesia are nursed at least in a high care ward for continuous
monitoring. This is because epidural catheters are prone to malfunction (leak, blockage
or kink) or get dislodged besides other complications. CLAWI will reduce demand on high
care beds

o Some patients are unable to have an epidural catheter due to coagulopathy, associated
spinal abnormality or other disease processes that increase the risk of epidural catheter
placement[41]. CLAWI is applicable to a broader spectrum of patients

it will allow lower doses of opioid analgesia with a resultant decrease in the commonly

associated side effects such as hypotension[36], nausea and vomiting, ileus, drowsiness and

risk of apneal[42, 43].

CLAWI requires less expertise for placement and does not require intensive post-operative

monitoring{44].

CLAWI is a more cost effective analgesia than epidural as the catheters are relatively

cheaper

CLAWI is more suitable to the African continent as i skills in both anaesthetic and nursing

field are required

13



2.2 OBJECTIVES OF THE STUDY

PRIMARY OBJECTIVE:

e To determine the efficacy of post —operative analgesia through local wound infusion compared
to current standard of care among patients undergoing various abdominal operations:
o As a surrogate marker for efficacy, the total morphine dose required as rescue analgesia

was also recorded for each patient.

SECONDARY OBJECTIVES:

e Ffficacy was also determined by pain scores measured by a single pain specialist who was
blinded to the patient treatment arm.
e To determine any associated complications with local wound infusion compared to standard
post-operative pain management regimens. We recorded the following as complications:
o Surgical site infections
o Infusion catheter and epidural catheter blockage, leak, dislodgment
o Bupivacaine adverse drug reactions
o Morphine adverse drug reactions
e To determine the postoperative course between groups in terms of physiologic parameters:
o Time taken to tolerate feeds
o Time to mobilization
o The need for and duration of urethral catheterization

o Length of hospital stay

14



2.3 MATERIALS AND METHODS

SETTING

The study was carried out in a tertiary level children’s hospital with a wide referral basin. The care of
post-operative patients initially takes place in a high-care section of the surgical ward or in the
shared intensive care unit. A pain management service is available and comprises anesthesiologists,
nurses trained in pain assessment as well as a specialist in pediatric pain assessment and
management. The nursing staffs in these areas are also trained on the use of the Faces, Legs,

Activity, Cry and Consolability {FLACC) scale.

STUDY DESIGN

A pilot study using the same inclusion and exclusion criteria to select sequential study participants to
undergo continuous local wound infusion post operatively was conducted. This was to determine
the feasibility and local acceptance of the study and included 15 patients (5 open appendectomy
patients and 10 laparotomy patients} to undergo continuous local anesthetic wound infusion. In this
series, all five appendectomy patients had complicated appendicitis, had average pain scores of 2.5,
and no wound complications or bupivacaine related complications. The patients undergoing
laparotomy for various conditions (liver biopsy-1, open pyelolithotomy-1, Wilm’s tumor-2,
diaphragmatic hernia-2, intestinal obstruction-1, hydatid cyst-1, Takayasu’s disease-1, bladder
reconstruction-1) had mean pain scores of 2.3, no bupivacaine related complications with 4 wound
infusion catheter leaks particularly in the beginning. There were no wound infections in this cohort
as well.

Following the pilot study, a pain assessor-blinded randomized control trial was carried out in two
parts running concurrently. The first part was to compare CLAWI to intravenous morphine and
paracetamol in patients undergoing Lanz incision appendectomy. The second part was to compare

continuous local anesthetic wound infusion to Epidural analgesia in patients undergoing laparotomy.

Part I:

This was a pain assessor-blinded randomized control trial involving pediatric patients undergoing
open appendectomy via a Lanz incision for complicated appendicitis. Patients fitting the inclusion
and exclusion criteria were randomly assigned to one of two arms once consent and assent was
obtained. The intervention arm comprised those who would receive continuous local anesthetic
wound infusion plus intravenous paracetamol with tapered intravenous morphine for rescue
analgesia (CLAWI). The control arm comprised those who would receive tapered intravenous

morphine plus intravenous paracetamol, that is, current standard post-operative analgesia (SAPA).

15



Part | study population:

Eligible patients comprised children between the age of 3 months and 12 yei  with a diagnosis of
complicated appendicitis undergoing a Lanz incision open appendectomy. The diagnosis of
appendicitis was based on clinical findings. Complicated appendicitis was determined by the
attending clinician based on examination findings of a mass and/or peritonitis with a few patients
requiring imaging for pre-operative confirmation. The decision for open appendectomy was made by
the attending clinician without prior knowledge on study group assignment.

Part | patient selection:
Inclusion criteria:

o Age of 12 years and below

o Surgical intervention via open appendectomy
o Informed consent from legal guardian

o Assent for patients 7 years old and above

Exclusion criteria:

o Laparoscopic appendectomy
o Prolonged post-operative sedation and ventilation
o Lack of assent for patients 7 years and older

o Lack of informed consent from legal guardian

Part |l

This was a pain assessor-blinded randomized controlled trial involving pediatric patients undergoing
various abdominal operations via laparotomy incisions for varied diagnoses. Eligible patients were
assessed for inclusion and exclusion prior to random allocation to one of two groups once consent
and assent was obtained. The intervention arm group comprised those who received continuous
local wound infusion plus intravenous paracetamol and tapered intravenous morphine for rescue
analgesia (CLAWI). The control group comprised those who received continuous epidural analgesia
plus intravenous paracetamol and tapered intravenous morphine for rescue analgesia (EPI).

Part 1l study population:

Eligible patients comprised children between the age of 3 months and 12 years undergoing planned
open abdominal surgery for various conditions. The type and length of abdominal incision was

determined by the surgeon.
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Part Il patient selection:
Inclusion criteria:

o Age of 12 years and below

o Surgical intervention via laparotomy
o Patients eligible for epidural analgesia
o Informed consent from legal guardian
o Assent for patients 7 years and older

Exclusion criteria:

o Laparoscopic abdominal surgery
o Prolonged post-operative sedation and ventilation
o Lack of informed consent from a legal guardian

o Lack of assent for patients 7 years and older

2.4 PROCEDURES

SAMPLE SIZE CALCULATION

We estimated a 25% to 50% difference in morphine requirements between the control (SAPA/EPI)
and intervention(CLAWI) arms.[44]. Using the O'Brien-Fleming Continuity correction[45, 46] we
required 45 participants in each group within the SAPA vs CLAWI arms and 25 participants in each
group within the EPI vs CLAWI arm. This would be able to detect a difference of 20% in morphine
requirement between the groups in each arm with 80% power and at a significance level (p-value) of
0.05.

Part of the protocol, an ethics board requirement, was to perform an interim analysis at 50%
recruitment. This was powered to detect marked differences between the two arms and allow
justification for conclusion or continuation of the study should either technique of analgesia prove

significantly superior or inferior.

RANDOMIZATION

The patients were assessed for eligibility sequentially. This was done after clinical assessment and
decision for surgery. Study participants fulfilling the inclusion criteria were subsequently randomly
allocated to a study group. An online computer random number generator,
(http://www.randomizer.org), was used to create the random number sequences for the two parts

of the study.
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BLINDING
The pain assessor was blinded to the post-operative treatment allocation. Study participant group
allocation was revealed only to the principal investigator, the operating surgeon, anesthesiologist

and the data and safety management board.

To ensure blinding during pain assessment, the patient wound dressings were identical in all groups
and left in place for the duration of the study. Infusion pumps and the connections to the pumps
regulating delivery of morphine, epidural and local anesthetics were identical as equipment is

standardized in the hospital.

2.5 POST-OPERATIVE ANALGESIA REGIMENS

CONTINOUS LOCAL WOUND INFUSION

Delivery of the local anesthetic to the wound was via a fenestrated (multi-holed) FG 2.5 inert tubing
(‘Infiltralong’, PANJUNK® catheter) (Figure 2). The fenestrations are designed to ensure equal
outflow of fluid. The catheter was placed in the subfascial space at the time of wound closure. The
subfascial layer is the potential space created at the time of wound closure between the sutured
transversalis fascia and/or the posterior leaf of the rectus fascia as the floor with the overlying

closed muscles and fasciae as the roof.

Wound closure began with closure of the peritoneum and transversalis or rectus fascia to create the
floor of the potential space. The tip of the catheter was positioned at the most lateral or cranial end
of the wound. All the fenestrations lay along this floor. The non-fenestrated part of the catheter
would then exit via a separate skin puncture site away from the wound, Figure 3. The catheter was
then connected to a filter provided in the set. A 5ml 0.9% saline bolus was then instilled through the
filter to check for leaks and confirm appropriate placement of the fenestrated end of the catheter
within the wound. The rest of the abdominal layers were then closed, the catheter exit site secured
with adhesive dressing and the wound covered with opaque dressing. Before reversal from general
anesthesia, a 0.1-0.2mi/kg bolus of 0.2% bupivacaine was administered through the filter connected
to the wound infusion catheter and subsequently connected to a 50 ml syringe with 0.2%
bupivacaine in 0.9% saline to run continuously using an electrical syringe driver set to run at 0.1-0.2

mis/kg/hr.
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Morphine infusion was started at 5ug/kg/hr. In case of pain as assessed by the attending staff, the
rate was increased to 10ug/kg/hr as per standard of care. Scaling down of morphine was by
decrements of 2.5ug/kg/hr after every pain assessment once both the attending staff and pain

assessor were satisfied that the study participant was not in pain

Intervention group-Continuous local anesthetic wound infusion (CLAWI):

At wound closure the infusion catheter would be placed and inaged as described above. 0.2%
bupivacaine in 0.9% saline was infused continuously at a rate of 0.1-0.2ml/kg/hr using an infusion
pump. The local wound infusion was to run for up to a maximum of 72 hours. The study participants
also received scaled intravenous morphine (0.5 mg per kilogram body weight mixed in 50 mls of 5%
dextrose) at 1-2ml per hour (i.e. 5-10 ug/kg/hr} and intravenous paracetamol (20mg/kg stat at
reversal, then 15mg/kg every 4hrs ) then oral paracetamol at 15mg/kg every 4hours once oral intake
was established. Morphine infusion was started at 5ug/kg/hr. In case of pain as assessed by the
attending staff, the rate was increased to 10ug/kg/hr as per standard of care. Scaling down of
morphine was by decrements of 2.5ug/kg/hr after every pain assessment once both the attending

staff and pain assessor were satisfied that the study participant was not in pain recurrence of pain.

PART I

Control group- Epidural analgesia (EPI):

The placement and peri-operative management of the epidural catheter has been described in the
preceding paragraphs. 0.2% bupivacaine in 0.9% saline was infused at a rate of 0.1-0.2mls/kg/hr

using an infusion pump. Epidural infusion was for up to a maximum of 72 hours.

The study participants assessed to be in pain at recovery also received scaled intravenous morphine
(0.5 mg per kilogram body weight mixed in 50 mls of 5% dextrose} at 1-2ml per hour (i.e. 5-
10ug/kg/hr) and intravenous paracetamol (20mg/kg stat at reversal, then 15mg/kg every 4hrs) then

oral paracetamol at 15mg/kg every 4hours once oral intake was established.

Morphine infusion was started at 5ug/kg/hr. In case of pain as assessed by the attending staff, the

rate was increased to 10ug/kg/hr as per standard of care.
Scaling down of morphine was by decrements of 2.5ug/kg/hr after every pain assessment once both

the attending staff and pain assessor were satisfied that the study participant was not in pain

recurrence of pain.
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Intervention group- Continuous local anesthetic wound infusion (CLAWI):
At wound closure the infusion catheter would be placed and managed as described above. 0.2%
bupivacaine in 0.9% saline was infused continuously at a rate of 0.1-0.2ml/kg/hr using an infusion

pump. The local wound infusion was to run for up to a maximum of 72 hours.

The study participants assessed to be in pain at recovery also received scaled intravenous morphine
(0.5 mg per kilogram body weight mixed in 50 mls of 5% dextrose) at 1-2ml per hour (i.e. 5-10
ug/kg/hr) and intravenous paracetamol (20mg/kg stat at reversal, then 15mg/kg every 4hrs) then

oral paracetamol at 15mg/kg every 4hours once oral intake was established.

Morphine infusion was started at 5ug/kg/hr. In case of pain as assessed by the attending staff, the

rate was increased to 10ug/kg/hr as per standard of care.

Scaling down of morphine was by decrements of 2.5ug/kg/hr after every pain assessment once both

the attending staff and pain assessor were satisfied that the study participant was not in pain.

2.7 RESCUE ANALGESIA

For all study groups rescue analgesia was administered as intravenous morphine bolus at
Smicrograms per kilogram body weight over 10 minutes. This would be administered by the in-
house staff at any time as deemed necessary by the attending staff as per standard of care. The time
and dose was recorded in the treatment chart. There was thus no analgesia restriction by study
staff. All rescue analgesia was documented in the notes of the patient and transferred to the data

sheet.

2.8 PAIN ASSESSMENT PROTOCOL

All patients in the study were assessed for pain by the same pediatric pain specialist, who was
blinded to the treatment arms, using the same pain scale and at equal intervals of up to 6 hourly.
The nursing staff are trained to do pain assessments using the FLACC scale, also assessed the
patients for pain as per standard of care and the attending doctor was free to administer rescue

morphine analgesia as required.
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2.9 ASSESSMENT AND RECORDING OF OTHER OUTCOME MEASURES
Assessment for passage of stool/flatus per rectum or stoma was by the attending clinician as per

standard of care for all patients.

Time to resumption of full feeds, episodes of vomiting, wound complications, sepsis, chest infection,
time to mobilization out of bed, time to removal of urethral catheter, epidural catheter
complications, peripheral line complications and time to discharge (duration of hospital stay) was

recorded in the clinical notes by the attending surgeon.

2.10 PATIENT MONITORING:

All study participants were initially cared for in a high care setting with continuous pulse oximetery,
regular blood pressure and temperature checks. The time spent in high care was determined by the
attending clinician. The wound catheters and epidural catheters were checked daily for any signs of
leak, kink, blockage or dislodgment by the anesthesia team and the investigator. Refilling of the
bupivacaine syringe was by the investigator for wound infusion and by the anesthesia team for the

epidural catheter as per the institutions epidural protocol.

22



CHAPTER 3: ETHICS OF THE STUDY:

The study was assessed and approved both by the Red Cross War Memorial Children’s Hospital
research ethics committee and the University of Cape Town Human Research and Ethics Committee
(Appendix Ill).

All study participants were assessed for eligibility with strict inclusion and exclusion criteria.
Informed consent was obtained for each participant. Assent was also obtained for participants older

than 6 years. (Appendix 1V)

An initial pilot study was conducted to assess for safety, feasibility and local acceptance.
Only the study number was used to identify each study participant on the database to avoid breach
of confidentiality. Both the attending clinician and the study participant were free to withdraw

consent for the study at any time during the study
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CHAPTER 4: DATA MANAGEMENT

4.1 OUTCOMES OF INTEREST

Primary outcome:

o Total intravenous morphine dose in the control arms compared to the intervention arms.

Secondary outcomes:
o Post-operative pain scores in the control arms compared to the intervention arms
o Time to full mobilization in days
o Time to resumption of full feeds in days
o Wound complications:
= Superficial surgical site infection
= Deep surgical site infection
= QOrgan space infection
o Epidural and subfascial Catheter complications:
= Blockage
= Dislodgement or migration
= leakage
= Infection
o Other complications:

Morphine drug adverse drug reactions:

Cardiovascular: hypotension, syncope, bradycardia, tachycardia
Central nervous system: CNS depression, seizure

Dermatologic: Pruritus

Gastrointestinal: Nausea, vomiting, constipation,

Genitourinary: Urinary retention requiring catheterization
catheterization

Respiratory: Respiratory depression

Other: Anaphylaxis

Bupivacaine drug adverse drug reactions:

Cardiovascular: Cardiac arrest, hypotension, bradycardia
Central nervous system: Headache, restlessness, anxiety, seizures
Dermatologic: Pruritus, angioneurotic edema
Gastrointestinal: Nausea, vomiting

Chest infections

Hypotension

Venous thrombosis or thromboembolism

30 day mortality

Time from skin incision to wound dressing

Long term complications:

Delayed wound infections

Chronic pain

Incisional hernia
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4.2 DATA COLLECTION

Data regarding all the outcomes of interest for all the study participants was collected through a
data collection sheet using Microsoft, 2010 Excel® spread sheet which was predesigned for direct
transfer onto a pre-coded database on Statistical Package for the Social Sciences (SPSS®) — IBM 2012,

Version 21 for analysis.

After recruitment each study participant was assigned a study number and allocated to a study arm
as per the randomization procedure. The study number, group allocation, date of birth, date of

surgery, date of discharge, gender, body weight and diagnosis was recorded.

At the time of the surgery the data collection sheet was filled to indicate the type of incision, the
length of incision (in centimeters) and wound class (0 to 3). All the surgical incisions were
categorized based on the wound classification system by the Centers for Disease Control and
Prevention (CDC) for risk of surgical site infection. (See appendix | It classifies surgical wounds as
clean, clean contaminated, contaminated or dirty. The risk of surgical site infection increases with

the degree of contamination[45]. The time of incision and wound closure were also recorded.

Pain assessment scores were charted by the pain specialist using the Faces, Legs, Activity, Cry and
Consolability (FLACC) scale. The scale is from 0 to 10, where 0 is no pain at all, 1-3 is mild discomfort,
4-6 is moderate pain and 7-10 is severe pain (

Figure 1 & Appendix ll). Each assessment session comprised two observations for 5 minutes each.
The final score was then tabulated and the time recorded. The time of assessment and the pain

score were then transferred onto the data collection sheet.

The start and end date & time for morphine infusions were recorded on the treatment chart for
each participant. This also included any morphine doses administered as rescue analgesia. The total
dose of morphine, in micrograms per kilogram, required for each participant was then calculated by

adding the total dose infused to the rescue morphine analgesia and entered onto the database.

The date of surgery and dates when the participant tolerated enteral feeds, when the urine catheter
was removed, when the participant was fully mobile and when the study participant was discharged
from hospital were all entered onto separate columns on the data collection sheet. These dates
were subsequently used to calculate the time intervals for the different secondary outcome

measures.
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Complications from epidural and wound catheters were assessed for daily by the anesthesia team
and the investigator. These complications were coded for blockage, dislodgement or migration,

leakage and infection and entered onto the data collection sheet.

Wound infections were determined by the attending clinician. Wound infections were categorized
according to Centers for Disease Control and Prevention (CDC) as superficial, deep or organ
space[46]. Data on wound infections was coded for from 0 to 3 (0= no infection, 1=superficial,

2=deep and 3=organ space) and entered onto the data collection sheet for each study participant.

Complications from morphine, paracetamol and bupivacaine were determined by the attending
clinician and also looked for by the investigator in each study participant. This data was coded for
and entered.

Data collection was by the principle investigator. All the data sheets were stored in a locked cabinet
within the institution study center with access limited to the investigators. Transfer of data from the
data collection sheet onto the computer Microsoft Excel® 2010 was done by three trained research
assistant volunteers. Double entry for each variable was performed. That is for each study
participant data set two volunteers would enter the data separately and the data sets compared for
consistency. Consistency checks were performed by one of the research assistants and checked a
second time by the primary investigator. This computer database was stored in a single computer
and the folder encrypted with a password. A password protected removable software memory stick

was used as back-up.
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CHAPTER 5: ANALYSIS

Data was analyzed using IBM®SPSS® statistics Ver. 21 (2012).

The two parts of the study (Appendectomy group and laparotomy group) were assessed separately.
Within these two main study groups, the subgroup demographic, clinical variables and secondary
outcome variables were analyzed for frequencies/percentage, means and standard deviation as
appropriate. The Student’s t-test was used for continuous variables and Chi-square for categorical
variables to assess for differences between subgroups. Total morphine requirement as the primary
outcome calculated for each patient and expressed as a mean and standard deviation for each
subgroup. The Students t-test was used to compare morphine requirements between subgroups.
Pain scores were recorded at multiple regular intervals for each study participant. A time series of
pain scores for each subgroup was created and used to compare pain control trends between
groups. A mean and standard deviation of the pain scores was also calculated and the means

compared between subgroups using the t-test.
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CHAPTER 6: RESULTS

71 study participants were recruited in the study after initial assessment for eligibility out of 88
potential study participants presenting for general surgery at Red Cross War Memorial Children’s
Hospital from January 2013 to January 2014. 34 potential study participants had a working diagnosis
of complicated acute appendicitis and initially planned for open appendecectomy. Out of the 34, six
were deemed not eligible (4 due to after-hours surgery and 2 due to change of diagnosis and
management plan after further review and imaging. 54 potential study participants were planned for
laparotomy for various diagnoses. Out of the 54, eleven were not eligible (6 due to after-hours
surgery and 5 due to change of management plan with 3 having there elective surgery postponed
after review of imaging post chemotherapy and 2 had planned post-operative ventilation). Out of
the 71 study participants, 14 underwent open appendectomy and standard post-operative analgesia
(APP-SAPA), 14 had open appendectomy and continuous local anesthetic wound infusion (APP-
CLAWI), 19 had laparotomy and epidural analgesia (LAP-EPI) and 24 had laparotomy and continuous
local anesthetic wound infusion (LAP-CLAWI). 11study participants were excluded from the final
analysis; 1 in the APP-SAPA group, 2 in the APP-CLAWI group, 2 in the LAP-EP} group and 6 from the
LAP-CLAWI group. The flow chart in figure 4 shows the recruitment process and reasons for

exclusion in each subgroup.

[ 88 POTENTIAL STUDY PARTICPIANTS

34 APPENDI

;
6 NOT ELLIGIBLE: B
After hours surgery - 4 5
Change in management plan- 2 ent plan -5
| 28 STUDY PARTICIPANTS | l 43 5TUDY PARFICIPANID I
14 LOCAL WOUND l 14 STANDARD ANALGESIA | 24 LOCAL WOUND 19 EPIDURAL
INFUSION (APP-CLAWI) (APP-SAPA) INFUSION (LAP-CLAWI (LAP-EPD)
2

) EXCLUDED 1 EXCLUDED 2
5 Incomplete data-| 1 Age ~ 1

Veantilation in icu-}

ANALYSED DATA -12
APP-CLAWI]

ANALYSED DATA- 13 ANALYSED - 18 ANALYSED - 17
APP-SAPA LAP-CLAWI LAP-EPY

Figure 4: Flow chart of the study participant enrolment.
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Figure 5: Pain score trends in the different study arms (APPSAP- appendectomy with standard analgesia,
APPLAW-appendectomy with local anesthetic wound infusion, LAPEPI-laparotomy with epidural, LAPLAW-
laparotomy with local anesthetic wound infusion).

6.3 DAYS TO MOBILISE

The days to mobilization were shorter in the CLAWI group compared to the other groups with a
significant difference between the APP-SAPA and APP-CLAWI subgroups of 2 days on average. On

average the LAP-CLAWI subgroup was fully mobile one day earlier than the LAP-EPI subgroup.

6.4 DAYS TO ENTERAL FEEDS AND DURATION OF HOSPITAL STAY

There was no statistical difference in length of hospital stay and time to full enteral feeds between
subgroups with a tendency to shorter stay and earlier enteral feed tolerance by one day for the
CLAWI subgroups.

6.5 URETHRAL CATHETERIZATION

The requirement for urethral catheterization was higher in the EPI group. On average, among the
CLAWI subgroup participants who had urine catheter inserted peri-operatively, the urine catheter
was removed 2 days earlier compared to the SAPA and EPI subgroups.

6.6 WOUND COMPLICATIONs

There were no surgical site infections in the EPI and CLAWI groups. 3 Surgical site infections occurred
in three participants in the APP-SAPA group (two deep incisional and one organ space).

6.7 OTHER COMPLICATIONS

There were no adverse drug reactions to morphine or bupivacaine.

So far, none of the study participants has presented with incisional hernia or other delayed wound
complications.
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CHAPTER 7: DISCUSSION

Post-operative analgesia is critical for optimal outcomes in surgery. Historically analgesia in
pediatrics was seen as unnecessary or unimportant. This has changed with recognition that children
suffer pain even in the neonatal period and their physiologic response to pain is actually markedly

higher. Hence the current standard of care is to provide good analgesia postoperatively.

However, there is a variation between centers on the modalities utilized for post-operative pain
control. The extent of post-operative pain monitoring also varies and a dedicated pain service is not
widely available especially in the resource constrained environments. ldeally, pain assessment
should be one of the vital signs. The fear of adverse reactions to opiate analgesia and the lack of
personnel trained in epidural analgesia for children are other important hurdles in the institution of

multi-modal post-operative analgesia in pediatrics.

Continuous local anesthetic wound infusion is an attractive option since it requires little expertise for
infusion catheter placement. It also has the potential to reduce the need for opiate anaigesia,
urethral catheterization and intensive monitoring. The use of Continuous Local Anesthetic Wound
Infusion (CLAWI) has been studied in adults undergoing different operations with promising results.
CLAWI use in children is limited to a few centers. Studies on its efficacy in post-operative patients in
pediatric surgery are few and vary in types operations, age groups and secondary outcome measures

(time to enteral feeds, mobilization and other return of function surrogate markers).

We conducted a pain assessor-blinded randomized control trial to compare continuous bupivacaine
wound infusion to epidural bupivacaine analgesia and intravenous morphine in children undergoing
different abdominal operations. The first part of the study included participants undergoing open
appendectomy for complicated appendicitis. They were randomized to undergo either continuous
local anesthetic wound infusion (APP-CLAWI)} or standard post-operative analgesia (APP-SAPA). The
second part of the study included participants undergoing open abdominal surgery for varied
diagnoses. They were randomized to undergo either continuous local anesthetic wound infusion
(LAP-CLAWI) or epidural analgesia (LAP-EPI}. The two parts of the study ran concurrently between
January 2013 and January 2014.
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Out of 71 enrolled study participants we excluded 10. There was no significant overall variability
within groups in age, gender, or type and length of incision. Pain scores were significantly in the
lower trends and tended to remain low in the intervention arms (continuous local wound infusion —
CLAWI) compared to the control arms. Hidas and colleagues reported lower pain ratings with
continuous incisional local infusion in pediatric patients undergoing major urological procedures31].
The appendectomy (APP-SAPA) subgroup required up to five-fold more morphine compared to APP-
CLAWI subgroup. This was the total morphine requirements. Both groups received morphine
infusion which was tapered off gradually. Due to ethical concerns we were not able to utilize a
placebo nor could we start off without morphine infusion in both groups. This would have allowed
the use of rescue morphine doses alone as an indicator of efficacy in this group.

Within the laparotomy group, the epidural arm (LAP-EP1) required up to 50% more | :ue morphine
compared to the wound infusion arm (LAP-CLAWI). The morphine sparing effect of continuous local
infusion in pediatrics has been shown by Hermansson [47] and Wang[33]. The marked difference in
the need for opioid analgesia and pain score trends which was statistically significant albeit at a

lower power (80%) in this study necessitated the conclusion of the study at this point

Given the resulting smaller number of study participants in the subgroups, this study is not powered
to detect a statistical difference in the other secondary outcomes. However there was a trend
towards earlier resumption of full enteral feeds in the wound infusion subgroups by up to 2 days.
Participants in the CLAWI subgroup also tended to mobilize earlier, few required urethral
catheterization and in those whom a urine catheter was inserted, it was removed on average two
days earlier. Wang et al reported earlier mobilization and reduced ileus in patients with continuous
Ropivacaine wound infusion{33]. There was no difference in time to feeds and hospital stay in the
study by Hermansson and colleagues[47]. It is possible that the trade-off for higher morphine doses
to maintain acceptable pain control is the unwanted effect of prolonged ileus, urine retention and

drowsiness.

One of the concerns regarding wound infusion is the risk of surgical site infection particularly in the
setting of a contaminated surgical field with a foreign body. Although the number of participants in
the APP-CLAWI group with high risk CDC wound class was 3 compared to zero in the APP-SAPA
group, no wound infections occurred in the former while three infections (2 superficial and 1 deep)
occurred in participants in latter. It has been shown in vitro studies that different local anesthetic
agents have a bacteriostatic effect on E.coli and other organisms that commonly result in surgical

site infections[48]. However this has not been replicated in human and animal studies[49, 50].
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It is also possible that local anesthetic infusion alters the inflammatory response with improved
tissue perfusion[51]. There are animal studies demonstrating reduced collagen production and
wound strength by local anesthetics[52]. This has raised concerns regarding the risk of poor healing
and resultant incisional hernias in patients undergoing continuous local anesthetic wound infusion.
The 3 month, short term, follow-up of participants in this study has so far not found a case of
incisional hernia. Long term follow-up is necessary to detect any cases in the future. One significant
complication of continuous local anesthetic is the risk of chondrolysis which has been reported in
two adult patients with intra-articular local anesthetic infusion[53].

Although CLAWI is not an indication for intensive monitoring on its own, it is crucial to ensure that
the site of placement is correct, and hemostasis has been achieved. This is to avoid infusion into
open vessels. Labeling of the syringes and the tubing should also be clear and all the staff taking care
of the patient made aware as is the case for those on epidural analgesia.

We did not do a cost-benefit analysis comparing CLAWI to the standard post-operative analgesia.
The cost of the wound infusion catheter is most likely offset by the reduced need for urinary
catheterization, ease of application and reduced need for other analgesics{54]. The use of readily
available and affordable material is going to reduce the cost while maintaining efficacy and safety of
local anesthetic wound infusion[55].

The weak points in this study are the low numbers particularly in the different indications for surgery
in the laparotomy groups. The overall low numbers make it difficult to draw robust conclusions
regarding the secondary outcomes as well.

We also did not do a cost analysis for the wound infusion catheter.

CONCLUSION:

Continuous subfascial bupivacaine infusion is a reliable, safe and effective technique for post-
operative pain control in children undergoing open abdominal surgery. It is comparable to current
standard of care and has reduced need for intravenous analgesia with a tendency to earlier

resumption of enteral feeds and mobilization.

RECOMMENDATIONS

Continuous local anesthetic wound infusion should be one of the first line options for post-operative
pain control in children undergoing open abdominal surgical procedures and future studies should

look into the cost-benefits of the infusion catheter as well as the secondary endpoints.
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