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ABSTRACT

Background: Opioids provide good analgesic effect in burn patients during acute phase, but these patients
may develop tolerance after prolonged exposure. Alternative analgesic strategies such as peripheral nerve
blocks appear to provide adequate pain control while sparing opioid-related side effects. The purpose of this
study was to evaluate intravenous patient-controlled analgesia (IV-PCA) and continuous peripheral nerve
block (CPNB-PCA) in severe burn patients with relatively young age undergoing repeated debridement and
large-area full thickness skin graft (FTSG).

Methods: The records of victims in dust explosion in Taiwan in 2016 from Chang Gung Memorial Hospital Pain
Service Database between 2016 June and 2017 December were evaluated. The patients’ demographic data
including age, gender, weight, burn area, degree of burn, type of PCA regimen (IV-PCA versus CPNB-PCA), size
of FTSG, and adverse effects were collected.

Results: The total in-hospital morphine consumption was significantly lower in CPNB-PCA than IV-PCA group.
A trend of decrease in numerical rating scores (NRS) was observed for both groups and CPNB group had com-
parable NRS than IV-PCA group at rest. On movement, CPNB grouped had significantly lower NRS than IV-PCA
on post-operative day 3.

Conclusion: Our study demonstrated that in patients requiring high dosage of opioid, CPNB may be a suitable
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alternative for pain control.

Background

For patients with severe burn injuries, defined as second degree or
more burn injuries involving at least 20% of a patient’s total body sur-
face area, usually require initial resuscitative measures followed by
intensive care unit management. These patients may also require
repeated and aggressive wound debridement to remove non-viable
tissues followed by burn wound closure and later reconstructive sur-
gery for severe contractures or disfiguring scars [1]. With such fre-
quent surgical procedures, post-operative pain management can
become a challenge for the intensivists/physicians. As the perception
of pain can be quite variable among burn patients, efforts should be
made to provide adequate pain relief. Well controlled pain is associ-
ated with better wound healing, sleep, recovery and quality of life [2].
Without effective pain control, aside from the debilitating experience
secondary to acute pain, other long-term morbidities such as chronic
pain, allodynia, post-traumatic stress, anxiety, depression and even
suicidal ideation may develop [3-6]. To manage burn pain pharmaco-
logically, paradigm-based treatment approaches for burn pain
through five different phases of injury, treatment and recovery has
been described, including background, procedural, breakthrough,
post-operative and chronic pain. Background pain is present when
the patient is at rest, with low to moderate intensity and long dura-
tion. Opioids are often the first line of choice in pharmacologic pain
relief and continuous intravenous (IV) opioid infusion such as patient

controlled analgesia (PCA) is often utilized for background pain. The
effectiveness of analgesia for repeated wound care such as dressing
changes is of paramount importance as anticipatory anxiety may
develop when adequate analgesia is not provided for an initial, pain-
ful procedure [7]. Breakthrough pain occurs when opioid require-
ments are increased secondary to changes in the burn wound that
increase in pain, inadequate background analgesic management or
development of opioid tolerance that require a change in the phar-
macologic management when post-operative pain may require the
use of continuous regional block and additional opioid dosing [8].
Opioids appear to provide good pain control in acute phase; how-
ever, patients may develop opioid tolerance and opioid-induced
hyperalgesia after prolonged exposure [9]. Chronic pain, on the other
hand, is the result of damages sustained by the nerve endings in the
skin and is often of neuropathic character, best managed with opioid
and non-opioid analgesics [10]. Measures should be taken to prevent
opioid escalation in long-term opioid therapy.

In recent years, peripheral nerve blocks (PNB) have been widely used
in patients receiving upper limb surgery for the management of post-
operative acute pain. The use of regional nerve blocks may provide
adequate pain relief while sparing opioid-related side effects. Nerve
blocks of upper extremity can be divided into four parts: interscalene,
supraclavicular, infraclavicular and axillary [11]. While considering
surgical site below shoulder, supraclavicular, infraclavicular and axillary
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nerve blocks are commonly used. All three approaches provide adequate
quality of surgical anesthesia when guided by ultrasound and
comparable post-operative analgesia duration [11,12]. Infraclavicular
brachial plexus block may be preferred to the supraclavicular approach
when complications, such as Horner’s syndrome, dyspnea, and
pneumothorax [13] are taken into consideration. Furthermore,
continuous infusion of local anesthetics via an infraclavicular catheter
provides superior post-operative analgesic effect in comparison to
supraclavicular catheter [14].

A few years ago, a devastating color dust explosion happened in
Taiwan, leading to 15 deaths and 484 severe burn injuries. The Ministry
of Health and Welfare of Taiwan initiated the casualty management
system, and 49 burn patients were sent to a tertiary hospital for further
care. After the initial resuscitative care, the survivors were supported
in the intensive care unit, followed by repeated wound debridement.
Most of the victims were previously healthy young adults without
history of illicit drug use. During the hospitalization, all patients
initially received intravenous patient-controlled analgesia (IV-PCA)
constituted of opioids for acute pain management. These patients
underwent excision of necrotic tissue in the burn area to a depth until
viable bleeding tissue was identified. Patients were discharged from
the hospital when burn wound was closed and became stable. A few
months after the initial burn injury, these patients would subsequently
receive reconstructive surgeries to improve the aesthetic and function
status. In this study, our aim is to determine, in severe burn patients
who require regular pain medication, whether opioid-based regimen
remains the optimal pain management modality in acute post-
surgical pain control. We have compared patient controlled continuous
peripheral nerve blocks (CPNB-PCA) with IV-PCA in severe burn
patients following reconstructive surgery with large-area full thickness
skin graft (FTSG) at our hospital.

Methods
Patient selection

Under the approval of Institutional Review Board of Chang Gung
Memorial Hospital (CGMH) (IRB 202001774B0), we acquired data from
CGMH Pain Service Database. All methods were performed in accord-
ance with the relevant guidelines and regulations in accordance with
the Declaration of Helsinki. Informed consents were waivered by the
CGMH IRB. This study enrolled the victims of the previously described
dust explosion in Taiwan in 2016 and received FTSG reconstructive
surgery in the upper limbs in CGMH between 2016 June and 2017
December. These patients received either IV-PCA or CPNB-PCA as
post-operative pain management. The patients’ demographic data
including age, gender, weight, the size (percentage of burn to total
body surface area) and initial degree of burn, type of PCA regimen (IV
vs. CPNB) and size of FTSG were collected. Patients who did not use
PCA, whose FTSG involved more than one arm and who had a history
of neuropathy at the surgical site or previous history of illicit drug use
were excluded from the study. Patients were allocated into one of the
two groups according to the type of analgesic modalities chosen at
the time of surgery: IV-PCA (n = 17), CPNB-PCA (n = 39).

Intraoperative procedure

All patients received a standardized general anesthetic technique for
induction with IV 50-100 mcg fentanyl, 2-3 mg/kg propofol and 0.2
mg/kg cisatracurium and 20-40 mg lidocaine hydrochloride.
Maintenance was achieved with oxygen/air sevoflurane and IV fenta-
nyl. For those who would receive CPNB-PCA, a catheter under ultra-
sound guidance was placed in the infraclavicular brachial plexus
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region and secured after general anesthesia. Tourniquet bands were
applied to the upper arm for FTSG. The donor skin was harvested,
trimmed to adequate thickness and applied to the recipient site. The
FTSG was sutured and tied, and the donor site was closed. Upon com-
pletion of the surgery, all patients received IV-PCA or CPNB-PCA upon
arriving burn unit.

Post-operative analgesics protocol

The content of the IV-PCA bag was comprised of 500 ug fentanyl
and 40mg morphine with normal saline to a total of 340 mL, giving
an equivalent morphine concentration of 0.27 mg/mL, whereas
CPNB bag was constituted with 600 mg bupivacaine and 300 ug
fentanyl with normal saline to a total of 600 mL, giving 1 mg/mL of
bupivacaine and 0.5 pg/mL of fentanyl in the CPNB mixture. IV-PCA
was initially set up with a basal infusion dose at 2 mL/h, bolus dose
of 4 mL, lockout time of 5 min and 4-h limit of 50 mL while CPNB-
PCA was initially set up with a basal infusion of 5 mL/h, bolus dose
of 5 mL, lockout time of 20 min and 4-h limit of 50 mL. The regimens
may be adjusted according to the level of pain by the responsible
acute pain service practitioner at discretion. All patients were given
instructions on how to use PCA and followed up for the next three
post-operative days. At the burn units, additional opioids could be
administered in both groups if the intensity of pain was recognized
as equal to or more than moderate on a verbal severity scale (no
pain, mild, moderate, severe and extreme pain). For the next 3 days,
the acute pain service personnel would record the cumulative con-
sumption of PCA and the presence of opioid-related side effects in
IV-PCA group, the presence of regional local anesthetic related side
effects in CPNB-PCA group and pain intensity based on the numeric
rating scale (NRS) at rest and upon movement in both groups. The
NRS is an 11-point numeric scale, with 0 representing no pain, and
10 representing the worst pain imaginable. For the convenience of
comparison of opioid requirement, the total amount of opioids con-
sumed on the ward over a 3-day period was converted to their
equivalent morphine dose using the equianalgesic conversion
ratios of fentanyl: morphine = 0.1:10 [15].

Statistical analysis

The basic characteristics of the patients were analyzed by Chi-Square
test and Fisher’s test. The possible side effects of opioids and local
anesthetics were listed and analyzed by Student’s-t test. The NRS of
patients at rest and on movement were similarly analyzed. A p < 0.05
was defined as statistically significant. All statistical data were ana-
lyzed by the SPSS statistical software.

Results

Of the victims of dust explosion, there were 200 patients receiving
hand surgery from 2016 June to 2017 December. After excluding the
patients who met the exclusion criteria, 56 patients were included in
the study, among which, 17 received IV-PCA and 39 selected CPNB-
PCA as shown in Figure 1. In Table 1, these patients had an average
age of 21.77 £ 291 and 22.92 + 4.08 years and body weight was
60.29 + 12.74 and 67.25 + 14.04 kilograms (kg) in IV-PCA and CPNB-
PCA groups, respectively. Most patients had an initial burn injury cov-
ering 50-69% of body surface area (BSA). Among these burn victims,
3rd degree burns more than 69% BSA were less common. The average
harvested area of FTSG was 176.47 £ 83.81 and 229.69 + 141.74 cm?in
IV-PCA and CPNB-PCA group, respectively, with no statistical differ-
ence. However, CPNB-PCA group required much less morphine
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Identification

Patients with severe burn
(n=200)

Exclusion

* Declined the use of PCA
* FTSG involving more than one arm

* A history of neuropathy at the surgical
site

Allocation 1

1 ¢ A history of illicit drug use

IV-PCA
(n=17)

CPNB-PCA
(n=39)

!

Primary Outcome:

Secondary Outcomes:
Analysis

hematoma

* NRS at rest and on movement

* nausea, vomiting, urinary retention,
respiratory distress, and hypotension,

Figure 1. Flowchart in patient identification, allocation and analysis.

Table 1. Demographics of IV-PCA versus CPNB groups.

IV-PCA (n=17) CPNB (n=39) p

Age (years) 2177 £2.91 22.92+4.08 0.30
Weight (kg) 60.29+12.74  67.25+14.04 0.09
Gender 0.03

M 15 23

F 2 16
Burn BSA 0.17

<50 2 0

50-59 5 1

60-69 8 16

70-79 1

>80 1 7
3rd Degree BSA 0.74

<50 6 11

50-59 8 17

60-69 3 7

70-79 0 2

>80 0 2
FTSG area (cm?) 176.47 £ 83.81 229.69+141.74 0.16
Total morphine in hospital (mg) 96.53+£59.17 21.82+847 <0.01

IV, intravenous; PCA, patient-controlled analgesia; CPNB, continuous
peripheral nerve block; kg, kilograms; BSA, body surface area; FTSG, full
thickness skin graft; cm, centimeter.

(21.82 +8.47 vs. 96.53 £ 59.17 mg) when compared with IV-PCA group
during the first three post-operative days. The pre-operative and
post-operative photographs of burn wound were shown in Figure 2.

Primary outcome

NRS at rest and on movement in the first three post-operative days
were collected. As shown in Table 2, the NRS were compared on a
daily basis (day 1 vs. day 2 and day 2 vs. day 3). In IV-PCA and CPNB-
PCA group, the improvement in analgesic effect was significant only
from post-operative day 1 to day 2 at rest, but not on movement. On
the other hand, CPNB-PCA group showed a significant decrease in
pain score on movement from day 2 to day 3. In Table 3, NRS at rest
and on movement were compared between the two groups. CPNB-
PCA group showed comparable analgesic effects to IV-PCA group
both at rest and on movement on the first three post-operative days
except for day 3 on movement. As shown in Table 3 and Figure 3, a
trend of a decrease in pain was observed for both groups and CPNB-
PCA group had comparable or lower NRS than IV-PCA group at rest
and on movement during the first three post-operative days.

Secondary outcomes

Adverse effects related to IV-PCA and CPNB-PCA were presented in
Table 4. No difference in nausea, vomiting, urinary retention, respira-
tory distress, and hypotension was observed in the two groups. No
nerve injury was documented for the CPNB group and was not
demonstrated in Table 4. On average, [IV-PCA group had a drop of 8.35
+18.72 mmHg while CPNB had 12.08 + 12.41 mmHg in systolic blood
pressure, but no statistical difference was observed. Although
post-operative hematoma of the FTSG site was observed in some of
the patients, no statistical difference in the incidence was detected in
the two groups.

Discussion

Burn patients can experience a variable level of pain intensity with a
long recovery. Pain, with definition as an unpleasant sensory and
emotional experience associated with acute or potential tissue dam-
age from International Association for the Study of Pain, is a response
related to a range of noxious stimuli including heat, cold, and
mechanical. For patients in acute phase of burn injury, severe tissue
damage and cytokine-related inflammatory response may lead to
moderate to severe pain, increasing the difficulty in adequate pain
management [10]. The management of burn pain is complex as pain
caused by burn injury itself as well as the pain related to therapeutic
procedure or operation need to be cared for delicately. In addition,
pain caused by burn has been described as long-lasting in association
with severe psychological disturbances under inappropriate pain
control [16]. Literature has shown that burn patients may require edu-
cation on pain itself and alternative treatments in addition to pain
medications and their associated addiction risk [17]. In this study, we
have attempted to examine the efficacy of an alternative pain control
modality to IV opioid in severe burn patients who have undergone
multiple surgeries from initial wound debridement to subsequent
reconstructive surgeries.

Formost conditions, morphineis widely used for pain management
in patients with burn injury. However, some well recognized side
effects related to opioid such as nausea, constipation, and respiratory
depression should be taken into consideration when high dosage is
required for pain relief. Other detrimental effects of prolonged opioid
exposure includes tolerance, dependence, hyperalgesia, and
addiction, all of which may lead to increased opioid requirement
without the anticipated analgesic effect [18]. The use of multimodal
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Figure 2. Severe burn before large area FTSG (a) and after FTSG (b).

Table 2. NRS on a daily basis for the first three post-operative days.

Post-operative IV-PCA CPNB
day Mean + SD p-value Mean + SD p-value
NRS at rest 1 2.813£0.403 0.009 2.718 £ 0.605 0.018
2 2438 +0.512 2487 +0.644
3 2.375+0.500 0.669 2.333£0.530 0.244
NRS on movement 1 4.375+1.310 0.089 3.872+£0.801 0.181
2 3.938£0.772 3.692 £ 0.893
3 3.688 +0.793 0.104 3.256 +0.637 0.005
IV, intravenous; PCA, patient-controlled analgesia; CPNB, continuous peripheral nerve block; NRS, numeric rating scale.
analgesia incorporating non-opioid component may add analgesic 1 pje 3. Analgesic effects of IV-PCA and CPNB-PCA.
effcejcts (;/la othe.r %aln sgnallng tpa;Z\.Nay,t.redLlche adyersi effec.ts Post-operative day IV-PCA CPNB pvalue
and reduce opiold requirement. Adjunctive therapies Tor pain - e ot 1 2.813+0403 2.718+0.605 0.568
management in burn patients encompass pharmacologic and non- 5 243840512 2487 +0644 0783
pharmacological therapies. Recent literature has revealed that virtual 3 2375+0.500 2.333+0.530 0.789
reality is a distraction intervention to relieve pain and distress [19,20].  NRSon 1 4375+1310 3.872+0.801 0.168
A decrease in pain score with variable effects on opioid requirement ~ movement 2 3.938+£0772  3.692+£0.893 0341
3 3.688+0.793 3.256+0.637 0.039

especially in the management of background pain and procedural
pain has been observed [21]. Unfortunately, limited options for
neuropathic pain and no non-opioid adjuncts are available for
breakthrough pain.

Local anesthetics, widely used in regional anesthesia and
analgesia, are often useful for post-operative pain control,
especially in combination with other analgesics in multimodal
analgesia protocol. The practicality of PNB to facilitate early active

IV, intravenous; PCA, patient-controlled analgesia; CPNB, continuous
peripheral nerve block; NRS, numeric rating scale.

mobilization and functional recovery after hand surgery related to
adequate pain control has already been demonstrated [22,23] and
PNB in single shot as well as continuous infusion format both
provided adequate pain control for children after reconstructive
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Trends of pain scores
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Figure 3. Pain scores at rest and on movement using IV-PCA or CPNB.

Day3

NRS, numerical rating score; IV, intravenous; PCA, patient controlled analgesia; CPNB, continuous peripheral nerve block.

Table 4. Adverse side effects related to IV-PCA or CPNB

IV-PCA (n=17) CPNB (n=39) p-value
Nausea/vomiting 0.16
0 15 38
1 2 1
Itch 0 0
Urinary retention 0 0
Headache 0 0
Respiratory depression 0 0
Hypoxia 0 0
Hypotension 0 0
Sensory 0.51
0 17 38
1 0 1
Change in SBP -8.35+18.72 -12.08 £ 12.41 0.46
Hematoma 0.12
0 16 30
1 1 9

SBP, systolic blood pressure; 1V, intravenous; PCA, patient-controlled analgesia;
CPNB, continuous peripheral nerve block.

surgery for burn wound and offered satisfying result for the skin
graft [24]. PNB appears to be a suitable alternative to opioid when
complications such as neurologic injury may be minimized when
blocks are performed under ultrasound guidance [25, 26].
Therefore, PNB should be considered as a suitable alternative for
pain management, but one has to bear in mind that it is not
without risks.

Our study has shown that CPNB lowered the pain level in
severely burnt patients who required reconstructive surgery with
large-area FTSG without increasing the risks of adverse effects.
However, small population size and a lack of randomization
secondary to the nature of retrospective studies are some of the
limitations to the study. As the majority of the patients were young
adults naive to opioid use, the generalizability of our study may
also be limited to patients who are opioid dependent. Further
prospective studies recruiting a larger population size, including
patients who require repeated operations and analgesics during
their hospital stay are required. That said, we have successfully
demonstrated that in patients requiring regular pain medication,
CPNB may still be a suitable, opioid-sparing alternative for
adequate pain management.

Conclusion

In severe burn patients, well controlled pain is associated with better
wound healing, sleep, recovery and quality of life. We revealed that

CPNB-PCA showed comparable analgesic effect as IV-PCA with a
reduction in opioid requirement in such patients admitted for
repeated debridement or skin-grafting surgery of upper limbs.
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