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Abstract 261 words (max, 325)

Background:

Pregabalin as part of a multimodal pain management regimen has been shown to reduce opioid
consumption after spinal surgery in adults, but not in adolescents. Pregabalin has been found to
have neuroprotective effects and could therefore have positive impact on pain after spinal deformity
surgery. We conducted a randomized, double-blind, placebo-controlled clinical trial with pregabalin

on pediatric patients undergoing spinal fusion.

Methods:

Adolescents with adolescent idiopathic scoliosis, Scheuermann kyphosis and spondylolisthesis,
aged 10 to 21 years, scheduled for posterior spinal fusion with all pedicle screw instrumentation
were randomized to receive preoperatively and five days after surgery either pregabalin 2mg/kg
twice daily or placebo. The primary outcome was total opioid consumption and was measured using

patient-controlled analgesia. Postoperative pain scores and opioid adverse effects were evaluated.

Results:

Sixty-three patients out of 77 eligible were included and analyzed. Cumulative oxycodone
consumption per kilogram did not differ between the study groups during the first 48 hours
postoperatively, median (95% confidence interval) 1.44 mg/kg (1.32 - 1.67) in the pregabalin vs.
1.50 mg/kg (1.39 - 1.79) in the placebo group, p=0.433. Subgroup analysis with only AIS
patients showed the same result, mean (95% confidence interval) 1.45 mg/kg (1.24, 1.65) in
pregabalin group and 1.59 mg/kg (1.37, 1.82) in placebo group. Total oxycodone consumption
per hour (mg/kg/h) was not different between the groups over the time points (p=0.752). The

postoperative pain scores did not differ statistically between the study groups (p=0.196).

Conclusions:
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The use of perioperative pregabalin does not reduce the opioid consumption or affect the pain

scores in adolescents after posterior spinal fusion surgery.

Level of evidence: |

Keywords: pregabalin; multimodal pain management; pediatric patients; spinal surgery;

adolescent idiopathic scoliosis
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Introduction

Posterior spinal fusion represents the fifth most common surgical procedure in the United States?. In
the pediatric population spinal deformities are the main indication for posterior instrumented spinal
fusion. Extensive spinal muscle exposure, segmental pedicle screw instrumentation and arthrodesis
are effective in aiming at three-dimensional correction of adolescent idiopathic scoliosis?.
Postoperatively the pain management can be challenging and therefore a multimodal approach is
often necessary. In recent years, the concerns regarding increasing postoperative opioid
consumption and the negative effects of prolonged opioid use has made the opioid-sparing pain
management even more important®. Orthopaedic surgeons accounts for a major part of the

prescribed postoperative opioids.

In adults undergoing spinal surgery, pre- and postoperative pregabalin has been shown
to reduce postoperative pain more effectively than placebo and gabapentin and, has shown opioid-
sparing effects*®. Pregabalin has also showed neuroprotective properties in animal studies®.
Gabapentinoids are recommended by the American Pain Society as components of multimodal

postoperative pain therapy in adults®® 1,

To our best knowledge, no studies have been performed in children using
perioperative pregabalin for postoperative pain after spinal surgery. Nevertheless, though widely
used for prevention of postoperative pain in adults, pregabalin lacks regulatory-approval for use in
children and adolescents. The safety and efficacy of pregabalin in children has been evaluated in
two studies. One study investigated the efficacy of pregabalin in children aged 12 to 17 years as a
treatment for fibromyalgia2. In the study by Mann et al, the safety of pregabalin was evaluated in
children with refractory partial seizures. Doses up to 10mg/kg/day in children aged 1 month to 16
years, and at doses up to 15 mg/kg/day in those aged <6 years, demonstrated acceptable safety and

tolerability*2,
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We aimed to evaluate the effects of preemptive pregabalin on the immediate
postoperative pain and opioid consumption in adolescents undergoing posterior spinal fusion using
a randomized, double-blind, placebo-controlled study design. We hypothesized that perioperative

pregabalin would reduce the postoperative opioid consumption with reduced pain scores.
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Materials and Methods

This study was approved by Ethics Committee of the Hospital District and the National Agency of
Medicines. A written informed consent from each patient and their parents was obtained. The
clinical trial has been registered in the public trials registry, ClinicalTrials.gov (NCT02464813).
Ilkka Helenius assigned as principal investigator and date of registration 01.06.2015. This
manuscript adheres to the applicable CONSORT guidelines. The study has been carried out in

accordance with World Medical Association Declaration of Helsinki.

Study sample

Sixty-four adolescents (31 randomly allocated to control group with placebo and 33 to active
treatment group with pregabalin) undergoing instrumented spinal fusion surgery between August
2015 and September 2018 gave their consent to participate in the study. Inclusion criteria were
adolescents (age 10 - 21 years) scheduled for posterior spinal surgery with all pedicle screws
instrumentation for adolescent idiopathic scoliosis (AlS), high-grade spondylolisthesis or
Scheuermann kyphosis (SK). The patients had ASA physical status Il or less. Exclusion criteria
were other spinal pathology, neurological development delay, other associated medical condition
(neuromuscular scoliosis), need for anterior surgery or vertebral column resection, and preoperative
opioid use. All procedures were performed by the same experienced orthopaedic spine surgeon. The
primary outcome variable of the study was cumulative oxycodone consumption during the first 48
postoperative hours and total hourly oxycodone consumption. The secondary outcome variables
included postoperative pain (verbal numeric rating scale 0-10) during the first 48 hours, use of

rescue analgesia, and length of hospital stay.

Study design

The randomization to the study groups (1:1) was done by the Department of Pharmacy at our

university hospital based on a predetermined list with blocks of 20 patients. The Department of
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Pharmacy manufactured the study drugs and the drugs were delivered to the ward for each study
subject according to randomization. The investigators, patients, parents, nursing staff, and surgeons
were blinded to group assignment. Patients in the pregabalin group received an oral 2 mg/kg dose of
pregabalin rounded up to next 25mg on the preoperative evening, 12 hours before induction of
anesthesia. The patients received the second dose preoperatively approximately two hours before
induction of anesthesia. Maximum dose of pregabalin for any patient was 150 mg b.i.d. Patients in

the placebo group received the same amount of similar looking capsules at similar timing.

Induction and maintenance of anesthesia was standardized. Anesthesia was induced
and maintained with propofol-TCI (target-controlled infusion) and remifentanil-TCI titrated to
maintain the bispectral index (BIS) within predetermined limits**-*6. Dexmedetomidine was used in
all patients for additive hypnosis and analgesia. All patients received betamethasone 0.2 mg/kg,
vancomycin 10 mg/kg and cefuroxime 60 mg/kg as antibiotic prophylaxis and tranexamic acid 30
mg/kg IV (max 1500mg). Tranexamic acid administration was continued with an infusion rate of 10
mg/kg/h until wound closure. Vital signs were monitored and kept within the following limits:
mean arterial pressure between 65-75 mmHg with noradrenaline infusion if needed, body
temperature 36.0 — 37.0 °C and BIS between 40-60. Neurophysiological measurements were done
every 20 min and at specific time points. In order to evaluate the safety of the study intervention, a
data analysis of the neurophysiological measurements was performed after recruitment of the first

31 patients and the results were published?’.

The patients were mobilized using a standardized protocol. On the first postoperative
day the patients were requested to stand up and to walk a couple of steps, and on the second
postoperative day the patients were encouraged to walk on the ward. Urinary catheter was routinely
removed on the second postoperative day and the residual volume was measured using an

ultrasound.
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Surgical technique

All patients were operated using a posterior approach only. Pedicle screws were inserted at every
level and direct vertebral column derotation (Solera 6.0, Medtronic Spinal and Biologics, Memphis,
TN, USA) was used to correct adolescent idiopathic scoliosis®®, posterior column osteotomy when
needed. Cantilever maneuver with posterior column osteotomies was used to correct Scheuermann
kyphosis'®. Patients with spondylolisthesis had wide nerve root (L5, S1) and cauda equine
decompression followed by full instrumented reduction of their spondylolisthesis.
Transforaminal lumbar intercorporeal fusion cage was inserted in addition to standard posterolateral
spinal arthrodesis. A single subfascial drain (Hemovac Ch 14; Zimmer, Warsaw, Indiana) was

routinely inserted and removed at 24 hours postoperatively.

Pain management

Before surgery, all patients were instructed on the use of the patient-controlled analgesia (PCA)
system (CADD-Legacy PCA Pump Model 6300; Smiths Medical). Standard oxycodone PCA was
initiated in the postoperative care unit (ICU), with on demand oxycodone-bolus of 0.03mg/kg/dose
every 10 minutes and an hourly maximum of 0.1 mg/kg, with no basal infusion. An ICU nurse gave
boluses from the PCA when needed, based on signs as tachycardia and hypertension, until the
patient was able to use the device him/herself. The use of patient-controlled analgesia device was
carefully planned by the attending anesthesiologist and the device was not reset during the 48-
hour period of use. The device shows the exact amount of oxycodone the patient has received.
Oxycodone PCA was continued for 48 hours in all patients. All patients received oral paracetamol
20mg/kg x 3. Oral etoricoxib 2-3mg/kg x 1 was used as rescue analgesia. Rescue analgesia was
initiated if the patient reported high pain scores despite appropriate PCA. Oral opioid analgesics
were initiated 48h after end of surgery. All patients received lactuloses 20ml x 2 and
sodiumpicosulfate 10 drops x 1 for prophylaxis of constipation. All adverse effects were registered

and treated appropriately according to normal clinical practice.
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Study variables

Data collected included vital signs, pain scores (verbal numeric rating scale 0-10) in rest and in
movement?°, sedation scores, opioid consumption, and adverse effects (specifically nausea,
dizziness, constipation, and pruritus). Opioid consumption was recorded and analyzed in 8 h
intervals (mg/kg/h) and as cumulative amount per day (mg/kg). Demographic data collected
included age, weight, height, body mass index, and gender. Back pain and radiculopathy were
evaluated using the SRS-24 outcome questionnaire and pain drawing preoperatively.
Orthopaedic data included Lenke classification?!, preoperative and postoperative Cobb angle??,
intraoperative blood loss, and levels fused. Wound infection and need for re-operation were

registered.

If the patient reported signs of neural injury or neuropathic pain after surgery,

pregabalin treatment was initiated and study drugs withdrawn.
Statistical analysis

Statistical comparison was performed using the intention-to-treat analysis principle. Baseline
characteristics and length of hospital stay were compared with Mann-Whitney U-test (except gender
with Chi-Square test) and number of subjects having adverse events and need for rescue analgesia
with Chi-Square test. Cumulative oxycodone consumption at 24 hours and at 48 hours (mg/kg) was
analyzed using covariance analysis where number of level fused was handled as covariate and
group was categorical factor. The analysis of the oxycodone consumption in mg/kg/h at the five
time points was analyzed using linear mixed model. To study whether pain scores changes over
time, a linear mixed model with repeated measures was used, including one within-factor (time),
and several between-factor (group, levels fused). Compound symmetry covariance structure was
used for time. Normal distribution of the variables was evaluated from studentized residuals

visually together with Shapiro-Wilk test. Significance level was set to 0.05 (two-tailed). The
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analyses were performed using SAS System, version 9.4 for Windows (SAS Institute Inc., Cary,
NC, US). The sample-size calculation was based on a study by Rusy et al. in similar set-up as the
current study?. It shows that a sample size of 30 subjects per group is required to detect 30%
difference in opioid use between the groups at an alpha-level of 0.05 and a power of 0.80. The mean
daily use of opioids in patients receiving saline as 60mg and standard deviation (SD) 30mg was

taken from our previous pilot study.
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Results

Seventy-seven consecutive patients were evaluated for enrollment [Figure 1. Consolidated
Standards of Reporting Trials (CONSORT) flow diagram]. Sixty-four of these patients gave their
consent for participation in the study (83%). After completion of the study protocol, one patient was
excluded from final data due to not fulfilling the inclusion criteria (excision of osteoid osteoma).
Pregabalin group consisted of 32 patients (25 AlS, 4 SK, and 3 Spondylolisthesis). Placebo group
consisted of 31 patients (26 AIS, 5 Spondylolisthesis). There were no statistical differences between
the two groups regarding demographic and clinical characteristics as presented in Table I. The
groups were also similar regarding surgical characteristics (Table 1). There were no deep wound

infections or early re-operations in either group.

There was no significant difference between the two groups measured in cumulative
oxycodone consumption per kilogram for 48 hours after end of surgery adjusted for levels fused.
The median consumption in mg/kg (95%CI) for pregabalin group 1.44 (1.32 - 1.67) vs placebo
group 1.50 (1.39 - 1.79), p=0.433 (Table I1). We also calculated the hourly oxycodone consumption
in mg/kg/h, comparing the groups over time showed no statistical difference, p=0.752 (Fig. 2). No
statistical difference existed in the use of rescue analgesia between the groups (p=0.200). The
patient’s total oxycodone consumption during the hospital stay was registered. The difference
between groups was not statistically significant, mean (95%CI) pregabalin 2.90 mg/kg (2.75,
3.51) vs placebo 3.07 mg/kg (2.96, 3.88), p=0.353. None of the patients were discharged with an

opioid prescription

The postoperative pain scores at rest (one hour to 48 hours) did not differ statistically
between the study groups over time (p=0.196) as shown in Figure 2. Neither did the pain scores in

movement differ statistically between groups (p=0.244).
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A subgroup analysis with only AIS patients was performed. These results were
similar to previous results. No differences between groups were found regarding opioid
consumption or pain scores (Table I11). There was a significant correlation between

preoperative pain and opioid consumption at 24h and 48h after surgery (r= - 0.35, p=0.019).

No differences were found between the groups for any measured opioid-related
adverse effects. These were somnolence, respiratory depression, nausea and vomiting and pruritus

(Table 11).

Three (2 spondylolisthesis, 1 AlS) patients in the pregabalin group and three (2
spondylolisthesis, 1 AlS) patients in the placebo group reported signs of neuropathic pain
immediately postoperatively. For these patients pregabalin treatment was initiated and study drugs
withdrawn, or pregabalin treatment was initiated after study drug treatment had ended. The signs of

neuropathic pain were relieved in all these patients during follow-up.

No statistical difference was found in the length of hospital stay between pregabalin

and placebo groups, reported in mean (days) and range, 6.5 (4 - 10) vs 6.8 (5 - 9), p=0.348.
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Discussion

Pregabalin is a new-generation gabapentinoid, which originally was developed for use as an anti-
epileptic drug. Pregabalin has a superior pharmacokinetic profile and is a more potent analgetic in
neuropathic pain compared with gabapentin?. Pregabalin binds with high affinity to the 028 —
subunit of presynaptic voltage-dependent calcium-channels which are distributed in the peripheral
and central nervous system. The activation of these calcium-channels results in a reduction in the
release of neurotransmitters. This is thought to explain its antinociceptive effects? 2°. Pregabalin
has many features that promote its use preoperatively, particularly preemptive analgesia and a
potential neuroprotective effect®!t. According to a recently published systemic review of the
efficacy and safety of gabapentin and pregabalin for pain in children and adolescents the evidence-
based data supporting the use of these drugs is very sparse?’. In the adult population preoperative
pregabalin has been shown in many studies to reduce postoperative pain and opioid consumption in

patients undergoing posterior spinal fusion*?.

There are two randomized, placebo-controlled studies published evaluating the use of
gabapentin in pediatric spinal fusion patients. In the study from Rusy et al, 59 pediatric spinal
fusion patients were randomized to receive preoperative gabapentin 15 mg/kg or placebo and the
medication was continued for 5 days?. This study showed a reduction in morphine consumption
postoperatively compared to the placebo group. In the other study the patients were given one single
preoperative dose of gabapentin 600 mg one hour before surgery?®. A single preoperative dose of
gabapentin did not show a difference in opioid consumption in adolescents undergoing scoliosis

surgery.

In our study it seems that pregabalin cannot add value to the multimodal pain
management in our patients undergoing major spinal surgery. An extensive part of our

intraoperative anesthetic management aims to reduce postoperative pain. We used



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Paediatric pregabalin 13

dexmedetomidine infusion as part of the total intravenous anesthesia. Dexmedetomidine has in
previous studies shown to have analgesic effects, although not supported by all studies?**. Al
patients received betamethasone at induction, with an analgesic and antinociceptive effect2. The
additive effect of this multimodal pain management probably reduces the added value of pregabalin,
and the opioid-sparing effect does not seem to exist. The outcomes of this study are based on the
hospital stay and thus the long-term effects of pregabalin remains unclear. The effect of

perioperative pregabalin on the persistent postoperative pain remains to be evaluated.

The negative findings of our study cannot be explained by under dosing. During
planning the design of this study, we intentionally decided to use a relatively high dose of
pregabalin, in order to receive the maximum effect of the drug (2-3mg/kg twice daily). The

commonly used dosage of pregabalin in neuropathic pain is 1-2mg/kg twice daily.

One may ask, whether the sample size was too small to show a statistical difference.
We chose an effect size of 0.60 in the statistical power calculation with typical significance set
at 0.05 and study power of 0.80, which resulted into 30 children per group. Based on the
current findings we observed a maximum effect size ~0.25, which is considered as small and
not clinically significant®. A bigger sample size would give more power, but such small

difference in opioid consumption cannot be considered clinically relevant.

Another limitation of our study is the somewhat heterogenic sample with three
pediatric conditions. Since AlIS, SK, and high-grade spondylolisthesis represent the three most
common pediatric spinal disorders requiring spinal fusion, all three were included in the
current study. The instrumented reduction of spondylolisthesis has a much greater risk of
postoperative neuropathy, compared to AlS and SK which require treatment for generalized
spinal pain. We therefore performed a subgroup analysis with adolescent idiopathic scoliosis

patients and the results were the same. It would have been interesting to evaluate whether
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pregabalin was helpful in patients with spondylolisthesis as half of them developed
neuropathic pain postoperatively. However, the small number of spondylolisthesis patients

prevents us to answer this question in our study.

In conclusion, perioperative pregabalin did not reduce the postoperative opioid

consumption or pain scores in adolescents undergoing posterior spinal fusion compared to placebo

group.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

Figure 2. Oxycodone consumption per hour, data shown in mean and standard deviation.

Figure 3. Verbal numerical pain rating, shown in mean and standard deviation.
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