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  Original Article  

Anesthesia has been developed parallel to 
surgery for decades. It is divergent in knowledge 
and applications in physics, as well as anatomy, 
pharmacology, physiology, and pathology of organs 
system. In addition, it involves the treatments 
and objectives in many surgical fields such as 
obstetrician, neurologist, orthopedist, general surgeon, 
or ophthalmologist regarding pathophysiology of the 
underlying diseases, surgical incision, operative 
duration, and perioperative patients’ vital changes. 
Briefly, anesthesia personnel are vigilant in four 

principles, anesthesia or unconsciousness, analgesia 
or painless, relaxation or immobility, and a-reflexia 
or attenuation of autonomic responses(1,2).

An anesthesiologist must administer many 
kinds of drugs to anesthetize a patient during 
general anesthesia. Anesthetics including sedatives, 
analgesics, and muscle relaxants play important roles 
in pharmacodynamics and pharmacokinetics(3). Thus, 
it results in physiologic alteration of an unconscious 
patient. Interestingly, after administration, some drugs 
have anaphylactic or anaphylactoid reaction, while 
some are additive, synergistic, agonist or antagonist 
to the others. This is known as drug interaction(4-6).

Prior to admission, patient’s drugs consumption 
known as medical reconciliation helps to be aware 
of peri-operative drug interaction. For example, 
propofol, sufentanyl, or alfentanil, which are widely 
used in anesthesia, are metabolized by cytochrome 
P450 enzymes in the liver. As such, it has the 
potential to interact with other drugs metabolized 
by the same system(7-9). Patients suffering from 
alcoholism interferes the metabolism of barbiturate 
intra-operatively(10). Aminoglycosides such as 
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gentamicin, neomycin, or streptomycin can prevent 
the presynaptic release of acetylcholine resulting in 
the potentiation of non-depolarizing muscle relaxants. 
On the other hand, patients with chronic antiepileptic 
therapy such as phenytoin or carbamazepine can 
decrease the sensitivity of the post-junctional 
membrane to acetylcholine resulting in the resistance 
to non-depolarizers(11-13). Diazepam and Chloral 
hydrate have additive effect (1+1 = 2) as insomnia and 
depression, while antihistamine and muscle relaxant 
produce synergistic action (1+1 > 2) as drowsiness 
on central nervous system(14,15).

Gabapentin is an anti-epileptic drug, also called 
an anticonvulsant. It affects chemicals and nerves 
in the body involved in the cause of seizures and 
some types of pain such as neuropathic pain or 
post-herpetic neuralgia. However, its adverse effects 
can affect many parts of the body such as mood or 
behavior changes, anxiety, panic attacks, trouble 
sleeping, agitated, hostile, aggressive, restless, 
mentally or physically hyperactive, depressed, or 
having suicidal ideation(16,17). Currently, it is widely 
used for preemptive analgesia. Accordingly, taking 
gabapentin with other drugs particularly opioids that 
make patient sleepy can worsen these effects. As 
a result, investigators would like to study the drug 
interaction between gabapentin and opioids in patients 
under general anesthesia(18).

Materials and Methods
The present study was a prospective cohort study 

approved by the Siriraj Institutional Review Board 
(COA Si701/2019) and registered via Thai Clinical 
Trial Registry (TCTR20191020001), written inform 
consents were obtained from all subjects.

The sample size was calculated from a previous 
observational in 20 cases as follows, standard 
deviation of 5.98 was equal to 123 and 95% 
confidence level with allowable error of 0.5, then 
the sample size to achieve the objective was 246 by 
the method of Randomized Complete Block Design 
(estimation for single mean)(19).

After the 10% drop-out was added, 260 patients 
undergoing surgery under general anesthesia were 
enrolled in the present study between November 2019 
and December 2020. Inclusion criteria were elective 
patients aged 18 to 65, body mass index (BMI) of 
less than 30 kg/sq.m, and the American Society of 
Anesthesiologists (ASA) I-III. The exclusion criterion 
was patients with a high risk of severe medical 
diseases, for example, end-stage renal disease, or 
impending heart failure. Withdrawal or termination 

criteria were patients dissatisfied to continue the study 
or had severe intraoperative complications.

Before the day of surgery, the project was 
explained in detail to all participants. Two hundred 
sixty volunteered patients were randomized into 
two groups, group A with 130 patients receiving 
gabapentin 2.0 to 3.5 mg/kg orally for premedication 
add on and group B with 130 patients getting 
morphine 0.1 to 0.2 mg/kg intravenously.

In the operating theatre, patients were monitored 
with standard anesthesia care, including non-invasive 
blood pressure (IBP), electrocardiography (EKG), 
percutaneous oxygen saturation (SpO₂), pulse rate 
(RR), and end tidal carbon dioxide (ETCO₂). An 
anesthesiologist administered 6 LPM of oxygen for 
preoxygenation. Morphine 0.1 to 0.2 mg/kg after 
propofol 1.5 to 2.5 mg/kg was given intravenously for 
induction. Then atracurium 0.6 mg/kg was dispensed 
for intubation and maintenance of anesthesia with 
sevoflurane in air and oxygen.

After surgery, a co-researcher assessed patients 
using Ramsay sedation scale (RSS) and pain numeric 
rating scale (NRS) at 2, 4, 8, 12, 16, and 24-hour 
intervals.

Statistical analysis
Data were expressed as median (min, max) and 

mean ± standard deviation (SD) using IBM SPSS 
Statistics software, version 21.0 (IBM Corp., Armonk, 
NY, USA). Categorical and non-parametric data were 
analyzed by chi-square test. Comparison between the 
two groups would be analyzed by independent t-test. 
A p-value of less than 0.05 was considered statistical 
significance at 95% confidence interval (CI).

Results
Two hundred thirty-two patients completed the 

study, due to 11 having prolonged operation, 21 being 
cancelled, and seven taking non-premedication. There 
were 120 and 112 patients in the gabapentin and the 
morphine group, respectively. They all expressed 
no procedural adverse events during the study. 
Demographic characteristics between the two groups 
were 77 (33.2%) males, 155 (66.8%) females, ASA I 
35 (14.8%), II 124 (52.5%), and III 73 (32.6%), with 
an average age of 55.4±9.8 years, a body weight of 
55±6.5 kg, and an operation time of 2.5±4.5 hours 
(Table 1).

The administration dosage of gabapentin at 2.0 to 
3.5 mg/kg and morphine at 0.1 to 0.2 mg/kg, between 
the two groups showed statistically significant 
differences (p=0.031). During the emergence, the 
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RSS on the sedation, agitation, drowsiness, and 
pain scores of gabapentin (1.8±0.4) and morphine 
(1.7±0.5) appeared statistically significant differences 
(p=0.032). However, the RSS on that in the post-
anesthetic care unit (PACU) were 2.0±0.1 and 
2.0±0.2, respectively, which showed insignificant 
differences (p=0.283) (Table 2).

Discussion
Patients having morphine with gabapentin 

showed significant synergistic effect on sedation, 
agitation, drowsiness, and pain scores during the 
emergence. Thus, a low, single oral dose of gabapentin 
ordered as premedication implied enough additive 

result on intraoperative morphine administration. 
This was supported by Eckhardt et al (2000)(20) in 
a randomized, placebo-controlled, double-blinded 
study on gabapentin that enhanced the analgesic 
effect of morphine in 12 healthy male volunteers. 
They concluded that pharmacodynamics and 
pharmacokinetic interaction between morphine and 
gabapentin, leads to an increased analgesic effect of 
morphine for treating severe pain.

Normally, both gabapentin and morphine are 
intricate by the same enzymes. In human, morphine 
is metabolized by cytochrome P450 pathway, which 
mainly involves the CYP3A4 and partly the CYP2D6. 
However, gabapentin potential inhibits the CYP3A4 
in vitro. As a result, morphine is supposed to yield a 
longer analgesic effect after gabapentin administration 
and shows some possibility of drug interaction by 
Zhou et al (2007)(9). In addition, as sedation is the most 
common side effect of gabapentin administration, 
the inactivation of CYP3A4 by drug can cause 
unfavorable and long-lasting drowsiness and probably 
toxicity of morphine. Clinically, the low dose of 
gabapentin might be beneficial to minimize adverse 
effects and enough for intraoperative pain relief to the 
patients. This was supported by Quintero (2017)(21) 
in a review about gabapentin misuse, interactions, 
contraindications, and side effects, which stated that 
gabapentin could interact with morphine and induce 
side effects such as hypoventilation, respiratory 
failure, deficits in visual field, myopathy, somnolence, 
and dizziness. These can be related to the route of 
administration.

However, this additive effect of gabapentin 
on morphine was not long lasting through the 
PACU. Since gabapentin bioavailability is not 
dose proportional, when the dose is increased 
the bioavailability decreases. The metabolism of 
gabapentin is approximately 60%, 34%, and 27% 
following 900, 2,400, and 4,800 mg/day given in three 
divided doses, respectively(22). Therefore, a small dose 
of gabapentin might have a short elimination half-life, 
which average 5 to 7 hours, and may not be suitable 
for the extended surgery(23).

Nevertheless, the study could not confirm 
whether the higher dose of both gabapentin and 
morphine would produce postoperative additive 
analgesia as stated in some previous studies regarding 
the dose-dependent effect. Peng et al (2017)(15) in a 
meta-analysis of randomized controlled trials titled 
gabapentin could decrease acute pain and morphine 
consumption in spinal surgery patients, summarized 
that gabapentin was efficacious in the reduction of 

Table 1. Patients’ characteristics

Variables n (%)

Sex

Female 155 (66.8)

Male 77 (33.2)

Age (years); mean±SD 55.4±9.8

ASA

I 35 (15.1)

II 124 (53.4)

III 73 (31.5)

Operation time (hour); median (IQR) 1.5 (0.5 to 3.0)

ASA=American Society of Anesthesiologists; SD=standard deviation; 
IQR=interquartile range

Table 2. The Ramsay sedation and pain numeric rating scale 
during the emergence and in the post-anesthetic care unit

Variables Administration dosage (mg/kg)

Gabapentin (2.0 to 3.5) Morphine (0.1 to 0.2) p-value

RSS in emergence  

Sedation 2 1

Agitation 1 1

Drowsiness 2 1

Pain 1 2

Mean±SD 1.8±0.4 1.7±0.5 0.032*

RSS in PACU

Sedation 2 1

Agitation 1 1

Drowsiness 2 1

Pain 2 3

Mean±SD 2.0±0.1 2.0±0.2 0.283

RSS=Ramsay sedation scale; PACU=post-anesthetic care unit; SD=standard 
deviation

Significance at p=0.05
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postoperative pain, total morphine consumption, 
and morphine related complications following spine 
surgery. A high dose of 900 or more mg/day of 
gabapentin was more effective than a low dose of 
less than 900 mg/day. Papathanasiou et al (2015)(24) 
in a study on a co-administration of morphine and 
gabapentin led to dose dependent synergistic effects 
in a rat model of postoperative pain, summarized that 
the combination of morphine and gabapentin resulted 
in synergistic anti-hyperalgesic effects. This dose-
dependent effect indicated benefit of high doses of 
gabapentin as adjuvant to morphine.

Moreover, Salama et al (2018)(25) in a prospective 
randomized study on the effect of preemptive 
gabapentin on anesthetic and analgesic requirements 
in 70 patients undergoing rhinoplasty concluded 
that pre-operative oral gabapentin significantly 
reduced intra-operative remifentanil and sevoflurane 
requirements during hypotensive anesthesia along 
with decreased post-operative analgesic requirement. 
Mahoori et al (2014)(18) in a study on the effect of 
pre-operative administration of gabapentin on post-
operative pain relief after herniorrhaphy, stated that 
prophylactic administration of gabapentin decreased 
pain scores and analgesic consumption in the first 
24 hour after repair of inguinal hernia. Parikh et al 
(2010)(26) studied the effect of oral gabapentin used 
as preemptive analgesia to attenuate post-operative 
pain in patients undergoing abdominal surgery under 
general anesthesia stated that a single oral dose 
of gabapentin given pre-operatively enhanced the 
analgesic effect of Tramadol as it also reduced the 
requirement of rescue analgesia with Diclofenac. 
Additionally, Hurley et al (2006)(27) in a meta-analysis 
on the analgesic effect of perioperative gabapentin on 
post-operative pain, summarized that oral gabapentin 
was a useful adjunct for the management of 
postoperative pain that provided analgesic through a 
different mechanism than opioids and other analgesic 
agent and would make a reasonable addition to a 
multimodal analgesic treatment plan.

Limitation
This present study was performed in a single 

center. The small dosage of gabapentin was limited 
by the routine prescription of the attending surgeons.

Conclusion
A small, single oral dose of gabapentin ordered 

as premedication showed a synergistic effect on 
intraoperative morphine administration. However, this 
additive effect was not long lasting through the PACU 

and might not be suitable for an extended surgery.

What already known in this topic? 
Most anesthetics are metabolized by cytochrome 

P450 enzymes in the liver. As such, it has the potential 
to interact with other drugs metabolized by the same 
system such as gabapentin. Gabapentin, an anti-
epileptic drug, is widely used for preemptive analgesia 
and would have drug interaction with opioids in 
patients under general anesthesia. 

What this study added? 
This present study revealed that a small, single 

oral dose of gabapentin ordered as premedication 
showed a synergistic effect on intraoperative 
morphine administration. However, the effect did not 
last long, through the PACU.

Conflicts of interest
The authors declare no conflict of interest.

References
1. Tafur-Betancourt L. The hidden world of drug 

interactions in anesthesia. Colombian J Anesthesiol 
[Internet]. 2017 [cited 2019 Jun 26];45:216-23. 
Available from: https://www.revcolanest.com.co/
index.php/rca/article/view/654. 

2. Hall LW, Clarke KW, Trim CM. Chapter 4 - Principles 
of sedation, analgesia and premedication. In: Hall LW, 
Clarke KW, Trim CM, editors. Veterinary anaesthesia 
[Internet]. 10th ed. Oxford: W.B. Saunders; 2001 [cited 
2019 Jun 26]. p. 75-112. Available from: https://www.
sciencedirect.com/book/9780702020353/veterinary-
anaesthesia. 

3. Rosow CE. Anesthetic drug interaction: an overview. 
J Clin Anesth 1997;9(6 Suppl):27S-32S.

4. Marcucci C, Hutchens MP, Wittwer ED, Weingarten 
TN, Sprung J, Nicholson WT, et al. A case approach 
to perioperative drug-drug interactions [Internet]. 
New York: Springer; 2015 [cited 2020 Jun 15]. 
Available from: https://pubs.asahq.org/anesthesiology/
article/125/1/258/14531/A-Case-Approach-to-
Perioperative-Drug-Drug. 

5. Billard V. Pharmacokinetic-pharmacodynamic 
relationship of anesthetic drugs: from modeling to 
clinical use. F1000Res [Internet]. 2015 [cited 2020 
Jun 15];4:F1000. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4754004/pdf/
f1000research-4-7088.pdf. 

6. Cascorbi I. Drug interactions--principles, examples and 
clinical consequences. Dtsch Arztebl Int 2012;109:546-
55; quiz 56.

7. van den Berg JP, Vereecke HE, Proost JH, Eleveld 
DJ, Wietasch JK, Absalom AR, et al. Pharmacokinetic 
and pharmacodynamic interactions in anaesthesia. A 



1191 J Med Assoc Thai | Vol.104 | No.7 | July 2021

review of current knowledge and how it can be used to 
optimize anaesthetic drug administration. Br J Anaesth 
2017;118:44-57.

8. Friedericy H, Bovill J. 4 The role of the cytochrome 
P450 system in drug interactions in anaesthesia. 
Baillieres Clin Anaesthesiol 1998;12:213-28.

9. Zhou SF, Xue CC, Yu XQ, Li C, Wang G. Clinically 
important drug interactions potentially involving 
mechanism-based inhibition of cytochrome P450 3A4 
and the role of therapeutic drug monitoring. Ther Drug 
Monit 2007;29:687-710.

10. Weathermon R, Crabb DW. Alcohol and medication 
interactions. Alcohol Res Health [Internet]. 1999 [cited 
2020 Jun 15];23:40-54. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC6761694/pdf/arh-
23-1-40.pdf.

11. Melton AT, Antognini JE, Gronert GA. Prolonged 
duration of succinylcholine in patients receiving 
anticonvulsants: evidence for mild up-regulation of 
acetylcholine receptors? Can J Anaesth 1993;40:939-
42.

12. Kim YB, Sung T-Y, Yang HS. Factors that affect the 
onset of action of non-depolarizing neuromuscular 
blocking agents. Korean J Anesthesiol 2017;70:500.

13. Kantovitz KR, Puppin-Rontani RM, Gaviao MB. 
Sedative effect of oral diazepam and chloral hydrate 
in the dental treatment of children. J Indian Soc Pedod 
Prev Dent 2007;25:69-75.

14. Bardal SK, Waechter JE, Martin DS. Neurology and 
the neuromuscular system in applied pharmacology. In: 
Bardal SK, Waechter JE, Martin DS, editors. Applied 
pharmacology. St. Louis, MO: Elsevier/Saunders; 
2011. p. 325-65. 

15. Peng C, Li C, Qu J, Wu D. Gabapentin can decrease 
acute pain and morphine consumption in spinal surgery 
patients: A meta-analysis of randomized controlled 
trials. Medicine (Baltimore) 2017;96:e6463.

16. NEURONTIN (gabapentin) [Internet]. 1993 [cited 
2020 Jun 26]. Available from: https://www.accessdata.
fda.gov/drugsatfda_docs/label/2017/020235s064_ 
020882s047_021129s046lbl.pdf. 

17. Irving G. Once-daily gastroretentive gabapentin for 
the management of postherpetic neuralgia: an update 

for clinicians. Ther Adv Chronic Dis 2012;3:211-8.
18. Mahoori A, Noroozinia H, Hasani E, Hosainzadeh 

S. The effect of pre-operative administration of 
gabapentin on post-operative pain relief after 
herniorrhaphy. Saudi J Anaesth 2014;8:220-3.

19. Daniel WW. Biostatistics: a foundation for analysis 
in the health sciences [Internet]. 7th ed. New York: 
John Wiley & Sons; 1999 [cited 2019 Jun 15]. 
Available from: http://docshare02.docshare.tips/
files/22448/224486444.pdf. 

20. Eckhardt K, Ammon S, Hofmann U, Riebe A, Gugeler 
N, Mikus G. Gabapentin enhances the analgesic effect 
of morphine in healthy volunteers. Anesth Analg 
2000;91:185-91.

21. Quintero GC. Review about gabapentin misuse, 
interactions, contraindications and side effects. J Exp 
Pharmacol 2017;9:13-21.

22. Strum J. How long does gabapentin stay in your 
system? [Internet]. 2019 [cited 2019 Jun 26]. 
Available from: https://www.therecoveryvillage.com/
gabapentin-addiction/how-long-stay-in-system/. 

23. Schmidt PC, Ruchelli G, Mackey SC, Carroll IR. 
Perioperative gabapentinoids: choice of agent, dose, 
timing, and effects on chronic postsurgical pain. 
Anesthesiology 2013;119:1215-21. 

24. Papathanasiou T, Juul RV, Heegaard AM, Kreilgaard 
M, Lund TM. Co-administration of morphine and 
gabapentin leads to dose dependent synergistic effects 
in a rat model of postoperative pain. Eur J Pharm Sci 
2016;82:97-105.

25. Salama ER, Amer AF. The effect of pre-emptive 
gabapentin on anaesthetic and analgesic requirements 
in patients undergoing rhinoplasty: A prospective 
randomised study. Indian J Anaesth 2018;62:197-201. 

26. Parikh HG, Dash SK, Upasani CB. Study of the effect 
of oral gabapentin used as preemptive analgesia to 
attenuate post-operative pain in patients undergoing 
abdominal surgery under general anesthesia. Saudi J 
Anaesth 2010;4:137-41. 

27. Hurley RW, Cohen SP, Williams KA, Rowlingson 
AJ, Wu CL. The analgesic effects of perioperative 
gabapentin on postoperative pain: a meta-analysis. 
Reg Anesth Pain Med 2006;31:237-47.


