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The opioid epidemic has significantly affected 
how physicians prescribe pain medication. 
Plastic surgeons are being pressured to 

reduce the number of opioid prescriptions they 
write, because of the high numbers of unused 
pills that have the potential to be abused or sold, 
further contributing to the opioid epidemic.1 
Although alternative therapies have been sug-
gested, their use in surgical practice has yet to 
reduce the number of opioid prescriptions.1,2 
These medications that are reviewed in this 
article include ibuprofen, ketorolac, celecoxib, 

intravenous acetaminophen, ketamine, gabapen-
tin, liposomal bupivacaine, and local anesthetic 
nerve block or continuous infusions (Table  1). 
Risks associated with their use, some of which may 
be overstated, then contribute to the hesitancy 
to prescribe these alternative pain medications. 
By investigating these risks, we aim to offer plas-
tic surgeons an updated perspective of the safety 
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of opioid alternatives for postoperative pain that 
may be applied to evidence-based practice.

First, nonsteroidal antiinflammatory drugs 
work primarily as cyclooxygenase inhibitors.3 Ibu-
profen and ketorolac are nonselective, reversible 
cyclooxygenase inhibitors whose main risks include 
bleeding complications, gastrointestinal ulceration, 
and renal dysfunction.4 Ketorolac was considered 
contraindicated in plastic surgery, based largely 
on a 1997 study in which two of 50 plastic surgery 
patients experienced postoperative hemorrhages, 
which was not statistically significant.4,5 Celecoxib 
is a selective cyclooxygenase-2 inhibitor, meaning it 
has minimal effect on platelets, but is still viewed as 
a nonsteroidal antiinflammatory drug with a bleed-
ing risk.1,6 In addition, a recent 10-year study dis-
proved the belief that celecoxib has an increased 
risk for cardiovascular events.7

Next, acetaminophen is an analgesic and anti-
pyretic medication believed to act by means of cen-
tral cyclooxygenase inhibition. It is metabolized in 
the liver, and acetaminophen overdose is one of 
the main causes of acute liver failure.8,9 Intrave-
nous acetaminophen has recently been approved 
for postoperative pain management. Although 
oral acetaminophen may also be used, this review 
will focus on intravenous acetaminophen because 

of its recent approval and relative potential. In 
addition, many opioid medications contain acet-
aminophen, making oral use hard to compare. 
The efficacy and safety of postoperative intra-
venous acetaminophen has been demonstrated 
across many surgical fields, but there has been 
limited use in plastic surgery.10–14

Ketamine, an N-methyl-d-aspartate receptor 
antagonist, is an anesthetic agent with sedative, 
analgesic, and amnesic effects, and hypnotic and 
bronchodilator effects at lower doses.15 Its well-
known side effects include hallucinations, unpleas-
ant dreams, and other psychomimetic effects.16

Gabapentin, an anticonvulsant, has relatively 
few side effects, which include somnolence, diz-
ziness, ataxia, and fatigue.17 Gabapentin is not 
recommended for patients with renal dysfunc-
tion or those taking sedative medications such as 
benzodiazepines.18

Liposomal bupivacaine is an extended-release 
multivesicular liposomal version of bupivacaine, 
which blocks axonal pain conduction.19–21 The 
negative effect of liposomal properties on wound 
healing and the development of chondrolysis has 
been hypothesized, but recent studies refute this, 
showing no clinically evident effects.22 Bupiva-
caine as a local anesthetic carries potential risks of 

Table 1.  Safety Characteristics of Opioid Alternatives for Postoperative Analgesia

Medication Half-Life (hr) Contraindications Potential Side Effects

NSAIDs <6 Cerebrovascular bleeding, incomplete 
hemostasis; coagulation disorder 
or other anticoagulant use; known 
hypersensitivity; active peptic ulcer 
disease, recent GI bleeding/perfora-
tion, history of peptic ulcer disease 
or GI bleeding; advanced renal 
impairment; labor and delivery

Increased bleeding time; cardiovascular 
events; GI bleeding, ulceration, and 
perforation; renal injury; nausea/vomit-
ing; hypertension; dizziness, drowsiness; 
elevated liver enzymes

Celecoxib 8–12 Known hypersensitivity or aspirin/ 
NSAID hypersensitivity; during coro-
nary artery bypass graft; sulfonamide 
allergy

Cardiovascular events; GI bleeding, ulcera-
tion, and perforation; hepatotoxicity; 
hypertension; heart failure and edema; 
renal toxicity and hyperkalemia

Acetaminophen (IV) 2–3 Known hypersensitivity; severe hepatic 
impairment or severe active liver 
disease

Hepatic injury; serious skin reactions; 
allergy and hypersensitivity

Ketamine 3 Known hypersensitivity; hypertensive 
urgency and emergency

Hypertension, tachycardia; diplopia, nys-
tagmus; emergency reactions, hallucina-
tions

Gabapentin 5–7 Known hypersensitivity Multiorgan hypersensitivity; angioedema; 
somnolence/sedation, dizziness; suicidal 
behavior and ideation; neuropsychiatric 
adverse reactions; sudden and unex-
plained death in epileptic patients

Liposomal bupivacaine 12–24 Obstetrical paracervical block anes-
thesia

Central nervous system reactions; cardio-
vascular system reactions; allergic reac-
tions; chondrolysis; accidental intravascu-
lar injection

Local anesthetics 1.5–5 Known hypersensitivity Central nervous system reactions; cardio-
vascular system reactions; allergic reac-
tions; neurologic reaction

NSAIDs, nonsteroidal antiinflammatory drugs; GI, gastrointestinal; IV, intravenous.
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cardiovascular and neurologic toxicity and death, 
although these toxicities are associated with doses 
greater than 3  mg/kg, except when diluted in 
wetting solutions where the toxic dose is much 
higher.18,19,23 In addition, liposomal bupivacaine 
should not be mixed with lidocaine and should 
not be administered earlier than 20 minutes after 
administered lidocaine.21

Nerve blocks and continuous infusion blocks 
have two main risks: (1) pharmaceutical and (2) 
because of the placement of these blocks.24 To 
avoid systemic toxicity, surgeons must carefully 
regulate the rate and quantity of local anesthet-
ics administered by means of continuous catheter. 
Furthermore, placement carries a potential risk of 
pneumothorax, pleural effusion, infection, nerve 
injury, and intravascular injection.24–26

The side effects of opioids are increasingly 
problematic, including nausea, vomiting, consti-
pation, respiratory depression, and risk of addic-
tion. It is time to revisit the safety of nonopioid 
analgesics, which will be particularly important 
for multimodal analgesic therapy.1,18,27 Currently, 
the medications discussed in this review are part 
of multimodal analgesia, a regimen designed to 
combine different pain medications to effectively 
treat pain with reduced use of opioid medica-
tions. Some common regimens include intrave-
nous acetaminophen, ketamine, gabapentin, local 
anesthetics, nonsteroidal antiinflammatory drugs, 
and lastly ketamine. This combination of medica-
tions is currently being used in evolving enhanced 
recovery after surgery protocols.

METHODS
A comprehensive literature search of the 

PubMed and MEDLINE databases was conducted 
to locate published studies regarding the safety 
of opioid alternatives in plastic surgery. Keywords 
used for the search protocol were “plastic sur-
gery,” AND “safety” AND each of the medications 
included in the study separately, including “ibu-
profen,” “ketorolac,” “celecoxib,” “intravenous 
acetaminophen OR Ofirmev,” “ketamine,” “gaba-
pentin,” “liposomal bupivacaine,” “nerve block,” 
and “continuous nerve block OR pain pump OR 
continuous infusion.” Relevant articles were then 
filtered by manual assessment of title and abstract. 
Additional articles were located by reviewing ref-
erences of previously selected articles. Any dis-
agreements between the reviewers were discussed 
and resolved. Case reports were not included. 
Data were collected on the following parameters: 
type of analysis conducted, sample size, type of 

surgical procedure, efficacy outcomes such as 
postoperative pain control, opioid consumption, 
and pain scores, in addition to safety outcomes, 
including any complications, side effects, or 
adverse events. Articles relevant to plastic surgery 
procedures were prioritized. All age groups and 
sample sizes were included. The search was lim-
ited to studies in English with a time parameter of 
publication in 2008 to the present. Studies involv-
ing animal models were excluded. Because of the 
significant variations within the studies regard-
ing study indications, interventions, outcomes, 
and complications, a quantitative meta-analysis 
was not appropriate and a systematic review was 
performed.

RESULTS
A total of 10,072 titles of potentially relevant 

publications were identified from the initial 
search. Exclusion of articles not in English, pub-
lished before 2008, irrelevant to plastic surgery, 
animal studies, and case reports yielded 44 arti-
cles. The full texts of these articles were evalu-
ated for discussion of nonopioid analgesic safety. 
Of the 44 articles, 10 were excluded for the lack 
of reporting complications, as this was our focus. 
The remaining 34 articles were included in the 
systematic review, summarized in Figure  1 and 
Table  2.2,4,15–17,20,22,26,27–49 The specifics regarding 
each medication are discussed below.

Ibuprofen
Kelley et al. performed a meta-analysis on four 

articles regarding complications following ibu-
profen administration after cosmetic facial proce-
dures, skin grafting, flap procedures, laparoscopic 
inguinal hernia repairs, and mastectomies.3 Chen 
and Adamson performed a prospective, double-
blind, randomized trial on patients who received 
ibuprofen after undergoing facial cosmetic sur-
gery.28 Both studies found that there were no 
statistically significant differences in bleeding 
or hematoma formation between patients who 
received ibuprofen versus patients in the control 
group (acetaminophen-codeine, acetaminophen 
alone, or ketorolac). Importantly, both studies 
found that ibuprofen was equally as effective as 
acetaminophen-codeine for postoperative pain 
relief.3,28

Ketorolac
Stephens et al. performed a systematic review 

of the safety of postoperative ketorolac after 
plastic surgery. Results showed that the risk for 
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hematoma was not statistically significantly higher 
in ketorolac-treated patients overall or based on 
procedure. One study that showed a significant 
association between ketorolac and hematoma for-
mation was confounded by the significantly higher 
rate of hypertension in the ketorolac-treated 
group.29 Gobble et al. performed a meta-analysis 
of 27 studies regarding the effect of ketorolac on 
postoperative bleeding, finding that bleeding risk 
was not statistically significantly different in the 
ketorolac group compared to the control group.30 
Furthermore, no significant risk for hematoma 
or bleeding was found in separate studies evalu-
ating ketorolac for postoperative pain manage-
ment following breast and facial operations.31–34 
Importantly, the studies also found that ketorolac 
provided significant pain control and reduced 
postoperative narcotic use, with the study by Gob-
ble et al. finding ketorolac superior to opioid con-
trols in pain control.29–34

Selective Cyclooxygenase Inhibitors
Sun et al. found that postoperative celecoxib 

following plastic surgery procedures did not 
cause any statistically significant hematomas or 
other complications when compared to the con-
trol group. However, one patient who received 
celecoxib had a deep vein thrombosis, causing 
an extended hospitalization.4 Similarly, Parsa 
et al. studied patients who received celecoxib 
after breast reduction surgery and found that 

there were no statistically significant differences 
between the celecoxib and control groups in 
terms of hematoma formation or other complica-
tions.18 Aynehchi et al. found that patients under-
going face-lift procedures with postoperative 
celecoxib had statistically significantly fewer side 
effects, such as sedation and nausea, than the con-
trol group.35 Furthermore, the studies found that 
celecoxib is effective in decreasing postoperative 
pain, decreasing opioid use, and enhancing rate 
of recovery following plastic surgery.4,18,35

Intravenous Acetaminophen
Wladis et al. performed a prospective study 

on patients who underwent orbital surgery and 
received postoperative intravenous acetamino-
phen.36 Crisp et al. performed a randomized con-
trolled trial of patients who received intravenous 
acetaminophen following vaginal reconstructive 
surgery.37 In both of these studies, there were no 
significant complications or side effects.36,37 Kang 
et al. performed a prospective study of patients 
who received propacetamol (a prodrug of intra-
venous acetaminophen) following breast sur-
gery and found that it caused an increased risk 
of nausea and vomiting, but did not cause an 
increased risk of more serious side effects such 
as bleeding or hematoma formation.38 However, 
Ohnesorge et al. found that patients who under-
went breast surgery and received acetamino-
phen did not have an increased risk of nausea, 

Fig. 1. Flow diagram of articles reviewed and included in the systematic review.
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vomiting, or sedation. However, eight patients 
dropped out because of side effects; notably, two 
patients in the study experienced postoperative 
bleeding requiring surgical reoperation, one of 
whom received postoperative intravenous acet-
aminophen.39 Importantly, each study found that 
intravenous acetaminophen decreases postopera-
tive opioid use, with the exception of the study 
by Crisp et al. of vaginal reconstruction patients, 
which showed no significant decrease in pain 
score versus placebo.36–39

Ketamine
Two prospective clinical trials and one ret-

rospective trial found that ketamine did not 
cause any significantly increased risk of side 
effects or complications compared to the control 
group.15,40,41 In a meta-analysis by Low and Gan, 
multiple individual articles found an increased 
risk of psychomimetic effects in the ketamine 
group, but the overall statistical analysis found 
that ketamine does not increase the risk of psy-
chomimetic effects.16 Importantly, all four stud-
ies found that ketamine use reduces the opioid 
requirement and decreases pain scores compared 
with the control group.15,16,40,41

Gabapentin
Hah et al. performed a randomized, double-

blind, placebo-controlled study of perioperative 
gabapentin for patients undergoing surgery, includ-
ing breast reconstruction, and found a statistically 
significant increased risk of constipation, impaired 
coordination, and rash.42 Arumugam et al. per-
formed a meta-analysis of 17 studies investigating 
postoperative gabapentin and found a statistically 
significant increase in somnolence.43 Similarly, Low 
and Gan performed a systematic review of postop-
erative gabapentin and found that they were well 
tolerated overall, with somnolence and dizziness as 
the most common side effects.16 In contrast, Tins-
bloom et al. performed a prospective trial of preop-
erative gabapentin and acetaminophen in patients 
undergoing plastic surgery and did not find any 
statistically significant increased risk of any side 
effects.44 Interestingly, none of these studies found 
any risk of bleeding or hematoma formation associ-
ated with gabapentin. Furthermore, these studies 
show that gabapentin can be as effective as acet-
aminophen for pain control and may also decrease 
opioid use.16,42–44

Liposomal Bupivacaine
Jablonka et al. performed a retrospective 

analysis of patients who received intraoperative 

transversus abdominis plane block injections 
with liposomal bupivacaine during breast recon-
struction surgery.45 Vyas et al. and Baxter et al. 
performed systematic reviews of liposomal bupi-
vacaine in various fields including plastic sur-
gery.20,22 In each of these studies, there were no 
statistically significant differences in any adverse 
effects, including hematoma formation or flap 
loss, between the liposomal bupivacaine group 
when compared to the control group. In addi-
tion, these studies found that liposomal bupi-
vacaine is effective in reducing postoperative 
opioid use and in producing long-acting pain 
relief.20,22,45

Local Anesthetic Nerve Block
Shah et al. performed a retrospective study 

on patients who underwent bilateral or unilateral 
breast reconstruction with thoracic intercostal 
nerve blocks using Marcaine (Pfizer, Inc., New 
York, N.Y.) with epinephrine. There was one case 
of a pneumothorax that resolved spontaneously 
in a patient who underwent a simultaneous port 
placement.27 Tahiri et al. performed a meta-anal-
ysis of 11 studies on thoracic paravertebral blocks 
during breast surgery, with the studies using 
either lidocaine, ropivacaine, or bupivacaine. 
The most common complications were hypoten-
sion and bradycardia. In addition, two of the 618 
cases were complicated by pneumothorax, with 
one additional instance of pleural puncture with-
out pneumothorax.46 Hivelin et al. performed a 
prospective study of patients who received a ropi-
vacaine transversus abdominis plane block after 
breast reconstruction surgery. Each transversus 
abdominis plane block was placed under ultra-
sound guidance and, interestingly, none of the 
transversus abdominis plane block patients expe-
rienced any postoperative complications.47 In 
these studies, local anesthetic nerve blocks were 
shown to significantly reduce opioid consumption 
and decrease pain scores.27,46,47

Local Anesthetic Continuous Infusion
Smith et al. performed a retrospective analy-

sis of patients who received a continuous infusion 
local anesthetic pain pump during abdominal 
plastic surgery procedures and did not find an 
increased risk for complications, such as seroma 
formation.48 Colpaert et al. and Chavez-Abraham 
studied patients who received postoperative con-
tinuous local anesthetic infusions after breast or 
abdominal operations.26,49 The study by Colpaert 
et al. and Chavez-Abraham et al. had one recorded 
complication, which was air entrapment attributed 
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to the patient’s lateral positioning.26 In the study 
by Chavez-Abraham et al., one patient developed 
a unilateral infection and three experienced cath-
eter rupture related to home removal.49 Heller et 
al. and O’Donoghue et al. performed studies on 
continuous bupivacaine infusion pumps in the 
setting of transverse rectus abdominis musculo-
cutaneous flap procedures and latissimus dorsi 
breast reconstruction.24,25 Both of these studies 
found that none of the patients experienced any 
complications related to the continuous infusion 
pump or local anesthetic toxicity.24,25 In addition, 
these studies also found that continuous infusions 
with local anesthetics were effective for postopera-
tive pain management and significantly reduce 
postoperative narcotic use.24–26,48,49

DISCUSSION
This systematic review analyzes the efficacy 

and safety of several nonopioid analgesic medi-
cations. Notably, aspirin was not included in this 
review because of its unequivocal bleeding effects. 
When used as an anticoagulant, it gives a 20 per-
cent risk reduction for thromboembolism. In 
contrast, the bleeding risks of nonsteroidal anti-
inflammatory drugs are, based on this review, 
quite exaggerated. Furthermore, without a doubt 
of their efficacy, nonsteroidal antiinflammatory 
drugs are an excellent choice for pain control. 
Specifically, a retrospective study published in 
November of 2018 found that hematoma was not 
associated with ketorolac use in reduction mam-
moplasty patients, further supporting the findings 
of this systematic review.50 Similarly, intravenous 
acetaminophen is both a safe and an effective 
method of postoperative pain control. Although it 
is more expensive than oral acetaminophen at an 
average of $150 per patient, other surgical fields 
have found associated reductions in hospital costs 
and readmission rates.51,52

Next, ketamine appears to be an effective 
and safe medication for pain control, with most 
patients not experiencing any psychomimetic 
effects. However, similar to intravenous acet-
aminophen, is it only useful when the patient 
has venous access. The safety of gabapentin has 
also been established, without evidence of consis-
tent efficacy following plastic surgery procedures. 
Next, liposomal bupivacaine was also demon-
strated to be a safe and effective means of pain 
control, with its liposomal characteristics ideal for 
longer term analgesia. Despite growing evidence 
supporting its use, liposomal bupivacaine may not 
reach its use potential for a different reason: cost. 

One treatment with liposomal bupivacaine costs 
approximately $285. Hospital studies show a favor-
able cost-to-benefit analysis, including shorter 
length of hospital stays; this expense may still limit 
use among private practice plastic surgeons.53–59

Lastly, local anesthetic nerve blocks and con-
tinuous infusions have a small but definite risk of 
pneumothorax, with deeper thoracic nerve blocks 
carrying greater risk than those placed in the 
abdomen. Although patients who experienced 
a pneumothorax recovered, it is a valid risk that 
should be taken seriously. Fortunately, based on 
this review, placement with ultrasound guidance 
or by an experienced practitioner minimizes this 
risk. In addition, one alternative to interpleu-
ral nerve blocks is the T3 to T4 block, which is 
more superficial and may lead to decreased risk of 
pneumothorax complications. An adverse event 
identified for continuous infusion catheters was 
ruptures during home removal, reinforcing the 
need for removal by a medical professional. There 
was only one reported case of infection with con-
tinuous infusion catheters, suggesting a lower risk 
than previously perceived.

The authors confidently advocate for the 
increased use of nonopioid analgesics, despite the 
limitations to this review, with the small sample 
size present in several of the reviewed studies. 
Data from two trials were each represented in two 
of the systematic reviews included in this article, 
meaning these data were overrepresented. The 
different control groups, administrations, and 
medication dosages make it difficult to compare 
and analyze individual study results. The inclu-
sion criteria were created to reduce bias, but there 
are inherent limitations in systematic reviews that 
arise because of selection and publication biases. 
Positive results regarding medication efficacy and 
safety may be preferentially published over those 
without significant or positive findings. To mini-
mize these limitations and further endorse the 
safety of nonopioid analgesics, larger studies in 
plastic surgery may be necessary.

CONCLUSIONS
The current opioid crisis has demanded an 

investigation into opioid alternatives. One pos-
sible outcome of this investigation is to use mul-
timodal analgesics as first-line agents, and saving 
opioids for breakthrough pain. The multimodal 
pain regimen is a hot topic that is gaining popu-
larity. The medications discussed in this review are 
all potential candidates for multimodal analgesia 
and can contribute to the reduction of opioid use, 
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prompting the examination of their safety and 
efficacy. Based on our practice experience and 
this review, we suggest the following postoperative 
pain control regimen:

1.	 Preoperative intravenous acetaminophen 
or ketamine administration for patients fol-
lowing plastic surgery procedures.

2.	 Superficial T3 to T4 perforator blocks, 
transversus abdominis plane blocks with 
long-acting liposomal bupivacaine or con-
tinuous infusion catheter therapy

3.	 Ibuprofen, ketorolac, or cyclooxygen-
ase inhibitors (celecoxib) as a proactive, 
integral portion of postoperative pain 
management.

4.	 Addition of gabapentin for longer postop-
erative recovery or nerve regeneration.

5.	 Systematic decrease of opioid dose, dura-
tion, and refill.

Plastic surgeons are often trailblazers in the 
field of surgery. It is our duty to spearhead the 
campaign to decrease opioid use by applying and 
further developing postoperative multimodal 
analgesia, specifically by using the nonopioid 
medications that may have more reward than risk.

Rebecca C. O’Neill, M.D.
29 Shira Lane

Manalapan, N.J. 07726 
rco38@njms.rutgers.edu
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