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Abstract
Purpose of Review Many surgical subspecialties have developed enhanced recovery after surgery (ERAS) protocols that 
focus on multimodal analgesia to limit opioid use during a hospital stay and improve patient recovery. Unfortunately, ERAS 
protocols do not extend to post-discharge patient care, and opioids continue to be over prescribed. The primary reason 
seems to be a lack of good quality research evaluating extended use of a multimodal analgesic approach. This review was 
undertaken to evaluate available evidence for non-opioid analgesics in the postoperative period after discharge, utilizing 
Pubmed, Scopus, and Google Scholar.
Recent Findings Several studies have explored strategies to reduce the overprescribing of opioids after surgery without 
worsening postoperative pain scores or complications. However, these studies do not necessarily reflect on situations where 
an ultra-restrictive protocol may fail, leading to breakthrough pain. Ultra-restrictive opioid protocols, therefore, could risk 
undertreatment of acute pain and the development of persistent post-surgical pain, highlighting the need for a review of 
non-opioid strategies.
Summary Our findings show that little research has been conducted on the efficacy of non-opioid therapies post-discharge 
including acetaminophen, NSAIDs, gabapentin, duloxetine, venlafaxine, tizanidine, valium, and oral ketamine. Further stud-
ies are warranted to more precisely evaluate the utility of these agents, specifically for their side effect profile and efficacy 
in improving pain-control and function while limiting opioid use.

Keywords Acute pain · Postoperative pain · Non-opioid analgesics · Multimodal analgesia · Enhanced recovery after 
surgery (ERAS) · Discharge

Introduction

An estimated 48 million surgeries are performed in the 
USA annually [1]. A third of these patients have moder-
ate to severe postoperative pain in the first 48 h, even after 
ambulatory surgery [2]. While multimodal analgesic use has 
become widespread, opioids remain the mainstay for pain 

management after major surgeries [3]. Many surgical sub-
specialties have adopted enhanced recovery after surgery 
(ERAS) protocols to limit perioperative opioid use and 
improve patient recovery within the last decade. ERAS pro-
tocols focus on multimodal analgesics that target different 
pain pathways. Medications are administered preoperatively, 
intraoperatively, and immediately postoperatively to reduce 
postoperative opioid consumption and reduce the duration 
of hospitalization [4]. These strategies also aim to minimize 
opioid-related adverse effects such as sedation, nausea, vom-
iting, ileus, respiratory depression, and pruritus. Unfortu-
nately, ERAS protocols often do not extend to post-discharge 
patient care, and many surgical patients are still prescribed 
excessive amounts of opioids at discharge [5, 6]. The pri-
mary reason seems to be a lack of good quality research 
evaluating extended use of a multimodal analgesic approach.
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Large numbers of opioids prescribed at discharge may 
result in the issue of leftover pills contributing to opi-
oid diversion. In this regard, every state in the USA has 
passed legislation to limit the amount and duration of opi-
oids postoperatively to decrease opioid addiction and its 
associated morbidity and mortality. Some studies suggest 
that patients take only 28% of the opioids prescribed at 
discharge [6]. Again, the reason being limited evidence 
on appropriate opioid dosing for adequate postoperative 
pain management and optimal recovery. Research is even 
more lacking in the realm of non-opioid analgesics in the 
postoperative period after discharge.

Some studies have explored strategies to reduce opioid 
prescriptions at discharge, concluding that ultra-restrictive 
protocols are feasible without increasing postoperative pain 
or refill requests. However, most of these studies fail to 
address managing pain adequately if this strategy fails, for 
example, in patients who may be opioid-tolerant or under-
going major surgery with significant postoperative pain 
states. Although feasible, in the absence of well-defined 
guidance on optimal utilization of non-opioid analgesics, 
ultra-restrictive opioid protocols may risk undertreatment 
of acute pain, especially after more painful surgeries such 
as orthopedic, spine, thoracic, and open abdominal sur-
geries. Inadequately managed acute postoperative pain 
not only has many physiological and psychological conse-
quences [7] but can also evolve into chronic pain, with lit-
erature suggesting persistent pain to affect between 10 and 
60% of surgical patients [8–10]. The resultant persistent 
postoperative opioid use is a common and underappreci-
ated surgical complication, occurring in 5.9% of patients 
undergoing minor surgeries and 6.5% patients undergoing 
major surgeries [11]. From a neurobiological perspective, 
anyone who continues to take exogenous opioids for an 
extended period will shut down endogenous opioid pro-
duction, e.g., endorphins, enkephalins, and dynorphins, 
resulting in physical dependence on exogenous opioids. In 
the setting of prolonged exogenous opioid use, cessation 
results in central nervous system hyperarousal or what we 
commonly describe as a constellation of signs and symp-
toms termed withdrawal. Therefore, extended post-surgical 
opioid use could be considered a “gateway” to chronic opi-
oid use, providing a strong justification to limit periopera-
tive opioids, especially as the United States grapples with 
its worst opioid epidemic in history.

A gap exists between optimal opioid-sparing analgesia 
in the hospital setting and at discharge. Perioperative mul-
timodal analgesics implemented as part of ERAS protocols 
have extensive evidence supporting their role in improving 
patient outcomes immediately postoperatively. However, 
research evaluating an “extension of ERAS” into the dis-
charge phase is lacking.

Therefore, in the present investigation, we evaluated evi-
dence of the efficacy of non-opioid analgesics in the post-
operative period after discharge.

Methods

A comprehensive literature search was performed using Pub-
Med, Scopus, and Google Scholar. Since the first ERAS pro-
tocols were implemented in the early 2000s, we limited our 
search to the last 20 years to evaluate the most recent evidence 
for the present investigation. We used the search terms “post-
operative pain” AND “non-opioids” AND “discharge” in our 
searches. The search was limited to the English language and 
returned over 500 results. All relevant studies about the utiliza-
tion of non-opioid analgesics for postoperative pain manage-
ment were reviewed. Individual searches were also conducted 
for the various drugs using the search terms “postoperative 
pain” AND “drug name” AND “discharge” in the evaluation 
process. Articles that did not investigate non-opioid analgesics 
beyond the inpatient phase were excluded.

Results

Overall, studies exploring the benefits of non-opioid analge-
sics in the discharge phase are limited, especially compared 
to the amount of literature for these drugs in the immedi-
ate postoperative period. Non-opioid analgesics are well 
known for their opioid-sparing effect with improved out-
comes, when used immediately postoperatively in the inpa-
tient setting. However, most recommendations by major 
pain societies for managing acute postoperative pain at dis-
charge focus on opioid prescriptions, e.g., how to screen 
patients before prescribing, how much to prescribe, and for 
how long. The American Pain Society guides the inpatient 
management of pain with opioids and non-opioids. They 
recommend instructing patients on opioid use during the 
transition to outpatient care but otherwise give no recom-
mendations on the type or duration of analgesia, specifically 
about non-opioids [12]. The American College of Occupa-
tional and Environmental Medicine's opioid treatment guide-
lines include guidelines for screening patients who continue 
opioid pain medications beyond the second postoperative 
week, prescribing a maximum daily dose of 50 mg morphine 
equivalent in opioid-naive patients, and discontinuing opi-
oids in patients who have reached the maximum daily dose 
of 50 mg morphine equivalent [13]. The Institute for Clinical 
Systems Improvement recommends limiting initial postop-
erative prescriptions to 3 days or 20 tablets with appropriate 
adjuncts, education, and follow-up, without regard for the 
type of procedure performed [14]. There are relatively few 
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efforts to inform providers of evidence-based prescribing 
guidelines in the postoperative outpatient setting for non-
opioid analgesics, perhaps related to the lack of good quality 
literature in this realm.

Several classes of non-opioid agents that target pain via 
different pathways have been evaluated as postoperative anal-
gesics. The following sections describe the various classes of 
drugs. Not all of these agents have rigorous evidence for their 
utility beyond the inpatient phase. Nevertheless, the evidence 
supporting their use in the perioperative period is discussed, 
and when available, is followed by a discussion of literature 
supporting their utility in the discharge phase.

Acetaminophen and NSAIDs

Acetaminophen inhibits prostaglandin synthesis and is widely 
used to manage peri-operative pain, usually in combination 
with opioids. The low side-effect profile of acetaminophen 
has made it popular, especially in the elderly population that 
is more susceptible to drug side effects. Non-steroidal anti-
inflammatory drugs (NSAIDs) inhibit cyclo-oxygenase 1 and 
2 enzymes for their analgesic and anti-inflammatory effects. 
NSAIDs are categorized into selective (COX-2 inhibitors, 
e.g., celecoxib, etoricoxib) and non-selective (ibuprofen, nap-
roxen, diclofenac, ketorolac) agents based on their enzyme 
inhibition selectivity. Regarding medication regimen and dos-
ing, no NSAID is superior, and all prescribed NSAIDs have 
a recommended range of doses for different purposes. At an 
equivalent dose, the analgesic effects of NSAIDs may show 
a ceiling effect, while the anti-inflammatory effects could 
still be increased. This means that once the maximal analge-
sic dose is reached, an additional increase in dose does not 
provide any further analgesic benefit [15]. For example, the 
analgesic ceiling dose for ibuprofen is 400 mg. An increase 
in dose to more than 400 mg does not provide any additional 
analgesic relief. Still, it does improve the anti-inflammatory 
effects of the medication until the maximum safe dose pre-
cludes any further increase [16].

An integral component of ERAS protocols, both aceta-
minophen and NSAIDs are used for pre-emptive and post-
operative analgesia. NSAIDs are sometimes avoided in the 
perioperative period, especially for a prolonged duration due 
to their side effect profile. Gastrointestinal bleeding is a com-
mon side effect of NSAIDs, although this risk can be reduced 
by using selective COX-2 inhibitors such as celecoxib. Long-
term use of NSAIDs may be associated with cardiovascular 
toxicity, especially in patients with atherosclerotic disease. 
Other concerns with the use of NSAIDs include anastomotic 
leakage after abdominal surgery, delayed fracture healing, 
postoperative bleeding, and risk of renal toxicity [17].

There is an abundance of literature supporting the efficacy 
of intravenous acetaminophen in lowering pain scores and 
the need for rescue analgesia in the immediate postoperative 

period [18, 19•, 20]. These findings have been corroborated 
by a recent meta-analysis of 6 RCTs that concluded that 
preemptive acetaminophen lowered opioid consumption in 
the first 24 h and pain scores for the first 12 h after surgery 
[21•]. However, as previously described, literature studying 
the analgesic efficacy of acetaminophen in the post-discharge 
phase is limited. A study by Desai et al. evaluated the utiliza-
tion and efficacy of a multimodal analgesic regimen includ-
ing opioids, acetaminophen, and NSAIDs at discharge. This 
study showed that while most patients were discharged with 
a multimodal regimen after common painful surgeries, a 
significant proportion of patients were discharged with opi-
oids alone (around 24%). They concluded that combining 
acetaminophen with opioids was associated with decreased 
follow-up pain scores and readmissions. Further addition 
of NSAIDs was associated with further decreased follow-
up pain scores and readmissions. Overall, patients receiving 
multimodal analgesia at discharge received 10%-40% fewer 
opioids per day compared to opioids only [22].

Another study compared the efficacy of preoperative 
acetaminophen with NSAIDs in patients undergoing outpa-
tient ENT surgeries and assessed post-discharge pain scores. 
NSAIDs were most effective in reducing postoperative pain 
scores and analgesic requirements in the recovery room and 
post-discharge. In contrast, the analgesic efficacy of oral 
acetaminophen (2 g) was limited to the post-discharge period 
only [23].

NSAIDs alone are efficacious in reducing postoperative 
opioid requirements with rest and movement-related pain 
[24–27] and their consequent side effects [28]. However, 
the benefit of more prolonged administration of NSAIDs 
after discharge is limited. The American Association of Hip 
and Knee Surgeons, in their Clinical Practice Guidelines for 
the use of NSAIDs in total joint arthroplasty, recommended 
administration of oral selective NSAIDs for up to 6 weeks 
given the reduction of pain and opioid consumption after 
discharge [29•]. This recommendation was based on a single 
high-quality study that compared an oral selective COX-2 
NSAID to placebo for six weeks and had overwhelming evi-
dence favoring oral selective COX-2 NSAID use following 
primary total knee arthroplasty [30].

Gabapentinoids

Gabapentinoids are derivatives of the inhibitory neurotrans-
mitter gamma-aminobutyric acid (GABA) and block α2δ 
subunit-containing voltage-dependent calcium channels, 
leading to inhibition of cellular calcium influx and conse-
quent attenuation of neurotransmission, making them effi-
cacious in chronic neuropathic pain states [31]. Gabapentin 
and pregabalin are the two most used agents in this class and 
have been studied for their efficacy in reducing immediate 
perioperative pain and preventing chronic post-surgical pain. 
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Both single perioperative doses and longer post-discharge 
courses varying from 5–14 days have been trialed in vari-
ous studies. Li and colleagues analyzed 14 RCTs of patients 
undergoing open hysterectomy and reported that gabapentin 
reduced total opioid consumption at 24 h postoperatively 
[32]. Another meta-analysis of RCTs assessing the efficacy 
of preoperative gabapentin in spine surgeries showed a 
reduction in pain scores and opioid consumption [33].

Like gabapentin, multiple studies have shown the efficacy 
of pregabalin in reducing immediate postoperative pain, 
especially when used pre-emptively, through its ability to 
reduce short-term central nervous system hypersensitivity 
via early reduction of neuronal excitability. This effect has 
been seen in various surgeries, including hysterectomy, thy-
roidectomy, septoplasty, discectomy, and knee arthroplasty 
[34–37]. Despite literature supporting the opioid-sparing 
effect of gabapentinoids in the immediate postoperative 
period, a recent meta-analysis on the subject concluded that 
gabapentinoids failed to show any clinically meaningful 
effect on post-operative acute, sub-acute or chronic pain. 
In contrast, the side effects such as sedation, gait imbalance 
and visual disturbances were significant [38••]. Moreover, 
when administered with other sedating agents such as opi-
oids, there may be a higher risk of postoperative respiratory 
depression requiring noninvasive ventilation [39], leading to 
updated warnings by the FDA [40]. Given these side effects, 
with no noticeable effect on preventing chronic postoperative 
pain, the French Society of Anesthesia (FSA) and intensive 
care medicine recommended against routine use of these 
agents in outpatient surgery. However, other societies are 
yet to follow.

Data regarding the long-term use of gabapentinoids after 
discharge is limited to a handful of studies, some of which 
have explored a prolonged course of gabapentinoids for the 
prevention of chronic post-surgical pain. One of the largest 
RCTs studying the effect of extended use of pregabalin for 
up to 14 days postoperatively in knee arthroplasty patients 
reported a reduction in chronic neuropathic pain in the prega-
balin group at three months and six months following surgery 
[41]. These authors used 300 mg of pregabalin preopera-
tively, followed by 150 mg twice daily (BID) for the first ten 
days, 75 mg BID on days 11 and 12, and 50 mg BID on days 
13 and 14, post-operatively. The authors reported sedation, 
confusion, and dry mouth in the treatment group, especially 
on the day of surgery and on postoperative day one, and 
suggested that side effects could potentially be mitigated by 
using a smaller dose pre-operatively. In another double-blind 
RCT, hip arthroplasty patients were administered pregabalin 
at a dose of 75 mg BID while in house and for seven days 
after discharge. Compared to the placebo group, the pregaba-
lin group consumed fewer opioids during hospitalization and 
had lower daily pain ratings and adjunct opioid use for one 
week following discharge [42]. On the other hand, a similar 

study on patients undergoing total knee arthroplasty con-
cluded that compared to placebo, a two-week post-discharge 
course of pregabalin had no beneficial effects but increased 
sedation and decreased patient satisfaction [43]. The evi-
dence is equally conflicting in the cardiothoracic surgery 
literature, where prolonged courses of gabapentinoids have 
been explored for their role in reducing chronic post-surgical 
pain. Anwar et al. compared usual care (scheduled paraceta-
mol + morphine PCA) to a 14-day perioperative course of 
pregabalin alone to a 14-day course of pregabalin with 48 h 
infusion of ketamine postoperatively. The prevalence of pain 
was lower at 3 postoperative months for pregabalin alone 
(6% [3 of 50]) and in combination with ketamine (2% [1 of 
50]) compared to the control group (34% [17 of 50]; odds 
ratio = 0.126 [0.022 to 0.5], P = 0.0008; and 0.041 [0.0009 to 
0.28], P < 0.0001, respectively) and at 6 months for pregaba-
lin alone (6% [3 of 50]) and in combination with ketamine 
0% (0 of 5) compared to the control group (28% [14 of 50]; 
odds ratio = 0.167 [0.029 to 0.7], P = 0.006; and 0.000 [0 to 
0.24], P < 0.0001) [44]. On the contrary, Brulotte et al. com-
pared a five-day course of pregabalin to placebo in patients 
undergoing elective thoracotomy. They showed no difference 
in the incidence of chronic post-thoracotomy pain syndrome. 
However, the pregabalin group required significantly fewer 
analgesics, reported less moderate to severe average pain and 
presented significantly less neuropathic characteristics than 
patients in the placebo group 3 months after surgery [45].

A recent meta-analysis on the subject concluded that very 
little advancement had been made in the realm of pharma-
cotherapy to prevent chronic post-surgical pain [46••]. 5/17 
meta-analyses for pregabalin and 0/4 for gabapentin proved 
superiority over placebo in preventing chronic postoperative 
pain. The literature in support of pregabalin in this role is 
most robust in total knee arthroplasty and cardiac surgery 
patients.

In addition, a recent RCT demonstrated a modest effect 
of perioperative gabapentin in promoting postoperative opi-
oid cessation when continued for 72 h after surgery [47]. 
This RCT assessed the effect of perioperative gabapentin 
on remote postoperative time to pain resolution and opioid 
cessation and showed that although gabapentin did not affect 
the rate of pain resolution or the proportion of patients with 
chronic pain at six months or one year following surgery; it 
did promote opioid cessation and could therefore have a role 
in preventing chronic opioid use after surgery.

In summary, although immediate perioperative analgesic 
benefit with gabapentinoids has been brought into question, 
there is some evidence to support a post-discharge course vary-
ing from 5–14 days in select surgical subpopulations, those 
likely to develop chronic pain after heavy pro-nociceptive sur-
geries such as total knee arthroplasty and cardiac surgery for 
preventing chronic post-surgical pain. Clearly, more research is 
warranted in this realm. Risks and benefits need to be carefully 
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weighed when discharging patients on gabapentinoids, with 
detailed written instructions provided to identify side effects 
and for weaning off the drugs.

NMDA Antagonists:

Ketamine is an NMDA antagonist with intense analgesic effi-
cacy that has received considerable interest as a perioperative 
analgesic adjunct, particularly for opioid-tolerant patients. 
While anesthetic doses of ketamine can cause hallucinations 
and dissociative side effects similar to PCP, in subanesthetic 
doses, the drug’s NMDA antagonist properties improve peri-
operative analgesia. Low-dose ketamine infusions have been 
shown to have an opioid-sparing effect with a decrease in 
pain scores and opioid consumption in the immediate postop-
erative period. Most research on perioperative ketamine as an 
opioid-sparing adjunct has focused on the use of intravenous 
ketamine infusions, with these trials continuing an intraop-
erative infusion for up to 48 h postoperatively [48–51]. Doses 
are usually in the range of 0.1–0.2 mg/kg/hr. Psychosensory 
effects increase at doses above 0.3 mg/kg/hr, so this can be 
considered a soft upper limit [52].

Outpatient ketamine has been studied for chronic neu-
ropathic pain states, including postherpetic neuralgia [53], 
complex regional pain syndrome (CRPS) [54], cancer pain 
[55, 56], orofacial pain [57] and phantom limb pain [58] 
in various small studies, most of which were descriptive 
in the form of case series and reports. Routes of adminis-
tration include intravenous (IV), subcutaneous, oral, intra-
nasal, and transdermal. Oral formulations of ketamine are 
not commercially available. The parenteral formulation is 
given as an oral solution or an extemporaneous preparation. 
The oral bioavailability of ketamine is low, reportedly 17% 
to 24% for oral racemic ketamine and 8% to 11% for oral 
S( +)-ketamine. After oral intake of ketamine, norketamine 
plasma concentrations are much higher than those of the par-
ent drug [59]. Although the use of ketamine as an analgesic 
is now generally accepted, the evidence base for outpatient 
use remains poor. Moreover, safety data for outpatient oral 
use is lacking [60].

A recent pilot study studied oral ketamine for periopera-
tive pain management in patients undergoing lower extrem-
ity amputation. Patients were administered a dose of 1.0 mg/
kg oral ketamine an hour before surgery, followed 8 h later 
by a repeat dose and then 1 mg/kg dose three times daily on 
postoperative day 1. On the second postoperative day, this 
dose was reduced to 0.5 mg/kg three times per day. No seri-
ous and unexpected adverse events were reported, and pain 
scores ranged between 0.5–4. The authors concluded that 
oral ketamine was safe to use at this dose and convenient for 
the hospital floor and potential home use [61].

While extensive literature supports the opioid-sparing 
effect of ketamine in the immediate perioperative period, 

more research is required to explore the pharmacokinetics, 
safety, and efficacy of oral ketamine in the postoperative 
period, especially given its abuse potential, much like an 
opioid.

Antidepressants

Antidepressants are efficacious adjuncts in chronic neuro-
pathic pain states. However, literature assessing their efficacy 
in the perioperative period is limited. The major groups of 
antidepressants include tricyclic antidepressants (TCAs) (e.g., 
amitriptyline, doxepin, imipramine), serotonin-norepinephrine 
reuptake inhibitors (SNRIs) (e.g., venlafaxine, duloxetine), 
and selective serotonin–reuptake inhibitors (SSRIs) (e.g., 
paroxetine). There is very limited literature supporting the 
use of TCAs as a perioperative opioid-sparing adjunct. The 
untoward side effects such as sedation, anti-cholinergic side 
effects including dry mouth, blurry vision and urinary reten-
tion result in overall low compliance; this may also contribute 
to the fact that there do not appear to be any available studies 
evaluating the use of TCAs after discharge. SNRIs have some 
evidence supporting their utility in the perioperative period, 
with duloxetine and venlafaxine being the two most common 
drugs used in this class.

Duloxetine

Duloxetine is a SNRI that potentiates central serotoner-
gic and noradrenergic pathways resulting in inhibition of 
nociceptive input via descending inhibitory pain pathways. 
Similar to other non-opioid analgesics, limited studies 
have evaluated duloxetine for its immediate postopera-
tive benefits. Ho and colleagues, in their study on patients 
undergoing knee replacement surgery, reported reduced 
morphine requirements at 48-hour postoperatively, with 
60 mg of duloxetine administered preoperatively and on 
day one post-operatively [62]. A similar RCT in patients 
undergoing abdominal hysterectomy showed significantly 
lower pain scores and opioid requirements at 24 hours with 
60 mg of duloxetine administered preoperatively and at 24 
hours postoperatively, with improved postoperative quality 
of recovery. These authors reported no side effects associ-
ated with the drug regimen, including nausea, vomiting, 
and recovery room discharge [63]. A recent meta-analysis 
evaluating the use of perioperative duloxetine questioned 
increased blood loss secondary to impaired platelet function 
and whether routine platelet function tests may be recom-
mended if prolonged preoperative courses of SNRIs were 
administered [64]. However, the limited number of stud-
ies and patients involved precluded conclusions about the 
increased risk of bleeding or the need for routine testing of 
platelet function in patients receiving duloxetine for short 
periods in the perioperative period [64].
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Zorrilla-Vaca et al. corroborated these results in a recent 
meta-analysis that showed duloxetine use to be associated 
with a significant reduction in pain scores and opioid use 
starting as early as four hours post-procedure [65]. There are 
very few studies evaluating the benefits of a longer course 
of duloxetine that would extend into the discharge phase. 
YaDeau et al. in their triple-blind RCT, compared a 15-day 
course of duloxetine to placebo in 106 patients undergoing 
knee arthroplasty. Duloxetine failed to improve pain with 
ambulation at the two-week mark, which was this study’s 
primary outcome, although the authors did show a statisti-
cally significant reduction in opioid use and nausea postop-
eratively [66].

Duloxetine may be more beneficial in centrally sensitized 
patients, as shown by Ko et al. [67] in their study on patients 
undergoing total knee arthroplasty. Central sensitization was 
identified preoperatively with the use of the Central Sensi-
tization Inventory (CSI). Forty patients randomized to the 
study group received 30 mg of duloxetine started one day 
prior to surgery and continued for six weeks after; these 
patients were compared to an equal number of controls. 
The duloxetine group had better performance across all the 
pain metrics and emotional and physical function in the 2-to 
12-week postoperative period.

Venlafaxine

Venlafaxine is an SNRI with a chemical structure similar to 
tramadol, functioning as an analgesic with opioid activity [68]. 
Venlafaxine has shown efficacy in preventing post-mastectomy 
pain syndrome when continued in the post-discharge phase. 
In an RCT of 150 patients undergoing partial or radical mas-
tectomy with axillary dissection, Venlafaxine ER 37.5 mg/d 
was compared to gabapentin 300 mg/d or placebo, adminis-
tered for ten days starting on the night before the procedure. 
The gabapentin group showed reduced pain scores and mor-
phine consumption in the acute phase but no improvement 
in chronic pain, except for a reduction in burning pain at six 
months post-operatively. On the contrary, venlafaxine had 
no analgesic effect immediately postoperatively. However, it 
showed a reduction in analgesic use from day two to twenty 
and a reduced incidence of post-mastectomy pain syndrome, 
and reduced analgesic use at six months [69]. In another RCT 
involving 15 patients with neuropathic pain after breast cancer 
treatment, the venlafaxine group showed significant improve-
ment in pain when up titrated from a starting dose of 18.75 
mg over a period of 10 weeks till the highest tolerable dose or 
maximum dose of 75 mg (37.5 mg BID) was reached. Inter-
estingly, in this study, patients who were slow hydroxylizers 
(CYP2D6) with subsequent high venlafaxine serum concentra-
tions had excellent pain control, emphasizing that higher doses 
may improve pain relief, provided the side effects were toler-
ated. There were no significant side effects in either group [70].

In summary, the perioperative use of antidepressants, such 
as duloxetine and venlafaxine, need to be explored further, 
not only for their opioid-sparing effects acutely but also for 
their potential to prevent chronic post-surgical pain; espe-
cially in surgeries such as mastectomies, thoracotomies, 
and orthopedic procedures that have a high risk of evolving 
into chronic pain. The most common side-effects associated 
with duloxetine are nausea, dry mouth, headache, constipa-
tion, dizziness, fatigue, insomnia, diarrhea, somnolence, and 
hyperhidrosis [71]. However, at doses used perioperatively, 
these side effects are rare.

Muscle Relaxants

Tizanidine

Tizanidine, an oral α2-agonist traditionally used for myo-
fascial pain, neuropathic pain, back pain, and headaches, 
has recently entered the perioperative stage [72–75]. Sys-
temic α2-Agonists such as clonidine and dexmedetomidine 
have been studied extensively in the perioperative realm as 
adjuncts to anesthesia for their sedative, anxiolytic, sympa-
tholytic, and analgesic effects [76]. Analgesia is thought to 
be mediated by central modulation of nociceptive transmis-
sion via both peripheral and supraspinal mechanisms [77]. 
There is plenty of literature in favor of perioperative cloni-
dine and dexmedetomidine for their opioid-sparing effect, 
decrease in pain intensity, and nausea without prolonging 
recovery times. The impact of α2 agonists on chronic pain 
or hyperalgesia remains unclear [76]. Neither drug has been 
studied for post-discharge analgesia. Tizanidine is a com-
monly used outpatient muscle relaxant and was recently 
compared to placebo as a discharge adjunct in patients 
undergoing inguinal hernia repair. In this double-blind RCT 
involving 60 patients, tizanidine was started an hour before 
surgery and continued twice daily for the first postopera-
tive week. Pain scores were significantly lower immediately 
postop, and especially so in the first seven days after sur-
gery, the improved analgesia also resulted in an earlier return 
to normal daily activities. Analgesic related side effects 
(e.g., dry mouth, dizziness, drowsiness, headache, nausea, 
vomiting, dyspepsia or bleeding) were rare. The expected 
decrease in heart rate and blood pressure with tizanidine 
only occurred in the intraoperative phase in this study. The 
authors concluded that the central modulation of nocicep-
tive transmission and the muscle relaxant effect of tizanidine 
might have improved analgesia [78]. Another double-blind 
RCT involving 70 patients undergoing laparoscopic chol-
ecystectomy showed that preoperative oral tizanidine 90 min 
before the operation can reduce pain scores, analgesic con-
sumption, analgesic-related side effects, and provide earlier 
return to normal daily activity. However, this study did not 
continue tizanidine in the post-discharge phase [79].
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Cyclobenzaprine

Cyclobenzaprine, a commonly used outpatient muscle relax-
ant, is a centrally-acting agent that reduces tonic somatic 
motor activity by influencing alpha and gamma motor neu-
rons at the level of the spinal cord [80]. There is a handful 
of studies that have used cyclobenzaprine as part of their 
multimodal analgesia (MMA) protocols for immediate post-
operative pain control, but none have looked at this drug as a 
discharge adjunct. A comparative study of patients undergo-
ing anterior cervical fusion showed that an MMA regimen 
including cyclobenzaprine, acetaminophen, pregabalin, and 
oxycodone resulted in lower overall narcotic consumption 
when compared to patient-controlled analgesia (PCA). This 
difference was associated with a shorter inpatient stay and a 
decrease in postoperative nausea/vomiting. Critically, MMA 
and PCA appeared to provide similar postoperative analgesia 
[81]. The Rush University Medical Center has developed 
their MMA protocol for spine surgeries to include cycloben-
zaprine, a long-acting opioid, and an anticonvulsant prior 
to initiation of the general anesthetic. Cyclobenzaprine is 
continued on POD 0 and POD1 after surgery as part of a 
multimodal analgesia regimen [82]. On the other hand, an 
RCT in patients undergoing alloplastic breast reconstruction 
found no significant reduction in pain scores or the number 
of narcotic pills when cyclobenzaprine was used as an anal-
gesic adjunct [83].

The side effects with cyclobenzaprine reported in literature 
are drowsiness, dry mouth, lethargy, tachycardia, agitation, 
hypertension and hypotension [84]. However, the incidence of 
adverse effects is dose-related and toxicity of cyclobenzaprine 
at doses lower than 1 g do not produce life-threatening car-
diac, respiratory or neurological effects [85].

Diazepam

Diazepam (Valium) is a benzodiazepine often used as an anxi-
olytic but also used perioperatively given its muscle relaxation 
effect. Valium is often added to multimodal analgesic regi-
mens in spine surgery [86], adolescent scoliosis repair [87], 
pectus excavatum repair [88] and thoracic outlet decompres-
sion surgery [89]. However, very few studies have explored 
discharging patients on valium as part of a multimodal analge-
sic regimen. In a retrospective study of thoracic outlet decom-
pression surgeries, the adoption of a multimodal pain manage-
ment regimen including scheduled ibuprofen and valium in 
the hospital reduced both the hospital length of stay and the 
mean in-hospital pain scores [89]. These authors mentioned 
transitioning the inpatient regimen of narcotics, ibuprofen, and 
valium to oral narcotics and valium at the time of discharge; 
however, the duration of valium use after discharge was not 
specified, neither were any pain outcomes measured after dis-
charge. Another study added cyclobenzaprine preoperatively 

and valium immediately postoperatively for major spine 
surgery and showed improved pain scores before discharge 
from the recovery room and for the first postoperative day, but 
not beyond this time period [90]. Similarly, a feasibility trial 
performed in spine surgery patients compared a multimodal 
analgesic regimen including acetaminophen, valium, and 
gabapentin during hospitalization and at discharge to stand-
ard postoperative analgesia that relied primarily on narcot-
ics. Patients in the former group had significantly lower pain 
scores and less opioid use on POD 0 and POD 1. This differ-
ence continued at two weeks post-discharge, although it did 
not reach the 0.05 significance level. These authors concluded 
that larger multicenter trials are needed to further examine the 
impact of multimodal analgesia on patient outcomes beyond 
pain and on postoperative opioid use [86].

In summary, there is limited evidence pointing to a benefi-
cial effect of oral tizanidine and valium as an opioid-sparing 
adjunct at the time of discharge. Tizanidine could be consid-
ered in select surgeries that are often associated with muscle 
spasms. Notably, side effects have not been found to be sig-
nificant. Larger prospective studies in varied surgical popu-
lations need to be performed to further explore the benefits 
of muscle relaxants, considering their reasonable side effect 
profile and potential for being continued in the outpatient 
setting.

Discussion

Opioids have been the mainstay of treatment for postopera-
tive pain upon discharge, especially after relatively pain-
ful surgeries. However, this practice has an inherent risk of 
leading to persistent opioid use. Unfortunately, opioid pre-
scriptions are not always utilized as directed and can poten-
tially lead to diversion and substance abuse, contributing to 
the opioid epidemic: a global health care problem. Recent 
studies have explored the effect of reducing the number of 
opioid pills prescribed at the time of discharge on postop-
erative pain scores and refill requests. An ultra-restrictive 
opioid prescription approach was implemented in a study on 
gynecologic oncology surgical patients. This study showed 
a significant decrease in the number of opioids dispensed 
at discharge, without changes in postoperative pain scores, 
complications, or increases in the number of refill requests. 
Patients undergoing laparotomy and those needing more 
than five doses of opioids as an inpatient were sent home 
on three days’ worth of opioids and were encouraged to use 
non-opioid medications, including Tylenol and NSAIDs, for 
seven days [91]. Howard et al. [92] similarly implemented an 
evidence-based prescribing guideline following laparoscopic 
cholecystectomy and reduced the prescription size by 63% 
without increasing the need for medication refills, thereby 
eliminating the excessive prescribing of roughly 7000 pills. 
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Although feasible and well-intentioned, in the absence of 
well-defined guidance for managing postoperative pain 
after discharge with non-opioids, these ultra-restrictive 
approaches risk undertreatment of pain. Moreover, this strat-
egy may not work in certain patient subpopulations, such 
as those with chronic pain, opioid tolerance, or after more 
invasive and painful surgeries that are at risk for develop-
ing persistent post-surgical pain. Common elective surgical 
procedures often associated with chronic post-surgical pain 
include inguinal herniorrhaphy, breast surgery, orthopedic 
and cardiothoracic surgeries, with poorly controlled postop-
erative pain cited as one of the risk factors [93].

At present, there is a lack of studies focused on reducing 
the risk of persistent post-surgical pain and opioid use while 
managing acute postoperative pain adequately with opioid-
sparing agents. There are several understudied non-opioid 
adjuncts that can be used for managing postoperative pain at 
discharge. If we are to limit opioid use after discharge, more 
research is urgently needed on managing postoperative pain 
with non-opioids.

Declarations 

Ethical Approval The manuscript has been read and approved by all 
the authors, the requirements for authorship have been met, and each 
author believes that the manuscript represents honest work.

Conflicts of Interest No conflicts for any of the authors.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. Gan TJ, et al. Incidence, patient satisfaction, and perceptions of post-
surgical pain: results from a US national survey. Curr Med Res 
Opin. 2014;30(1):149–60.

 2. Jafra A, Mitra S. Pain relief after ambulatory surgery: Progress 
over the last decade. Saudi J Anaesth. 2018;12(4):618–25.

 3. Hall MJ, et al. Ambulatory surgery data from hospitals and 
ambulatory surgery centers: United States, 2010. Natl Health 
Stat Rep. 2017;102:1–15.

 4. Nelson G, et al. Guidelines for postoperative care in gyneco-
logic/oncology surgery: Enhanced Recovery After Surgery 
(ERAS®) Society recommendations—Part II. Gynecol Oncol. 
2016;140(2):323–32.

 5. Brandal D, et al. Impact of Enhanced Recovery After Surgery 
and Opioid-Free Anesthesia on Opioid Prescriptions at Dis-
charge From the Hospital: A Historical-Prospective Study. 
Anesth Analg. 2017;125(5):1784–92.

 6. Hill MV, et al. Wide variation and excessive dosage of opioid 
prescriptions for common general surgical procedures. Ann Surg. 
2017;265(4):709–14.

 7. Joshi GP, Ogunnaike BO. Consequences of inadequate post-
operative pain relief and chronic persistent postoperative pain. 
Anesthesiol Clin North America. 2005;23(1):21–36.

 8. Johansen A, et al. Persistent postsurgical pain in a general pop-
ulation: prevalence and predictors in the Tromsø study. Pain. 
2012;153(7):1390–6.

 9. Wang L, et al. Predictors of persistent pain after breast cancer 
surgery: a systematic review and meta-analysis of observational 
studies. CMAJ. 2016;188(14):E352–61.

 10. Wildgaard K, Ravn J, Kehlet H. Chronic post-thoracotomy 
pain: a critical review of pathogenic mechanisms and strategies 
for prevention. Eur J Cardiothorac Surg. 2009;36(1):170–80.

 11. Brummett CM, et al. New persistent opioid use after minor 
and major surgical procedures in US adults. JAMA Surg. 
2017;152(6):e170504–e170504.

 12. Chou R, et al. Management of Postoperative Pain: a clinical 
practice guideline from the American pain society, the Ameri-
can Society of Regional Anesthesia and Pain and Medicine, 
and the American Society of Anesthesiologists’ committee on 
regional anesthesia, executive committee, and administrative 
council. J Pain. 2016;17(2):131–57.

 13. Scully RE, et al. Defining Optimal Length of Opioid Pain 
Medication Prescription After Common Surgical Procedures. 
JAMA Surg. 2018;153(1):37–43.

 14. Improvement, WGIFCS. Pain: assessment, non-opioid treat-
ment approaches and opioid management. Institute for Clinical 
Systems Improvement Health Guideline.

 15. Laska EM, et al. The correlation between blood levels of ibu-
profen and clinical analgesic response. Clin Pharmacol Ther. 
1986;40(1):1–7.

 16. Becker DE. Pain management: Part 1: Managing acute and 
postoperative dental pain. Anesth Prog. 2010;57(2):67–79.

 17. De Cosmo G, Congedo E. The use of NSAIDs in the postop-
erative period: advantage and disadvantages. 2015.

 18. Gousheh SM, Nesioonpour S. Intravenous paracetamol for 
postoperative analgesia in laparoscopic cholecystectomy. 
Anesthesiology and pain and medicine. 2013;3(1):214.

 19.• Inoue S, et al. Postoperative around-the-clock administration 
of intravenous acetaminophen for pain control following robot-
assisted radical prostatectomy Sci Rep. 2021;11(1):5174. This 
is an important paper discussing intravenous acetami-
nophen for pain control following robot-assisted radical 
prostatectomy.

 20. Kemppainen T, et al. Acetaminophen is highly effective in 
pain treatment after endoscopic sinus surgery. Laryngoscope. 
2006;116(12):2125–8.

 21. Xuan C, et al. Effect of Preemptive Acetaminophen on Opi-
oid Consumption: A Meta-Analysis Pain Physician 24 2 E153 
E160. This is an important meta-analysis that discusses. Effect 
of Preemptive Acetaminophen on Opioid Consumption. 2021.

 22. Desai K, et al. Utilization and effectiveness of multimodal 
discharge analgesia for postoperative pain management. J Surg 
Res. 2018;228:160–9.

 23. Watcha MF, et al. Costs and Effectiveness of Rofecoxib, Celecoxib, 
and Acetaminophen for Preventing Pain After Ambulatory Otolar-
yngologic Surgery. Anesth Analg. 2003;96(4):987–94.

 24. Clarke R, Derry S, Moore RA. Single dose oral etoricoxib for 
acute postoperative pain in adults. Cochrane Database of Sys-
tematic Reviews. 2014;(5).

 25. Derry S, Karlin SM, Moore RA. Single dose oral ibuprofen plus 
codeine for acute postoperative pain in adults. Cochrane Data-
base of Systematic Reviews. 2015(2).

 26. McDaid C, et al. Paracetamol and selective and non-selective 
non-steroidal anti-inflammatory drugs (NSAIDs) for the reduc-
tion of morphine-related side effects after major surgery: a 

100 Current Pain and Headache Reports (2022) 26:93–102



1 3

systematic review. NIHR Health Technology Assessment Pro-
gramme: Executive Summaries. 2010.

 27. Viscusi E, et al. A double-blind, placebo-controlled, multicenter 
trial to study the efficacy and tolerability of MK0663/Etoricoxib 
in the treatment of pain after abdominal hysterectomy. Current 
Medical Research and Opiniion. 2012;28(8):1323–5.

 28. Marret E, et al. Effects of nonsteroidal antiinflammatory drugs 
on patient-controlled analgesia morphine side effects: meta-
analysis of randomized controlled trials. The Journal of the 
American Society of Anesthesiologists. 2005;102(6):1249–60.

 29.• Surgeons, AAOHAK. Clinical Practice Guidelines for the use 
of NSAIDs in total joint arthroplasty 2020. This is an impor-
tant guideline about the use of NSAIDs in total joint arthro-
plasty.  This is an important guideline about the use of 
NSAIDs in total joint arthroplasty.

 30. Schroer WC, et  al. Benefits of Prolonged Postoperative 
Cyclooxygenase-2 Inhibitor Administration on Total Knee 
Arthroplasty Recovery: A Double-Blind, Placebo-Controlled 
Study. J Arthroplasty. 2011;26(6, Supplement):2–7.

 31. Calandre EP, Rico-Villademoros F, Slim M. Alpha(2)delta ligands, 
gabapentin, pregabalin and mirogabalin: a review of their clini-
cal pharmacology and therapeutic use. Expert Rev Neurother. 
2016;16(11):1263–77.

 32. Li X-D, Han C, Yu W-L. Is gabapentin effective and safe in open 
hysterectomy? A PRISMA compliant meta-analysis of rand-
omized controlled trials. J Clin Anesth. 2017;41:76–83.

 33. Han C, et al. The Efficacy of Preoperative Gabapentin in Spinal 
Surgery: A Meta-Analysis of Randomized Controlled Trials. 
Pain Physician. 2017;20(7):649–61.

 34. Bindu M, et al. Effect of preoperative pregabalin on postopera-
tive pain relief in thyroidectomy patients: A prospective obser-
vational study. Anesth Essays Res. 2015;9(2):161–6.

 35. Dong J, Li W, Wang Y. The effect of pregabalin on acute post-
operative pain in patients undergoing total knee arthroplasty: A 
meta-analysis. Int J Surg. 2016;34:148–60.

 36. Sagit M, et al. Efficacy of a single preoperative dose of prega-
balin for postoperative pain after septoplasty. J Craniofac Surg. 
2013;24(2):373–5.

 37. Spreng U, Dahl V, Raeder J. Effect of a single dose of pregabalin 
on post-operative pain and pre-operative anxiety in patients under-
going discectomy. Acta Anaesthesiol Scand. 2011;55(5):571–6.

 38.•• Verret M, et al. Perioperative Use of Gabapentinoids for the 
Management of Postoperative Acute Pain: A Systematic Review 
and Meta-analysis Anesthesiology. 2020;133(2):265–279. This 
is an important review and meta-analysis about the Periop-
erative Use of Gabapentinoids for the Management of Post-
operative Acute Pain.

 39. Ohnuma T, et al. Association ’Between Gabapentinoids on the 
Day of Colorectal Surgery and Adverse Postoperative Respira-
tory Outcomes. Ann Surg. 2019;270(6):e65–7.

 40. Food U, Administration D. FDA warns about serious breathing prob-
lems with seizure and nerve pain and medicines gabapentin (Neuron-
tin, Gralise, Horizant) and pregabalin (Lyrica, Lyrica CR). 2020.

 41. Buvanendran A, et al. Perioperative Oral Pregabalin Reduces Chronic 
Pain After Total Knee Arthroplasty: A Prospective, Randomized. 
Controlled Trial Anesthesia & Analgesia. 2010;110(1):199–207.

 42. Clarke H, et al. Pregabalin reduces postoperative opioid con-
sumption and pain for 1 week after hospital discharge, but 
does not affect function at 6 weeks or 3 months after total hip 
arthroplasty. Br J Anaesth. 2015;115(6):903–11.

 43. YaDeau JT, et al. Pregabalin and pain after total knee arthro-
plasty: a double-blind, randomized, placebo-controlled, multi-
dose trial†. Br J Anaesth. 2015;115(2):285–93.

 44. Anwar S, et al. Prolonged Perioperative Use of Pregabalin and 
Ketamine to Prevent Persistent Pain after Cardiac Surgery. Anes-
thesiology. 2019;131(1):119–31.

 45. Brulotte V, et al. Impact of Pregabalin on the Occurrence of 
Postthoracotomy Pain Syndrome: <em>A Randomized Trial</
em>. Reg Anesth Pain Med. 2015;40(3):262–9.

 46.•• Carley ME, et  al.  Pharmacotherapy for the Prevention of 
Chronic Pain after Surgery in Adults: An Updated Systematic 
Review and Meta-analysis Anesthesiology 135 2 304 325. This 
is an important review and meta-analysis about Pharmacother-
apy for the Prevention of Chronic Pain after Surgery in Adults. 
2020. This is an important review and meta-analysis about 
Pharmacotherapy for the Prevention of Chronic Pain after 
Surgery in Adults.

 47. Hah J, et al. Effect of Perioperative Gabapentin on Postop-
erative Pain Resolution and Opioid Cessation in a Mixed 
Surgical Cohort: A Randomized Clinical Trial. JAMA Surg. 
2018;153(4):303–11.

 48. Guignard B, et al. Supplementing desflurane-remifentanil anes-
thesia with small-dose ketamine reduces perioperative opioid 
analgesic requirements. Anesth Analg. 2002;95(1):103–8, 
table of contents.

 49. Kararmaz A, et al. Intraoperative intravenous ketamine in 
combination with epidural analgesia: postoperative analgesia 
after renal surgery. Anesth Analg. 2003;97(4):1092–6, table 
of contents.

 50. Loftus RW, et al. Intraoperative ketamine reduces periopera-
tive opiate consumption in opiate-dependent patients with 
chronic back pain undergoing back surgery. Anesthesiology. 
2010;113(3):639–46.

 51. Parikh B, Maliwad J, Shah VR. Preventive analgesia: Effect of 
small dose of ketamine on morphine requirement after renal 
surgery. J Anaesthesiol Clin Pharmacol. 2011;27(4):485–8.

 52. Gorlin AW, Rosenfeld DM, Ramakrishna H. Intravenous sub-
anesthetic ketamine for perioperative analgesia. J Anaesthesiol 
Clin Pharmacol. 2016;32(2):160–7.

 53. Eide PK, et al. Continuous subcutaneous administration of 
the N-methyl-D-aspartic acid (NMDA) receptor antagonist 
ketamine in the treatment of post-herpetic neuralgia. Pain. 
1995;61(2):221–8.

 54. Kiefer R-T, et al. Efficacy of ketamine in anesthetic dosage for 
the treatment of refractory complex regional pain syndrome: 
an open-label phase II study. Pain Med. 2008;9(8):1173–201.

 55. Mercadante S, et al. Analgesic effect of intravenous ketamine in 
cancer patients on morphine therapy: a randomized, controlled, 
double-blind, crossover, double-dose study. J Pain Symptom 
Manage. 2000;20(4):246–52.

 56. Okon T. Ketamine: an introduction for a pain and palliative medi-
cine physician. Pain Physician. 2007;10(3):493.

 57. Mathisen LC, et al. Effect of ketamine, an NMDA receptor inhibi-
tor, in acute and chronic orofacial pain. Pain. 1995;61(2):215–20.

 58. Eichenberger U, et al. Chronic phantom limb pain: the effects 
of calcitonin, ketamine, and their combination on pain and 
sensory thresholds. Anesth Analg. 2008;106(4):1265–73.

 59. Peltoniemi MA, et al. Ketamine: a review of clinical pharma-
cokinetics and pharmacodynamics in anesthesia and pain ther-
apy. Clin Pharmacokinet. 2016;55(9):1059–77.

 60. Bell RF, Kalso EA. Ketamine for pain management. Pain reports. 
2018;3(5):e674–e674.

 61. Buvanendran A, et al. Oral Ketamine for Acute Pain Manage-
ment After Amputation Surgery. Pain Med. 2017;19(6):1265–70.

 62. Ho K-Y, et al. Duloxetine reduces morphine requirements after 
knee replacement surgery. Br J Anaesth. 2010;105(3):371–6.

 63. Castro-Alves LJ, et al. Perioperative duloxetine to improve post-
operative recovery after abdominal hysterectomy: a prospective, 
randomized, double-blinded, placebo-controlled study. Anesth 
Analg. 2016;122(1):98–104.

 64. de Oliveira Filho GR, Kammer RS, dos Santos HDC. Dulox-
etine for the treatment acute postoperative pain in adult patients: 

101Current Pain and Headache Reports (2022) 26:93–102



1 3

A systematic review with meta-analysis. Journal of Clinical 
Anesthesia. 2020;63:109785.

 65. Zorrilla-Vaca A, et al. Perioperative duloxetine for acute post-
operative analgesia: a meta-analysis of randomized trials. Reg 
Anesth Pain Med. 2019.

 66. YaDeau JT, et al. Duloxetine and subacute pain after knee arthro-
plasty when added to a multimodal analgesic regimen: a rand-
omized, placebo-controlled, triple-blinded trial. Anesthesiology. 
2016;125(3):561–72.

 67. Koh IJ, et al. Duloxetine reduces pain and improves quality of 
recovery following total knee arthroplasty in centrally sensi-
tized patients: a prospective, randomized controlled study. JBJS. 
2019;101(1):64–73.

 68. Markowitz J, Patrick K. Venlafaxine-tramadol similarities. Med 
Hypotheses. 1998;51(2):167–8.

 69. Amr YM, Yousef AAA-M. Evaluation of efficacy of the periop-
erative administration of Venlafaxine or gabapentin on acute and 
chronic postmastectomy pain. Clin J Pain. 2010;26(5):381–5.

 70. Tasmuth T, Härtel B, Kalso E. Venlafaxine in neuropathic pain 
following treatment of breast cancer. Eur J Pain. 2002;6(1):17–24.

 71. Marcus DA. Duloxetine use in painful conditions. Expert Opin 
Pharmacother. 2011;12(8):1333–40.

 72. Malanga GA, et al. Tizanidine is effective in the treatment of 
myofascial pain syndrome. Pain Physician. 2002;5(4):422–32.

 73. Pareek A, et al. Aceclofenac–tizanidine in the treatment of acute 
low back pain: a double-blind, double-dummy, randomized, mul-
ticentric, comparative study against aceclofenac alone. Eur Spine 
J. 2009;18(12):1836–42.

 74. Saper JR, et al. Chronic daily headache prophylaxis with tizani-
dine: a double‐blind, placebo‐controlled, multicenter outcome 
study. J Headache Pain. 2002;42(6):470–482.

 75. Semenchuk MR, Sherman S. Effectiveness of tizanidine in neu-
ropathic pain: an open-label study. J Pain. 2000;1(4):285–92.

 76. Blaudszun G, et al. Effect of perioperative systemic α2 agonists 
on postoperative morphine consumption and pain intensity: 
systematic review and meta-analysis of randomized controlled 
trials. Anesthesiology. 2012;116(6):1312–22.

 77. Neil MJ. Clonidine: clinical pharmacology and therapeutic use 
in pain management. Curr Clin Pharmacol. 2011;6(4):280–7.

 78. Yazicioglu D, et al. Tizanidine for the management of acute post-
operative pain after inguinal hernia repair: A placebo-controlled 
double-blind trial. Eur J Anaesthesiol. 2016;33(3):215–222.

 79. Talakoub R, et al. The effect of oral tizanidine on postopera-
tive pain relief after elective laparoscopic cholecystectomy. Adv 
Biomed Res. 2016;5:19–19.

 80. Khan I, Kahwaji CI. Cyclobenzaprine. StatPearls [Internet] 2020.
 81. Bohl DD, et al. Multimodal versus patient-controlled analge-

sia after an anterior cervical decompression and fusion. Spine. 
2016;41(12):994–8.

 82. Bhatia A, Buvanendran A. Anesthesia and postoperative pain 
control-multimodal anesthesia protocol. Journal of spine surgery 
(Hong Kong). 2019;5(Suppl 2):S160–5.

 83. Alhalabi B, et al. Abstract: Post-Operative Pain Control Follow-
ing Alloplastic Breast Reconstruction with Muscle Relaxer: A 
Randomized Controlled Trial. Plast Reconstr Surg Glob Open. 
2017;5(9 Suppl):35–6.

 84. Borenstein DG, Korn S. Efficacy of a low-dose regimen of cycloben-
zaprine hydrochloride in acute skeletal muscle spasm: results of two 
placebo-controlled trials. Clin Ther. 2003;25(4):1056–73.

 85. de Santana Santos T, et al. Evaluation of the muscle relaxant 
cyclobenzaprine after third-molar extraction. J Am Dent Assoc. 
2011;142(10):1154–62.

 86. Skolasky RL, et al. Multi-modal analgesia protocol signifi-
cantly decreased opioid requirements following lumbar spine 
surgery: results from a feasibility trial. Spine J. 2019;19(9, 
Supplement):S30-S31.

 87. Hong R. Analgesic Options for Posterior Spinal Fusion for Ado-
lescent Idiopathic Scoliosis.

 88. Papic JC, et al. Postoperative opioid analgesic use after Nuss versus 
Ravitch pectus excavatum repair. J Pediatr Surg. 2014;49(6):919–23.

 89. Wooster M, et al. Postoperative Pain Management following 
Thoracic Outlet Decompression. Ann Vasc Surg. 2017;44:241–4.

 90. Brown B, et  al. Preemptive Treatment of Muscle Spasm 
Improves the Pain Outcome After Major Spinal Surgery. J Peri-
anesth Nurs 2017;32(4):e37.

 91. Mark J, et al. Ultrarestrictive Opioid Prescription Protocol for Pain 
Management After Gynecologic and Abdominal Surgery. JAMA 
Netw Open. 2018;1(8):e185452–e185452.

 92. Howard R, et al. Reduction in Opioid Prescribing Through Evidence-
Based Prescribing Guidelines. JAMA Surg. 2018;153(3):285–7.

 93. Bruce J, Quinlan J. Chronic Post Surgical Pain. Reviews in pain. 
2011;5(3):23–9.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

102 Current Pain and Headache Reports (2022) 26:93–102


	Enhanced Recovery After Surgery: Opioid Sparing Strategies After Discharge: A Review
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Methods
	Results
	Acetaminophen and NSAIDs
	Gabapentinoids
	NMDA Antagonists:
	Antidepressants
	Duloxetine
	Venlafaxine

	Muscle Relaxants
	Tizanidine
	Cyclobenzaprine
	Diazepam


	Discussion
	References


