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Abstract

Purpose Previous studies have addressed post-operative

pain management after ACL reconstruction by examining

the use of intra-articular analgesia and/or modification of

anesthesia techniques. To our knowledge, however, no

previous studies have evaluated the effect of zolpidem on

post-operative narcotic requirements, pain, and fatigue in

patients undergoing outpatient arthroscopic ACL recon-

struction. The purpose of this prospective, blinded, ran-

domized, controlled clinical study was to evaluate the

effect of zolpidem on post-operative narcotic requirements,

pain, and fatigue in patients undergoing outpatient arthro-

scopic ACL reconstruction.

Methods Twenty-nine patients undergoing arthroscopic

ACL reconstruction were randomized to a treatment group

or placebo group. Both groups received post-operative

hydrocodone/acetaminophen bitartrate (Vicodin ES).

Patients in the treatment group received a single dose of

zolpidem for the first seven post-operative nights. Patients

in the placebo group received a gelatin capsule similar in

appearance to zolpidem. The amount of Vicodin used in

each group, the amount of post-operative pain, and the

amount of post-operative fatigue were analyzed.

Results Following ACL reconstruction, a 28% reduction

was seen in the total amount of narcotic consumed with

zolpidem (P = 0.047) when compared to placebo. There

were no significant differences in post-operative pain or

fatigue levels between zolpidem and placebo.

Conclusion Adding zolpidem to the post-operative med-

ication regimen after arthroscopic ACL reconstruction

helps to lower the amount of narcotic pain medication

required for adequate analgesia.

Level of evidence Randomized controlled clinical trial,

Level I.

Keywords Zolpidem � ACL reconstruction �
Post-operative analgesia

Introduction

Post-operative pain is the most commonly reported con-

cern after ambulatory arthroscopic surgery, with moderate

to severe pain occurring in approximately 30% of indi-

viduals [7]. Anterior cruciate ligament (ACL) recon-

struction, historically involving inpatient admission

post-operatively, is increasingly being done on an outpa-

tient basis [11, 19, 20, 26, 28]. Outpatient ACL recon-

struction has been shown to be preferred by patients, and

is associated with an earlier return to work [31]. There-

fore, effective post-operative pain management is an

important component of recovery following outpatient

anterior cruciate ligament (ACL) reconstruction. The

causes for post-operative pain are many including pre-

operative pain levels, surgical technique, and rehabilita-

tion protocol [2, 24]. The methods of controlling pain for

outpatient ACL reconstruction are multimodal and focus

on preemptive (local anesthetic infiltration, femoral nerve

blocks), intraoperative (intra-articular injection), and post-

operative modalities (oral opioids, cryotherapy, analgesia
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infusion catheters, and non-steroidal anti-inflammatory

drugs) [1, 5, 6, 8, 12, 21, 23, 25].

The post-operative period has been associated with both

difficulty falling asleep and reduced duration of sleep [4].

In addition, sleep deprivation has been associated with

increased sensitivity to pain in both human and animal

studies [13, 22]. The use of zolpidem, a non-benzodiaze-

pine hypnotic sleep-aid, to reduce patient’s narcotic con-

sumption, fatigue level, and post-operative pain following

knee arthroscopy has previously been documented [27].

The purpose of this study was to evaluate the effect of

zolpidem on narcotic consumption, pain, and fatigue fol-

lowing ACL reconstruction, a more complicated procedure

which generally involves more pain and fatigue than knee

arthroscopy post-operatively. The effect of zolpidem use in

a multimodal approach to pain control following ACL

reconstruction has not been previously documented. The

hypothesis was that patients receiving zolpidem will

require less narcotic pain medication and will have lower

pain and fatigue scores, as defined by visual analog scales,

than patients receiving placebo.

Materials and methods

Hospital investigational review board (IRB) approval was

obtained prior to initiation of the study from the IRB at

Rhode Island Hospital. All patients undergoing primary

ACL reconstruction, who had already completed a course

of physical therapy and presented with full range of

motion of the injured knee, were evaluated for participa-

tion in the study. The indications for surgical intervention

in these patients included anterior knee laxity on physical

exam and MRI consistent with complete ACL rupture.

Any patients requiring multiple ligament reconstructions

were excluded.

The goals of the study were explained to patients at the

pre-operative appointment, and the option to participate in

this study was presented. A total of 29 patients, from the

practice of one surgeon, agreed to participate and were

enrolled into the study. Informed consent was obtained and

patients were given instructions on how to properly com-

plete the daily post-operative questionnaire for pain and

fatigue.

All patients underwent a standardized surgical protocol

in which surgical time was similar for all patients. In each

case, a femoral nerve block was administered by the

Department of Anesthesia. A tourniquet was placed to

250 mm Hg and was later released after dressing place-

ment. A two portal technique was used. During final fixa-

tion on the tibial side, the tibia was reduced and the knee

was in approximately 20 degrees of flexion. The grafts

were then evaluated and there was full range of motion

without pathologic graft motion. Intra-articular Marcaine

(\20 cc) was given to further augment post-operative pain

control. An immobilizer with ice packs was applied. TEDS

anti-embolism stockings were applied.

A standardized instruction booklet outlining specific

post-operative care was given to each patient and reviewed

preoperatively in the office, in the recovery room, and

reviewed a third time by the office nurse 3 days after

surgery. This booklet reviews the 20 min of ice used every

hour, correct elevation techniques (above the level of the

heart), the use of crutches for the first 5 days in a touch-

down weight-bearing capacity, and gentle isometric muscle

strengthening and range of motion to comfort exercises. All

patients were given crutches after surgery. All patients

were discharged to home the day of surgery.

On the day of surgery, all patients received a prescription

for 40 hydrocodone/acetaminophen bitartrate (Vicodin ES

or Hydrocodone ES—Abbott Laboratories, Chicago IL,

US) tablets (7.5 mg/750 mg). The treatment group received

7 zolpidem tartrate (Ambien—Sanofi-Aventis, Bridgewater

NJ, US) tablets (10 mg) and the placebo group was given 7

gelatin pills, to be taken for the first 7 post-operative days.

Patients in both groups were expected to take the zolpidem

or placebo pills nightly, whereas the Vicodin was written to

be taken 1–2 tabs po q 6 h as needed. Prior to initiation of

the study, the zolpidem and placebo pills had been placed

into pill bottles by the hospital pharmacy. Each had been

formulated such that the pills and bottles looked identical.

Each pill bottle, whether zolpidem or placebo, was assigned

a number in order to reference to at the end of the study.

Only the pharmacy was aware which numbers corresponded

to placebo versus zolpidem. The bottle numbers were ran-

domly assigned to a patient’s medical record number by a

research assistant in the surgeon’s office once the patient

had agreed to participate in the study. The bottles were then

appropriately given to the patient on the day of surgery. The

patient, the treating surgeon, and the outcome assessors

were not aware of the group assignment of the patient.

A total 13 of patients were entered into the treatment group

and 16 patients were entered into the placebo group.

In addition to zolpidem and vicodin, the authors rou-

tinely add ibuprofen to the post-operative regimen for pain

control, in an effort to minimize narcotic consumption. In

an effort to better solely analyze the role of zolpidem on

narcotic consumption, pain levels, and fatigue levels,

patients were also subdivided into groups receiving ibu-

profen and not receiving ibuprofen. For the first half of the

study period all patients received a prescription for ibu-

profen (800 mg), to be taken every 8 h as needed. No

patients received a prescription for ibuprofen in the second

half of the study period. In total, 6 patients in the treatment

group received ibuprofen, while 7 in the placebo group

received ibuprofen.
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On the day of surgery, patients were given the ques-

tionnaire to evaluate their pain and fatigue levels and

were re-instructed on how to properly complete the form.

The questionnaire consisted of a series of standard visual

analog scales (VAS) for both pain and fatigue levels along

with space to record the amount of pain medication that

was consumed over the course of 7 days. Twice a day

(once in the morning and once in the evening), each patient

was asked to record their perceived level of pain and

fatigue on the visual analog scales. A zero corresponded to

‘‘no pain’’ or ‘‘no fatigue,’’ whereas a ten represented

‘‘unbearable pain’’ or ‘‘fatigue as bad is it can be.’’ Patients

were also asked to record the number of hydrocodone/

acetaminophen (Vicodin ES) and ibuprofen pills they

consumed each day.

The questionnaire allowed us to record values for the

total amount of Vicodin consumed (TOT VIC), the average

amount of Vicodin consumed each day (AVG VIC), the

total amount of ibuprofen consumed (TOT IBP), the

average amount of ibuprofen consumed each day (AVG

IBP), total pain (TOT PAIN), morning pain (AM PAIN),

evening pain (PM PAIN), total fatigue (TOT FAT),

morning fatigue (AM FAT), and evening fatigue (PM

FAT).

Baseline demographics, physical exam findings, surgi-

cal findings, and pre-operative MRI findings were recorded

from the medical record for each patient at the conclusion

of the study. Baseline demographics recorded include age,

sex, worker’s compensation claims for the ACL injury,

smoking history, alcohol use, previous surgeries on the

same knee, and athletic activity level. Variables recorded

from the physical exam include presence of effusion, joint

line tenderness, locking, and instability. Surgical findings

recorded include concomitant meniscal tears, debridement

or repair of meniscus, degree of chondrosis, chondroplasty,

and loose body removal. Pre-operative MRI findings

documented include ACL tear and concomitant meniscal

tears.

Statistical analysis

Statistical analyses were performed using two-way analysis

of variance. The main effects evaluated two factors: (1)

treatment (zolpidem vs. placebo) and (2) ibuprofen (yes vs.

no). A significant interaction between treatment and

ibuprofen would indicate that the treatment effect was

ibuprofen-dependent. When significant main effects or

interactions were found, pair-wise comparisons were per-

formed between experimental groups using the Holm-

Sidak method. The dependent outcome variables analyzed

in this fashion were TOT VIC, AVG VIC, TOT PAIN, AM

PAIN, PM PAIN, TOT FAT, AM FAT, and PM FAT.

Baseline demographics, physical exam findings, surgical

findings, and pre-operative MRI findings between the two

treatment groups were analyzed. A P value \0.05 was

defined as significant.

Results

A total of 29 patients were recruited into this study; 13

patients in the treatment group and 16 patients in the pla-

cebo group. The average age of all patients in the study was

36.2, with an average of 36.9 in the treatment group versus

35.6 in the placebo group. There were 14 females and 15

males (5 females, 8 males in treatment group; 9 females,

7 males in placebo group). The study included 7 patients

(24%) involved in worker’s compensation claims (3 in

treatment group; 4 in placebo group) and 3 patients (10%)

were smokers (1 in treatment group; 2 in placebo group).

Statistical analysis of baseline demographics (age, sex,

worker’s compensation claims for the ACL injury, smok-

ing history, alcohol use, previous surgeries on the same

knee, athletic activity level), physical exam findings

(effusion, joint line tenderness, locking, and instability),

surgical findings (concomitant meniscal tears, debridement

or repair of meniscus, degree of chondrosis, chondroplasty,

and loose body removal), and pre-operative MRI findings

(concomitant meniscal tears) demonstrated no significant

differences between the two treatment groups. There were

no adverse medication events.

Following ACL reconstruction, a 28% reduction was

seen in the total amount of Vicodin consumed with zolpi-

dem when compared to placebo (Fig. 1). The findings for

average amount of Vicodin mirrored those for total amount

of Vicodin. The treatment effect was not ibuprofen-

Fig. 1 The total number of tablets of Vicodin that were taken post-

ACL reconstruction
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dependent. For all other outcome variables (TOT PAIN,

AM PAIN, PM PAIN, TOT FAT, AM FAT, and PM FAT),

there were no significant differences between the experi-

mental groups (Table 1).

Discussion

The most important finding of this study is that the use of

zolpidem as part of a multimodal post-operative medica-

tion regimen following outpatient arthroscopic ACL

reconstruction helps to lower the amount of narcotic pain

medication required for adequate analgesia.

In 2001, pain was named the ‘‘sixth vital sign’’ by the

Joint Commission on Accreditation of Healthcare Organi-

zations, and documentation of post-operative pain assess-

ment by health care providers is now a required feature of

medical records [27]. The ability to perform ACL recon-

struction as an outpatient procedure reduces consumption

of hospital resources and saves an average of $5,000 per

case [3, 18]. However, post-operative pain management

following outpatient ACL surgery remains a challenge.

High post-operative pain levels have been correlated

with clinically significant sleeping problems in patients

undergoing elective outpatient surgery [17]. Induced REM

sleep deprivation in a rat model demonstrated a significant

increase in the behavioral responses to noxious mechanical,

thermal, and electrical stimuli [4]. In the post-operative

patient, pain can initiate a vicious cycle whereby discomfort

affects a patient’s ability to sleep. The subsequent fatigue

heightens the patient’s perception of pain leading to further

sleep deprivation [13]. The ability of zolpidem to reduce

narcotic consumption and fatigue has previously been

demonstrated in patients undergoing knee arthroscopy [27].

The most common adverse effects reported with the

short-term use of zolpidem are drowsiness, dizziness, and

diarrhea [15]. One study, focused on the use of zolpidem in

the elderly, found an increased risk of hip fracture [30].

Numerous other studies provide conflicting evidence

regarding risk of addiction, lowering of seizure threshold,

and tolerance effect [9, 10, 14–16, 29]. Although no

patients in our study reported adverse events from the use

of zolpidem, we recommend counseling patients about

potential side effects.

The major limitation of this study is the size of the study

groups. The overall size of the groups may have limited our

ability to find differences between the use of zolpidem and

placebo for post-operative pain and fatigue scores. It is possible

that a larger sample size may have shown further differences.

Our study demonstrates that use of zolpidem significantly

reduces hydrocodone/acetaminophen (Vicodin ES) con-

sumption when compared to placebo in the post-operative

setting after arthroscopic ACL reconstruction. We did not

find any additional differences in post-operative pain

and fatigue scores between zolpidem and placebo after

arthroscopic ACL reconstruction. The patients undergoing

outpatient arthroscopic ACL reconstruction are generally

young, healthy individuals who are less at risk for serious

side effects from zolpidem. This, coupled with the fact that

we feel a reduction in narcotic medication requirements is of

value, allows us to recommend that zolpidem be considered

in the multimodal post-operative medication regimen of

patients undergoing outpatient arthroscopic ACL recon-

struction, who have no other contraindications to taking

zolpidem.

Conclusion

Adding zolpidem to the post-operative medication regi-

men after outpatient arthroscopic ACL reconstruction

helps to lower the amount of narcotic pain medication

required for adequate analgesia. Zolpidem should be

considered in a multimodal post-operative treatment

regimen for pain relief following outpatient arthroscopic

ACL reconstruction.

Table 1 Values (mean ± standard error) for all of the primary dependent variables

Dependent

variable

Zolpidem with

ibuprofen

Zolpidem

without

ibuprofen

Placebo with

ibuprofen

Placebo

without

ibuprofen

P value:

zolpidem

versus placebo

P value:

ibuprofen versus

no ibuprofen

P value:

interaction

TOT VIC 15.2 ± 3.9 22.1 ± 3.6 26.7 ± 3.6 25.7 ± 3.2 0.047 0.419 0.277

AVG VIC 2.1 ± 0.6 3.2 ± 0.6 3.8 ± 0.5 3.7 ± 0.5 0.047 0.419 0.277

TOT PAIN 2.3 ± 0.7 3.8 ± 0.7 4.0 ± 0.7 3.8 ± 0.6 n.s. n.s. n.s.

AM PAIN 2.6 ± 0.7 3.7 ± 0.7 4.1 ± 0.7 3.7 ± 0.6 n.s. n.s. n.s.

PM PAIN 2.0 ± 0.7 4.0 ± 0.6 3.9 ± 0.6 3.8 ± 0.6 n.s. n.s. n.s.

TOT FAT 2.3 ± 0.8 4.5 ± 0.7 3.8 ± 0.7 4.1 ± 0.6 n.s. n.s. n.s.

AM FAT 2.2 ± 0.8 4.2 ± 0.7 3.8 ± 0.7 3.7 ± 0.6 n.s. n.s. n.s.

PM FAT 2.3 ± 0.8 4.6 ± 0.8 3.8 ± 0.8 4.6 ± 0.7 n.s. n.s. n.s.
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