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Abstract

Background—The efficacy of intravenous acetaminophen compared to its oral formulation for 

postoperative analgesia is unknown. We hypothesized that the addition of acetaminophen to a 

multimodal analgesia regimen would provide improved pain management in patients following 

total knee arthroplasty (TKA) and that the effect of acetaminophen would be variable based upon 

route of delivery.

Methods—The study was a single center, randomized, double-blinded, placebo-controlled 

clinical trial on the efficacy of intravenous versus oral acetaminophen in patients undergoing 

unilateral TKA. One hundred and seventy-four subjects were randomized to one of three groups: 

intravenous acetaminophen group (IV Group, n=57) received 1-gram intravenous acetaminophen 

and oral placebo prior to post-anesthesia care unit (PACU) admission; oral acetaminophen group 
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(PO Group, n=58) received 1-gram oral acetaminophen and volume-matched intravenous normal 

saline; placebo group (Placebo Group, n=59) received oral placebo and volume-matched 

intravenous normal saline. Pain scores were obtained every 15 minutes during PACU stay. Average 

pain scores, maximum pain score, and pain scores before physical therapy were compared among 

the three groups. Secondary outcomes included total opiate consumption, time to PACU discharge, 

time to rescue analgesia, and time to breakthrough pain.

Results—The average PACU pain score was similar in the IV Group (0.56 ±0.99 [mean ±SD]) 

compared to the PO Group (0.67 ±1.20) (P=0.84) and Placebo Group (0.58 ±0.99) (P=0.71). Total 

opiate consumption at 6 hours (0.47mg hydromorphone equivalents ±0.56 vs 0.54 ±0.53 vs 0.54 

±0.61; P=0.69) and 24 hours (1.25 ±1.30 vs 1.49 ±1.34 vs 1.36 ±1.31; P=0.46) were also similar 

between the IV, PO, and Placebo Groups. No significant differences were found between all 

groups for any other outcome.

Conclusion—Neither intravenous nor oral acetaminophen provides additional analgesia in the 

immediate postoperative period when administered as an adjunct to multimodal analgesia in 

patients undergoing TKA in the setting of a spinal anesthetic.

Introduction

Over 80% of patients undergoing surgery experience some degree of pain postoperatively 

with a majority of these patients rating the pain as moderate to severe [1, 2]. Inadequate pain 

control following surgery may contribute to several complications including a higher 

incidence of myocardial infarction, impaired wound healing, and poor respiratory effort [3]. 

Treating postoperative pain with analgesics such as opioids is not without adverse effects as 

opioids may cause drowsiness, postoperative nausea and vomiting, ileus, respiratory 

depression, and bladder dysfunction [4]. The use of intravenous acetaminophen has been 

shown to reduce pain scores and consumption of opioids following surgery [5-7]; however, 

oral acetaminophen has demonstrated similar results to its intravenous counterpart in some 

patient populations [8].

When comparing intravenous and oral acetaminophen, the bioavailability in cerebrospinal 

fluid and plasma is superior with the intravenous formulation [3, 9]. How this translates 

clinically is unclear as studies between intravenous and oral acetaminophen are lacking and 

have yet to demonstrate a benefit of intravenous acetaminophen when compared to oral 

acetaminophen [10, 11]. The cost of intravenous acetaminophen is much higher than the oral 

formulation, and the reimbursement is typically lower [12, 13].

Intravenous acetaminophen has the potential to be a versatile addition to multimodal 

analgesia regimens in the perioperative setting. Therefore, we conducted a randomized, 

double-blind, clinical trial to compare intravenous acetaminophen to the oral formulation. 

We hypothesized that the addition of acetaminophen to a multimodal analgesia regimen 

would provide improved pain management in patients following total knee arthroplasty 

(TKA) and that the effect of acetaminophen would be variable based upon route of delivery.
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Study Methods

Study Overview

The study was a single center, randomized, double-blind, placebo-controlled clinical trial to 

assess the efficacy of intravenous acetaminophen compared to oral acetaminophen in 

patients undergoing unilateral total knee arthroplasty (TKA) under spinal anesthesia. 

Institutional review board approval was obtained prior to patient recruitment. All TKA 

surgeries were completed by a single orthopedic surgeon. Standard preoperative pain 

medication regimen included doses of celecoxib and OxyContin. Exceptions to 

administration of celecoxib included documented allergy, previous gastrointestinal bleeding, 

or intolerance to this medication. Exceptions to OxyContin administration included known 

allergy or intolerance to this medication. Intraoperatively, all patients received a peri-

capsular injection of 300 mg ropivicaine, 30 mg ketorolac, 0.08 mg clonidine, 1 mg 

epinephrine in a total volume of 100cc of 0.9% sodium chloride 0.9% into the knee joint 

[14]. In addition, a majority of patients received intravenous dexamethasone (4mg to 10mg) 

intraoperatively at the discretion of the in-room anesthesia provider prior to surgical 

incision. Following surgery, all subjects were administered study medications in the 

operating room prior to admission in the post-anesthesia care unit (PACU). Data was then 

collected throughout the PACU stay. The study was registered at ClinicalTrials.gov 

(NCT02216682) prior to patient enrollment.

Subject Selection

Male and female patients 18 years of age or older undergoing unilateral TKA under spinal 

anesthesia were eligible for the study. Subjects were excluded from the study if spinal 

anesthesia failed intraoperatively; were pregnant; weighed less than 50 kilograms; had a 

history of chronic opiate use (greater than 60 mg morphine equivalents per day); had a 

history of liver disease; had a known allergy/hypersensitivity to acetaminophen or opiates; 

had a history of dementia; had a history of alcohol abuse; had a history of renal impairment; 

or used acetaminophen within 24 hours of surgery. Written informed consent was obtained 

for every participating subject. A member of the study staff monitored data collection 

biweekly to ensure the safety of study subjects and validity of data collection.

Study Design

A total of 174 eligible subjects were randomized to one of three groups with a computerized 

random number generator prior to their surgery. The intravenous acetaminophen group (IV 

Group, n=57) received 1-gram intravenous acetaminophen and oral placebo. The oral 

acetaminophen group (PO Group, n=58) received 1-gram oral acetaminophen and volume-

matched intravenous normal saline (100mL). The placebo group (Placebo Group, n=59) 

received oral placebo and volume-matched intravenous normal saline (100mL). Study 

medications were prepared and blinded with study labels by the pharmacy for each subject 

based on group randomization. Study medications were administered at the conclusion of 

surgery and prior to admission in the post-anesthesia care unit (PACU) by the in-room 

anesthesia provider.
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Postsurgical Assessments

Pain intensity was assessed using the numeric rating scale (NRS). The 11-point NRS score 

(0=no pain; 10=worst pain possible) was collected every 15 minutes in the PACU for up to 

four hours by a research assistant. Pain scores were also obtained prior to the first physical 

therapy session done in the PACU. The total duration of spinal block was reported in 

minutes from time of placement to the time motor function returned to baseline.

Outcomes Measures

The primary outcome of pain score was measured with the NRS. Secondary outcomes 

included total opiate consumption (converted to intravenous hydromorphone equivalents in 

milligrams) within 6 and 24 hours of surgery, time to rescue analgesia (minutes), time to 

breakthrough pain (minutes), time until ready for PACU discharge (minutes) defined by 

resolution of spinal anesthetic, hemodynamic stability, and adequate pain control.

Statistical Analysis

As part of the study design, a power analysis was conducted. Under the assumption that the 

3 subject groups were normally distributed with a pain score standard deviation of 2.5, and if 

there was true association between the treatment group and pain reduction, we calculated 

174 subjects were necessary to be able to reject the null hypothesis with a power of 0.8. The 

Type I error probability associated with this test of the null hypothesis was 0.025.

Baseline characteristics were compared between the 3 study groups. Categorical data were 

compared using the Fisher's exact test, and the Kruskal-Wallis procedure was used for 

continuous data. The primary outcome of this analysis was compared between all 3 groups 

using the Kruskal-Wallis procedure. Additionally, differences were compared between the 

following groups using the Wilcoxon-rank sum test: IV acetaminophen vs. PO 

acetaminophen; IV acetaminophen vs. placebo; and PO acetaminophen vs. placebo. 

Statistical significance was defined as p ≤ 0.05. SAS (SAS Institute, Cary, NC) version 9.4 

was used for all analyses.

Results

One hundred and seventy-five subjects were recruited for the study, but one was excluded 

due to failed spinal anesthesia (Figure 1). Baseline patient demographics including age, 

body mass index, gender, and American Society of Anesthesiologists physical status were 

similar across the three groups (Table 1). There were no differences among the groups with 

respect to return of motor function or length of surgery. Also, preoperative and intraoperative 

analgesics administered to patients were similar between the groups (Table 2).

Pain scores were similar when compared across the groups (Table 3). The average pain 

scores in the PACU were 0.56 ±0.99 [mean ±SD] in the IV Group, 0.67 ±1.20 in the PO 

Group and 0.58 ±0.99 in the Placebo group (P=0.71). The pain scores prior to the first 

physical therapy session were 2.55 ±1.73 in the IV Group, 2.85 ±1.79 in the PO Group, and 

2.32 ±1.90 in the Placebo Group (P=0.09). When comparing all collected pain scores, no 
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statistically significant differences were seen across the groups or between each group 

compared to one another.

The times to breakthrough pain were 234 ±207 in the IV Group, 245 ±269 minutes in the PO 

Group, and 204 ±146 minutes in the Placebo Group (P=0.92) (Table 4). While times to 

rescue analgesia were 270 ±230 minutes in the IV Group, 283 ±271 minutes in the PO 

Group, and 239 ±194 minutes in the Placebo Group (P=0.47). The difference in time to 

breakthrough pain and time to rescue analgesia were not significant between each group 

compared to one another either.

Opiate consumptions at 6 hours following surgery were 0.47 ±0.56mg in the IV Group, 0.54 

±0.53mg in the PO Group, and 0.54 ±0.61mg in the Placebo Group (P=0.69). At 24 hours 

following surgery, opiate consumptions were 1.25 ±1.30mg in the IV Group, 1.49 ±1.34mg 

in the PO Group, and 1.36 ±1.31mg in the Placebo Group (P=0.46). There were no 

statistically significant differences in total opiate consumption within 6 or 24 hours or time 

to PACU discharge when comparing the groups to one another or between all three groups.

Discussion

The results of our randomized, double-blind, clinical trial do not suggest a benefit of using 

acetaminophen, either intravenously or orally, for pain control in the perioperative period 

following TKA when compared to placebo. Additionally, pain scores and opiate 

consumption were not statistically different between the interventional groups.

The findings of this analysis are consistent with other studies investigating a difference 

between the two formulations. A randomized non-inferiority clinical trial on patients 

undergoing lower third molar extractions found similar pain scores and opiate consumption 

between patients receiving oral acetaminophen versus intravenous acetaminophen [10]. A 

study in which patients undergoing laparoscopic cholecystectomy were randomized to 

intravenous or oral acetaminophen also did not find a significant difference in pain scores or 

opiate consumption within 24 hours between the groups, although this was a preliminary 

trial [15]. Another clinical trial with a similar design to our study randomized patients 

undergoing total knee arthroplasty to receive either intravenous or oral acetaminophen and 

showed lower pain scores immediately after surgery in the intravenous acetaminophen group 

(P=0.03), but pain scores over the first 24 hours and opiates consumed did not differ 

between the two groups [11]. Our data provide further evidence that intravenous 

acetaminophen does not offer a benefit compared to the oral formulation and neither 

formulation provided value as an adjunct analgesic following TKA.

Multiple studies have shown reduced pain scores and decreased postoperative opiate 

consumption in surgical patients receiving either formulation of acetaminophen when used 

as a component of a multimodal approach in various surgical settings [3, 6, 16]. A majority 

of these studies administered acetaminophen pre-operatively, whereas in our study, it was 

administered postoperatively. Pre-emptive analgesia, or analgesia received before a surgical 

stimulus, may affect nociceptive receptors differently than preventive or rescue analgesia 

and potentially result in improved outcomes. However, a previous study on pre-emptive 
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versus preventive use of IV acetaminophen in patients undergoing lower extremity 

orthopedic surgery under spinal was not shown to have a difference in pain control [17]. 

This study did show that both the preemptive and preventive groups had a decrease in pain 

scores at 6 hours after surgery compared with placebo (p<0.001). Thus, the timing of our 

study drug administration likely did not influence the results of the study.

Another consideration for our null findings was the use of a multimodal analgesia regimen 

on all subjects in the study. Every subject received a peri-articular injection of ropivacaine/

ketorolac/epinephrine/clonidine at the end of the operation. Several studies have 

demonstrated better pain relief and less opiate consumption in total knee replacement 

patients receiving multimodal drug injections [14]. Also, a majority of patients received both 

celecoxib and OxyContin pre-operatively, and these medications when given pre-emptively 

have been shown to improve pain relief in surgical patients [18-20]. A concern raised by the 

institutional review board (IRB), was uncontrolled pain in patients undergoing knee 

replacement surgery without a preoperative regional block, however, regional blocks are no 

longer standard care at our institution. For IRB approval, standardizing a multimodal 

approach was the compromise for our study. The standardized approach may have decreased 

postoperative pain to a degree in which the effect of administering acetaminophen may have 

been diminished. Future studies should consider a design which eliminates or reduces the 

multimodal analgesia patients receive to obtain a more focused comparison of the different 

formulations of acetaminophen and their influence on postoperative pain and opiate 

consumption.

The multimodal analgesic approach consisting of pre-emptive and peri-capsular injection 

analgesia provided adequate pain control in our surgical population. This is supported by the 

low average PACU pain scores (NRS 0.58 ±0.99) and opiate consumption (6h, 0.54 ±0.61 

mg equivalents of intravenous hydromorphone; 24h, 1.36 ±1.31) in the placebo group. The 

pain scores and opiate requirements were similar between the interventional groups and the 

placebo group, and overall, pain was well controlled across all the groups. Thus, our results 

do not suggest improvement in pain control with the use of acetaminophen in patients 

experiencing mild post-operative pain, but do support a multimodal analgesic approach in 

the peri-operative care of patients undergoing unilateral TKA.

The duration of spinal block did not differ between the three groups, but the return of motor 

function to baseline was around 3.5 hours on average. Knowing that motor function would 

return to patients before sensation, the peak effects of intravenous and/or oral acetaminophen 

still may have been concealed by the spinal anesthesia. This was a consideration while 

formulating the protocol for our study and the main factor in administering the study drug 

after conclusion of the procedure and just prior to arrival in the PACU and not before 

surgery. Even so, the duration of acetaminophen should have lasted well beyond the spinal 

block.

The limitations of this study include a lack of standardization for preoperative and 

intraoperative care for patients in the study. However, there were no differences between 

preoperative analgesics and intraoperative analgesics administered across the groups. 

Another consideration is that patients received peri-articular injections, as it is considered 
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standard of care at our institution. Average pain scores were less than 1 across all groups, 

and the analgesic effects from this injection and the period of sensory loss with spinal 

anesthesia may have mitigated the ability to detect a difference in pain control between 

intravenous and oral acetaminophen even if one was present.

Conclusion

Acetaminophen, irrespective of formulation, does not have adjunctive value as a component 

of a multimodal analgesic approach when administered immediately following surgery in 

patients undergoing TKA in the setting of a spinal anesthetic. A multimodal analgesic 

regimen in TKA patients does provide adequate post-operative pain relief.
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Figure 1. 
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Table 1
Patient demographics

IV Group
(n=57)

PO Group
(n=58)

Placebo Group
(n=59)

P*

Age, years 0.15

 mean ±SD 68 ±8.3 67 ±9.0 70 ±8.8

 median (25th-75th percentiles) 68 (64-72) 68 (59-73) 70 (63-77)

Male, n (%) 32 (56) 26 (45) 25 (42) 0.30

Body mass index, kg/m2 0.056

 mean ±SD 28 ±4.7 31 ±5.1 29 ±4.8

 median (25th-75th percentiles) 29 (25-32) 30 (28-34) 28 (25-31)

ASA Physical Status, n (%) 0.95

 I 3 (5) 2 (3) 3 (5)

 II 40 (70) 43 (74) 40 (68)

 III 14 (25) 13 (23) 16 (27)

Length of surgery, minutes 0.21

 mean ±SD 73 ±10 79 ±18 78 ±11

 median (25th-75th percentiles) 72 (66-82) 73 (68-86) 77 (71-86)

Return of motor function, minutes

 mean ±SD 229 ±81 216 ±72 233 ±75 0.50

 median (25th-75th percentiles) 225 (165-280) 230 (145-270) 240 (180-280)

SD = standard deviation; ASA = American Society of Anesthesiologists.

*
Categorical data compared using the Fisher's exact test and the Kruskal-Wallis test was used to compare continuous data.
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Table 2
Perioperative characteristics

IV Group
(n=57)

PO Group
(n=58)

Placebo Group
(n=59)

P

Preoperative analgesics, n (%)

 Celecoxib 47 (82) 48 (83) 51 (86) 0.84

 OxyContin 39 (68) 42 (72) 46 (77) 0.51

Intraoperative analgesics, n (%)

 Fentanyl 5 (9) 3 (5) 3 (5) 0.68

 Hydromorphone 0 (0) 2 (3) 2 (3) 0.55

 Morphine 0 (0) 0 (0) 1 (2) 1.0

 Dexamethasone 51 (89) 51 (88) 52 (88) 1.0

Data compared using the Fisher's exact test.
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