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ABSTRACT
Purpose: The objective of this study is to evaluate the effect of intravenous acetaminophen on 
length of stay (LOS) in abdominal surgery patients.
Methods: This retrospective, cohort chart review evaluated patients who underwent colon resection 
or pancreaticoduodenectomy between January 1, 2010 and August 31, 2013. The primary outcome 
is postoperative LOS. Secondary outcomes include opioid use, pain scores, and naloxone or laxa-
tive use. Patients who received intravenous acetaminophen were compared to patients who did not. 
Results: A total of 329 patients were included, with 269 in the non-acetaminophen group com-
pared to 60 patients in the acetaminophen group. There was no difference in postoperative LOS 
(9.2 s vs 9.1 days; P = .90). Postoperative LOS was also similar when controlling for surgery 
type. The acetaminophen group had reduced opioid consumption in the first 24 hours postopera-
tively (P = .02). However, pain scores were higher in the acetaminophen group, both in the first 
24 hours (P = .007) and throughout the hospital stay (P < .001). Other clinical outcomes were 
similar between groups. 
Conclusion: Intravenous acetaminophen was not associated with a decreased postoperative LOS 
at our institution. 
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The optimal strategy for treating postoperative 
pain has not been clearly defined. Multimodal 
approaches to analgesia may be more effective 

than addressing a single mechanism, as patients may 
benefit from the synergistic effects among analgesic 
agents.1,2 Multimechanistic analgesic regimens have 
conferred benefits such as improved postoperative 
pain relief, reduced opioid consumption, and poten-
tially lower adverse events related to analgesia.3-7 
Furthermore, recently updated pain, agitation, and 
delirium guidelines suggest that nonopioid analge-
sics be considered to decrease the amount of opioids 

administered and opioid-related side effects for 
patients in an intensive care unit (ICU) setting.8

Acetaminophen is an analgesic and antipyretic 
with little anti-inflammatory effect. It is one of the 
most commonly used medications for pain relief, in 
both prescription and over-the-counter forms. Acet-
aminophen has long been available in oral and rec-
tal dosage forms, but there has not been an injectable 
formulation for use in the United States until recently. 
Although easier to administer, oral acetaminophen may 
not be the ideal analgesic immediately after surgery 
when the oral route is not yet recommended. Rectal 
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administration can result in unpredictable absorption, 
making it difficult to effectively control postoperative 
pain. When compared to nonsteroidal anti-inflamma-
tory drugs (NSAIDs), acetaminophen has a relatively 
safe adverse event profile at therapeutic doses, with 
the exception of hepatotoxicity, and has minimal 
drug interactions.9 Intravenous acetaminophen was 
approved by the US Food and Drug Administration 
(FDA) in November 2010 and is indicated for the 
management of mild to moderate pain, the manage-
ment of moderate to severe pain with adjunctive opi-
oid analgesics, and the reduction of fever. The typical 
dose is 1 g every 6 hours or 650 mg every 4 hours for 
patients weighing greater than 50 kg.10

Intravenous acetaminophen has shown to be safe 
and effective when used in conjunction with opioids 
for postoperative pain in patients following major 
surgery.1,11-15 In a randomized, double-blind study 
comparing intravenous acetaminophen to placebo in 
151 patients after major orthopedic surgery, intrave-
nous acetaminophen was associated with a significant 
improvement in pain relief in the first 6 hours, as well 
as a longer time to morphine rescue.11 There was also 
an overall reduction in 24-hour morphine use in the 
intravenous acetaminophen group (38.3 ± 35.1 mg vs 
57.4 ± 52.3 mg; P < .01).11 A separate double-blind, 
placebo-controlled study evaluated 2 dosing strategies 
of intravenous acetaminophen in 244 patients after 
abdominal laparoscopic surgery.12 Both acetamino-
phen groups were associated with a significant reduc-
tion in the 24-hour sum of pain intensity differences 
compared to placebo.12 However, the authors found 
no difference in adverse events among groups as well 
as time to rescue medication or rescue medication 
consumption.12 Zafar and colleagues16 evaluated the 
outcomes of an accelerated recovery program after 
laparoscopic colon resection. The program consisted 
of patient and family education, minimal intravenous 
analgesia, and early mobilization.16 Patients were 
consecutively enrolled into 1 of 3 groups: transver-
sus abdominis plane (TAP) blocks plus intravenous 
acetaminophen and oral analgesics, intravenous acet-
aminophen plus oral analgesics, or morphine patient-
controlled analgesia (PCA).16 The authors found that 
the time to resumption of diet was reduced with both 
acetaminophen groups compared to PCA (12 vs 12 
vs 36 hours, respectively; P  < .001).16 There was 
also a reduction in postoperative hospital stay with 
the non-PCA groups (2 vs 3 vs 5 days, respectively;  
P < .001).16 Unfortunately, the authors concluded that 
they were unable to determine whether the reduction 

in hospital length of stay (LOS) was due to the intra-
venous acetaminophen, TAP analgesia, or the overall 
program itself. 

Although relatively safe and effective at control-
ling pain, intravenous acetaminophen comes with a 
substantial cost increase when compared to opioids 
or NSAIDs. A pharmacoeconomic review published 
in 2013 reported that the wholesale acquisition cost 
(WAC) of intravenous acetaminophen as approxi-
mately 3-fold that of intravenous morphine ($45.60 
per day compared to $15.40 per day).17 As of June 
2014, the current WAC for intravenous acetamino-
phen has increased to $136.15 per day. Even with the 
increased cost, intravenous acetaminophen provides 
significant pain relief without the increased incidence 
of nausea, vomiting, constipation, sedation, and 
respiratory depression associated with opioids or the 
gastrointestinal and renal adverse effects observed 
with NSAIDs.18 These adverse effects may lead to 
prolonged hospitalization, further increasing health 
care costs. In another study, which used the 2002 
Michigan State Inpatient Database, the authors dem-
onstrated that a 1-day increase in LOS in a non-ICU/
critical care unit bed equates to an increase in costs of 
$1,295.19 Newer data from 2013 reveal the expenses 
per inpatient day in a non-ICU bed to be $2,157.20 

Therefore, any reduction in hospital LOS may have 
significant pharmacoeconomic impact.

To our knowledge, no prospective, randomized 
trial has shown a decrease in LOS using intravenous 
acetaminophen following major abdominal surgery. 
The primary aim of this study is to evaluate the effect 
of intravenous acetaminophen on postoperative LOS 
in patients after colon resection or pancreaticoduo-
denectomy at our institution. These procedures were 
chosen because they have a longer LOS compared 
to most abdominal surgeries. Second, we wanted to 
evaluate the clinical impact of utilizing intravenous 
acetaminophen.

METHODS
This retrospective, cohort study was approved 

by the institutional review board at the University of 
Tennessee Graduate School of Medicine. All patients 
who underwent colon resection or pancreaticoduode-
nectomy during their hospitalization were identified 
via ICD-9 codes. Patients were included if they were 
18 to 80 years old, received at least 4 scheduled doses 
of 1 g intravenous acetaminophen, and had their 
procedure performed at an academic medical center 
(University of Tennessee Medical Center) between 
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January 1, 2010, and August 31, 2013. Our insti-
tutional policy restricts intravenous acetaminophen 
to 4 consecutive doses per order with the first dose 
administered intraoperatively. Patients were excluded 
for history of or current hepatic dysfunction, weight 
less than 50 kg, pregnancy, allergy or known hyper-
sensitivity to acetaminophen, incomplete medical 
record, receipt of alvimopan during their hospitaliza-
tion, or receipt of fewer than 4 doses of intravenous 
acetaminophen. 

Patients were separated into 2 groups based upon 
the receipt of intravenous acetaminophen, regard-
less of surgery type. Institution medical records were 
reviewed for items such as patient demographics, sur-
gery indication, American Society of Anesthesiologists 
(ASA) physical status, LOS, type of rescue medication, 
time to rescue medication, total acetaminophen dose, 
home opioid and laxative use, time to bowel move-
ment, number of bowel movements, time to resump-
tion of diet, and pain-related comorbidities to assess 
pain tolerance. Pain scores were assessed utilizing a 
visual analog scale ranging from 1 to 10. Laxative 
and naloxone use were collected to identify compli-
cations related to opioid use. Laxative use included 
receipt of bisacodyl, polyethylene glycol, lactulose, 
senna, magnesium hydroxide, magnesium citrate, 
methylnaltrexone, or an enema consisting of sorbitol, 
magnesium hydroxide, mineral oil, and glycerin. 
Naloxone was used as a surrogate for oversedation. 
Opioid consumption was converted to oral morphine 
equivalents, where 30 mg of oral morphine was 
equivalent to 0.1 mg of intravenous fentanyl, 1.5 mg  
of intravenous hydromorphone, 7.5 mg of oral hydro-
morphone, 10 mg of intravenous morphine, 20 mg of 
oral oxycodone, or 30 mg of oral hydrocodone. 

Descriptive and frequency statistics were uti-
lized to assess for outliers and meeting of statisti-
cal assumptions. Continuous data, such as LOS and 
opioid consumption, are presented as means with 
standard deviations. Categorical data are presented 
using percentages and cross-tabulations. We tested 
continuous variables utilizing independent sample t 
tests to evaluate significant effects between groups. 
Mann-Whitney U tests were used when violations 
of statistical assumptions occurred. Chi-square tests 
were used for comparison of categorical variables to 
yield unadjusted odds ratios with 95% confidence 
intervals. We employed a 2 x 2 fixed-effects analy-
sis of variance (ANOVA) model to assess any inter-
action between type of surgery and group. Post hoc 
power was conducted using G*Power. Based on the 

means and standard deviations with an alpha of 0.05 
and statistical power of 0.80, 131 patients would be 
needed per treatment group to detect a meaningful 
12% reduction in LOS between groups. All inferen-
tial data analyses were conducted using IBM SPSS 
version 21 (IBM Corp., Armonk, NY). Statistical sig-
nificance was assumed at an alpha value of 0.05.

RESULTS
During the study evaluation period, a total of 

438 patients underwent either colon resection or pan-
creaticoduodenectomy. Of the 438 eligible patients, 
109 patients were excluded (Figure 1). A total of 329 
patients were included in the analysis; there were 
fewer patients in the intravenous acetaminophen 
group (n = 60) compared to the non-acetaminophen  
group (n = 269). There were also a greater num-
ber of patients who underwent colon resection  
(n = 271) compared to those who underwent pancre-
aticoduodenectomy (n = 58). Baseline characteristics 
are shown in Table 1. The majority of patients were 
Caucasian with a median ASA physical status of III. 
Home opioid and laxative use was similar between 
groups. There were no statistical differences in base-
line characteristics, with the exception of weight. 
Overall, patients in the intravenous acetaminophen 
group weighed less (78 vs 84 kg; P = .04). 

For the primary outcome of postoperative LOS, 
there was no difference between groups (intravenous 
acetaminophen group, 9.2 days vs non-acetaminophen 
group, 9.1 days; P = .90). There was also no difference 
in ICU LOS between groups (Table 2). Postoperative 
LOS was similar when controlling for surgery type as 
well (P = .99).

In the first 24 hours postoperatively, we found a 
reduction in opioid consumption in the intravenous 
acetaminophen group (142 mg) compared to 207 mg 
of oral morphine equivalents (P = .02). However, there 
was no difference when assessing opioid consump-
tion throughout the entire hospitalization. Unlike 
previous studies that showed effective pain relief, 
pain scores in the intravenous acetaminophen group 
were higher than the non-acetaminophen group, both 
in the first 24 hours (P = .007) and throughout the 
hospital stay (P < .001).

The majority of patients received morphine or 
hydromorphone patient-controlled analgesia (PCA) 
for breakthrough pain relief. In addition, all patients 
had as-needed acetaminophen-containing oral anal-
gesics available. There was no difference in time to 
rescue pain medication between groups (P = .21). 
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Figure 1. Patient enrollment and distribution.

Table 1. Baseline demographic and clinical characteristics

Variable
Acetaminophen

(n = 60)
No acetaminophen

(n = 269)
P

Age, mean ± SD, years 60.1 ± 11.2 58.4 ± 14.5 .28

Male, n (%) 30 (50) 148 (55) .38

Caucasian, n (%) 57 (95) 253 (94) .50

Weight, mean ± SD, kg 78.2 ± 17.3 84.5 ± 21.9 .04

ASA physical status, n (%)
  I
  II
  III
  IV
  V

1 (1.7)
10 (16.7)
45 (75)
4 (6.7)
0 (0)

1 (0.4)
68 (25.2)
164 (61)
35 (13)
1 (0.4)

.88

Home opioid use, n (%) 13 (22) 48 (18) .35

Home laxative use, n (%) 1 (1.7) 8 (3) .46

Note: ASA = American Society of Anesthesiologists.
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Time to bowel movement, number of bowel move-
ments, and time to resumption of diet were also simi-
lar between groups (Table 2). There was no difference 
in laxative use (P = .53) or naloxone use (P = .60). 
As expected, the total dose of acetaminophen from 
all dosage forms was higher in the intravenous acet-
aminophen group (P < .001). Of the 60 patients who 
received intravenous acetaminophen, 20% exceeded 
the 4 g per day threshold. However, we did not evalu-
ate additional clinical outcomes in these patients.

DISCUSSION
The data from our study suggest that the use of 

intravenous acetaminophen in patients undergoing 
colon resection or pancreaticoduodenectomy does 
not impact ICU or hospital LOS. We were unable 
to observe the reduction in LOS found in Zafar and 
colleagues’ study16 in patients following colorec-
tal surgery in our facility. We also emphasize early 
mobilization and diet advancement postsurgery at 
our institution, similar to the Zafar study. There is 
potential to decrease health care costs tremendously 
with the reduction of hospital LOS. In a pharmaco-
economic review, the mean cost for a 5-day hospital-
ization was approximately $15,671.17 A decrease in 
LOS of just 1 day would reduce costs greatly. 

In the first 24 hours postsurgery, we were able 
to demonstrate a reduction in opioid consumption, 
similar to a previous study in orthopedic patients.11 

However, a randomized, double-blind, placebo-con-
trolled study in adolescents after major spinal surgery 
did not find a reduction in opioid requirements.15 
Memis and colleagues22 found a reduction in meperi-
dine consumption with the use of propacetamol, a 
prodrug of paracetamol or acetaminophen, in ICU 
patients following major surgery. Nonetheless, it is 
unclear whether the utilization of intravenous acet-
aminophen consistently reduces opioid consumption 
throughout the hospitalization. In addition, there was 
no difference in opioid-related adverse effects with 
opioid use reduction from intravenous acetamino-
phen in our facility. 

The requirement for breakthrough pain relief 
is commonly used to assess postoperative analge-
sia. Two previous studies, comparing intravenous 
acetaminophen to placebo, found increases in time 
to rescue medication.11 We were unable to dupli-
cate this finding in our study. Our study included 
patients undergoing major abdominal surgery, 
whereas the previous studies enrolled patients after 
orthopedic surgery.

In the present study, intravenous acetaminophen 
was associated with inferior pain control compared 
to traditional postoperative analgesia, consisting of a 
combination of opioids and NSAIDs. It is plausible 
that patients received intravenous acetaminophen 
because they were in greater pain. However, all of 
the patients receiving intravenous acetaminophen in 

Table 2. �Clinical outcomes for abdominal surgery patients: Intravenous administration of acetaminophen vs no 
acetaminophen groups

Outcome
Acetaminophen

(n = 60)
No acetaminophen

(n = 269)
P

LOS, days
  Colon resection
  Pancreaticoduodenectomy

9.2 ± 4.8
9.2 ± 5.5
9.3 ± 3.7

9.1 ± 5.3
9.1 ± 5.5
9.4 ± 3.6

.90
–
–

ICU LOS, days 2.1 ± 2.5 2.2 ± 3.0 .91

24 hour opioid use, mga 142.2 ± 118.8 207.2 ± 184.7 .02

Total opioid use, mg 724.1 ± 686.7 757.9 ± 717.4 .75

24 hour pain scores, VAS 2.0 ± 1.6 1.5 ± 1.3 .007

Total pain scores, VAS 2.2 ± 1.0 1.5 ± 1.3 <.001

Time to rescue, hours 5.5 ± 2.7 4.9 ± 2.9 .21

Time to BM, hours 86.2 ± 53.3 87.5 ± 51.3 .87

Time to diet, hours 157.9 ± 89.7 133.8 ± 98.1 .46

>4 g/day of acetaminophen, n (%) 15 (20) 2 (0.7) <.001

Note: Values given as mean ± SD, unless otherwise indicated. BM = bowel movement; ICU = intensive care unit; LOS = length of stay; VAS = visual analog scale. 
aOpioid use = oral morphine equivalents
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indicated to accelerate gastrointestinal recovery fol-
lowing bowel resections, was excluded in our study 
as a potential confounder. We also failed to achieve 
power with a goal of 131 patients per group. The 
majority of our patients underwent colon resec-
tion, making it difficult to extrapolate these findings 
to other types of surgeries. Although LOS was not 
different between the 2 surgeries evaluated, post-
operative pain may be different between the types 
of surgeries. The most painful procedures appear to 
be orthopedic with major joints, thoracic, and open 
abdominal surgery; emergency, major, and abdomi-
nal surgery were found to have the highest analge-
sic consumption.24 As previously mentioned, we did 
not assess liver function tests or clinical outcomes 
in the patients exceeding the maximum daily dose 
of acetaminophen. Hospital records were collected 
utilizing electronic medical records, which are sub-
ject to documentation errors. Finally, we were unable 
to account for postoperative complications, such as 
respiratory failure or infection, which may have pro-
longed patients’ LOS.

CONCLUSION
Intravenous acetaminophen was not associated 

with a decreased LOS at our institution. While intra-
venous acetaminophen was associated with decreased 
opioid consumption in the first 24 hours postopera-
tively, it was associated with higher pain scores com-
pared to the non-acetaminophen group. In addition 
to suboptimal pain relief, we did not find a reduction 
in opioid-related adverse events. Our results suggest 
there may be more cost-effective analgesics to control 
pain after colon resection or pancreaticoduodenec-
tomy. However, a larger study is warranted to deter-
mine the true impact of intravenous acetaminophen 
after major abdominal surgery. 
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