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Study Objective. To determine whether there is an association between
opioid-related adverse effects and postoperative hospital length of stay
(p-LOS).
Design. Retrospective medical record review.
Setting. Large academic medical center.
Patients. Random sample of 402 patients (mean age 60.2 yrs, 50.3% female)
who underwent orthopedic spine, hip, knee, or shoulder surgery during
2007 and received opioids during or after the procedure.
Measurements and Main Results. Potential opioid-related adverse effects
were identified by using established criteria. Bivariate and multivariate
analyses (generalized linear regression model, log transformed) were used
to identify predictors of p-LOS. The model also estimated the effect of specific types of adverse effects and adverse-effect combinations on p-LOS.
Mean ± SD p-LOS was 3.0 ± 2.1 days; median oral morphine equivalent
postoperative dose was 60 mg/day. More than half of the patients (54.2%)
experienced one or more adverse effects, 25.6% experienced two or more
adverse effects, and 7.2% experienced three or more adverse effects. The
composite of nausea and vomiting was experienced by 36.1% of study
patients, and 12.6% had at least one emesis episode. Constipation and
confusion were documented in 6.5% and 3.7% of patients, respectively.
Constipation (p<0.0001), emesis (p<0.001), and confusion (p<0.01) were
associated with increased p-LOS after adjusting for other significant variables. Patients with constipation had an adjusted 49% (95% confidence
interval [CI] 25–77%) longer p-LOS (additional 1.4 days) compared with
patients without constipation. Emesis and confusion significantly increased
p-LOS by 25% (95% CI 10–42%) and 38% (95% CI 11–72%), respectively.
Incremental increases in p-LOS for patients with two adverse effects
(p=0.02), three adverse effects (p<0.001), and four adverse effects
(p<0.001) versus patients with no adverse effects were 15%, 40%, and
82%, respectively.
Conclusion. Constipation, emesis, and confusion were associated with
increased p-LOS in patients receiving opioids after orthopedic surgery. In
addition, there was a significant linear relationship between the number of
adverse effects/patient and increased p-LOS, and the strength of the association increased as the number of adverse effects increased. Although the
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opioid dosages and adverse-effect rates were typical, these findings reinforce the need to balance pain management with risk of events.
Key Words: opioid, adverse effects, length of stay, orthopedic, postoperative
care, health care utilization.
(Pharmacotherapy 2012;32(6):502–514)

Although opioid analgesics are the cornerstone of postoperative analgesia after orthopedic
surgery,1–5 knowledge about their adverse effects
continues to emerge.6–9 These adverse effects
include nausea, emesis, constipation, ileus, urinary retention, pruritus, hypoxia, respiratory
depression, hypotension, somnolence, confusion,
and dizziness.2, 8, 10
The incidence of opioid-related adverse
effects after orthopedic surgery is most often
evaluated in randomized clinical trials, comparing opioid drugs and their routes of administration.1, 7, 9, 11–14 In practice, however, patients
are often exposed to more than one opioid drug
administered through two or more routes; therefore, information from patient care settings
about opioid-related adverse effects is needed so
that practitioners can balance pain management
with risk of adverse effects.
Despite this lack of real-world data, the potential for opioid-related adverse effects to lead to
increased utilization of health care resources in
the postoperative setting is widely accepted by
clinicians and nurses who are on the front lines
of postoperative patient care. Thus, the purported economic consequences of opioid-related
adverse effects have spurred various emerging
lines of research, including clinical and economic advantages of opioid sparing and opioid
replacement,10, 15 cost-effectiveness of prophylactic antiemetics in patients undergoing sur-
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gery,16–20 and the value of treatment specifically
indicated for opioid-induced adverse effects
(e.g., methylnaltrexone).21–27 Length of stay
(LOS) is consistently used as a primary or secondary outcome measure in these studies, and
any observed increase in LOS is often attributed
to opioid-related adverse effects. However, the
nature of the association between these adverse
effects and LOS has received only modest attention.8, 28 Past efforts examined the impact of
adverse effects collectively, with no distinction
between individual types of adverse effects.8
Therefore, to our knowledge, the additive effect
of multiple opioid-related adverse effects on LOS
is unknown. Given the current and forecasted
increases in the volume of joint replacement and
spine surgeries performed each year in the United States,29–31 any driver of extended LOS in
these procedure groups poses economic and
humanistic concern.
To address these gaps in the literature, we
performed a retrospective medical record review
to examine the incidence of opioid-related
adverse effects among patients at an urban
teaching hospital who underwent orthopedic
surgeries of the hip, knee, shoulder, or spine.
We examined the rates of potential opioidrelated adverse effects, patterns of concurrent
adverse effects, and the impact of adverse effects
on postoperative LOS (p-LOS). An understanding of the relationship between adverse effects
and LOS will allow the findings from this study
to be applied to other institutions as well as to
future economic evaluations of new opioids or
treatments for opioid-related adverse effects.
Methods
This retrospective review of patient medical
records (both paper and electronic versions)
evaluated a stratified, random sample of patients
who underwent orthopedic surgical procedures
at one of two sites of an academic medical center in 2007. The study was approved by the
Thomas Jefferson University Institutional Review
Board; the requirement for written informed
consent was waived.
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Study Population
Patients were identified for the study if they
underwent a surgical procedure that was coded
according to the International Classification of
Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) as one of 35 primary procedures.
Patients were included if they were at least
18 years old; had undergone spine, hip, knee, or
shoulder surgery; had a minimum LOS of 1 day;
and had received opioids during or after the
procedure. Trauma patients and patients with
multiple operative procedures were excluded.
Data Collection
Data were collected on patient demographics,
clinical characteristics (e.g., LOS), drug therapy,
and opioid-related adverse effects. Three trained
abstractors reviewed patients’ medical records,
including the nursing flow sheets. The flow
sheets are used by nursing staff on a regular
basis and include preformatted fields for each
body system (e.g., gastrointestinal, respiratory)
as well as specific fields for opioid-related
adverse effects (e.g., nausea, emesis, and constipation). In addition, each patient’s electronic
medical record contains a medication administration record that lists administration dates and
times, unit, doses, and route of administration
for all drugs administered. For this study, we
also reviewed patient-controlled analgesia (PCA)
records that document dosing at 4-hour intervals. A final source for data on adverse effects
was a standard form used by the acute pain
management service to identify and score opioid-related adverse effects.32 All data obtained
from each of the different data sources were
merged into one Microsoft Access database
(Microsoft Corp., Redmond, WA).
Identification of Adverse Effects
The criteria used to identify specific adverse
effects were developed with use of the published
literature on opioids and reviewed by a clinical
expert (EV) for face validity (Appendix 1). The
medication administration record was not used
to identify adverse effects (i.e., the administration of a specific therapy was not used to infer
that an adverse effect had occurred). Nausea,
emesis, constipation, urinary retention, pruritus,
dizziness, respiratory depression, and confusion
required documentation by a clinician that the
symptom was present. For hypoxia to be consid-

ered, in addition to a clinician’s documentation
of the adverse effect, a second criterion was an
oxygen saturation level less than 90%. Patients
with a respiration rate of 10 breaths/minute or
lower were identified as having a low respiration
rate but were not classified as having respiratory
depression unless respiratory rate was documented less than 8 breaths/minute. Nausea and emesis were recorded both separately and as a
composite event.
The criteria were applied to potential adverse
effects identified in the nursing flow sheets, the
opioid-related adverse effect scoring sheet, and
in the progress notes of attending clinicians.
Once adverse effects were identified, the following data were captured: adverse effect date and
time, specific adverse effect criterion used, and
any clinician notes regarding the adverse effect
or intervention. Each episode of a potential opioid-related adverse effect was recorded separately. Each note of an adverse effect was
considered a separate episode, with the exception
being a second clinician documenting the same
event, as determined by the reviewer. Reviewer
discretion was used to determine if the episode
was a new episode, and consistency between
reviewers on this issue was tested during a pilot
study through a modified interrater reliability
test. The adverse effects reported are only those
observed after discharge from the postanesthesia
care unit; investigators recognized that adverse
effects caused by anesthesia would be difficult to
distinguish from those caused by opioids.
Individual adverse effects were analyzed
descriptively to assess the rate of each individual
adverse effect (e.g., constipation, pruritus) and the
rate of any adverse effect (i.e., at least one adverse
effect of any type). In addition, the number of
adverse effects/patient was examined. Use of antiemetics was analyzed across the entire study group
and among patients who were experiencing nausea and emesis. Similarly, use of stool softeners
and laxatives was analyzed across the entire study
group and among patients with constipation.
Conversion to Morphine Equivalent Dose
The doses of all opioids administered were
converted to oral morphine equivalencies.33
Conversions of intraspinal doses were completed
using conversion ratios from the literature.34, 35
The total daily doses of opioids were summed
across routes for each postoperative day. Opioidtolerant patients were identified as those who
were prescribed opioids prior to admission.
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Length of Stay
The primary outcome of the study was the
p-LOS, which was calculated by subtracting discharge date from procedure date. This approach
excludes the number of days, if any, the patient
was admitted before the surgical procedure. By
this method, opioid-related adverse effects
would only impact the LOS after the procedure.
The cutoff used for each postoperative day was
12:00 A.M.; therefore, postoperative day 1
occurred at 12:00 A.M. the day after surgery.
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adverse effects with the p-LOS of patients with
one, two, three, or four adverse effects.
All models controlled for procedure type,
given that there were significant variations in
p-LOS by procedure. Interactions between the
most frequent adverse effects and procedure type
were tested, but no significant interactions were
detected. Therefore, the final models do not
include interaction terms.
Results
Demographic and Clinical Characteristics

Statistical Analysis
Statistical analyses were conducted using SAS,
version 9.2. (SAS Institute Inc., Cary, NC).
Patient demographics and clinical characteristics
were analyzed across the entire study group.
Means ± SDs are shown for continuous variables, whereas the number and percentage of
patients are shown for categoric variables.
Bivariate analyses were conducted to assess
the unadjusted effect of patient demographic
characteristics, clinical characteristics (including
postoperative complications and infections),
and the presence or absence of individual opioid-related adverse effects on p-LOS. Multivariate analyses were used to isolate the effect of
each adverse effect on p-LOS. Bivariate analyses
examining the relationship between independent variables and p-LOS informed selection of
variables for inclusion in the multivariate analyses. Because of the nonnormal distribution of
p-LOS, a log-transformation, multivariate analysis was applied using a generalized linear
regression model (ProcGenmod in SAS, version
9.2) with gamma distribution and a log link
function. The exponent of the parameter estimate for each independent variable was interpreted as the increase in p-LOS compared with
the reference case. For each adverse effect and
comorbid condition, the reference case was “no
adverse effect” and “no comorbid condition,”
respectively, and for each procedure group, the
reference case was shoulder surgery. For the
multivariate analyses, race-ethnicity was defined
as either Caucasian (reference case) or nonCaucasian.
To account for the frequency of adverse
effects, the same model used to estimate p-LOS
was run a second time, substituting individual
adverse effects for numbers of concurrent
adverse effects experienced in each patient. This
model compared the p-LOS of patients with no

A total of 6204 patients were identified as
having the procedures of interest during the
study period (Figure 1). Of those, 455 patients
were randomly selected, stratified equally from
each of the four orthopedic surgery groups:
spine, hip, knee, and shoulder. After accounting
for those patients who were excluded, the final
study population was 402 patients.
The majority of spine procedures were spinal
fusions (48.5%), laminectomies and foraminotomies (28%), and discectomies (9%). Combinations of back procedures were common. Hip
procedures were almost completely total hip
arthroplasty (three were partial), and all patients
undergoing knee surgery had total knee arthroplasties. Of the shoulder procedures, 52% of
patients underwent a total shoulder arthroplasty,
14% received partial shoulder replacements, and

Figure 1. Schematic of the patient selection process.
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the remainder underwent other orthopedic
shoulder repairs.
The mean ± SD age of patients was 60.2 ± 4.8
years, with an even distribution between males
and females (Table 1). Overall, patients reported
1.6 ± 1.4 comorbid conditions, of which the top
four conditions were arthritis (47.5%), hypertension (46.8%), gastroesophageal reflux disease
(27.4%), and diabetes mellitus (14.2%). The
mean ± SD total LOS and p-LOS were comparable, 3.2 ± 2.4 and 3.0 ± 2.1 days, respectively,
which reflects the current practice of admitting
patients on the day of surgery. The distribution
for p-LOS was skewed to the right, ranging from
1–22 days.
Opioid Management
Table 2 contains descriptive statistics on opioid use in the study population. Approximately
one fifth of the study group reported preadmission opioid use; more than half (53%) were
patients undergoing spinal procedures. Only
21.4% of patients received intraspinal opioids by
epidural or intrathecal routes. The majority

(70.7%) were placed on a PCA pump in the
perioperative or postoperative setting. The transition from intravenous to oral opioids occurred
generally between postoperative days 1 and 2, or
24–48 hours after the surgery. Approximately
one half (51%) of all patients were receiving oral
opioids by postoperative day 1, and 78% by
postoperative day 2. Only 8% of patients were
still receiving intravenous opioids on postoperative day 3. Among the entire study group, the
median oral morphine equivalent postoperative
dose was 60 mg/day and 274.6 mg over the
entire postoperative course.
Adverse Effects
More than half (54.2%) of the patients experienced at least one adverse effect (Table 3).
Nearly one (18.4%) of five patients in the sample experienced two adverse effects and 7.2%
experienced three or more. There was no significant difference between procedure subgroup and
rate of adverse effect.
The composite of nausea and vomiting (or
emesis) was the most common adverse effect,

Table 1. Baseline Demographic and Clinical Characteristics of the 402 Study Patients
Characteristic
Age, yrs (mean ± SD)
Sex, no. (%)
Male
Female
Race-ethnicity, no. (%)
African-American
Asian
Caucasian
Hispanic
Hispanic, other
Unknown
Body mass index, kg/m2
(mean ± SD)
Smoking, no. (%)
Current smoker
Ex-smoker
Comorbidities, no. (%)
Arthritis
Hypertension
GERD
Diabetes mellitus
Depression
Asthma
Heart disease
LOS, days (mean ± SD)
Taking opioids on
admission, no. (%)

Spine Surgery
(n=101)

Hip Surgery
(n=99)

Knee Surgery
(n=102)

Shoulder Surgery
(n=100)

54.3 ± 15.1

61.7 ± 13.8

65.5 ± 9.9

59.4 ± 17.4

60.2 ± 14.8

54 (53.5)
47 (46.5)

49 (49.5)
50 (50.5)

36 (35.3)
66 (64.7)

61 (61.0)
39 (39.0)

200 (49.8)
202 (50.2)

7 (6.9)
0 (0)
92 (91.1)
0 (0)
0 (0)
2 (2.0)
28.6 ± 6.5

7 (7.1)
0 (0)
91 (91.9)
0 (0)
0 (0)
1 (1.0)
28.8 ± 6.4a

12 (11.8)
0 (0)
86 (84.3)
1 (1.0)
0 (0)
3 (2.9)
32.3 ± 7.1

7 (7.0)
1 (1.0)
72 (72.0)
0 (0)
1 (1.0)
19 (19.0)
28.8 ± 5.3b

33 (8.2)
1 (0.2)
341 (84.8)
1 (0.2)
1 (0.2)
25 (6.2)
29.7 ± 6.6c

18 (17.8)
33 (32.7)

16 (16.2)
24 (24.2)

11 (10.8)
45 (44.1)

14 (14.0)
11 (11.0)

59 (14.7)
113 (28.1)

22 (21.8)
38 (37.6)
34 (33.7)
12 (11.9)
14 (13.9)
8 (7.9)
5 (5.0)
3.7 ± 3.7
42 (41.6)

74 (74.7)
43 (43.4)
26 (26.3)
12 (12.1)
16 (16.2)
11 (11.1)
10 (10.1)
3.3 ± 1.8
18 (18.2)

87 (85.3)
67 (65.7)
48 (47.1)
19 (18.6)
16 (15.7)
12 (11.8)
14 (13.7)
4.1 ± 1.9
12 (11.8)

8 (8.0)
40 (40.0)
2 (2.0)
14 (14.0)
4 (4.0)
11 (11.0)
2 (2.0)
1.8 ± 0.7
8 (8.0)

191 (47.5)
188 (46.8)
110 (27.4)
57 (14.2)
50 (12.4)
42 (10.4)
31 (7.7)
3.2 ± 2.4
80 (19.9)

GERD
= gastroesophageal reflux disease; LOS = total hospital length of stay.
a
Data were available for 98 patients.
b
Data were available for 97 patients.
c
Data were available for 398 patients.

Total
(N=402)
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Table 2. Opioid Use in the 402 Study Patients
Characteristic
Taking opioid at home
Route of administration
Intraspinal
Oral
PCA
Intravenous
Opioid druga
Codeine
Fentanyl
Hydrocodone
Hydromorphone
Meperidine
Morphine
Oxycodone
Propoxyphene
Remifentanil
Sufentanil
PCA opioid
Fentanyl
Hydromorphone
Morphine

No. (%) of Patients
80 (19.9)
86
358
284
326

(21.4)
(89.1)
(70.7)
(81.1)

24 (6.0)
332 (82.6)
165 (41.1)
129 (32.1)
24 (6.0)
292 (72.6)
166 (41.3)
68 (16.9)
45 (11.2)
13 (3.2)
138/284 (48.6)
49/284 (17.3)
151/284 (53.2)

PCA
= patient-controlled analgesia.
a
Patients may have received more than one opioid during hospitalization.

Table 3. Potential Opiod-related Adverse Effects in the
402 Study Patients
Adverse Effect
Composite of nausea and vomiting (emesis)
Nausea
Emesis
Dizziness
Pruritus
Hypoxia
Constipation
Urinary retention
Confusion
Respiration rate < 8 breaths/mina
Any adverse effect
No. of adverse effects
0
1
2
3
4

No. (%) of
Patients
145 (36.1)
123 (30.6)
50 (12.4)
44 (11.0)
44 (11.0)
27 (6.7)
26 (6.5)
19 (4.7)
15 (3.7)
10 (2.5)
218 (54.2)
184 (45.8)
115 (28.6)
74 (18.4)
21 (5.2)
8 (2.0)

a

Respiration rate < 8 breaths/min was used to indicate respiratory
depression.

occurring in 36.1% of patients. These patients
experienced a mean ± SD of 1.9 ±1.2 episodes
(range 1–8 episodes). The rate of this composite
event increased from 16.7% on the day of surgery to a peak of 21.1% on postoperative day 1.
The rate decreased to 12.9% and 6.3% on postoperative days 2 and 3, respectively. The decline
in the rate closely followed the decline in intravenous opioid use and total daily morphine
equivalent dose. Emesis occurred in 50 patients
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(12.6%), and 32.0% experienced more than one
episode. Approximately one in four patients who
reported nausea also reported an emesis episode.
Patients received a mean ± SD of 1.0 ± 1.8
antiemetic (range 0–15), regardless of whether
they experienced the composite of nausea and
vomiting. Patients with nausea received 2.0 ±
1.9 antiemetics, whereas patients with emesis
received 2.8 ± 2.6 (range 0–15 antiemetics for
both effects). Forty-three patients (> 10% of the
entire study population) were administered an
antiemetic at least 3 times. Ondansetron was the
most common antiemetic administered, followed
by metoclopramide and promethazine.
The rate of constipation (documented by a clinician) was 6.5%. A mean ± SD of 4.7 ± 5.1
stool softeners (range 0–39) were administered
to the 402 patients. For patients who reported
constipation, the mean ± SD number of stool
softener administrations increased to 8.1 ± 6.7
(range 1–27). The mean ± SD number of laxatives administered to patients with constipation
was 1.3 ± 1.8 (range 0–6).
Effect of Individual Adverse Effects on Postoperative
Length of Stay
The results of the generalized linear regression
model analyzing the effect of individual adverse
effects on p-LOS are shown in Table 4. Constipation (p<0.0001), confusion (p=0.0038), and emesis (p=0.0008) remained significantly associated
with increased p-LOS after adjusting for other
significant predictors of p-LOS. Procedure subgroup, complication or infection developed after
surgery, age, and sex remained significantly associated with p-LOS, as did the following comorbid
conditions: Parkinson’s disease, COPD and
hypertension. Constipation and urinary retention
reported on admission also remained significant.
Constipation had the strongest effect on
p-LOS among the adverse effects. Patients with
constipation had a 49% (95% confidence interval
[CI] 25–77%) longer p-LOS compared with
patients without constipation. If compared with
the mean LOS of the patients without constipation, the effect translates to an additional 1.4
days (range 0.7–2.2 days) of p-LOS due to constipation. Confusion and emesis significantly
increased p-LOS by 38% (95% CI 11–72%) and
25% (95% CI 10–42%), respectively. Confusion
added 1.1 days (range 0.3–2.1 days) in p-LOS
compared with patients without confusion, and
emesis added 0.7 day (range 0.3–1.2 days) in
p-LOS compared with patients without emesis.
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Table 4. Results from a Generalized Linear Regression
Model of the Impact of Individual Adverse Effects on Postoperative Length of Stay in the 402 Study Patients

Independent
Variable
Adverse effect
Constipation
Confusion
Emesis
Urinary
retention
Respiration
rate  8
breaths/min
Dizziness
Hypoxia
Nausea
Pruritus
Demographic and
clinical
characteristics
Knee procedure
Complication
or infectiona
Hip procedure
Spine procedure
Female
Age
Comorbid
conditionsb
Parkinson’s
disease
COPD
Hypertension
Pneumonia
Heart disease
Anemia
GERD
Arthritis
Symptomsb
Urinary
retention
Constipation
Impaired
cognition

Parameter
Estimate

Exponent
of Parameter
Estimate
(95% CI)

p Value

(1.25–1.77) <0.0001
(1.11–1.72)
0.0038
(1.10–1.42)
0.0008
(0.94–1.42)
0.1659

0.3966
0.3242
0.2220
0.1441

1.49
1.38
1.25
1.15

0.1081

1.11 (0.84–1.47)

0.4481

0.0746
0.0695
0.0052
0.0126

1.08
1.07
0.99
0.99

0.2775
0.4169
0.9133
0.8577

0.7307
0.6041

2.08 (1.79–2.41) <0.0001
1.83 (1.26–2.66)
0.0015

0.5559
0.5069
0.0884
0.0073

1.74
1.66
1.09
1.01

(0.94–1.23)
(0.91–1.27)
(0.91–1.09)
(0.86–1.13)

(1.51–2.01) <0.0001
(1.47–1.87) <0.0001
(1.00–1.19)
0.0391
(1.00–1.01) <0.0001

0.8964

2.45 (1.04–5.75)

0.0394

0.3350
0.1073
0.2714
0.1594
0.0652
0.0353
0.0970

1.40
1.11
1.31
1.17
1.07
1.04
0.91

(1.08–1.80)
(1.01–1.22)
(0.95–1.81)
(0.85–1.62)
(0.88–1.29)
(0.94–1.14)
(0.81–1.02)

0.0099
0.0247
0.0959
0.3350
0.5067
0.4814
0.0944

0.4251

1.53 (0.99–2.35)

0.0530

0.2026
0.2870

1.22 (1.02–1.46)
1.33 (0.87–2.05)

0.0258
0.1904

CI = confidence interval; COPD = chronic obstructive pulmonary
disease; GERD = gastroesophageal reflux disease.
a
Complication or infection developed after surgery.
b
Present on admission.

The additional p-LOS for patients with constipation, confusion, and emesis is presented graphically in Figure 2.
Incremental Effect of Multiple Adverse Effects
The results of the model analyzing the incremental impact of multiple adverse effects are
presented in Table 5. There was a significant linear relationship between the number of adverse
effects/patient and increased p-LOS. The strength

Figure 2. Additional postoperative days due to specific
adverse effects (AEs). Emesis, confusion, and constipation
were associated with a significantly prolonged postoperative
length of stay (p=0.0008 for emesis, p=0.0038 for confusion,
and p<0.0001 for constipation). Mean number of days
without each AE was calculated from the average
postoperative length of stay among patients who did not
experience the specific AE. The AEs observed during
postoperative opioid treatment are defined in Appendix 1.
Of the 402 study patients, 26 (6.5%) experienced
constipation, 15 (3.7%) confusion, and 195 (48.5%) emesis
or composite of nausea and vomiting (emesis).

of the association and size of the effect increased
as the number of adverse effects experienced
increased. Patients with one adverse effect did
not experience a significantly longer p-LOS than
patients with no adverse effects. However,
p-LOS increased by 15% in patients with two
adverse effects (p=0.02), by 40% in patients with
three adverse effects (p<0.001), and by 82% in
patients with four adverse effects (p<0.001). The
relationships between number of adverse effects
experienced and the attributed increase in
p-LOS are shown in Figure 3.
Nausea was the most common concurrent
adverse effect. Among patients with two or more
adverse effects, 71.8% complained of nausea.
Similarly, in patients who had three or more
adverse effects, 79.3% had nausea. Of those
patients with constipation, 73.0% had at least
one other adverse effect and 30.8% had two or
more concurrent adverse effects. The most common concurrent adverse effects among patients
with constipation were pruritus (26.9%) and
nausea (23.1%). Likewise, 74.0% of patients
with emesis had at least one other adverse effect,
and 32.0% had two or more concurrent adverse
effects. The most common concurrent adverse
effects in patients with emesis were nausea
(56.0%), pruritus (28.0%), and dizziness
(12.0%). Half of the patients with confusion had
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Table 5. Results from a Generalized Linear Regression
Model of the Effects of the Number of Adverse Effects on
Postoperative Length of Stay in 402 Study Patients

Independent
Variable

Parameter
Estimate

No. of adverse effects
1
0.0652
2
0.1417
3
0.3349
4
0.5989
Demographic and
clinical
characteristics
Knee procedure
0.7255
Complication
0.6989
or infectiona
Spine procedure 0.5771
Hip procedure
0.5699
Age
0.0084
Female
0.0681
Comorbid
conditionsb
Parkinson’s
0.9204
disease
COPD
0.3189
Pneumonia
0.3171
Hypertension
0.1175
GERD
0.0452
Heart disease
0.1072
Anemia
0.0664
Arthritis
–0.1194
Symptomsb
Constipation
0.2613
Urinary
0.3998
retention
Impaired
0.3286
cognition

Exponent
of Parameter
Estimate
(95% CI)
1.07
1.15
1.40
1.82

(0.97–1.18)
(1.03–1.29)
(1.15–1.69)
(1.33–2.49)

p Value
0.1884
0.0166
0.0006
0.0002

2.07 (1.78–2.40) <0.0001
2.01 (1.39–2.91)
0.0002
1.78
1.77
1.01
1.07

(1.58–2.01) <0.0001
(1.54–2.03) <0.0001
(1.01–1.01) <0.0001
(0.98–1.17)
0.1170

2.51 (1.10–5.73)

0.0290

1.38
1.37
1.12
1.05
1.11
1.07
0.89

(1.06–1.78)
(0.99–1.90)
(1.02–1.24)
(0.95–1.16)
(0.80–1.54)
(0.88–1.30)
(0.79–0.99)

0.0157
0.0547
0.0156
0.3728
0.5212
0.5098
0.0405

1.30 (1.08–1.56)
1.49 (0.96–2.31)

0.0046
0.0722

1.39 (0.90–2.15)

0.3195

CI = confidence interval; COPD = chronic obstructive pulmonary
disease;
GERD = gastroesophageal reflux disease.
a
Complication or infection developed after surgery.
b
Present on admission.

at least one other adverse effect; 27.0% experienced nausea and 20.0% had constipation.
Discussion
Previous studies have examined postoperative
opioid-related adverse effects and their effect on
opioid utilization.8, 28 Although the opioid dosages and potential opioid-related adverse effects
observed in our population were typical, the
study distinctly examined the independent as
well as the combined influence of these events
on inpatient p-LOS, adjusting for procedure type.
The most common postoperative adverse effect
in our study was the composite measure of nausea
and vomiting (emesis). Published rates of this composite event range widely, from 1%8 to 67%,7
reflecting the diversity of methods used to observe

Figure 3. Additional postoperative days due to numbers of
adverse effects (AEs) experienced by each patient. Mean
number of days without each AE was calculated from the
average postoperative length of stay among patients
without the specific number of AEs. The AEs observed
during postoperative opioid treatment are defined in the
Appendix. Of the 402 study patients, 115 patients (28.6%)
experienced one AE, 74 patients (18.4%) had two, 21
patients (5.2%) had three, and 8 patients (2.0%) had four.

and classify this event as a potentially opioidrelated adverse effect. Postoperative nausea or vomiting is most often studied in patients undergoing
ambulatory surgery.36–40 In this study, nausea and
vomiting episodes that occurred in the postanesthesia care unit were not included, although they
did occur often. Despite this exclusion, our rate for
the composite of nausea and vomiting was still
36.1% and, thus, within the range reported in the
previously published studies.
The association between opioid-related adverse
effects and increased LOS was determined in one
study.8, 28 This study estimated that patients with
opioid-related adverse effects experienced a 10.3%
increase in LOS (equating to 0.47 day/patient).8
However, the findings were based on patients with
any adverse effect compared with those with no
adverse effects (as opposed to analysis of individual adverse effects); and the investigators found
that only 1.8% of patients experienced an opioidrelated adverse effect (low percentage compared
with other studies).8 Our study also found these
significant associations, but specific to type of
adverse effect and combinations of adverse effects.
The magnitude of the impact of each adverse
effect on p-LOS should be considered as a combination of the rate of the adverse effect and the
size of its impact isolated in the model.
Although we did not find the composite of nausea and vomiting to be a p-LOS driver, we found
the rate of emesis in the inpatient setting to be a
significant driver. Twelve percent of patients in
our study population vomited between discharge
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from the postanesthesia care unit and discharge
from the hospital. This was the most common
adverse effect among those adverse effects found
to have a significant impact on p-LOS. Patients
with emesis were administered an average of
three antiemetics, usually ondansetron, followed
by metoclopramide if the former agent was
unsuccessful. Regardless of whether emesis or
even the composite of nausea and vomiting
occurred, we found utilization of antiemetics for
the prevention or treatment of the composite to
be common in this population. In addition,
these data suggest that although nausea in and
of itself does not appear to be a significant contributor to increase p-LOS, it is a commonly
occurring adverse effect and when it occurs with
constipation, confusion, or emesis, it may have
an additive effect on the impact of the adverse
effects on LOS.
Of all the adverse effects examined in this
study, patient complaints of constipation had the
greatest effect on p-LOS. Patients with constipation were found to have an approximately 50%
longer p-LOS than patients without constipation.
Whether the constipation was an adverse effect
is difficult to examine and is dependent on how
well the situation was recorded, whether the
constipation existed before admission, and
whether prophylaxis was given (e.g., stool softeners, laxatives). Overall, we observed a low rate
of constipation. We suspect that the low rate is
due to prophylactic use as well as the fact that
the types of the procedures examined do not
involve bowel manipulation. In the multivariate
analysis examining predictors of p-LOS, we
accounted for constipation in two ways: preoperative constipation reported in the records, and
constipation, as defined in the Appendix,
reported during postoperative opioid use. Therefore, we independently examined the effect of
each of these constipation occurrences on LOS.
We think that this approach was acceptable for
addressing the primary study question.
Opioid-related adverse effects may lead to a
longer LOS for several reasons. First, patients
experiencing an opioid-induced adverse effect
have been shown in other studies to have a
longer recovery time.41 Adverse effects may lead
to delays in patient time to ambulation,42–44
time to first oral intake,42, 44 and time to first
bowel movement.44 Although not a primary outcome evaluated in our study, we observed that
delays in physical therapy were often attributed
to opioid-related adverse effects by the clinician
or therapist (e.g., six patients had physical ther-

apy delayed due to the composite of nausea and
vomiting).
Although our findings indicate that constipation, emesis, and confusion have independent
statistically significant effects on p-LOS, the data
also show that combinations of adverse effects
have an even stronger impact. In fact, the data
suggest that these three adverse effects rarely
occur alone. Thus a considerably large proportion of patients in our study may have been opioid intolerant and had numerous adverse effects
throughout their hospitalization, the combination of which significantly increased their p-LOS.
This study focused on the outcome of hospital
LOS as opposed to a clinical outcome (e.g., pain
score); however, post hoc, we descriptively
examined pain scores using the electronic medical record data. We found the mean pain score
(10-point numeric rating scale, with higher
scores indicating more severe pain) by procedure to be as follows: discectomy 5.58, hip
replacement 3.25, knee replacement 3.75, laminectomy and foraminectomy 4.13, and spinal
fusion 5.02. The differences in reported pain
scores may have contributed to the amount and
type of opioid prescribed, as well as potential
opioid-related adverse effects and hospital LOS.
It is assumed that inclusion of the procedure
types as covariates in the regression model
adjusted for the differences in pain experienced
by the patients.
Several limitations should be considered when
interpreting the results of this study. First, coadministration of other postoperative drugs known
to potentiate the adverse effects of opioids (e.g.,
anticholinergics, antispasmodics, sedatives) was
not addressed. Second, although significant
detail was gathered from the patient medical
records, the rates of the adverse effects examined
were low, calling to question whether our sample size of 402 patients was large enough to sufficiently examine individual adverse effects.
Although our analysis revealed certain adverse
effects to be significant predictors of p-LOS, larger sample sizes might have enabled us to more
robustly examine this relationship. Third,
although the adverse effects captured in this
study are all known to be associated with the
use of opioids, there is no way to establish causation in retrospect, and even during clinical
practice, establishing causation is not practical.
A review of studies examining postoperative opioid-related adverse effects noted that some suspected opioid-related adverse effects may be due
to other factors in the patient’s postoperative
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course and not necessarily from the opioid exposure.6 Regardless of etiology, the adverse effects
examined in this study have all been linked to
opioid use,45, 46 and clinicians commonly associate them with opioid use in the postoperative
setting. Given that many patients in this study
were discharged on the second postoperative
day, it was not possible to apply the accepted
definition of constipation (3 days without a
bowel movement); instead, we relied on clinical
documentation of constipation in the nursing
notes. Therefore, our reported rate of constipation (7%) may underestimate the true incidence
in this population.
In modeling the effect of each adverse effect
on cost, we included comorbid conditions that
were found to have a significant bivariate relationship with p-LOS. A comorbidity index
would have been preferred to assessing individual adverse effects; however, no index could be
identified that was appropriate for this population. Preliminary models did assess the effect of
the sum of comorbid conditions on p-LOS, but
the variable was not significant.
Because the study was a retrospective medical
record review, we were limited to observing only
what was documented. Any adverse effects not
documented by a clinician were not captured.
Likewise, we could not account for any confounding causes of additional p-LOS not documented by a clinician.
Conclusion
This study examined the effect of potential opioid-related adverse effects on p-LOS. Our findings suggest that constipation, emesis, and
confusion were potential opioid-related adverse
effects resulting in statistically significant
increases in p-LOS. In addition, the number of
adverse effects/patient significantly contributed to
increased p-LOS. Although significant differences
were noted, the clinical relevance of our findings
ultimately needs to be determined by health care
providers and administrators. Increasing rates of
orthopedic surgical procedures in the United
States point to the need for further examination
of potential opioid-related adverse effects on efficiency measures such as LOS.
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Appendix. Study Definitions for Potential Opioid-Related Adverse Effects
Adverse Effect

Study Definition

Nausea and vomiting

Documentation of the following within the progress notes or
supplemental forms of the medical record during course of opioid treatment:
N/V (term documented)
Nausea (term documented)
Vomiting (term documented)
Emesis (term documented)
Retching (term documented)
Note of administration of antiemetic during and after discharge from PACU
(continued)
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Appendix. (continued)
Adverse Effect

Study Definition

Constipation

Documentation of the following within the progress notes or supplemental
orms of the medical record during course of opioid treatment:
Constipation (term documented)
Note of an order for or administration of a laxative
Note of an order for or administration of a stool softener
Note of an order for or administration of an enema
First post-operative bowel movement does not occur within 2 days of surgery
Note of fecal impaction, w/o bowel movement and decreased/absent bowel sounds
Note of gas distention, w/o bowel movement and decreased/absent bowel sounds
Note of incomplete evacuation, w/o bowel movement and decreased/absent bowel sounds
Note of abdominal cramping, w/o bowel movement and decreased/absent bowel sounds
Documentation of the following within the progress notes or supplemental forms of the
medical record during course of opioid treatment:
Ileus (term documented)
First bowel movement > 3 days post-operation
Note of an order for or administration of a radiological test on the abdomen w/ notation
of bowel dysfunction
Presence of nasogastric tube (NG tube; excluding NG tube administered in the operating
room or immediately following the surgical procedure)
Note of “re-insertion” of NG Tube
Documentation of the following within the progress notes or supplemental forms of the
medical record during course of opioid treatment:
Pruritus (term documented)
Patient complaint of itching, scratching
Note of order for or administration of antihistamine w/ notation of patient complaint
Note of order for or administration of steroidal cream w/ notation of patient complaint
Documentation of the following within the progress notes or supplemental forms of the
medical record during course of opioid treatment:
Respiratory depression (term documented)
Inferred respiratory depression, defined as:
Respiratory rate < 10 bpm
Use of naloxone as an indication of “attempt to treat”
Evidence of apneic episode
Note of order for or administration of intubation
Note of order for or administration of ventilation
Documentation of the following within the progress notes or supplemental forms of the
medical record during course of opioid treatment:
Note of hypoxia
Oxygen saturation < 90%
Documentation of the following within the progress notes or supplemental forms of the
medical record during course of opioid treatment:
Hypotension (term documented)
Inferred hypotension, defined as:
Systolic arterial pressure of < 100 mmHg and/or greater than 20% decrease in arterial
pressure (baseline = pre-op) OR
Administration of fluid bolus w/ notation of arterial pressure concern (excluding OR and
PACU) OR
Transfusion of red blood cells w/ notation of arterial pressure concern (excluding OR and PACU)
Documentation of the following within the progress notes or supplemental forms of the medical
record during course of opioid treatment:
Urinary retention (term documented)
Note of patient being unable to urinate (excluding OR and PACU)
Documentation of the following terms within the progress notes or supplemental forms of the
medical record during course of opioid treatment:
Confused
Disoriented

Ileus

Pruritus

Respiratory depressiona

Hypoxia

Hypotension

Urinary retention

Confusion

(continued)
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Appendix. (continued)
Adverse Effect

Study Definition

Dizziness

Documentation of the following terms within the progress notes or supplemental forms of
the medical record during course of opioid treatment:
Dizziness
Lightheaded
Documentation of patient having difficulty sleeping or unable to sleep within the progress notes
or supplemental forms of the medical record during course of opioid treatment
Documentation of euphoria or dysphoria in the progress notes or supplemental forms of the
medical record during course of opioid treatment
Note of patient fall

Sleeplessness
Euphoria/dysphoria
Patient falls
a

Only clinically significant respiratory depression, defined as < 8 breaths/minute, was included in the analysis.

