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Abstract
Objective: A retrospective medical record review, case-control study of patients undergoing total
abdominal hysterectomy was conducted to determine the relationship between opioid burden,
related adverse drug effects (ADEs), and extended length of stay (LOS) and acute care costs cause(s)
of LOS outliers.
Methods: Ninety-seven case patients with extended LOS ($ 5 days) met the study eligibility criteria
and were matched with case controls (patients with a LOS ,5 days). The medical records of cases
and controls were reviewed to collect information describing pre-established data points: opioid
doses and opioid-related ADEs. Difference between cases and controls were compared using
McNemar’s test for matched pairs, paired t test, and signed rank test.
Results: Comparisons of opioid-related ADEs revealed the following statistically significant differences compared with controls: respiratory ADEs (eg, hypoxia) in 12% of cases versus 1% of
controls (P , .01) and gastrointestinal ADEs (eg, nausea/vomiting) in 44% of cases versus 19% of
controls (P , .01). Cases received higher doses during the 72 hours following postanesthesia care
unit (PACU) discharge (P 5 .04). By hospital discharge, cases had received 2.5 times the total
opioid dose of controls and, on average, remained hospitalized 132 hours (5.5 days) longer than
controls. Approximately 33% of LOS difference between cases and controls occurred prior to
operating room admission, whereas approximately 66% occurred between PACU admission and
hospital discharge.
Conclusions: Case patients with unusually long length of hospital stay (LOS outliers) received
higher opioid doses and experienced more opioid-related ADEs than controls. These factors appear
to contribute to outlier status but cannot completely explain all LOS outliers.
Key Words—adverse drug effect, length of stay, opioids, pain control, postsurgical pain, total
abdominal hysterectomy
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umerous published studies have evaluated
various factors that contribute to increased
hospital length of stay (LOS) and associated
costs in surgical patients. Of these assessed factors,
opioids have long been recognized as a factor in preand postsurgical complications and patient management, due in large part to their extensive use to
effectively manage moderate to severe postsurgical
pain. The multisystems adverse event profile of opioids
generally includes central nervous system (CNS)

effects (eg, sedation, euphoria, delirium), gastrointestinal (GI) effects (eg, constipation, ileus, nausea/
vomiting), pruritus, urinary retention, and respiratory
depression.1 These adverse drug effects (ADEs) can
produce postoperative complications in any individual patient, resulting in the need for more intensive
monitoring and thus a longer, more complicated, and
more costly hospital course. A strong body of evidence establishes an association between intra- and
postoperative opioid use and increased LOS.
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The incidence of opioid-related ADEs varies in
frequency and severity. Certain complications, such as
respiratory depression, delirium, and postoperative
ileus (POI), are strongly associated with increased
LOS.2,3 POI, a predictable delay in GI motility that
occurs after abdominal surgery and is exacerbated
by opioids, is associated with a greater incidence of
postsurgical morbidity and is considered a common
reason for increased LOS or readmission.4-6
Independent, patient-specific risk factors that contribute to extended LOS include sleep apnea, malignancy, age greater than 65 years, urgent hospital
admission, presence of diabetes mellitus, and diagnostic codes suggesting respiratory, gastrointestinal, and
genitourinary ADEs and inadequate pain control.3 One
study of cost outliers (subgroup of patients who utilize
a disproportionate amount of resources) among persons undergoing gastric bypass demonstrated that
comorbidities (especially diabetes, sleep apnea, and
degenerative joint disease) were associated with increased hospital costs and LOS.7 Use of intra- and
postoperative opioids may exacerbate these predisposing risk factors, predictably leading to an increased
LOS. As such, identification of comorbidities that place
patients at a greater risk of experiencing an opioidrelated adverse event can guide clinicians to utilize an
opioid-sparing regimen in these patients, helping to
better ensure positive outcomes while controlling
hospital costs.
The current study describes a retrospective medical record review, case-control study that was conducted to determine the occurrence of and cause(s) of
cost outliers in a group of patients undergoing total
abdominal hysterectomy (TAH) in a large health
system of acute care hospitals. Because opioid use is
common in patients undergoing TAH, the primary
objective of this study was to assess the relationship
between opioid burden, related ADEs, and extended
LOS as well as acute care costs.
METHODS
An electronic database from a large, 6-site acute
care health system was queried to identify all patients
undergoing a TAH procedure (ICD-9 68.49) during
a 4-year period (January 1, 2007 to December 31,
2010). Patients who met the pre-established criteria as
an outlier for TAH (defined by longest LOS [$5
days]) were identified. LOS was determined by standard criteria accepted by the health care industry and
payers and did not include any time in the emergency
department (ED) for the covered hospital stay. Patients who met the eligibility criteria were assigned
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case numbers. The patient with the longest LOS was
identified as case 1, the second longest as case 2, and
so on. Similarly, a second cohort of 97 control patients (LOS ,5 days) was randomly selected from the
remaining (nonoutlier) population of TAH patients
and was ‘‘matched’’ with the case group based on
predetermined criteria (see below) to allow a comparion between groups that were as similar as reasonably possible. A record review of the 97 cases and 97
matched controls was conducted and compared to
identify specific contributing factors to outlier status.
Patient Selection
Female patients aged 18 to 80 years were included
if they underwent a TAH (ICD-9 68.49) performed
between January 1, 2007 through December 31,
2010. Patients were excluded if they had procedures
other than TAH; underwent laparoscopic, radical, or
other hysterectomy; had any evidence of genitourinary cancer (eg, ovarian, cervical, uterine); or underwent procedures prior to January 1, 2007 or after
December 31, 2010.
Matching Cases With Controls
Cases were matched with similar control patients
within the remaining TAH (ICD-9 68.49) patients
using the following criteria:
1. Age: ‘‘younger’’ (.18 to 49 years) or ‘‘older’’
(.49 to 80 years)
2. Diabetes mellitus: presence or absence
3. Urgency of admission: elective versus urgent or
emergency
After the 97 matched pairs of cases and controls
were identified, medical records for the included cases
and controls were reviewed by clinical chart reviewers/
data collectors who were specifically trained on the
protocol. Data were collected and recorded using the
approved case report form designed for this study.
Data Elements
Medical records of the matched pairs were examined and reviewed for the following data points:
1. Patient demographics (eg, age, body mass index
[BMI] status)
2. Insurance type
3. Admission type (ie, emergency, urgent, elective)
4. Duration of surgical procedure
5. LOS (time of admission to discharge, excluding
any time in the ED)
6. Total patient charges
7. Opioid use
8. Drug
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9. Dose
10. Route of administration
11. Preoperative (during admission), intraoperative,
or postoperative (during admission) use
12. Number of doses during admission
13. Total dosage for entire admission
14. Pain scores (when available) with date obtained
15. Opioid ADEs
a. Respiratory effects
b. Gastrointestinal effects
c. Central nervous system effects
d. Indicators of inadequate pain control
e. Other possible adverse effects
Data were identified and entered into the study
case report form when any of the above terms relative
to opioid ADEs appeared in the patient chart, either
as a quantitative data point or qualitative term entered
into the notes section of the chart by the health care
team managing the patient pre-, intra-, and postoperatively from admission to discharge.
Data Collection and Analysis
Demographic data elements were collected and
recorded in the patient’s medical record. Recorded
ADEs were grouped into the following categories:
respiratory effects (apnea, which included insomnia,
sleep disturbance, and hypersomnia), bradypnea, pulmonary insufficiency following surgery and trauma,
respiratory complications and hypoxia, gastrointestinal
effects (constipation/postoperative ileus, dry mouth,
nausea/vomiting, stomatitis), central nervous system
effects (nervousness, delirium, confusion, altered mental
status, dizziness/vertigo/accidental fall), genitourinary
effects (urinary retention/oliguria, nephropathy), other
possible adverse effects (hypotension, postoperative
bradycardia, rash/itching, opioid dependency), and indicators of inadequate pain control (hypertension,
tachycardia, agitation).
Opioid use was assessed by recording all doses
indicated in the surgical record and the medication
administration record (MAR). (By law, all doses of
controlled substances must be recorded in the surgical
record and MAR, regardless of drug or method of
administration.) Quantification of total opioid ‘‘load’’
was determined as follows. Total opioid dosage was
first calculated summating all doses recorded in the
administration records and, depending on the agent
and using standard equi-dosage calculators, converted
to the equivalent dosage of intravenous (IV) morphine
sulfate. The ‘‘total opioid burden’’ was then calculated
for the case and control groups for comparison.

Opioid use prior to hospital admission, even when
recorded, was not included in data collection. Opioid
ADEs were recorded exactly as written in each
patient’s medical record.
Financial Analysis
During the record review portion of the evaluation, electronic patient billing records for each patient
were analyzed to determine primary cost contributors
for patients in each group. Assessed charges represent
what was actually billed to the patient or insurance
company.
Patient-billed amounts were compared between
the 2 groups to determine significance of any of the
cost contributors. This analysis included a review of
charges by type and quantity, as well as an evaluation
of payer mix and differences based on payer mix. Total
admission costs were determined by the total billing
for that admission in the billing database.
Statistical Methods
Baseline characteristics measured on an interval
scale (eg, BMI) were compared using the paired t test,
whereas those measured on categorical scales (eg,
race) were compared using McNemar’s test for
matched pairs. For risk factors defined on categorical
scales (eg, presence of nausea), the difference between
cases and controls for incidence of possible opioidrelated ADEs was compared using McNemar’s test
for matched pairs. For risk factors defined on interval scales (eg, duration of surgery), different
scores were calculated by subtracting the value for
each control from the matched case. Differences in
hospital charges and payments were tested for statistical significance using the paired t test as the resulting difference score was normally distributed.
Because equi-analgesic opioid units (opioid burden)
were not normally distributed (as determined by
Kolmogorov D), comparisons were made using the
signed rank test.
RESULTS
A total of 3,654 patients met the study entry
criteria. Of these, 2,241 patients were treated at the 2
largest sites within the 6-site acute care health care
system. Due to the availability of electronic medical
records and to minimize variability across sites, only
these patients (case outliers and controls) were included in the study.
Baseline demographics (Table 1) were similar in
the case outliers and control groups, with the exception of private insurance, which was more prevalent
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Table 1. Baseline characteristics of outliers and controls
Outliers
n 5 97
Mean (SD)

Controls n 5 97
Mean (SD)

P

Age, years

49.6 (10.2)

48.7 (7.8)

.64a

Height, m

1.6 (0.1)

1.6 (0.1)

.59a

Weight, kg

82.9 (23.6)

78.6 (16.8)

.15a

Body mass index (kg/m2)

31.2 (8.6)

29.7 (6.1)

.15a

n (%)

n (%)

P

White race

58 (60%)

60 (62%)

.76b

Diabetes

13 (13%)

10 (10%)

.26b

Private insurance

73 (75%)

94 (97%)

,.01b

a
b

Paired t test.
McNemar’s test for matched pairs.

in the control (97%) versus the case outlier (75%)
group (P , .01).
With respect to time parameters outlined in Table
2, the outlier group (vs control group) had longer
LOS; it was 3 times longer than the control group
(191.6 vs 60.1 hours; P , .01). The outlier group also
had greater time in hospital prior to operating room
(OR) admission (44.7 vs 3.4 hours; P , .01) and
prolonged time from postanesthesia care unit (PACU)
to hospital discharge (142.0 vs 51.4 hours). No difference in OR or PACU time was noted between the
outlier and control groups.
With regard to opioid-related outcomes (Table 3
and 4), the outlier group had a markedly higher incidence of gastrointestinal ADEs (44% vs 19%; P ,
.01) and respiratory ADEs (12% vs 1%; P , .01)
compared with the control group. Inadequate pain
control was reported in 12% of cases versus 6% of
controls (P 5 .16). Overall, the outlier group received
twice the amount of opioids, expressed in terms of IV
morphine, compared with the control group. The

difference in total opioid use occurred prior to the OR
and following discharge from the PACU. When
comparing opioid burden prior to going to the OR,
only 16 of 97 controls received any opioid as compared to 40 of 97 outliers (P , .01). When all patients
admitted from the ED were eliminated, the trends for
greater time prior to entry into OR and time after OR,
as well as total opioid use and opioid ADEs, were the
same, indicating that emergency admission did not
have an impact on the results. As noted in Table 5,
the outlier group (vs control group) had higher total
charges ($14,289 vs $5,745), direct charges ($9,385
vs $3,854), and total payments ($14,379 vs $5,684).
DISCUSSION AND CONCLUSION
Analysis of LOS and cost outliers relating to
opioid use and the efforts to eliminate or manage
factors that prolong hospitalization represent an important approach to improving the overall quality and
efficiency of care among surgical patents. To better
understand factors contributing to increased resource

Table 2. Entire length of hospital stay segments for outliers and controls
Outliers
n

Mean (SD)

Controls
n

Mean (SD)

P

Time from admission to OR, hours

96

44.7 (67.6)

96

3.4 (3.1)

,.01a

OR time, hours

95

2.4 (1.0)

96

2.3 (0.8)

.28a

PACU time, hours

93

2.9 (2.1)

96

3.1 (1.8)

.11a

PACU to hospital discharge, hours

93

142.0 (77.0)

96

51.4 (12.4)

,.01a

Entire length of stay, hours

97

191.6 (88.4)

97

60.1 (12.4)

,.01a

Note: OR 5 operating room; PACU 5 postanesthesia care unit.
a
Paired t test.
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Table 3. Proportion of outliers and controls identified to experience an adverse effect by adverse effect
category and number of adverse effects identified
Adverse effect
Respiratory effects

Outliers (n597)
na (%)

Controls (n597)
na (%)

Pb
,.01

12 (12)

1 (1)

Pulmonary insufficiency

3

0

Respiratory complications

5

0

Hypoxia

6

1

Gastrointestinal effects
Constipation/postoperative ileus
Nausea/vomiting
Central nervous system effects

43 (44)

18 (19)

26

2

35

19

5 (5)

3 (3)

Nervousness

3

1

Altered mental status

3

1

Dizziness/vertigo/accidental fall

2

3

3 (3)

4 (4)

Urinary retention/oliguria

3

3

Nephropathy

0

1

Genitourinary effects

Other possible adverse effects

0.48

0.71

11 (11)

11 (11)

Hypotension

4

1

Postoperative bradycardia

1

0

Rash/itching

7

11

Indicators of inadequate pain control

12 (12)

6 (6)

Hypertension

4

3

Tachycardia

8

5

Agitation

4

2

,0.01

1.00

0.16

a
b

Indicates number of effects, not number of patients.
McNemar’s test for matched pairs.

utilization in postsurgical patients, we examined the
degree to which opioid burden and related ADEs were
responsible for unusually long LOS and charges
among patients undergoing TAH in an acute care
health system.
In this group of TAH patients, those who were
LOS outliers were found to have more complicated
admissions based on an extended time in the hospital
prior to surgery. In addition, time from admission to
surgery was longer in the outlier patients compared
with controls. This may indicate that the outliers, at
baseline, presented with more complications and were
potentially sicker than control patients prior to TAH
surgery. Overall, the outlier patient group was found
to have increased usage of opioid drugs prior to surgery and after PACU and yet was also more likely to
have indicators of inadequate pain control, which may
also have contributed to the extended LOS. This

finding is most likely related to the fact that, as previously noted, outlier patients had more complicated
admissions compared with the matched controls. In
addition, the opioid burden (expressed as total mgs
morphine sulfate administered during hospitalization)
in outlier patients was higher in the 72 hour period
post discharge from the PACU. It is therefore not
surprising that outlier patients also experienced
a higher incidence of opioid-related respiratory and
gastrointestinal ADEs. It is clear that as a result of
these and other opioid-related complications, use of
these analgesics may contribute to longer LOS and
higher charges in patients undergoing TAH. As a result, patients in the outlier group (vs control group)
had almost a 3-fold increase in hospital charges.
In the current study, the accuracy of the medication
administration records, as enforced by control substances regulations, ensured accurate quantification of
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Table 4. Administration of opioidsa to outliers and controls by hospital stay
Hospital stay

Outliers n 5 97
Median (Q1-Q3)

Controls n 5 97
Median (Q1-Q3)

P

Full length of stay

9.0 (6.8-12.3)

6.3 (4.4-9.0)

,.01b

Prior to operating room

0.0 (0.0-0.8)

0.0 (0.0-0.0)

,.01b

In operating room

2.0 (1.0-3.5)

2.0 (1.0-2.5)

.07b

In PACU

1.3 (0.7-2.0)

1.2 (0.7-2.0)

.87b

72 hours post PACU

4.0 (2.3-7.0)

2.7 (1.3-5.3)

.04b

More than 72 hours post PACU

0.0 (0.0-0.7)

0.0 (0.0-0.0)

,.01b

Note: PACU 5 postanesthesia care unit.
a
Opioids quantified in terms of mgs of intravenous morphine sulfate (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1163279).
b
Signed rank test.

the opioid load and thus contributed to the reliability
of outcomes data. The data presented here are consistent with other reports in the published literature.
One study examined the impact of opioid-related
ADEs on total hospital costs and LOS and demonstrated that surgical patients experiencing opioidrelated ADEs had significantly increased median total
hospital costs (7.4% increase; P , .001) and increased
median LOS (10.3% increase; P , .001) compared
with matched non-ADE controls.1 The increased costs
attributable to ADEs, by surgery type, were orthopedics ($861.50), general surgery ($676.51), and obstetrics/gynecology ($540.90). Similarly, increased LOS
attributable to ADEs, by surgery type, included general surgery (0.64 days), orthopedics (0.52 days), and
obstetrics/gynecology (0.53 days). Higher doses of
opioids were associated with increased risk of experiencing ADEs.2 A similar study of more than 60,000
patients receiving opioids during surgical hospitalization also found that patients who experienced opioid-related ADEs (the most common being nausea/
vomiting, rash, hives, itching) had statistically significant increases in LOS (0.53 days; P , .01) and total
hospital costs (16%; P , .001).3 An analysis of a
large national database revealed that patients with
coded POI experienced an increase in LOS (an addi-

tional 6 days) and higher health care costs (an additional $9,417) per hospital stay compared with
patients without coded POI.6 Postoperative delirium,
considered one of the most common postsurgical
complications in older patients, is also associated with
increased morbidity and LOS, as well as increased
mortality and likelihood of nursing home placement.8
Similarly, an analysis of cost outliers was conducted
in an institution that used a clinical pathway for
gastric bypass surgery.9 The data revealed that despite
use of the clinical pathway, 16% of patients in the
study were cost outliers and that the factors associated with increased hospital costs included severe
medical comorbidities, notably diabetes and sleep
apnea and the occurrence of major postoperative
complications.
In a previously published study of 4,108 admissions to a stratified random sample of 11 medical and
surgical units in 2 tertiary care hospitals over a
6-month period, investigators found that 29% of
preventable ADEs were associated with analgesics (the
most common of which was morphine), which were
associated with an increase in LOS and costs.10 For
preventable ADEs, the increases were 4.6 days in
LOS, with annual costs (in pre-1997 dollars) attributable to all ADEs and preventable ADEs totaling

Table 5. Hospital charges, costs, and reimbursements for outliers and controls
Outliers
(n 5 97)
Mean (SD)

Controls
(n 5 97)
Mean (SD)

P

Total charges

14,289 (6,729)

5,745 (1,502)

,.01a

Direct costs

9,385 (4,730)

3,854 (1,048)

,.01a

Total payments

14,379 (7,991)

5,684 (2,842)

,.01a

a

Paired t test.
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$5.6 million and $2.8 million, respectively.10 Although this study was published more than 15 years
ago, studies conducted since then, including the
findings in the current study, indicate that opioidrelated ADEs continue to have substantial impact on
patient outcomes and health care costs.
As previously noted, studies have been conducted
that demonstrate that opioids are associated with
extended LOS.2,3 Researchers in one study, using
methodologies similar to these reported here (ie, retrospective matched case cohort study using data from
computerized medical records with primary outcomes
of costs and hospital LOS associated with opioidrelated ADEs), reported that patients with ADEs related to opioids had increased median total hospital
costs (7.4% increase; 95% CI, 3.83 to 10.96; P ,
.001) and increased median LOS (10.3% increase;
95% CI, 6.5 to 14.2; P , .001) compared with
matched non-ADE controls.2 For patients undergoing
obstetrical/gynecological surgeries, the increased cost
attributable to opioid-related ADEs was $540.90
(95% CI, 281.40 to 800.40) and increased LOS attributable was 0.53 days (95% CI, 0.33 to 0.72). In
addition, a critically important finding of this study
was that opioid-related ADEs following surgery occurred more frequently in patients who received
higher dose of opioids. Yet another study examining
costs associated with opioid-related errors involving
patient-controlled analgesia found the most costly
cause of error to be related to opioid ADEs ($13,803),
where harmful events were approximately 250 times
more costly than nonharmful events ($6,943 vs
$28).11 Although this particular study focused on medication errors, the findings here reaffirm the association between opioid-related ADEs and increased
costs. From these data and the data from the current
study, it is found that opioid use contributes to higher
rates of complications and increased LOS in surgical
patients undergoing hospitalization. Hospital pharmacy programs that involve clinical pharmacist interventions focused on implementation of opioid
protocols as well as incorporation of alternative pain
management strategies, such as use of regional anesthesia,12 and other therapies such as nonsteroidal
anti-inflammatories could be beneficial in optimizing
opioid use in the hospital setting. Our findings are
consistent with the above mentioned studies but appear different due to our study design. We identified
all patients with long LOS ($5 days) and compared
them with patients with normal LOS in an attempt to
identify factors that may have impacted the LOS.
Among other factors, we found that gastrointestinal

and respiratory adverse events were significantly more
common in patients with long LOS.
Although the current study provides important
clinical insights regarding the impact of opioid use on
LOS and costs in patients undergoing TAH, several
limitations should be considered. First, with the
exception of BMI (which may be used to indicate
potential obesity) and diabetes, data on other
comorbidities (eg, sleep apnea, age-related illnesses
such as osteoporosis and osteoarthritis) that may
impact opioid-related outcomes were not captured.
Surgical technique and the skill of the surgeon, which
may have impacted predisposition to opioid-related
ADEs, LOS, and costs, were also not captured or
quantified. In addition, because this was a retrospective chart review study, the specific factors that affected the early admissions rate in the study group
versus the control group could not be determined.
It interesting to note that subset data analysis
eliminating all patients admitted from the ER revealed
that the trends for greater time prior to entry into OR
and time after OR, as well as total opioid use and
opioid ADEs, were the same. This could be related to
factors that were outside of the study scope, such as indepth analysis of baseline illness in the ED patients,
impact of comorbidities or nosocomial events, overall
complication rate post-TAH, or impact of scheduled
versus nonscheduled surgery on patient outcomes.
Other limitations of the current study include the
findings that data recorded into the patient chart
varied in both quality and quantity. As such, data such
as time to first bowel movement after leaving PACU or
patient pain scores were frequently not available for
assessment. In addition, time from admission to the OR
was greater among the outliers. This may have been
because these patients were sicker, had more underlying
complications, or were at risk for complications. Again,
however, the data to allow determination of the reasons
were not available in most of the patient charts, and so
no conclusion can be made from the current study.
Last, due to personnel resource limitations for data
collection, we were unable to cross-check data collection to validate the accuracy of the data. Further
investigation, in the form of prospective studies, examining intra- and postoperative opioid use in a larger
patient population with various comorbidities is
needed to further establish the impact of opioids on
patient outcomes and costs in the surgical setting.
In conclusion, this retrospective chart review of
TAH patients treated in a large acute care health
system demonstrated that outlier patients had more
complicated admissions and increased usage of opioid
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drugs prior to surgery and after PACU. The data from
this study found a substantial relationship between
LOS, time to OR, and time from PACU to discharge
and opioid burden in these patients, indicating that
opioid burden is a driver of overall LOS as well as
postsurgical course. In addition, outlier patients experienced a higher incidence of opioid-related respiratory and gastrointestinal ADEs and had almost
a 3-fold increase in charges.
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