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A B S T R A C T

Objective: Understanding the clinical and economic impact of opioid-related adverse drug events (ORADEs)
within spine surgery may guide both the clinician’s and hospital administration’s approach to treating perio-
perative pain, thus improving patient care and reducing hospital costs. The objective of this analysis is to un-
derstand how potential ORADEs after spine surgery in elderly patients affect length of stay, hospital revenue and
their association with comorbid conditions.
Patients and methods: We conducted a retrospective study utilizing the Center for Medicare/Medicaid Services
Administrative Database to analyze Medicare discharges between April 2016 and March 2017 involving 14 spine
surgery DRGs for major spine procedures in order to identify potential ORADEs. An analysis was conducted using
this database to identify the incidence of potential ORADEs as well as their impact on mean hospital length of
stay and hospital revenue.
Results: There were 177,432 discharges during the study period. The ORADE rate in patients undergoing spine
surgery was 13.9% (24,642/177,432). The mean length of stay (LOS) for discharges with an ORADE was 3.13
days longer than without an ORADE (6.29 days with an ORADE vs 3.16 days without an ORADE). The adverse
post-operative outcomes most strongly associated with potential ORADEs included shock, pneumonia, and
septicemia. The mean hospital revenue per day with an ORADE was $3,076 less than without an ORADE ($7,263
with an ORADE vs $10,339 without an ORADE).
Conclusion: Potential ORADEs in spine surgery in elderly patients are common and are associated with longer
hospitalizations and decreased hospital revenue. Perioperative pain management strategies that reduce ORADEs
may improve patient care and increase hospital revenue.

1. Introduction

Inadequately managed postoperative pain extends hospital stays,
impairs functional recovery, and is associated with higher rates of re-
admission and increased cardiopulmonary complications [1–3]. Suffi-
cient pain management contributes to improved overall outcomes,
higher patient satisfaction, and decreased healthcare resource use and
cost [4]. Typical treatment of postoperative pain relies on opioid an-
algesics; it has been shown that nearly all surgical patients and half of
all inpatients receive opioids during their hospitalization [4–6]. The use
of opioids is unfortunately limited by well-known deleterious side ef-
fects including respiratory depression, bowel dysmotility, oversedation,

nausea, vomiting, and urinary retention, and overreliance on opioids
thereby incurs higher risk of opioid-related adverse events (ORADEs)
[7].

ORADEs encompass a heterogenous group of complications per-
taining to multiple organ systems, rendering reliable quantification of
their impact difficult. A universally accepted definition or metric al-
lowing measurement of ORADEs does not currently exist [8]. While
some research groups have focused on the most severe ORADEs, i.e.
respiratory arrest requiring naloxone administration and cardio-
pulmonary resuscitation, this strategy ignores the significant morbidity
and subsequent increases in hospital length of stay (LOS) and costs
associated with less severe but common ORADEs such as pruritus,
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sedation, nausea, vomiting, and ileus [6,9–11]. Researchers have ap-
plied the severe and broader definitions in studies examining ORADEs
both at the local level and by using a combination of administrative
database searches in concert with confirmatory retrospective chart re-
view [5,12–14]. The definition of ORADEs used by the current study
includes respiratory dysfunction, ileus, nausea, vomiting, changes in
mental status, urinary retention, diarrhea, falls, and pruritus not pre-
sent on admission, all of which have been previously associated with
opioids and specific International Classification of Diseases, Ninth Revision
(ICD-10) codes. Multiple recent studies have applied this methodology
to define ORADEs with validation via manual review of locally avail-
able data.

The rates of spine surgery are increasing dramatically alongside the
increasing prevalence of low back pain in the United States [15]. The
Agency for Healthcare Research and Quality (AHRQ) estimated a 40%
increase in spinal fusions in a 7 year period, and Deyo and colleagues
reported a 15-fold increase in the rates of spinal fusion from 2002 to
2007 [16]. Spinal procedures are associated with higher levels of
postoperative pain compared to other surgeries [17]. In a review of 179
surgical subtypes, three of the top six most painful procedures were
spinal surgeries: lumbar fusion (1–2 levels), lumbar fusion (> 3 levels),
and complex spinal reconstruction [18]. Elevated post-surgical pain in
these populations thereby amplifies the risk of ORADEs.

This retrospective study utilized the Center for Medicare and
Medicaid Services (CMS) administrative claims database to identify
potential ORADEs and their incremental cost among Medicare dis-
charges following spine surgery. The impact of opioid based analgesia
in spine surgery specifically has not been well characterized. Little is
known about the effect of ORADEs following spine surgery on LOS,
hospital revenue, and relevant associations with clinical disease states,
especially in the elderly. The purpose of this study was to determine the
incidence of ORADEs in Medicare patients undergoing spine surgery,
and to quantify the impact of these adverse events on clinical and
economic outcomes. We hypothesized that ORADEs are associated with
increased LOS, decreased hospital revenue, and display significant as-
sociations with certain comorbidities and demographic factors.
Awareness of the clinical and economic impact of ORADEs will allow
healthcare administrators and clinicians to determine the subgroups of
spine surgery most likely to benefit from postoperative pain quality
improvement efforts, potentially reducing cost and improving patient
outcomes.

2. Materials and methods

2.1. Study design

This retrospective study utilized data from the Medicare Limited
Data Sets (LDS), an administrative claims database from the (CMS)
[19]. LDS effectively contains data from all hospitals in the United
States that provide care for patients with Medicare, totaling approxi-
mately 30–35% of all inpatient hospital discharges. The CMS database
has been used in previous quality improvement initiatives, and out-
comes have been tied to hospital reimbursement [20]. In an effort to

Table 1
ICD-10 diagnosis codes commonly associated with ORADEs.

ICD-10 Code Brief Description

Gastrointestinal ORADEs

K567 Ileus, unspecified
K560 Paralytic ileus
K590.0 Constipation, unspecified
K590.9 Other constipation
K590.3 Drug induced constipation
K590.1 Slow transit constipation
K918.9 Other postprocedural complications and disorders of digestive

system
R112 Nausea with vomiting, unspecified
K910 Vomiting following gastrointestinal surgery

Central Nervous System ORADEs

R400 Somnolence
R410 Disorientation, unspecified
R418.2 Altered mental status, unspecified
R401 Stupor
G978.2 Other postprocedure complications and disorders of nervous sys
H814.9 Vertigo of central origin, unspecified ear
H814.3 Vertigo of central origin, bilateral
H814.1 Vertigo of central origin, right ear
H814.2 Vertigo of central origin, left ear

Respiratory ORADEs

J960.1 Acute respiratory failure with hypoxia
J960.0 Acute respiratory failure, unspecified with hypoxia or

hypercapnia
J958.21 Acute postprocedural respiratory failure
J960.2 Acute respiratory failure with hypercapnia
J969.0 Respiratory failure, unspecified, unspecified with hypoxia or

hypercapnia
J969.1 Respiratory failure, unspecified with hypoxia
J952 Acute pulmonary insufficiency following nonthoracic surgery
J951 Acute pulmonary insufficiency following thoracic surgery
J969.2 Respiratory failure, unspecified with hypercapnia
J958.22 Acute and chronic postprocedural respiratory failure
J962.1 Acute and chronic respiratory failure with hypoxia
J962.0 Acute and chronic respiratory failure, unspecified with hypoxia

or hypercapnia
J962.2 Acute and chronic respiratory failure with hypercapnia
R068.9 Other abnormalities of breathing
J80 Acute respiratory distress syndrome
R060.0 Dyspnea, unspecified
R060.9 Other forms of dyspnea
R090.2 Hypoxemia
J958.9 Other postprocedure complications and disorders of respiratory

system, NEC
J182 Hypostatic pneumonia, unspecified organism

Urinary ORADEs

R339 Retention of urine, unspecified
R338 Other retention of urine
R330 Drug induced retention of urine
N998.9 Other postprocedural complications and disorders of GU sys

Other ORADES

L299 Pruritus, unspecified
T402.X5A Adverse effect of other opioids, initial encounter
T406.05A Adverse effect of unspecified narcotics, initial encounter
T404.X5A Adverse effect of other synthetic narcotics, initial encounter
T406.95A Adverse effect of other narcotics, initial encounter
T402.X5S Adverse effect of other opioids, sequela
T400.X5A Adverse effect of opium, initial encounter
T406.05S Adverse effect of unspecified narcotics, sequela
T404.X5S Adverse effect of other synthetic narcotics, sequela
T406.95S Adverse effect of other narcotics, sequela
R682 Dry mouth, unspecified

Table 1 (continued)

ICD-10 Code Brief Description

T400.X5S Adverse effect of opium, sequela
W183.0XA Fall on same level, unspecified, initial encounter
W183.9XA Other fall on same level, initial encounter
W06.XXXA Fall from bed, initial encounter
W04.XXXA Fall while being carried or supported by other persons, initial
W04.XXXD Fall while being carried or supported by other persons,

subsequent
W183.1XD Fall on same level due to stepping on an object, subsequent

encounter

M.R. Jones, et al. Clinical Neurology and Neurosurgery 186 (2019) 105550

2



promote transparency to health care consumers, CMS has made certain
metrics from its database publicly available at https://www.medicare.
gov/hospitalcompare/search.html [21]. Fourteen admission diagnosis-
related groups (DRGs) were selected to compare the impact of ORADEs
on specific measures such as hospital revenue, mean LOS, and the as-
sociation of specific comorbidities with potential ORADEs within the
study population.

2.2. Study population

The study population included all hospitalizations between April
2016 and March 2017 in which patients with Medicare underwent one

of the major spine procedures included in the analysis: combined
anterior/posterior spinal fusion with major complications or co-
morbidities (DRG 453), combined anterior/posterior spinal fusion with
complications or comorbidities (DRG 454), combined anterior/pos-
terior spinal fusion without complications or comorbidities (DRG 455),
spinal fusion except cervical with spinal curvature or malignancy or
infection or extensive fusions with major complications or comorbid-
ities (DRG 456), spinal fusion except cervical with spinal curvature or
malignancy or infection or extensive fusions with complications or
comorbidities (DRG 457), spinal fusion except cervical with spinal
curvature or malignancy or infection or extensive fusions without
complications or comorbidities (DRG 458), spinal fusion except cervical

Fig. 1. Multivariable association between potential ORADEs and Agency for Healthcare Research and Quality (AHRQ) Clinical Classification Software (CCS) cate-
gories among spine surgery DRGs 453–460, 471–473, 518-520.
****except in labor.
***except that caused by tuberculosis or sexually transmitted disease.
**Cognitive disorders include delirium, dementia, and amnestic and other cognitive disorders.
*except hemorrhage.

Table 2A
Total discharges and ORADE rate following spine surgery.

DRG DRG Description Total Discharges (Apr 2016 to March
2017)

ORADE Rate

453 Combined Anterior/Posterior Spinal Fusion With Mcc 1,897 57.6
454 Combined Anterior/Posterior Spinal Fusion With Cc 6,220 23.6
455 Combined Anterior/Posterior Spinal Fusion Without Cc/Mcc 5,690 7.9
456 Spinal Fusion Except Cervical With Spinal Curvature Or Malignancy Or Infection Or Extensive Fusions With

Mcc
1,703 54.1

457 Spinal Fusion Except Cervical With Spinal Curvature Or Malignancy Or Infection Or Extensive Fusions With Cc 4,636 24.3
458 Spinal Fusion Except Cervical With Spinal Curvature Or Malignancy Or Infection Or Extensive Fusions Without

Cc/Mcc
1,811 10.2

459 Spinal Fusion Except Cervical With Mcc 6,126 47.1
460 Spinal Fusion Except Cervical Without Mcc 79,389 12.0
471 Cervical Spinal Fusion With Mcc 3,797 40.4
472 Cervical Spinal Fusion With Cc 17,717 9.1
473 Cervical Spinal Fusion Without Cc/Mcc 25,030 3.5
518 Back And Neck Procedures Except Spinal Fusion With Mcc Or Disc Device Or Neurostimulator 3,894 22.2
519 Back And Neck Procedures Except Spinal Fusion With Cc 8,880 15.6
520 Back And Neck Procedures Except Spinal Fusion Without Cc/Mcc 10,642 6.8

All DRGs 177,432 13.9

ORADE=opioid-related adverse drug event; DRG=diagnosis-related group; Mcc=major complications or comorbidities; Cc= complications or comorbidities.
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with major complications or comorbidities (DRG 459), spinal fusion
except cervical without complications or comorbidities (DRG 460),
cervical spinal fusion with major complications or comorbidities (DRG
471), cervical spinal fusion with complications or comorbidities (DRG
472), cervical spinal fusion without complications or comorbidities
(DRG 473), back and neck procedures except spinal fusion with major
complications or comorbidities or disc device or neurostimulator (DRG
518), back and neck procedures except spinal fusion with complications
or comorbidities (DRG 519), or back and neck procedures except spinal
fusion without complications or comorbidities (DRG 520).

In total, this comprised a cohort of 177,432 Medicare discharges
associated with one of these 14 DRGs.

2.3. Measures

The data provided by the LDS database was catalogued by DRGs.
Within each DRG, data were further organized by total discharges
within each DRG, total CMS payments, ORADE rate, mean LOS (total,
with ORADEs, and without ORADEs), and mean hospital revenue per
day (total, with ORADEs, and without ORADEs). Using these values, the
difference in both hospital revenue and in mean LOS with and without
ORADEs were determined, thus allowing for the assessment of potential
ORADEs on patient care.

Within this data set, hospital revenue is defined as the CMS re-
imbursement payment and was obtained from the LDS database. More
specifically, the hospital revenue per day for each DRG was calculated
by totaling the Medicare payments for the DRG cohort and dividing by
the total hospitalization days for that specific DRG. Hospital LOS was
defined as the total number of days from admission to discharge in both
hospitalization with and without ORADEs. Due the LDS database re-
strictions on the use of specific hospitalization dates, we were not able
to calculate specific postsurgical LOS.

Potential ORADEs were determined by identifying ICD-10 diagnosis
codes that were both not present on admission and are commonly as-
sociated with ORADEs as listed in Table 1. The ICD-10-CM codes se-
lected were defined and utilized previously in similar studies using
validated methodologies [5,7,13,22,23].

While utilizing the LDS database and ICD codes, further analysis
was also conducted to understand the association of specific co-
morbidities present in the study population to potential ORADEs. By
using the Agency of Healthcare Research and Quality (AHRQ) Clinical

Classification Software (CCS), tens of thousands of ICD codes (over
69,800 diagnosis codes and 71,900 procedure codes) were categorized
into groups more suitable for statistical analysis compared to individual
ICD-10-CM/PCS codes. From these groups, 21 categories were selected
based on their clinical relevance and statistical significance as related to
potential ORADEs within spine surgery DRGs 453–460, 471–473, and
518–520.

2.4. Statistical analysis

CMS payments are expressed in U.S. dollars as the total sum of all
revenue from hospital discharges within each DRG. LOS is expressed as
days and is the mean of all hospital discharges within each DRG. A
multivariable regression analysis was utilized to determine the odds
ratio (OR) of a potential ORADE for each specific CCS category. A p-
value of< 0.05 was considered statistically significant for all analyses,
which were performed using RStudio (Boston, MA). This multivariable
regression analysis was compiled into a forest plot as demonstrated by
Fig. 1. In this multivariable analysis, the reference CCS categories were
“male” and “age< 65,” which were thus not included in Table 3 or in
Fig. 1.

3. Results

Tables 2A–2C summarize the ORADE rate in spine surgery, the
impact of potential ORADEs on LOS, and its effect on hospital revenue
in spine surgery. The overall ORADE rate in the 14 DRG groups for
spine surgeries was 14.1% (26,695 out of 189,328 records analyzed).
The mean LOS of discharges with an ORADE was 1.69 days longer than
without an ORADE (5.35 days with an ORADE vs 3.65 days without an
ORADE; p < 0.001).

As demonstrated by the above tables, each DRG group represents a
class of spinal procedures. The categories encompass a broad range of
spinal procedures, with fusions comprising the bulk. The procedures are
further characterized by the severity of co-existing comorbidities or
complications; DRG 471, for instance, represents cervical spinal fusions
with major complications or comorbidities (MCC), whereas DRG 472
represents cervical spinal fusions with complications or comorbidities
(CC), and 473 is cervical spinal fusions without major complications or
comorbidities. This classification allows the authors to analyze each
DRG and the associated impact potential ORADEs may have on hospital

Table 2B
The impact of potential ORADEs on hospital lengh of stay following spine surgery.

DRG DRG Description Mean LOS
(days)

Mean LOS with
Orade

Mean LOS without
Orade

Difference in Mean LOS with and without
ORADE (p < 0.001)

453 Combined Anterior/Posterior Spinal Fusion With Mcc 10.42 11.18 9.39 1.79
454 Combined Anterior/Posterior Spinal Fusion With Cc 5.26 6.36 4.92 1.44
455 Combined Anterior/Posterior Spinal Fusion Without Cc/Mcc 3.22 4.17 3.14 1.03
456 Spinal Fusion Except Cervical With Spinal Curvature Or Malignancy

Or Infection Or Extensive Fusions With Mcc
11.19 11.8 10.47 1.33

457 Spinal Fusion Except Cervical With Spinal Curvature Or Malignancy
Or Infection Or Extensive Fusions With Cc

6.1 7.11 5.77 1.34

458 Spinal Fusion Except Cervical With Spinal Curvature Or Malignancy
Or Infection Or Extensive Fusions Without Cc/Mcc

3.57 4.27 3.5 0.77

459 Spinal Fusion Except Cervical With Mcc 7.41 8.52 6.43 2.09
460 Spinal Fusion Except Cervical Without Mcc 3.29 4.6 3.12 1.48
471 Cervical Spinal Fusion With Mcc 8.42 10.18 7.22 2.96
472 Cervical Spinal Fusion With Cc 3.01 5.15 2.8 2.35
473 Cervical Spinal Fusion Without Cc/Mcc 1.64 2.7 1.6 1.1
518 Back And Neck Procedures Except Spinal Fusion With Mcc Or Disc

Device Or Neurostimulator
4.93 8.55 3.89 4.66

519 Back And Neck Procedures Except Spinal Fusion With Cc 3.92 5.35 3.66 1.69
520 Back And Neck Procedures Except Spinal Fusion Without Cc/Mcc 2.16 3.28 2.08 1.2

All DRGs 3.59 6.29 3.16 3.13

ORADE=opioid-related adverse drug event; LOS= length of stay; DRG=diagnosis-related group; Mcc=major complications or comorbidities;
Cc= complications or comorbidities.
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revenue and LOS within DRGs. DRG 518 demonstrates the largest dif-
ference in mean LOS between discharges with an ORADE versus
without, at 4.66 days. The smallest difference is found in DRG 458, with
a difference in LOS of 0.77 days between DRGs with and without an
ORADE. The difference in mean hospital revenue per day with and
without an ORADE was highest for DRG 473, at $2,790, and smallest
for DRG 456, at $357.

Our multivariable analysis of potential ORADEs by AHRQ category
is grouped by clinical condition or demographic factor in Table 3 and
depicted in a Forest plot in Fig. 1. As depicted in the figure and table,
the adverse post-operative outcomes that were most strongly associated
with potential ORADEs included shock, septicemia, pneumonia, and
acute myocardial infarction. Adverse postoperative outcomes were as-
sociated with increasing age, with individuals ages 84 and older de-
monstrating the highest odds ratio among age groups (OR 2.26, 95% CI
2.1–2.43), followed by individuals ages 80–84 (OR 1.91, 95% CI
1.81–2.02), ages 75–79 (OR 1.67, 95% CI 1.59–1.74), ages 70–74 (OR
1.44, 95% CI 1.38–1.5), and ages 65–69 (OR 1.21, 95% CI 1.16–1.26).
Patients with cognitive disorders, including dementia and amnestic
disorders, demonstrated strong associations with potential ORADEs (OR
2.86, 95% CI 2.67–3.06), followed by those with nutritional defi-
ciencies (OR 2.08, 95% CI 1.97–2.2), adjustment disorders (OR 1.99,
95% CI 1.6–2.49), alcohol-related disorders (OR 1.85, 95% CI
1.69–2.03), and chronic kidney disease (OR 1.85, 95% CI 1.78–1.93).
Of note, female gender was associated with a decreased risk of potential
ORADE in comparison to male gender (OR 0.85, 95% CI 0.82-0.87).

4. Discussion

ORADEs following spine surgery are common, can negatively im-
pact patient outcomes, and slow functional recovery. This study ana-
lyzed the impact of ORADEs in spine surgery, demonstrating an asso-
ciated overall increase in mean hospital length of stay by 3.13 days and
decrease in hospital revenue by $3,076 per day in the presence of
ORADEs. In our study, potential ORADEs in the elderly population were
most strongly associated with certain post-operative complications such
as shock, septicemia, pneumonia, acute myocardial infarction, gastro-
intestinal hemorrhage, and acute post-hemorrhagic anemia. Several
demographic factors also demonstrated significant associations with
potential ORADEs. Advanced age in particular exhibited a stepwise
increase in odds ratio for ORADEs from ages 65 to>84.

Opioids remain a fundamental component of perioperative surgical
analgesia. Their efficacy is limited by peripheral receptor activity which
may lead to the negative consequences of ORADEs [24]. Opioid an-
algesia must thereby be judiciously balanced to prevent adverse effects,
patient harm, and the increased cost associated with ORADEs
[11,12,22].

In our study, the most commonly occurring potential ORADEs in-
cluded shock, septicemia, and pneumonia. The immunomodulatory
effects of opioid medication weaken patients’ innate defense against
infection and may promote shock or septicemia [25]. Opioids also ex-
hibit vasodilatory effects and may exacerbate septic or hemorrhagic
shock [26].

Perhaps the most well-known adverse effects of opioids, respiratory
depression and hypoventilation, may contribute to pneumonia by sev-
eral mechanisms. Underinflation of the lungs as a result of decreased
respiratory drive can lead to atelectatic states which promote the de-
velopment of infectious processes [27]. Inherent to spine surgery, many
patients’ respiratory effort will be diminished as a result of postsurgical
pain with breathing or newly altered, more restrictive thoracic anatomy
following multilevel vertebral fusions.

Based on our analysis, certain demographic factors significantly
impacted the likelihood of ORADE occurrence. Increasing age, in par-
ticular, is significantly associated with increased risk of potential
ORADE. Patients over the age of 84 were much more likely to suffer a
potential ORADE than their younger counterparts. The causes behindTa
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this association are multifactorial and likely reflect the increased in-
cidence of comorbidities and overall frailty in the elderly population, as
well as heightened sensitivity to opioid medications. As patients age,
physiologic changes include a decreased volume of distribution of the
drug and reduced renal and hepatic metabolism [28–30]. Clinicians
need to maintain awareness of the typical doses required in older pa-
tients to avoid ORADEs. The American Society of Anesthesiologists
(ASA) physical status and comorbid conditions typically increase
alongside increasing age; frail, geriatric patients can suffer catastrophic
consequences if they experience adverse events such as pneumonia or
septicemia, especially following major surgery. Likewise, postoperative
recovery may be impaired by other, less severe ORADEs. In the setting
of major spine surgery for the medically complex, elderly patient, it is of
the utmost importance to optimize the already challenging recovery
period by avoiding ORADEs.

The association between ORADEs and increased LOS most likely
results from the time required to treat the broad range of clinical sce-
narios encompassed by ORADEs, listed in Table 1, which includes
pruritus, nausea, vomiting, constipation, bowel dysmotility, altered
mental status, disorientation, falls, acute respiratory failure, hypox-
emia, atelectasis, aspiration pneumonia and urinary retention, among
others. In addition, the reduction in hospital revenue may be attribu-
table to the resultant treatment of ORADEs. Prolongation of the hospital
stay increases cost by requiring continued medical monitoring, treat-
ment regimens, and intervention specific to each ORADE. Prolonged
LOS further exposes patients to risk of hospital-acquired infections such
as pneumonia or UTI, especially in the setting of prolonged mechanical
ventilation or urinary catheterization [31,32]. Our results align with
evidence from prior studies of endoscopic and surgical procedures
which demonstrated an association between ORADEs and inferior pa-
tient outcomes, increased likelihood of discharge to facilities other than
home, increased mortality, and increased rates of 30-day readmission
[4,5,12,14,33,34].

Many elderly patients continue to receive opioids as their primary

analgesic in spite of their detrimental side effects, yet approximately
75% of patients endorse continued postoperative pain [5,35,36].
Opioid monotherapy for perioperative analgesia is therefore ineffective
and exposes patients to increased risk of harm. In light of the growing
awareness of opioids’ inherent limitations, new strategies have risen to
the forefront. The American Pain Society (APS) and American Society of
Anesthesiologists (ASA) guidelines recommend a minimum of two
modalities in an algorithmic approach for postoperative pain manage-
ment, beginning with non-opioid medications such as oral or IV non-
steroidal anti-inflammatory drugs, acetaminophen, local anesthetics,
and regional blocks, with opioids as a rescue [3,37]. Recent Guidelines
for perioperative care in elective colorectal surgery from the Enhanced
Recovery After Surgery (ERAS) Society and American Society for En-
hanced Recovery (ASER) specifically advocate for multimodal analgesia
and minimization of opioids [38]. This approach recognizes the mul-
tifaceted nature of pain and nociception, and targets several available
mechanisms in order to establish a more robust baseline of analgesia
than is possible with opioids alone. As a result, multimodal analgesic
strategies, applied pre, intra, and postoperatively effectively lower
opioid consumption and lessen the risk of ORADEs.

Enhanced Recovery Pathways (ERPs), in concert with multimodal
analgesia, have the potential to reduce ORADEs even further. ERPs
were first implemented in colorectal surgery as a mechanism to facil-
itate recovery of bowel function and, among other strategies, stressed
the reduction of opioid consumption in order to limit opioid-induced
bowel dysmotility. These programs have since been adopted in a variety
of surgical subspecialties. While intended to reduce the medical and
economic burdens of surgical complications, they also may potentially
decrease risk of ORADEs, further reducing cost [39,40]. Considered
broadly, ORADE-reducing ERP protocols may consist of specific order
sets designed to curtail ORADE incidence and intervene appropriately
when they occur. Both minor and major ORADEs would require a tai-
lored approach, e.g. low-dose naloxone infusion for opioid-induced
pruritus versus resuscitation doses of naloxone in the setting of

Table 3
Multivariable Association of Potential ORADEs with Clinical Classification Software (CCS) Categories within the Agency for Healthcare Research and Quality
(AHRQ).

CCS Category Total Discharges Number of ORADEs ORADE rate Odds Ratio p-value

Shock 672 437 39.40 11.72 (9.99 - 13.74) <0.001
Septicemia**** 861 527 37.97 9.97 (8.69 - 11.44) <0.001
Pneumonia*** 1690 959 36.20 8.42 (7.64 - 9.28) <0.001
Acute myocardial infarction 597 289 32.62 5.87 (5 - 6.9) < 0.001
Gastrointestinal hemorrhage 320 136 29.82 4.6 (3.68 - 5.75) <0.001
Cognitive disorders** 4115 1268 23.56 2.86 (2.67 - 3.06) <0.001
Acute posthemorrhagic anemia 22003 6575 23.01 3.24 (3.13 - 3.35) <0.001
Bacterial infection; unspecified site 3979 1097 21.61 2.42 (2.26 - 2.6) < 0.001
>84 years old 5174 1093 21.12 2.26 (2.1 - 2.43) <0.001
Nutritional deficiencies 6780 1659 19.66 2.08 (1.97 - 2.2) < 0.001
Adjustment disorders 432 105 19.55 1.99 (1.6 - 2.49) <0.001
Alcohol-related disorders 2738 624 18.56 1.85 (1.69 - 2.03) <0.001
80 - 84 years old 12808 2369 18.50 1.91 (1.81 - 2.02) <0.001
Chronic kidney disease 14668 3219 18.00 1.85 (1.78 - 1.93) <0.001
Complication of device; implant or graft 7543 1536 16.92 1.62 (1.53 - 1.72) <0.001
75 - 79 years old 27773 4581 16.49 1.67 (1.59 - 1.74) <0.001
Chronic obstructive pulmonary disease and bronchiectasis 21757 4041 15.66 1.49 (1.44 - 1.55) <0.001
70 - 74 years old 41754 6084 14.57 1.44 (1.38 - 1.5) < 0.001
Gastroduodenal ulcer* 2569 427 14.25 1.24 (1.12 - 1.38) <0.001
Anxiety disorders 29381 4664 13.70 1.21 (1.17 - 1.25) <0.001
Mood disorders 34193 5355 13.54 1.19 (1.15 - 1.23) <0.001
Attention-deficit conduct and disruptive behavior disorders 690 108 13.53 1.15 (0.94 - 1.41) 0.181
Female Gender 96441 12517 12.98 0.85 (0.82 - 0.87) <0.001
Osteoarthritis 28582 4190 12.79 1.08 (1.04 - 1.12) <0.001
65 - 69 years old 50864 6373 12.53 1.21 (1.16 - 1.26) <0.001

ORADE=opioid-related adverse drug event.
* except hemorrhage.
** Cognitive disorders include delirium, dementia, and amnestic and other cognitive disorders.
*** except that caused by tuberculosis or sexually transmitted disease.
**** except in labor.
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profound opioid-induced respiratory depression. Along those lines,
appropriate postoperative monitoring such as telemetry and pulse
oximetry may promote earlier detection of ORADEs, allowing clinicians
to intervene before severe sequelae occur. With regard to the impact of
ORADEs as illustrated by this study, adoption of ERPs and multimodal
analgesic strategies may reduce surgical complications and ORADEs,
decrease LOS, and improve hospital revenue.

This study is limited by several factors. Most importantly, while a
verifiable association between ORADEs and specific outcomes and di-
agnoses has been established by several studies [4,5,13], it is not pos-
sible to delineate a causal relationship between opioid use as an an-
algesic and post-surgical ORADEs. The determination of adverse events
via ICD codes may overestimate ORADEs and their contribution to LOS
and hospital revenue. Adverse events may occur in the absence of
opioid administration and, when reported via ICD codes, may be falsely
attributed to opioids. In addition, collecting the data via ICD codes may
encourage redundancy. A single ORADE may be reported several times
with various ICD codes, and this repetition may falsely elevate ORADE
rates. Furthermore, the Medicare database does not explicitly describe
the medications each patient receives during their hospitalization nor
the timing of a medication as it relates to an adverse event. On the
contrary, ORADE incidence may be underestimated as hospitals are
only able to submit limited numbers of ICD codes and frequently only
link severe complications to claims data; common adverse events such
as constipation, nausea and vomiting, pruritus and delirium may
therefore be underreported. These relatively minor side effects are
prevalent and often go unreported, yet they inflict real discomfort to the
patient, consequently delaying discharge and decreasing patient sa-
tisfaction. Nonetheless, the extensive quantity of hospital networks
from which the Medicare database draws, along with the previously
validated methodology for identifying ORADEs and the associations
derived from the AHRQ CCS categories lends legitimacy to the insights
arrived at through our analysis of patients undergoing spine surgery.

5. Conclusion

Our study demonstrates that potential ORADEs (both major and
minor) in spine surgery are common and are associated with longer
hospitalizations and decreased hospital revenue in the elderly popula-
tion. Therefore, better perioperative pain management strategies that
reduce ORADEs may improve patient care and increase hospital rev-
enue.

Areas of interest for future research should emphasize prospective
cohort studies that specify the medications and timing of administration
in relation to adverse events. This will allow a more definitive causal
relationship to be established between opioid medications and ORADEs
in spine surgery. Our data may be used as a starting point from which to
design quality improvement and cost reduction efforts focused on im-
proving patient outcomes in at-risk populations, such as the elderly,
following spine surgery.
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