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Abstract

Objective

Little is known about the prevalence of continued opioid use following aneurysmal sub-
arachnoid hemorrhage (aSAH) despite guidelines recommending their use during the acute
phase of disease. We sought to determine prevalence of opioid use following aSAH and test the
hypothesis that acute pain and higher inpatient opioid dose increased outpatient opioid use.

Methods

We reviewed consecutively admitted patients with aSAH from November 2015 through
September 2019. We retrospectively collected pain scores and daily doses of analgesics. Pain
burden was calculated as area under the pain-time curve. Univariate and multivariable re-
gression models determined risk factors for continued opioid use at discharge and outpatient
follow-up.

Results

We identified 234 patients with aSAH with outpatient follow-up. Continued opioid use was
common at discharge (55% of patients) and follow-up (47% of patients, median 63 [inter-
quartile range 49-96] days from admission). Pain burden, craniotomy, and racial or ethnic
minority status were associated with discharge opioid prescription in multivariable analysis. At
outpatient follow-up, pain burden (odds ratio [OR] 1.88, 95% confidence interval [CI]
1.5-2.4), depression (OR 3.1, 95% CI 1.1-8.8), and racial or ethnic minority status (OR 2.1,
95% CI 1.1-4.0) were independently associated with continued opioid use; inpatient opioid
dose was not.

Conclusion

Continued opioid use following aSAH is prevalent and related to refractory pain during acute
illness, but not inpatient opioid dose. More efficacious analgesic strategies are needed to reduce
continued opioid use in patients following aSAH.

Classification of Evidence
This study provides Class II evidence that continued opioid use following aSAH is associated
with refractory pain during acute illness but not hospital opioid exposure.
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Glossary

aSAH = aneurysmal subarachnoid hemorrhage; CI = confidence interval; ICU = intensive care unit; IQR = interquartile range;
MOPAT = multidimensional objective pain assessment tool; NRS = Numeric Rating Scale; OR = odds ratio; SAH =

subarachnoid hemorrhage.

The worst headache of one’s life may herald the onset of
aneurysmal subarachnoid hemorrhage (aSAH). The head-
ache is severe and persistent. Guidelines recommend opioids
for analgesia, despite a general consensus that opioids should
be avoided in other types of acute headache." Little is known
about the prevalence of chronic opioid use following aSAH.

The United States continues to face an opioid crisis, with ex-
cessive and increasing costs in lives lost, burden of disability, and
dollars directed to justice system and health care approaches for
combating this epidemic. Opioid use disorder usually begins with
a prescription for an acute medical condition.” Severe and re-
fractory pain after acute injury increases the risk of chronic opioid
use. Other risk factors include lower socioeconomic status, race,
increased inpatient opioid dose, and history of depression.**

We sought to determine the prevalence of and risk factors for
continued opioid use after aSAH. We hypothesized that in-
creased acute pain and increased receipt of opioids in the
intensive care unit (ICU) would be associated with continued
opioid use at time of discharge as well as outpatient follow-up.

Methods

Classification of Evidence

The primary research question was whether the experience of
acute pain or receipt of opioids while in the ICU would increase
rates of continued opioid use at time of discharge and outpatient
follow-up. This study provides Class II evidence that continued
opioid use following aSAH is associated with refractory pain
during acute illness but not increased hospital opioid dose.

Study Design

We reviewed consecutive patients with aSAH from November
2015 through September 2019 identified in the prospective
observational Recovery After Cerebral Hemorrhage (ReACH)
database (NCT04189471).

Patient Population

We included only patients with an aneurysmal pattern of
subarachnoid hemorrhage (SAH). We excluded patients with
perimesencephalic SAH and SAH due to other etiologies in-
cluding trauma, arteriovenous malformations, and reversible
cerebral vasoconstriction syndrome. Patients without follow-
up appointments in our medical system were also excluded.

Electronic medical records were retrospectively reviewed for
substance use history and toxicology screen as well as baseline
clinical and radiographic characteristics.
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Pain Management

Initial pain control consisted of acetaminophen and opioids as
needed with increasing dose or frequency at the bedside cli-
nician’s discretion. Adjunctive therapies were added including
gabapentin, lidocaine patches, and dexamethasone.

Pain Assessment

We retrospectively reviewed the electronic medical records for
pain scores and analgesic doses. Pain scores were collected at
2-hour intervals from hospital admission through discharge as per
nursing assessment protocols. Pain was rated using the Numeric
Rating Scale (NRS) with patient-reported scores ranging from
0 to 10, or in patients unable to self-report, the multidimensional
objective pain assessment tool (MOPAT) with physiologic-based
scores ranging from 0 to 12.° MOPAT scores were normalized to
the NRS on the basis of clinical categorization for severity
(ie, MOPAT 8-12 equates to NRS 7-10). We reviewed all
analgesic agents received by patients in the medication admin-
istration reconciliation. For each day of hospitalization, total daily
dose for each medication was calculated. Opioids were converted
using a standard opioid equivalence chart and calculated as total
daily oral morphine equivalents.

To account for the duration and extent to which pain may affect
continued opioid use, we calculated a pain burden score for each
patient. To do so, we used the trapezoidal method to calculate
the cumulative area under the curve for each patient’s pain scores
during their index ICU stay.” This area under the curve, divided
by the length of ICU stay, resulted in a single integer defined as
the pain burden with units of NRS and accounting for variability
in patient length of stay. Missing pain scores in the electronic
medical record were accounted for using variable time intervals
via the trapezoidal method and linear interpolation.

Outcome

Opioid prescription at the time of discharge and medication
reconciliation completed at the first outpatient neurosurgical
visit were assessed for continued opioid use. If an extensive
delay in follow-up occurred (greater than 6 months) and a
visit with another physician occurred during the interim, the
medication reconciliation from that visit was used instead.

Statistical Analysis

Descriptive statistics and bivariate analyses were performed to
compare characteristics of patients who received discharge
opioid prescriptions with those who did not. Independent
sample ¢ tests were performed for continuous variables, X2
or Fisher exact tests for categorical variables, and Wilcoxon
rank sum test for nonparametric data. Separate multivariable
logistic regression models distinguishing patients with
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Table 1 Patient Characteristics Associated With Continued Opioids at Follow-up

SAH with follow-up Opioids at follow-up No opioids at follow-up
(n=234) (n = 110) (47%) (n = 124) (53%) p Value

Age, y? 54 (12) 52 (10) 57 (13) 0.001
Female sex” 155 (67) 74 (47) 83 (53) 0.96
Race/ethnicity (binary)® 0.05

White 103 (44) 41 (40) 62 (60)

Racial-ethnic minority 131 (56) 69 (53) 62 (47)
Insurance type (binary)® 0.02

Medicare/Medicaid 82 (35) 30(37) 52 (63)

Private 152 (65) 80 (53) 72 (47)
Prior opioid prescriptionb 18 (8) 12 (67) 6 (33) 0.08
Nonopioid analgesic prescriptionb 55 (24) 30 (55) 25 (46) 0.20
Alcohol abuse® 69 (30) 34 (49) 35(51) 0.65
Ilicit drug use® 37(16) 17 (46) 20 (54) 0.89
Depressionb 25(11) 18(72) 7 (28) 0.008
Anxiety® 22 (9) 13 (59) 9 (41) 0.23
Positive toxicology screen (of 129 tests obtained)® 57 (44) 26 (46) 31 (54) 0.62
Hypertension® 137 (59) 69 (50) 68 (50) 0.22
Coronary artery disease® 17 (7) 6 (35) 11 (65) 0.31
Ischemic stroke® 11 (5) 4 (36) 7 (64) 0.47
Diabetes mellitus® 31(13) 14 (45) 17 (55) 0.82
Hunt-Hess grade® 3(2-3) 3(2-3) 3 (2-4) 0.27
Modified Fisher score® 3(3-3) 3(3-3) 3(3-3) 0.40
Therapy (coil vs clip)®¢ 0.02

Clip 59 (25) 32 (54) 27 (46)

Coil 112 (48) 43 (38) 69 (62)
Craniotomy® 83 (36) 49 (59) 34 (41) 0.006
Vasospasmb 127 (54) 64 (50) 63 (50) 0.26
Delayed cerebral ischemia® 52 (22) 24 (46) 28 (54) 0.89
Hydrocephalus requiring EVD® 148 (63) 64 (43) 84 (57) 0.13
Intubated® 160 (68) 70 (44) 90 (56) 0.14
Steroid therapyb 126 (54) 68 (54) 58 (46) 0.02
Disposition® 0.01

Home 112 (48) 62 (55) 50 (45)

Rehab/skilled nursing facility 122 (52) 48 (39) 74 (61)
ICU LOS, d° 16 (12-21) 16 (12-20) 17 (13-22) 0.23
Admission to follow-up, d° 63 (49-96) 63 (48-98) 63 (51-96) 0.77

Abbreviations: EVD = external ventricular drain; ICU = intensive care unit; LOS = length of stay; SAH = subarachnoid hemorrhage.

@ Continuous data represented as mean (SD); p value result of independent sample t test.

b Categorical data represented as total n (% of total); p value result of x? test.

¢Nonparametric data represented as median (interquartile range); p value result of Wilcoxon rank sum test.

d patients with aneurysmal patterns of hemorrhage but no identified aneurysm did not receive intervention; some patients required both interventions.
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Table 2 Patient Characteristics Associated With Continued Opioids at Discharge

SAH with follow-up Opioids at discharge No opioids at discharge
(n =234) (n = 128) (55%) (n = 106) (45%) p Value

Age, y? 54 (12) 52 (11) 58 (13) <0.001
Female sex” 157 (67) 82 (52) 75 (48) 0.28
Race/ethnicity (binary)® 0.05

White 103 (44) 49 (48) 54 (52)

Racial-ethnic minority 131 (56) 79 (60) 52 (40)
Insurance type (binary)® 0.06

Medicare/Medicaid 82 (35) 38 (46) 44 (54)

Private 152 (65) 90 (59) 61 (41)
Prior opioid prescription" 18 (8) 13(72) 5(28) 0.12
Nonopioid analgesic prescriptionb 55 (24) 30 (55) 25 (46) 0.98
Alcohol abuse® 69 (30) 39 (57) 30 (44) 0.72
lllicit drug use® 37 (16) 21(57) 16 (43) 0.78
Depression® 25(11) 17 (68) 8(32) 0.16
Anxiety? 22(9) 13 (59) 9 (41) 0.66
Positive toxicology screen (of 129 tests obtained)® 57 (44) 31 (54) 26 (46) 0.65
Hypertensionb 137 (59) 74 (54) 63 (46) 0.80
Coronary artery disease® 17 (7) 6 (35) 11 (65) 0.13
Ischemic stroke® 11 (5) 5(46) 6 (55) 0.55
Diabetes mellitus® 31(13) 15 (48) 16 (52) 0.45
Hunt-Hess grade® 3(2-3) 3(2-3) 3(2-4) 0.80
Modified Fisher score® 3(3-3) 3(3-3) 3(3-3) 1.0
Therapy (coil vs clip)®¢ 0.004

Clip 59 (25) 39 (66) 20 (34)

Coil 112 (48) 51 (46) 61 (54)
Craniotomy® 83 (35) 58 (70) 25 (30) <0.001
Vasospasmb 127 (54) 73 (58) 54 (44) 0.35
Delayed cerebral ischemia® 52 (22) 28 (54) 24 (46) 0.89
Hydrocephalus requiring EVD® 148 (63) 77 (52) 71 (48) 0.28
Intubated® 160 (68) 85 (53) 75 (47) 0.48
Steroid therapyb 126 (54) 81 (64) 45 (36) 0.001
Disposition® 0.02

Home 112 (48) 70 (63) 42 (38)

Rehab/skilled nursing facility 122 (52) 58 (48) 64 (53)
ICU LOS, d° 16 (12-21) 16 (13-20) 17 (12-22) 0.65
Admission to follow-up, d° 63 (49-96) 64 (49-94) 62 (48-101) 0.78

Abbreviations: EVD = external ventricular drain; ICU = intensive care unit; LOS = length of stay; SAH = subarachnoid hemorrhage.

@ Continuous data represented as mean (SD); p value result of independent sample t test.

b Categorical data represented as total n (% of total); p value result of x° test.

¢Nonparametric data represented as median (interquartile range); p value result of Wilcoxon rank sum test.

4 patients with aneurysmal patterns of hemorrhage but no identified aneurysm did not receive intervention; some patients required both interventions.
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Table 3 Pain Burden and Analgesic Dosing Associations With Continued Opioids at Discharge

SAH with Opioids at No opioids at
follow-up discharge discharge p
(n =234) (n =128) (55%) (n =106) (45%) Value
Pain burden 1.48 (0.53-3.33) 2.50 (1.07-4.12) 0.73 (0.2-1.86) <0.001
Intensive care unit
Average daily opioid dose, mg 23 (7-51) 32 (17-54) 9 (5-39) <0.001
Maximum opioid dose, mg 75 (38-166) 94 (54-176) 52 (26-140) 0.004
Average daily acetaminophen, mg 1,493 (911-2,182) 1,493 (953-2,144) 1,502 (870-2,197) 0.95
Maximum acetaminophen, mg 3,925 (2,600-4,000) 3,575 (2,600-4,000) 4,000 (2,600-4,000) 0.85
Hospital
Average daily opioid dose, mg 22 (7-47) 31 (15-53) 8 (5-29) <0.001
Maximum opioid dose, mg 75 (38-166) 95 (58-176) 52 (26-140) 0.003
Average daily acetaminophen, mg 1,418 (860-2000) 1,502 (940-2021) 1,288 (832-1982) 0.32
Maximum acetaminophen, mg 3,962 (2,600-4,000) 3,900 (2,600-4,000) 4,000 (2,600-4,000) 0.77
Maximum number of pain medications during 3(2-4) 3(2-4) 3(2-3) 0.006

hospitalization®

Abbreviation: SAH = subarachnoid hemorrhage.

Data represented as median (interquartile range); p value as result of Wilcoxon rank sum test.
2 Medians are similar for both groups, but there was a slightly greater mean number of medications in the continued opioid use group (3.1 vs 2.8).

continued opioid use from those without at hospital discharge
and at outpatient follow-up were then developed using a
stepwise backwards elimination method.

Statistical analyses were performed in R (Version 1.2.5001,
the R Foundation).

Data Availability
Anonymized study data will be available to qualified investi-
gators from the corresponding author on reasonable request.

Results

We identified 234 patients with aSAH after excluding 26 patients
with perimesencephalic SAH, 45 with other non-aneurysmal SAH,
42 patients with aSAH lacking follow-up, and 3 outlier patients
missing >90% of pain scores during prolonged hospitalizations.
Median Hunt-Hess score was 3 (interquartile range [IQR] 2-3)
with a median ICU length of stay of 16 days (IQR 12-21) and
median time to first follow-up of 63 days (IQR 49-96) from
admission (table 1). Fifty-five percent of the patients were dis-
charged with a prescription for opioids and 47% endorsed con-
tinued use on medication reconciliation at the time of follow-up.

Continued Opioid Use at Hospital Discharge

In univariate analysis, younger age, racial-ethnic minority
status, craniotomy, adjunctive steroid therapy, and home
discharge were all associated with continued opioid use at
discharge (table 2). The pain burden for patients who con-
tinued to use opioids was significantly greater than in those
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who no longer required opioids (2.82 NRS vs 0.82 NRS, p <
0.001). Similarly, the maximum number of different analgesic
therapies utilized during hospitalization was higher in patients
with continued opioid use. We also found a difference in the
average and maximum daily opioid dose during both ICU stay
and total hospital stay between those who continued to use
opioids at discharge and those who did not (table 3). In
multivariable analysis, racial-ethnic minority status (odds ratio
[OR] 1.9, 95% confidence interval [CI] 1.0-3.5), craniotomy
(OR 2.5,95% CI 1.3-4.8), and pain burden (OR 1.7, 95% CI
1.4-2.1) were associated with continued opioid use at dis-
charge (table 4).

Table 4 Multivariable Analysis: Factors Independently
Associated With Discharge Opioid Prescription

95% Cl, 95% Cl, 1

OR lower upper Value
Craniotomy 2.51 1.32 4.75 0.005
Racial-ethnic minority 1.91 1.04 3.51 0.04
status
Pain burden 1.71 1.40 2.08 <0.001
Age,y 0.99 0.96 1.02 0.53
Male sex 1.51 0.78 2.93 0.22
Medicare/Medicaid 0.76  0.39 1.45 0.40

Abbreviations: Cl = confidence interval; OR = odds ratio.
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Table 5 Pain Score and Analgesic Dosing Associations With Continued Opioids at Follow-up

SAH with follow-up Opioids at follow-up No opioids at follow-up p
(n =234) (n = 110) (47%) (n = 124) (53%) Value
Discharge opioid prescription? 128 (55) 103 (81) 25 (20) <0.001
Pain burden 1.48 (0.53-3.33) 2.82(1.11-4.34) 0.82(0.28-2.24) <0.001
Intensive care unit
Average daily opioid dose, mg 23 (7-51) 33 (13-56) 13 (6-36) <0.001
Maximum opioid dose, mg 75 (38-166) 88 (53-187) 61 (31-145) 0.03
Average daily acetaminophen, mg 1,493 (911-2,182) 1,594 (951-2,179) 1,432 (880-2,180) 0.66
Maximum acetaminophen, mg 3,925 (2,600-4,000) 3,250 (2,600-4,000) 4,000 (2,600-4,000) 0.41
Hospital
Average daily opioid dose, mg 22 (7-47) 33 (12-55) 11 (5-30) <0.001
Maximum opioid dose, mg 75 (38-166) 91 (57-187) 61 (31-145) 0.02
Average daily acetaminophen, mg 1,418 (860-2000) 1,599 (953-2005) 1,289 (836-1968) 0.22
Maximum acetaminophen, mg 3,962 (2,600-4,000) 3,250 (2,600-4,000) 4,000 (2,600-4,000) 0.47
Maximum number of pain meds during 3(2-4) 3(2-4) 3(2-4) 0.04

hospitalization®

Abbreviation: SAH = subarachnoid hemorrhage.

All data represented as median (interquartile range) unless otherwise noted; p value as result of Wilcoxon rank sum test.
2 Categorical data represented as total n (% of total); p-value as result of x? test.
b Wilcoxon rank sum test; whereas medians are similar for both groups, there was a slightly greater mean number of medications in the continued opioid use

group (3.1 vs 2.8).

Continued Opioid Use at Outpatient Follow-up
The pain burden for patients who continued to use opioids at
outpatient follow-up was significantly greater than in those who
no longer used opioids (2.82 NRS vs 0.82 NRS, p < 0.001).
Consistent with findings at discharge, both average and maxi-
mum daily opioid dose during ICU and hospital stays as well as
the maximum number of different analgesic therapies utilized
during hospitalization were higher in patients with continued
opioid use at outpatient follow-up (table S). Racial-ethnic mi-
nority status (OR 2.1, 95% CI 1.1-4.0), history of depression
(OR 3.1, 95% CI 1.1-8.8), and pain burden (OR 1.9, 95% CI
1.5-2.4) were associated with continued opioid use in multi-
variable analysis, while daily opioid dose during ICU stays and
duration of hospitalization were not (table 6).

Discussion

We found that about half of patients discharged from the
hospital following aSAH required opioids at discharge and
continued to use opioids over 2 months after admission.
Acute pain burden, racial-ethnic minority status, and crani-
otomy were associated with continued opioid use at dis-
charge, while acute pain burden, racial-ethnic minority status,
and a history of depression were associated with continued
opioid use at outpatient follow-up. We did not find opioid
dose received during ICU stay or total hospital stay to be
independently associated with long-term opioid use.

Neurology | Volume 96, Number 19 | May 11, 2021

The incidence of continued opioid use in our study far ex-
ceeds previously reported rates of long-term use in other ICU
and postoperative populations, but is similar to those found in
some studies of traumatic brain injury.*>® We speculate that
patients with acute brain injury may be particularly vulnerable
to central sensitization to nociceptive stimuli, leading to in-
creased opioid use.’

Table 6 Multivariable Analysis: Factors Independently
Associated With Continued Opioid Use at Follow-up

95%Cl, 95%Cl, p

OR lower upper Value
Maximum number of pain 0.66 0.45 0.96 0.03
meds during hospitalization
Racial-ethnic minority status 213 114 3.99 0.02
Depression 3.1 1.10 8.83 0.03
Pain burden 1.88 147 2.39 <0.001
Craniotomy 1.70  0.91 3.18 0.10
Medicare/Medicaid 0.57 0.29 1.09 0.09
Age,y 1.00 0.97 1.02 0.73
Male sex 1.13 058 2.19 0.71
Abbreviation: Cl = confidence interval; OR = odds ratio.
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Among the risk factors associated with continued opioid use at
discharge in our study, pain burden and craniotomy stand out
as potentially modifiable. Receipt of craniotomy was associated
with opioid use at discharge, but not at outpatient follow-up.
We may have lacked power to show an independent effect of
craniotomy at follow-up as others have shown that pain after
craniotomy is moderate to severe in up to 76% of patients
within the first few days, and nearly 30% of postcraniotomy
patients develop chronic headache.'®'" Although not every
aneurysm may be amenable to endovascular coiling, strategies
to mitigate postcraniotomy pain such as scalp nerve blocks hold
promise and likely deserve further attention."

As for continued opioid use at outpatient follow-up, our data
confirm depression as an independent predictor, similar to
prior studies of postsurgical populations.” Future studies may
consider tracking outpatient depressive symptoms and anti-
depressant use as important effect modifiers. Our model
demonstrates a trend toward reduced odds of continued opioid
use with increased utilization of opioid-sparing analgesics.
Further research is necessary to develop effective alternative
multimodal analgesic strategies including nonpharmacologic
interventions. In other studies of long-term ICU follow-up,
there is continued decrement in opioid use over time.” Addi-
tional observation with longer follow-up is needed to de-
termine whether the same holds true for aSAH.

In contrast to prior studies, we did not find an independent
association between acute opioid dosage and continued opioid
use. This is likely due to a ceiling effect whereby clinicians did
not feel comfortable increasing opioid dosing despite poorly
controlled pain in order to preserve the neurologic examination
in patients with aSAH. Whereas refractory pain and opioid
exposure are inextricably linked, our findings suggest that re-
fractory pain is the driving factor in the inpatient setting for
continued opioid use at discharge and beyond.

There are important limitations to this single-center analysis,
including concern about generalizability to other aSAH pa-
tient populations. Although it is presumed that pain described
by patients with aSAH most commonly reflects headache,
retrospective review of pain scores did not allow us to con-
sistently differentiate pain by location or character. A third key
limitation is that our median follow-up time was approxi-
mately 2 months, whereas 3 months usually defines chronic
opioid use.® In addition, we relied on outpatient medication
reconciliation, which may be prone to inaccuracy, as self-
reported opioid use likely underestimates true chronic use."
Larger, multicenter studies with longer follow-up and access
to prescription monitoring databases are required to validate
our findings. Nonetheless, our findings highlight an over-
looked problem requiring further attention.

Continued opioid use following aSAH is prominent and as-
sociated with acute pain burden, but not acute opioid exposure.
Novel analgesic strategies that reduce acute pain burden might
reduce chronic opioid use following treatment for aSAH.
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