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Abstract 

Background: Subarachnoid hemorrhage (SAH) is characterized by the worst headache of life and associated with 
long-term opioid use. Discrete pain trajectories predict chronic opioid use following other etiologies of acute pain, 
but it is unknown whether they exist following SAH. If discrete pain trajectories following SAH exist, it is uncertain 
whether they predict long-term opioid use. We sought to characterize pain trajectories after SAH and determine 
whether they are associated with persistent opioid use.

Methods: We reviewed pain scores from patients admitted to a single tertiary care center for SAH from November 
2015 to September 2019. Group-based trajectory modeling identified discrete pain trajectories during hospitaliza-
tion. We compared outcomes across trajectory groups using χ2 and Kruskal–Wallis tests. Multivariable regression 
determined whether trajectory group membership was an independent predictor of long-term opioid use, defined as 
continued use at outpatient follow-up.

Results: We identified five discrete pain trajectories among 305 patients. Group 1 remained pain free. Group 2 
reported low scores with intermittent spikes and slight increase over time. Group 3 noted increasing pain severity 
through day 7 with mild improvement until day 14. Group 4 experienced maximum pain with steady decrement over 
time. Group 5 reported moderate pain with subtle improvement. In multivariable analysis, trajectory groups 3 (odds 
ratio [OR] 3.5; 95% confidence interval [CI] 1.5–8.3) and 5 (OR 8.0; 95% CI 3.1–21.1), history of depression (OR 3.6; 95% 
CI 1.3–10.0) and racial/ethnic minority (OR 2.3; 95% CI 1.3–4.1) were associated with continued opioid use at follow-up 
(median 62 days following admission, interquartile range 48–96).

Conclusions: Discrete pain trajectories following SAH exist. Recognition of pain trajectories may help identify those 
at risk for long-term opioid use.
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Introduction
Subarachnoid hemorrhage (SAH) classically pre-
sents with a headache described as the worst of life [1]. 
Research efforts have focused on improving functional 
neurologic outcomes and mortality after SAH, but the 
characterization of pain after SAH has received less 
attention [2–6]. The few studies available concur that the 
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headache following SAH is severe but have found dispa-
rate results regarding the temporal course of pain during 
the acute hospitalization [4–6]. Similar to other condi-
tions associated with severe acute pain, SAH is associated 
with high rates of long-term opioid use [7, 8], a fact made 
more salient by the fact that the current opioid crisis in 
the United States is in part driven by opioid prescriptions 
for acute medical conditions [9].

A recent study of nonneurologic postoperative patients 
found that it is not simply pain severity but also the tra-
jectory of inpatient pain that predicts important long-
term outcomes [10]. It is not known if discrete inpatient 
pain trajectories exist following SAH. Identification of 
such independent pain trajectories could determine 
those at risk for chronic opioid use and might provide 
earlier opportunities for intervention.

In this study, we sought to characterize acute pain tra-
jectories in patients hospitalized after SAH and deter-
mine whether they were associated with continued 
outpatient opioid use. We hypothesized that those with 
persistent severe pain over the course of their intensive 
care unit (ICU) stay would be at higher risk of contin-
ued opioid use compared with those with mild or rapidly 
improving pain.

Methods
Study Design
We retrospectively reviewed consecutive patients with 
aneurysmal or perimesencephalic SAH from Novem-
ber 2015 to September 2019 identified in the prospec-
tive observational Recovery After Cerebral Hemorrhage 
database (NCT04189471). The Recovery After Cerebral 
Hemorrhage database collects baseline characteristics 
and clinical outcomes of all patients with hemorrhagic 
stroke admitted to the University of Maryland Medical 
Center. We excluded patients with other etiologies of 
SAH, such as trauma, reversible cerebral vasoconstric-
tion syndrome, or cerebral amyloid angiopathy. For our 
outcome analysis, we also excluded patients without out-
patient follow-up.

Pain Assessment
We retrospectively reviewed patient records for all pain 
scores collected at 2-h intervals starting at hospital 
admission per nursing assessment protocols and insti-
tutional clinical standard of care. We collected patient-
reported scores from 0 to 10 on the numeric rating scale 

(NRS) [11]. In patients unable to provide an NRS score, 
the multidimensional objective pain assessment tool 
(MOPAT) score, with physiologic-based scores ranging 
from 0 to 12, was collected [12]. We normalized MOPAT 
scores to the NRS on the basis of clinical categoriza-
tion of pain severity, in which an MOPAT score of 8–12 
equates to an NRS score of 7–10, both characterized as 
severe pain by their respective scales (Fig. 1).

Pain Management
Our standard analgesia practice started with stand-
ing acetaminophen doses up to a maximum of 4 g daily 
as required for pain control. We initiated opioids with 
5  mg of oxycodone every 6  h as needed, with increas-
ing doses and/or frequency based on bedside clinician 
evaluation of persistent pain and patient tolerance. If 
patients did not report adequate pain control, we added 
adjunctive therapies using lidocaine patches, followed by 
gabapentin, which was quickly uptitrated to a maximum 
of 1,200 mg three times daily. Forty-eight hours of high-
dose dexamethasone (6 mg every 4 h) was used for per-
sistent and refractory pain. For this study, we reviewed 
all analgesic agents received by patients in the medica-
tion administration reconciliation. For each day of hos-
pitalization, the total daily dose for each medication was 
calculated. Opioids were converted by using a standard 
opioid equivalence chart and calculated as total daily oral 
morphine equivalents.

Outcome
Our primary outcome of interest was long-term opioid 
use, which we assessed using medication reconciliation 
completed at hospital discharge and the first outpatient 
neurosurgical visit. Standard medication reconciliation 
was completed for all medications that a patient was tak-
ing at the time of evaluation, including new prescriptions 
and those to be continued. If follow-up occurred greater 
than 6  months after admission and a visit with another 
physician occurred during the interim, the medication 
reconciliation from that visit was used instead.

Statistical Analysis
A group-based trajectory model (GBTM) is a finite mix-
ture model that independently identifies groups who 
follow a similar progression of one or more repeated 
measures over time. The output of a GBTM typically 
includes polynomials that describe distinct trajectories 

Fig. 1 Pain assessment tools. A comparison of the numeric rating scale (NRS) and multidimensional objective pain assessment tool (MOPAT). An 
example MOPAT scoring assessment depicts components of the physiologic and behavioral indicators of pain, as scored by bedside nursing, and 
the table below describes the categorization of pain severity for our institution. N/A not applicable. ( Adapted from McGuire DB, Kaiser KS, Soeken K, 
Reifsnyder J, Keay T. Measuring pain in non-communicative palliative care patients in the acute care setting: psychometric evaluation of the multidi-
mensional objective pain assessment tool (MOPAT) [abstract]. J Pain Symptom Manage. 2011;41(1):299–300.)

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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over time (with associated confidence bands), trajec-
tory group sizes, and individuals’ trajectory group mem-
berships. We constructed GBTMs that summarized 
trajectories of pain scores over time from hospital day 2 
to hospital day 14, representing the typical ICU stay for 
our patients with SAH. We excluded day 1 data because 
of a high rate of missing data, as pain scores were not 
assessed while patients underwent aneurysm secure-
ment. We used Bayesian and Akaike information criteria 
to determine the optimal number of trajectory groups 
in our cohort and eliminated statistically insignificant 
higher-order polynomial terms to develop a parsimoni-
ous GBTM [13–17].

We compared outcomes across trajectory groups using 
the χ2 or Fisher’s exact test for categorical variable and the 
Kruskal–Wallis test for ordinal variables. To determine 
whether trajectory group membership was an independ-
ent predictor of outcome, we used logistic regression, 
adjusting for clinically relevant covariates selected a 
priori on the basis of previously reported data from this 
patient cohort: race/ethnicity, a history of depression, a 
history of opioid use, craniotomy, and insurance type [7]. 
We evaluated goodness of fit using a Hosmer–Lemeshow 
test. We used Stata version 15.0 (StataCorp, College Sta-
tion, TX).

In a sensitivity analysis, we excluded patients with 24 h 
or more of consecutive MOPAT scores during the first 
4  days of hospitalization given inherent limitations of 
the physiologic dimensions of the score due to influence 
from external factors, including hyperthermia and use of 
vasoactive medications, compared with patient-reported 
scores [12]. Sensitivity analysis was also completed after 
we excluded patients with perimesencephalic SAH given 
its separate pathophysiology from aneurysmal SAH and 
possible differences in headache patterns.

Data Availability
Anonymized study data will be available to qualified 
investigators from the corresponding author on reason-
able request.

Results
We identified 305 patients eligible for inclusion in the 
trajectory analysis after excluding 44 patients with nona-
neurysmal, nonperimesencephalic SAH and 10 who had 
early withdrawal of life-sustaining treatment. After we 
excluded an additional 48 patients lacking outpatient 
follow-up, 257 were left for analysis of long-term opioid 
use (Fig.  2). We identified five distinct pain trajectory 
groups (Fig. 3). The mean posterior probability of group 
membership was greater than or equal to 0.90, indicat-
ing that most patients could be assigned to a single tra-
jectory group with confidence [12]. Group 1 included 85 

patients (27.9% of total cohort) and remained essentially 
pain free throughout the studied time period. Group 2 
included 73 patients (23.9% of total cohort) and reported 
low pain scores with intermittent spikes and an overall 
slight increase over time. Group 3 included 53 patients 
(17.4% of the total cohort) and reported dramatically 
increasing pain severity through day 7 with subsequent 
milder improvement in pain scores until day 14. Group 4 
included 47 patients (15.4% of the total cohort) and expe-
rienced maximum pain immediately following admission 
with a steady decrement in pain scores over time. Finally, 
Group 5 also included 47 patients (15.4% of the total 
cohort) and reported moderate pain severity with slight 
abatement over time.

Group Demographics and Clinical Characteristics
Groups were roughly similar in terms of age, sex, race, 
and prior use of opioids or illicit drugs (Table  1). Rates 
of hypertension, heart disease, and diabetes mellitus were 
also similar across trajectory groups. Groups 3 and 5 had 
the highest rates of premorbid depression, whereas group 
1 had the lowest rate.

Fig. 2 Inclusion/exclusion flowchart. aSAH aneurysmal subarachnoid 
hemorrhage, MOPAT multidimensional objective pain assessment 
tool, SAH subarachnoid hemorrhage, WLST withdrawal of life-sustain-
ing treatment
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The median Hunt–Hess score, determined at the time 
of admission to the hospital, was higher in groups 1 and 
2 compared with the other groups. Fewer patients in 
trajectory groups 4 and 5 underwent intubation or EVD 
placement for hydrocephalus, whereas a consistent per-
centage of patients in each group underwent craniotomy. 
Groups 3 and 5 had the highest mean daily opioid doses 
and were more likely to have received steroids for refrac-
tory headache.

Association with Continued Opioid Use at Follow‑up
In the multivariable analysis, trajectory group 3 (odds 
ratio [OR] 3.5; 95% confidence interval [CI] 1.5–8.3), 
trajectory group 5 (OR 8.0; 95% CI 3.1–21.0), history of 
depression (OR 3.6; 95% CI 1.3–10.0), and racial/ethnic 
minority (OR 2.3; 95% CI 1.3–4.1) were associated with 
continued opioid use at follow-up (Fig. 4). In a sensitiv-
ity analysis of 209 patients with no more than 24  h of 
physiologic-based pain scores, results were unchanged. 
Similarly, the sensitivity analysis excluding 26 patients 
with perimesencephalic SAH demonstrated unchanged 
results.

Discussion
In this study of subarachnoid hemorrhage, we identified 
five distinct trajectories of pain. Two of the trajectory 
groups, characterized by either moderate but persistent 
pain or dramatically increasing pain over the first seven 
days of hospitalization, were associated with long-term 
opioid use, defined as continued opioid use at outpatient 
follow-up. Craniotomy and a history of depression were 
also associated with long-term opioid use.

This analysis characterized previously unrecognized 
trajectories in pain following SAH. Prior studies of the 
longitudinal course of headache following SAH have 
either found headache to demonstrate increasing sever-
ity over the first 7 days, similar to our group 3 [6], or be 
severe and persistent during the first 14 days [4, 5]. This 
study is the first to decipher distinct pain trajectories for 
different patient groups. It is possible that the disparate 
results in prior studies are a result of disproportionate 
contributions from one trajectory group to the respec-
tive cohorts. Nonetheless, these findings are consistent 
with those from other acute injuries that show refractory 
pain to be a risk factor for chronic opioid use disorder 
[18–21].

Importantly, this study demonstrates that even persis-
tent moderate pain during hospitalization following SAH 
is associated with continued opioid use at outpatient fol-
low-up. Furthermore, the importance of pain trajectory is 
highlighted by the discrepant outcomes of groups 3 and 
4. Group 4 complained of more pain than group 3 during 
the early acute phase, but their pain subsided either natu-
rally or as a response to analgesic therapy, and they were 
much less likely to continue using opioids at outpatient 
follow-up. In contrast, group 3’s pain increased over time 
and led to escalating treatments (including steroids) for 
refractory pain. Although their initial pain scores were 
low, nearly three of four patients in group 3 continued to 
use opioids at outpatient follow-up. We have previously 
reported that persistent, poorly controlled pain during 
hospitalization was the major contribution to the con-
tinuation of opioid use in patients treated for SAH [7]. 
Early recognition of high-risk patient trajectories may 
inform multimodal analgesic strategies aimed at reducing 
pain, limiting postacute opioid prescriptions, and pre-
venting chronic opioid use. It may also help enrich future 
research studies for patients most likely to benefit from 
interventions that limit chronic opioid use.

Although baseline characteristics did not show any sig-
nificant differences between trajectory groups, patients 
assigned to group 5 were of younger average age and had 
a slightly increased rate of reported depression. Inter-
estingly, they were also noted to have higher premor-
bid  rates of use of nonopioid analgesics, alcohol, and 
opioids (on the basis of self-report and toxicology screen 
results at admission). Similar to group 3, the mean daily 
analgesic dose was significantly greater than that among 
patients assigned to groups 1, 2, and 4. Additionally, we 
note higher rates of rescue steroid therapy in both groups 
3 and 5, suggesting that persistent or worsening experi-
ence of pain refractory to standard analgesia plays a role 
in the continued use of opioids following discharge.

More than half of patients (groups 1 and 2) experienced 
little or no pain. These patients were less likely to use opi-
oids at outpatient follow-up. Notably, these patients had 
higher Hunt–Hess scores, associated with alterations in 
mental status and higher rates of intubation. It is possi-
ble that pain scores in these patients are confounded by 
impairments in abilities to explicitly report experienced 
pain; however, in our sensitivity analysis excluding those 
patients who did not regain consciousness to a degree 
allowing them to report their pain using the NRS, the 

Fig. 3 Pain trajectories following SAH. Summary trajectory plot demonstrating patient pain scores across five different pain trajectory groups 
identified by group-based trajectory modeling. Plots of individual trajectory cohorts display individual variance for each trajectory. Pain scores are 
plotted over the course of acute ICU hospitalization (14 days following admission). Day 1 values were excluded because of the number of missing 
values, which represented time patients were not assessed during aneurysm securement. GBTM group-based trajectory model, ICU intensive care 
unit, SAH subarachnoid hemorrhage

(See figure on next page.)
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Fig. 3 (See legend on previous page.)
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results did not change. Treatments used to promote ven-
tilator synchrony may also interrupt central nociceptive 
circuits and limit central sensitization that would oth-
erwise contribute to long-term opioid use [22]. Indeed, 

patients with acute brain injury may be particularly vul-
nerable to central sensitization processes [23].

A history of depression and being of the racial/ethnic 
minority were risk factors for continued opioid use at 

Table 1 Patient characteristics and unadjusted clinical outcomes

EtOH, alcohol; EVD, external ventricular drain; IQR, interquartile range; Rx, prescription; SD, standard deviation; Tx, treatment

Trajectory cohort p‑value

Group 1 Group 2 Group 3 Group 4 Group 5

n (%) 85 (27.9) 73 (23.9) 53 (17.4) 47 (15.4) 47 (15.4) –

Demographics

Age, mean (SD) 58 (12.3) 61 (14.4) 53 (12.3) 54 (12.1) 49 (10.6) 0.23

Female sex, n (%) 57 (67.1) 52 (71.2) 33 (62.3) 28 (59.6) 34 (72.3) 0.58

White, n (%) 41 (48.2) 31 (42.5) 25 (47.2) 25 (53.2) 25 (53.2) 0.75

Racial/ethnic minority, n (%) 44 (51.8) 42 (57.5) 28 (52.8) 22 (46.8) 22 (46.8) –

Private Insurance, n (%) 51 (60.0) 38 (52.1) 34 (64.2) 29 (61.7) 35 (74.5) 0.18

Medicare/Medicaid insurance, n (%) 34 (40.0) 35 (47.9) 19 (35.8) 18 (38.3) 12 (25.5) –

History

Reported opioid use 3 (3.5) 6 (8.2) 6 (11.3) 3 (6.4) 4 (8.5) 0.45

Non-opioid analgesic use (%) 14 (16.5) 18 (24.7) 11 (20.8) 9 (19.2) 15 (31.9) 0.31

EtOH use (%) 18 (21.2) 18 (24.7) 14 (26.4) 16 (34.0) 18 (38.3) 0.22

Reported iIllicit drug use (%) 8 (9.4) 10 (13.7) 7 (13.2) 8 (17.0) 10 (21.3) 0.42

Depression (%) 3 (3.5) 8 (11.0) 6 (11.3) 5 (10.6) 8 (17.0) 0.10

Anxiety (%) 4 (4.7) 8 (11.0) 6 (11.3) 5 (10.6) 5 (10.6) 0.50

Any opioids (reported or positive toxicology screen 
results) (%)

11 (12.9) 8 (11.0) 5 (9.4) 8 (17.0) 13 (27.7) 0.07

Hypertension (%) 50 (58.8) 45 (61.6) 34 (64.2) 22 (46.8) 26 (55.3) 0.43

Heart disease (%) 9 (10.6) 6 (8.2) 2 (3.8) 4 (8.5) 1 (2.1) 0.36

Stroke (%) 4 (4.7) 5 (6.9) 1 (2.0) 2 (4.3) 2 (4.3) 0.81

Diabetes mellitus (%) 13 (15.3) 8 (11.0) 13 (24.5) 6 (12.8) 6 (12.8) 0.28

Indicators of severity

Hunt–Hess score, median (IQR) 4 (3–4) 3 (2–3) 2 (2–3) 2 (2–3) 2 (2–3) 0.0001

modified Fisher scale, median (IQR) 3 (3–-4) 3 (3–-3) 3 (3–-3) 3 (3–-3) 3 (3–-3) 0.0001

Hydrocephalus requiring EVD, n (%) 76 (89.4) 43 (58.9) 34 (64.2) 18 (38.3) 15 (31.9)  < 0.0001

Intubated, n (%) 80 (94.1) 54 (74.0) 31 (58.5) 21 (44.7) 15 (31.9)  < 0.0001

Surgical intervention

Craniotomy, n (%) 27 (31.8) 21 (28.8) 17 (32) 11 (23.4) 17 (36.2) 0.73

Analgesia

Mean daily acetaminophen dose (SD) (mg) 1496 (905) 1064 (674) 1472 (686) 1427 (859) 1877 (764)  < 0.0001

Median daily opioid dose, mg, morphine equivalents 
(IQR) (mg)

15.8 (4.8–-66.7) 6.7 (4.4–-22.6) 30.3 (19.4–-49.6) 15.4 (8.2–-28.1) 53.0 (37.2–-67.7) 0.0001

Steroid Tx, n (%) 23 (27.1) 27 (37.0) 31 (58.5) 25 (53.2) 41 (87.2)  < 0.0001

Disposition

Home (%) 6 (7.1) 24 (32.9) 33 (62.6) 36 (76.6) 41 (87.2)  < 0.0001

Rehab facility (%) 59 (69.4) 42 (57.5) 19 (35.8) 11 (23.4) 5 (10.6) –

Skilled nursing facility (%) 2 (2.4) 1 (1.4) 0 0 0 –

Hospice/deceased (%) 18 (21.2) 6 (8.2) 1 (1.9) 0 1 (2.1) –

Outcomes

Opioid Rx at discharge, n (%) 21 (24.7) 29 (39.7) 39 (73.6) 27 (57.5) 39 (83.0)  < 0.0001

Time from admission to follow-up, days, median (IQR) 85.5 (63–-124) 63 (48–-101) 55 (45–-76) 52.5 (45–-72) 56.5 (44–-78) 0.0001

Continued opioid use at follow-up, n (%) 19 (31.7) 20 (32.8) 29 (63.0) 19 (41.3) 35 (79.6)  < 0.0001
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outpatient follow-up. These factors have previously been 
strongly linked to chronic opioid use following surgery 
and intensive care, which further strengthens the validity 
of the results of this study [24, 25].

Several pertinent limitations to this study merit not-
ing. Principle among these is that the analysis was lim-
ited to a retrospective review of a single center, limiting 
its generalizability to other patient populations with SAH. 
Sample size limitations significantly restrict statistical 
comparisons between trajectory groups, and larger studies 
powered to discern differences between groups may bet-
ter define differences among groups. Reliance on physi-
ologic signs of pain in patients who are intubated does 
not account for self-reported pain as experienced by the 
patient and, therefore, may undervalue its severity. None-
theless, our findings were identical in the subset of patients 
who were able to report all pain scores. It may also be chal-
lenging for clinicians to categorize patients into trajectory 
groups in real time, limiting clinical applicability of these 
cohorts. However, it may be possible to recognize patients 
in groups 3 and 5 by their increase in pain scores over the 
first several days and failure to achieve pain control over 
the same period. Of important note, although the pain 
described by patients with SAH most commonly reflected 
headache, retrospective review of pain scores prevented 
differentiation by location or character.

Additional limitations relating to the analysis of con-
tinued opioid use must be discussed. It is noted that 
the median follow-up time for this study was 2 months, 
whereas 3  months usually defines chronic opioid use 
[9]. Additionally, determining long-term opioid use on 
the basis of outpatient medication reconciliation may 
be prone to inaccuracy. However, self-reported opioid 
use likely underestimates true chronic opioid use [26]. 
Finally, 48 patients were excluded from this additional 
analysis as a result of loss to follow-up, 50% of whom 
were deceased or transferring to hospice at the time of 
discharge. Among excluded patients, those assigned to 
trajectory groups 1 and 2 were the majority, not dissimi-
lar to the makeup of the cohort as a whole.

Conclusions
We present a novel depiction of pain trajectories expe-
rienced following SAH in the ICU. Among these trajec-
tory groups, evidence of even persistent moderate pain 
prior to discharge, as well as escalating pain and history 
of depression, predicts continued opioid use at hospi-
tal follow-up. Early recognition of pain trajectories may 
assist in identifying patients at high risk for continued 
opioid use at outpatient follow-up.

Fig. 4 Predictors of opioid use at hospital follow-up. Multivariable analysis of trajectory groups and a priori identified covariates associated with 
continued opioid use following hospitalization for SAH, expressed as a forest plot. CI confidence interval, Rx prescription, SAH subarachnoid hemor-
rhage Tox toxicology



814

Author details
1 Department of Neurology, School of Medicine, University of Maryland, Balti-
more, MD, USA. 2 Program in Trauma, R Adams Cowley Shock Trauma Center, 
Baltimore, MD, USA. 3 Department of Critical Care Medicine, School of Medi-
cine, University of Pittsburgh, Pittsburgh, PA, USA. 4 Department of Neurology, 
School of Medicine, University of Pittsburgh, Pittsburgh, PA, USA. 5 Department 
of Neurosurgery, School of Medicine, University of Pittsburgh, Pittsburgh, PA, 
USA. 6 Safar Center for Resuscitation Research, School of Medicine, University 
of Pittsburgh, Pittsburgh, PA, USA. 7 Clinical and Translational Science Institute, 
School of Medicine, University of Pittsburgh, Pittsburgh, PA, USA. 8 Depart-
ment of Emergency Medicine, School of Medicine, University of Pittsburgh, 
Pittsburgh, PA, USA. 9 Department of Neurosurgery, School of Medicine, Uni-
versity of Maryland, Baltimore, MD, USA. 10 Department of Pathology, School 
of Medicine, University of Maryland, Baltimore, MD, USA. 11 Department 
of Physiology, School of Medicine, University of Maryland, Baltimore, MD, USA. 
12 Department of Pharmacy Services, University of Maryland Medical Center, 
Baltimore, MD, USA. 

Author contributions
All listed authors have made substantial contributions to the content of this 
manuscript, including conception and design of the study, acquisition of data, 
or data analysis and interpretation. Additionally, all have granted permission to 
submit for publication. Statistical analysis was conducted by JE and BEZ.

Funding
No funding was provided for this work.

Declarations

Conflicts of interest
RMJ reports funding from the National Institutes of Health National Institute 
of Neurological Disorders and Stroke through grants K23NS101036 and 
1R01NS115815 during the conduct of the study. JE discloses funding from 
the National Institute of Neurological Disorders and Stroke through grants 
K23NS097629 and R01NS119825 during the conduct of the study. NB reports 
grants from the National Institutes of Health National Institute of Neurologi-
cal Disorders and Stroke, from the US Department of Defense, and from the 
Maryland Industry Partnerships outside the submitted work. NAM and MJA 
report funding from the University of Maryland Baltimore Institute for Clinical 
and Translational Research Accelerated Translational Incubator Pilot grant, a 
subaward from National Center for Advancing Translational Sciences grant 
1UL1TR003098, during the conduct of the study. The other authors declare no 
conflicts of interest.

Ethical approval/informed consent
Data used in this study were obtained via our institutional review board-
approved observational study of recovery following cerebral hemorrhage 
(HP-00056063). For this study, formal consent was not required by our local 
institutional review board.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 7 January 2021   Accepted: 20 May 2021
Published online: 9 June 2021

References
 1. Lawton MT, Vates GE. Subarachnoid hemorrhage. N Eng. J Med. 

2017;377:257–66.
 2. Huckhagel T, Klinger R, Schmidt NO, Regelsberger J, Westphal M, 

Czorlich P. The burden of headache following aneurysmal subarachnoid 
hemorrhage: a prospective single-center cross-sectional analysis. Acta 
Neurochir. 2020;162:893–903.

 3. Hong CK, Joo JY, Kim YB, et al. The course of headache in patients with 
moderate-to-severe headache due to aneurysmal subarachnoid hemor-
rhage: a retrospective cross-sectional study. Headache. 2015;55:992–9.

 4. Morad AH, Tamargo RJ, Gottschalk A. The longitudinal course of pain and 
analgesic therapy following aneurysmal subarachnoid hemorrhage: a 
cohort study. Headache. 2016;56:1617–25.

 5. Glisic EK, Gardiner L, Josti L, et al. Inadequacy of headache management 
after subarachnoid hemorrhage. Am J of Crit Care. 2016;25(2):136–43.

 6. Swope R, Glover K, Gokun Y, Fraser JF, Cook AM. Evaluation of headache 
severity after aneurysmal subarachnoid hemorrhage. Interdiscipl Neuro-
surg. 2014;1:119–22.

 7. Jaffa MN, Podell JE, Smith MC, et al. Association of refractory pain in the 
acute phase after subarachnoid hemorrhage with continued outpatient 
opioid use. Neurology. 2021. https:// doi. org/ 10. 1212/ WNL. 00000 00000 
011906.

 8. Azher I, Anderson M, Dakay K, et al. Long term opioid use in patients with 
aneurysmal subarachnoid hemorrhage [abstract]. Stroke. 2020;51 Suppl 
1:TP452.

 9. Dowell D, Haegerich TM, Chou R. CDC guideline for prescribing 
opioids for chronic pain - United States, 2016. MMWR Recomm Rep. 
2016;65:1–49.

 10. Hernandez-Boussard T, Graham LA, Desai K, et al. The fifth vital sign; post-
operative pain predicts 30-day readmissions and subsequent emergency 
department visits. Ann Surg. 2017;266:516–24.

 11. Jensen MP, Turner JA, Romano JM. What is the maximum number of lev-
els of pain needed in pain intensity measurement? Pain. 1994;58:387–92.

 12. Weigand DL, Wilson T, Pannullo D, et al. Measuring acute pain over time 
in the critically ill using the multidimensional objective pain assessment 
tool (MOPAT). Pain Manag Nurs. 2018;19:277–87.

 13. Sajobi TT, Menon BK, Wang M, et al. Early trajectory of stroke severity 
predicts long-term functional outcomes in ischemic stroke subjects: 
results from the ESCAPE trial (Endovascular treatment for small core and 
anterior circulation proximal occlusion with emphasis on minimizing 
CT to recanalization times). Stroke. 2017;48:105–10. Erratum in: Stroke. 
2017;48(4):e119.

 14. Elmer J, Gianakas JJ, Rittenberger JC, et al. Group-based trajectory 
modeling of suppression ratio after cardiac arrest. Neurocrit Care. 
2016;25:415–23.

 15. Niyonkuru C, Wagner AK, Ozawa H, Amin K, Goyal A, Fabio A. Group-
based trajectory analysis applications for prognostic biomarker model 
development in severe TBI: a practical example. J Neurotrauma. 
2013;30:938–45.

 16. Jha RM, Elmer J, Zusman B, et al. Intracranial pressure trajectories: a 
novel approach to informing severe TBI phenotypes. Crit Care Med. 
2018;46:1792–802.

 17. Nagin DS. Group-based modeling of development. Cambridge (MA): 
Harvard University Press; 2005.

 18. Stumbo SP, Yarborough BJ, McCarty D, Weisner C, Green CA. Patient-
reported pathways to opioid use disorders and pain-related barriers to 
treatment engagement. J Subst Abuse Treat. 2017;73:47–54.

 19. Shah A, Hayes CJ, Martin BC. Factors influencing long-term opioid use 
among opioid naive patients: an examination of initial prescription char-
acteristics and pain etiologies. J Pain. 2017;18:1374–83.

 20. Weiss RD, Potter JS, Griffin ML, et al. Reasons for opioid use among 
patients with dependence on prescription opioids: the role of chronic 
pain. J Subst Abuse Treat. 2014;47:140–5.

 21. Edlund MJ, Sullivan MD, Han X, Booth BM. Days with pain and substance 
use disorders: is there an association? Clin J Pain. 2013;29:689–95.

 22. Woolf CJ. Central sensitization: implications for the diagnosis and treat-
ment of pain. Pain. 2011;152(3 Suppl):S2-15.

 23. Sahbaie P, Irvine K-A, Liang D-Y, Shi X, Clark JD. Mild traumatic brain injury 
causes nociceptive sensitization through spinal chemokine upregulation. 
Sci Rep. 2019;9:19500.

 24. Sun EC, Darnall BD, Baker LC, Mackey S. Incidence of and risk factors for 
chronic opioid use among opioid-naive patients in the postoperative 
period. JAMA Intern Med. 2016;176:1286–93.

 25. Yaffe PB, Green RS, Butler MB, Witter T. Is admission to the intensive care 
unit associated with chronic opioid use? A 4-year follow-up of intensive 
care survivors. J Intensive Care Med. 2017;32:429–35.

 26. Hilario EY, Griffin ML, McHugh RK, et al. Denial of urinalysis-confirmed 
opioid use in prescription opioid dependence. J Subst Abuse Treat. 
2015;48:85–90.

https://doi.org/10.1212/WNL.0000000000011906
https://doi.org/10.1212/WNL.0000000000011906

	Pain Trajectories Following Subarachnoid Hemorrhage are Associated with Continued Opioid Use at Outpatient Follow-up
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study Design
	Pain Assessment
	Pain Management
	Outcome
	Statistical Analysis
	Data Availability

	Results
	Group Demographics and Clinical Characteristics
	Association with Continued Opioid Use at Follow-up

	Discussion
	Conclusions
	References




