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AB S T R AC T
There is limited information on the effects of continued methadone

maintenance therapy (MMT) following aneurysmal subarachnoid hem-
orrhage (aSAH). However, with the increasing incidence of opioid use
disorder (OUD) in the US, there is a need to define best practices for
the management of pain and prevention of acute withdrawal syndrome
in patients with pre-existing OUD who develop aSAH. In this case
report, we describe the use of MMT in a patient with aSAH and discuss
important considerations, including sedation or confusion that might
mimic acute neurologic changes seen in cerebral vasospasm or delayed
cerebral ischemia, cardiac complications related to QTc prolongation,
and liver or kidney interactions associated with aSAH routine treatment.
Our patient recovered from her aSAH without any adverse events and,
with increased monitoring and collaborative team-based care including
input from those with expertise in OMD or aSAH, we believe MMT can
be safely continued in most aSAH patients.
L E A RN I NG PO I N T S
• Methadone maintenance therapy (MMT) may cause sedation that

mimics the acute neurologic changes seen in cerebral vasospasm, a
severe complication of aneurysmal subarachnoid hemorrhage (aSAH).

• Sedation can be differentiated from acute neurologic changes due
to aSAH complications by the absence of radiologic or angiographic
changes on computed tomography (CT) or digital subtraction angiogra-
phy (DSA) and by the reversal of sedative effectswhen sedative agents
are discontinued or when specific sedative antagonists (e.g. naloxone
for opioids) are administered.

• Both aSAH andMMTmay increase theQTc interval. T his combination
may therefore significantly increase the risk of QTc prolongation and
Torsades de Pointes. Continuous EKG monitoring is recommended
during the first few days of MMT in aSAH patients.
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• Methadone is primarily metabolized by CYP2B6,
a CYP450 family enzyme, and may significantly alter
themetabolism of somemedications. Althoughmost
medications traditionally used in aSAH care are not
affected, pharmacy consultation is recommended in
aSAH patients who undergo continuation of their
MMT after aSAH.

1 | INTRODUCTION

Opioid use disorder (OUD) is an important public-health
problem, affecting over 15 million people worldwide
and over 2 million in the United Sates alone. (1)
Methadone, a long-acting mu-receptor agonist, is some-
times used in patients with OUD as an oral opioid re-
placement for heroin, fentanyl or other intravenously-
injected illicit opioids. Daily methadone maintenance
therapy (MMT), prescribed and overseen by an ap-
proved methadone clinic, has been associated with re-
duced symptoms of drug withdrawal, drug craving, and
relapse compared to opioid abstinence alone. It has also
been associated with a reduced risk of viral or bacte-
rial bloodstream infection and illegal drug and money-
seeking behaviors compared to continued intravenous
illicit opioid use. (2)

Aneurysmal subarachnoid hemorrhage (aSAH) is a
devastating form of hemorrhagic stroke, resulting from
acute rupture of an intracranial aneurysm, that causes a
significant risk ofmortality and long-term neurologic dis-
ability. (3) Approximately 1% of aSAH patients will also
have a diagnosis of OUD at the time of their aneurysm
rupture and may be receiving MMT as a part of their
OUD treatment. (4) The safety and efficacy of MMT af-
ter aSAH is unknown. In this case report, we describe
a patient with a history of MMT in the setting of OUD
who developed aSAH. We also highlight potential com-
plications of MMT in aSAH patients and provide recom-
mendations for continuing MMT in aSAH patients.

2 | CASE DESCRIPTION

A 32-year-old female presented to hospital with acute
onset of severe headache and lethargy shortly after
awakening. A non-contrast computed tomography (CT)
scan of her head demonstrated diffuse subarachnoid
hemorrhage (SAH). The patientwas placed on a nicardip-
ine infusion to reduce her blood pressure and was trans-
ferred to our hospital. On arrival, she underwent a re-
peat non-contrast CT of the head and CT angiography
(CTA) of the head and neck. These scans revealed dif-
fuse SAH, an 8mm right posterior inferior cerebellar
artery (PICA) aneurysm, and moderate hydrocephalus.
On examination, shewas lethargicwith aGlasgowComa
Score =13 (Eye=3, Motor=6, Verbal=3) and Hunt and
Hess Score = 3. Her medical history was significant
for recent pregnancy, daily MMT, and a remote history
of intravenous opioid use more than 1 year prior to
aneurysm rupture. Unfortunately, more detail regarding
her MMT, OUD, and other medication history was not
obtainable from the patient at that time.

Due to worsening lethargy, she was intubated for air-
way protection and an extraventricular drain (EVD) was
placed. Propofol and hydromorphone infusions were ini-
tiated for sedation and analgesia, respectively. The hy-
dromorphone infusion was also used to prevent opioid
withdrawal symptoms (OWS) until more details about
her OUD and MMT could be obtained. Later that day,
she underwent diagnostic angiography. A left posterior
inferior cerebellar artery aneurysm was identified and
endovascular coils were placed for aneurysm oblitera-
tion. On post-bleed day 1 (PBD1), the patient was sig-
nificantly more alert and was successfully extubated. Of
note, both her propofol and hydromorphone infusions
were discontinued at that time. Following extubation a
more detailed medical history was conducted, and the
patient reported that her daily methadone dose was
95 mg/day and this dose was subsequently confirmed
with the prescribing physician. After an electrocardio-
gram (EKG) demonstrated no QTc prolongation, 95 mg
of methadone was given orally on the morning of PBD1
and this dosagewas continued daily throughout her hos-
pitalization. Continuous bedside telemetry and formal
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EKG on PBD5 were used to monitor for QTc prolon-
gation. After aneurysm obliteration, she was treated
per our routine aSAH protocol, including scheduled ni-
modipine therapy, daily transcranial Doppler (TCD) as-
sessment, blood pressure control, and serum sodium
monitoring. Her EVD was left open to drain at 0 cm
H20 and on PBD9, as the patient had had no evidence
of cerebral vasospasm (CV) or delayed cerebral ischemia
(DCI), her EVD was weaned per protocol. The EVD was
removed on PBD11 and she was discharged from the
ICU later that day.

Throughout her hospitalization, the patient received
appropriate ancillary care, including treatment for pain
(primarily headache), constipation and electrolyte ab-
normalities. The patient’s pain scores, stool frequency,
and serum electrolytes were continuously monitored
per protocol throughout her ICU stay. After extubation,
the patient reported 10/10 pain due to headache. This
was treated with scheduled acetaminophen-codeine.
Despite this therapy, she continued to report signifi-
cant headache pain through PBD4 that significantly im-
proved to less than 2/10 through the rest of her hos-
pitalization. Bowel function was monitored through-
out her hospitalization and constipation was success-
fully treated on PBD6 with oral polyethylene glycol and
bisacodyl with no additional reoccurrence of constipa-
tion during hospitalization. Her serum electrolytes were
replaced per routine hospital protocol to ensure they re-
mained within a normal range via oral and intravenous
routes, as appropriate.

The patientwas discharged fromhospital to an acute
rehabilitation facility on PBD16. At the time of her dis-
charge, she remained on 95 mg/day of methadone and
was scheduled to continue this regimen throughout her
rehabilitation. At routine clinical follow-up on PBD90,
she was recovering well. Her only complaint was min-
imal persistent headaches and she remained on MMT
through her pre-existing provider. The patient provided
written consent to publish this case report.

3 | DISCUSSION

This case report highlights the safe and effective early
re-initiation of chronic MMT to prevent OWS in a pa-
tient with aSAH. In the care of this patient, we were
not able to identify relevant published literature on the
use of MMT in aSAH patients. For this reason, we dis-
cussed the potential complications and considerations,
including concerns that early initiation of MMT might
result in sedation or confusion that could mimic acute
neurologic changes similar to those seen in cerebral va-
sospasm, that MMT could cause cardiac complications
related to QTc prolongation, and that MMT could cause
liver or kidney interactions with other medications rou-
tinely used in patients with aSAH. Although we did not
detect any of these issues in our patient, they were im-
portant potential complications that were considered
during her hospitalization.

Methadone is an opioid-agonist primarily active at
the opioid mu receptor. It is used to prevent OWS
in opioid-dependent patients and to treat acute and
chronic pain in certain patient populations. (5) Daily
MMT is used to blunt the distressing components of
OWS, including anxiety, nausea, sweating, vomiting, ab-
dominal pain, and diarrhea, that can occur with abrupt
discontinuation of opioids in opioid-dependent patients.
This patient did not develop any OWS-related symp-
toms; this was likely attributable to the early use of a
hydromorphone infusion during sedation and then re-
initiation of oral MMT in a timely manner.

The ability to conduct accurate serial neurological ex-
ams is critical after aSAH to detect the subtle acute neu-
rological changes that portend potentially devastating
sequelae, such as cerebral vasospasm and/or delayed
cerebral ischemia. While we were concerned that MMT
may cause inappropriate sedation or confusion, we be-
lieved that, with appropriate communication and discus-
sion, we could balance the potentially conflicting goals
of neurologic monitoring and continued opioid therapy.
Our plan in the setting of new or unexplained mental
status changes was to evaluate the patient, use early
non-invasive radiographic imaging including computed
tomography (CT) or computed tomography angiography
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(CTA) and, if needed, perform invasive digital subtrac-
tion angiography (DSA) to exclude organic brain disease.
If radiographic testing did not explain the neurologic
changes, we would then temporarily discontinue MMT
and monitor for improvements in her neurologic status.
Because methadone has a very long half-life (up to 59
hours), MMT discontinuation alone would have taken a
prolonged period to see resolution of neurologic symp-
toms. (6) For this reason, emergent opioid antagonist
therapy (naloxone) was also considered; however, be-
cause emergent naloxone likely would have precipitated
OWS, it was only to be used after direct discussion of
the risks and benefits between the neurosurgery and
critical care attendings.

One of our concerns was the possibility of pro-
longed QTc syndrome, which has been linked to mor-
tality through Torsade de Pointes (TdP). Because both
aSAH and methadone are known to prolong the QTc
interval, the combination of chronic MMT and aSAH
may therefore significantly prolong theQTc and increase
the risk of TdP. (7, 8) In aSAH patients, the develop-
ment of prolonged QTc syndrome is most likely to oc-
cur in female patients and in patients with serum hy-
pokalemia. (9) Other variables, including age, aSAH
severity, aneurysm site and other serum electrolyte ab-
normalitieswere not associatedwith an increased risk of
prolongedQTc syndrome. Our patient was continuously
monitored through bedside cardiac telemetry and for-
mal 12-lead EKGs obtained on PBD1 and PBD5 did not
exhibit a significantly prolonged QTc. These time points
were chosen, after consultation with the clinical phar-
macist. The former represents the baseline state before
re-initation of therapy; the latter represents the state
after 5 dosing intervals had passed, a time when serum
methadone steady-state had likely been achieved.

Another concern was the possibility of unique drug
interactions that may exist between methadone and
various medications frequently used in patients with
aSAH. Methadone is primarily metabolized to an inac-
tive metabolite, known as EDDP, by CYP2B6 in the
liver. (10) Other CYP450 enzymes including CYP3A4,
CYP2C19, CYP2D6, CYP2C9, and CYP2C8 are involved
in methadone metabolism to a lesser degree.(11) As

such, we were concerned about potential drug inter-
actions; however, none of the medications used, in-
cluding antibiotics, nicardipine, nimodipine, or levetirac-
etam, are known to be metabolized by or affected by
this hepatic metabolic pathway based on reviews of the
published literature. Further review of the literature
revealed no significant CYP2B6 inducer and inhibitor
agents frequently used in the treatment of aSAH, allevi-
ating someour concerns regarding the inclusion ofMMT
in this patient’s treatment plan.

In summary, this case report describes the successful
re-initiation of MMT in a patient with aSAH. Although
continued MMT introduced the potential for additional
sedation, mental status abnormalities, cardiac compli-
cations and drug interactions, we believed the poten-
tial benefits of continuing MMT, included mitigation of
OWS symptoms and the continued blunting of opioid
cravings, outweighed the potential risks. The patient re-
covered well and had no apparent complications from
this treatment. Figure 1 highlights a potential clinical
pathway for future patients with aSAH who are being
considered for re-initiation of their chronic MMT ther-
apy. We recommend that the neurologic status and
other organ systems or complications be evaluated and
stabilized prior to consideration of MMT. When sta-
ble and appropriate, we recommend pharmacist consul-
tation to evaluate for potential drug interactions with
methadone and to provide alternative safer recommen-
dations, if appropriate. We also recommend careful
QTc monitoring for, at least, the first few days as the
normal cardiac abnormalities from aSAH subside and
methadone serum concentrations reach steady state.
(12) Formal 12-lead EKG is warranted prior to the first
dose of MMT after aSAH and may be considered after
5 doses when methadone has achieved serum steady-
state concentration; however, for most patients, con-
tinuous telemetry monitoring is likely adequate unless
other therapies known to prolong QTc are added. In the
event of increasing or prolonged QTc, alternate opiate
therapieswithout the risk ofQTc prolongation should be
used to prevent complications of acute OWS. These al-
ternatives should be discussed with the pharmacist and
cardiology consultation may be considered. Finally, we
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F IGURE 1 Care pathway for re-initiation of
methadone maintenance therapy (MMT) in patients
with aneurysmal subarachnoid hemorrhage (aSAH). CT
= computed tomograph scan, CTA = computed
tomography angiography scan, DSA = digital
subtraction angiography.

recommend careful monitoring for excessive sedation,
which may be confused with altered mental status, and
the development of an evaluation andmanagement plan
with the neurosurgical team prior toMMT, including the
use of earaly radiography or angiographic tests to ex-
clude the possibility of organic brain disease. Follow-
ing this protocol, we were able to re-initiate MMT after
aSAH with no apparent related adverse effects. We be-
lieve MMT may be considered for patients on chronic
MMT, without obvious exclusionary conditions, at the
time of aneurysm rupture.
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