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Narrative Review
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Background: Numerous combination intrathecal drug therapy (CIDT) strategies exist and are
utilized for varying pain syndromes, typically when monotherapy dose escalation or medication
alternation is deemed untenable or unfeasible. Unfortunately, the supportive evidence basis for the
use of these strategies and specific drug combinations is generally lacking and unclear, with many
medications being used for off-label indications.

Objectives In this manuscript, we provide a robust exploration and analysis of the literature to
provide an evidence-based narrative for the use of CIDT strategies in regard to clinical indications,
pharmacologic parameters, specific drug combinations, safety profiles, and future directions.

Study Design: Narrative review.
Methods: This was an evidence based narrative performed after extensive review of the literature.

Results: Variances in intrathecal pharmacokinetics and pharmacodynamics are utilized
advantageously with CIDT strategies to achieve improved analgesic benefit; however, appropriate
use may be limited by increased or compounded risk of adverse effects. The supportive evidence
for CIDT use for chronic pain conditions is largely lacking and limited to small, uncontrolled,
observational studies, with many having various confounding factors, including a lack of
standardized dosing. The most evidenced CIDT strategies include polyanalgesia with morphine-
ziconotide, opioid-clonidine, and morphine-bupivacaine. Notably, in addition to pain relief,
morphine-bupivacaine has been shown to decrease early opioid escalation requirements.

Limitations: The supportive evidence for CIDT use for chronic pain conditions is largely lacking
and limited to small, uncontrolled, observational studies, with many having various confounding
factors including a lack of standardized dosing.

Conclusions: CIDT strategies and polyanalgesia combinations can be effective for treating
various patient populations with chronic pain. The appropriate use of these strategies may be
limited by increased or compounded risk of adverse effects, both of which are highly patient
and scenario dependent. Therefore, practitioners should maintain a particularly low threshold of
suspicion for adverse effects in patients with CIDT such that safety profiles associated with this
therapy can be favorably maintained.
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ntrathecal drug delivery is a well-studied strategy for

the management of various chronic pain conditions

(1-4). While morphine and ziconotide are the only
FDA-approved intrathecal medications for treating
chronic pain, there exist several additional medications
that are utilized for off-label indications (1,2,5).
Furthermore, there exist numerous combinations
of intrathecal medications that are utilized for
varying pain syndromes, typically if monotherapy
dose escalation or medication alternation is deemed
untenable or unfeasible. Expert consensus and societal
guidelines, mainly from the Polyanalgesic Consensus
Conference  (PACC), provide recommendations
regarding the use of combination intrathecal drug
therapy (CIDT) strategies (1,6) (Table 1). However, the
supportive evidence basis for the use of such strategies
and specific drug combinations themselves is generally
lacking and unclear. In this manuscript, we provide a
robust exploration and analysis of the literature for the
use of CIDT strategies in regard to clinical indications,
pharmacologic parameters, specific drug combinations,
and safety profiles.

Clinical Indications

Appropriate patient selection and disease-specific
considerations are imperative to achieve good out-
comes for intrathecal drug delivery (1-4). Selection
criteria, which include psychological evaluation, so-
cial support determination, illness severity, and life
expectancy, especially in the cancer population, have
previously been discussed extensively (1). Upon meet-
ing these criteria, intrathecal drug therapy is most
clearly indicated for various etiologies of pain phe-
nomena that are refractory to other measures of pain
management, including spinal cord stimulation and/or
surgery, or if surgery is unfeasible (7-12). In particular,
this includes chronic malignant or nonmalignant pain
that is neuropathic, nociceptive, or mixed in origin.
Commonly indicated pain syndromes, as determined
by PACC recommendations, include axial neck or low
back pain, failed back surgery syndrome, abdominal
and/or pelvic pain, extremity pain, complex regional

pain syndrome, trunk pain, cancer pain either from
direct tumor invasion or secondary to chemotherapy,
or conditions with opioid efficacy but limited by intol-
erable side effects (1).

For those with chronic nonmalignant pain, the
evidence suggests better outcomes utilizing intrathecal
drug therapy for treating nociceptive pain relative to
neuropathic pain or deafferentation pain syndromes
(13). While the evidence for cancer pain is more ex-
tensive, cancer-related pain is often complex and
manifests with clinical features of both nociceptive and
neuropathic pain. For instance, many soft tissue tumors
can result in neuropathic and visceral pain, while those
with bone metastases will present with nociceptive
pain. Regardless, fair evidence supports the use of CIDT
for both types of pain related to cancer (14-17). Studies
exploring CIDT strategies and combinations for use in
cancer pain are challenging given the vast heterogene-
ity of discrete pain syndromes. Therefore, there exists
a dearth of robust primary evidence exploring specific
intrathecal strategies for specific cancer cohorts.

In characterizing pain syndromes, patients with
localized pain, regardless of the type or etiology,
are thought to be especially amenable to intrathecal
therapy. This is secondary to our understanding that
precision catheter tip placement proximal to the im-
plicated nociceptive focus can provide direct necessary
analgesic benefit. Previously, it had been demonstrated
that catheter placement as high as upper cervical levels
helped successfully treat chronic pain syndromes with
intrathecal drug delivery (17). While patients with
diffuse and non-localizable pain were traditionally
thought to be poor responders, more recently, CIDT
strategies have been noted to have roles in providing
pain relief in such patients, as evidenced by the latest
PACC recommendations (1). Therefore, a sophisticated
appreciation for the supportive evidence of CIDT strat-
egies is imperative to help treat patients with most
complex pain conditions that may be refractory to in-
trathecal monotherapy. The most evidenced indication
for CIDT use, however, exists for the use of adjunct local
anesthetics to mitigate dose escalation of intrathecal
opioids.
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Pharmacologic Parameters

Intrathecal Pharmacokinetics

A nuanced appreciation for intrathecal pharmaco-
kinetics and pharmacodynamics is imperative for safe
and efficacious utilization of CIDT (1-4). Pharmacoki-
netics profiles of intrathecal drugs are governed by the
medications’ size, baricity, and lipophilicity (13). Drugs
with large molecular sizes, high baricity, and high li-
pophilic profiles are less vulnerable to cerebrospinal
fluid (CSF) flow and have limited rostral and caudal
dispersion. In contrast, drugs with opposite properties
have more extensive CSF flow and produce their effects
far beyond the catheter tip (18-20). Notably, ziconotide
is well recognized as having the greatest CSF disper-
sion and is particularly beneficial in treating diffuse
pain (1,2,21). Unfortunately, primary studies exploring
these drug dispersion patterns are limited to porcine
studies, with comparable studies lacking in humans
(22). In humans, CSF-specific drug dispersion is thought
to be more complex still given endogenous CSF flow
currents, gravity-dependent pressures, and many other
variables. Nonetheless, this understanding of intrathe-
cal pharmacokinetics is utilized to dictate clinical prac-
tice patterns (18-20).

Variances in intrathecal pharmacokinetics are
utilized advantageously with CIDT strategies. Namely,
the concomitant use of drugs with opposing pharma-
cokinetic profiles can allow for both local and diffuse
spread to obtain local and distal analgesic benefit,
respectively (1-4,18-20). Such strategies are particu-
larly incorporated for persons with malignant chronic
pain phenomena wherein catheter tip placement near
tumor burden allows for the use of local lipophilic
agents like bupivacaine to produce at-level analgesia
(3-6). Similarly, hydrophilic agents like morphine or
ziconotide can help produce more diffuse and central
analgesic benefit (1,3-5). It must be noted that drug
dispersion within the intrathecal space is also a prod-
uct of infusion mechanisms with bolus and faster rate
infusions theorized to produce more widespread drug
distribution (22). In addition to pharmacokinetically
optimizing intrathecal drug combinations, complex
chronic pain pathologies may warrant the utilization
of varying drug targets and mechanisms to achieve
necessary analgesia.

Intrathecal Pharmacodynamics
Free nerve endings in the periphery transmit nox-
ious stimuli to the spinal cord via afferent neurons.

Table 1. Combination inirathecal drug delivery sirategy
recommendations, as adapted from the 2017 PACC guidelines

(1)

Level of Specific Drug
T f Pai
ype of Tam Recommendation Combinations
Line 1B Morphme. or fe.ntanyl
+ bupivacaine
Hydromorphone +
Localized Cancer bupivacaine
or Other Terminal Hydromorphone or
Condition-Related Line 2 fentanyl or morphine
Pain ¢ + clonidine
Morphine or
hydromorphone or
fentanyl + ziconotide
Morphine or
Line 1B hydromorphone +
Diffuse Cancer or bupivacaine
Other. Terminal Hydromorphone or
andltlon-Related morphine + clonidine
Pain Line 2 Morphine or
hydromorphone +
ziconotide
Line 1B Fentanyl +
bupivacaine
Fentanyl + clonidine
Localized Non Hydromorphone
Cancer-Related or morphine +
Pain Line 2 bupivacaine
Fentanyl +
bupivacaine +
clonidine
Diffuse Non Morphine or
Cancer-Related Line 1B hydromorphone +
Pain bupivacaine

There are no first line (Line 1A) recommendations for combination
drug therapy. All pain indications are for nociceptive or neuropathic
pain. Line 3-6 recommendations not included in this table.

Intrathecal medications modulate these stimuli at the
spinal level to prevent them from propagating via as-
cending pain pathways which synapse at the thalamus
(23). As shown in Table 2, intrathecal medications act
upon varying targets, mostly located within dorsal horn
neurons, to collectively prevent the release of noxious
neurotransmitters like glutamate, substance-P, and
others (24). However, the different specific pain mecha-
nisms employed by these medications make them each
particularly beneficial in achieving analgesic benefit. A
sophisticated understanding of the pharmacodynamic
synergism with CIDT medications, however, has yet to be
clearly delineated. However, it is generally accepted that
intrathecal polyanalgesia contributes to pain relief as a
result of activating a multitude of differing mechanisms
along the afferent nociceptive pathway (1-5,11,24).

www.painphysicianjournal.com
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Table 2. Pharmacokinetic and pharmacodynamic parameters of standard intrathecal medications in pain management.

Lipophilic | ™" | Duration
pop of A . Maximum Mechanism of Common Adverse
Drug vs . of Action | Starting Dose .
. Action Dose Action Effects
Hydrophilic . (hr)
(min)
Morphine Hydrophilic | 30-60 624 | 0.1-0.5mg/day 15mg/day | Agonism of mu, L, el
edema sedation,
kappa, and gamma .
2 .. respiratory
Hydromorphone | Hydrophilic 30-60 6-24 0.02-0.5 mg/day 10 mg/day opioid receptors P .
. epression,
at the substantia -
] N . latinosa constipation,
Fentanyl Lipophilic 5-10 2-4 25-75 mcg/day | No known limit | gefa urinary retention,
in the dorsal horn of
. decreased sex
Sufentanil Lipophilic <10 2-6 10-20 mcg/day | No known limit | the spinal cord Siersidls
Antagonist of Urinary retention,
. . . . intracellular sodium | paresthesias,
Bupivacaine Lipophilic 5-10 2-3 1-4 mg/day 10 mg/day Rannels preverting [l aresist orthostatic
depolarization hypotension
Reversible antagonist | Dizziness, nausea,
of voltage-sensitive somnolence,
Ziconotide Hydrophilic | 60-120 4-24 0.5-2.4 mcg/day 19.2 mcg/day | calcium confusion,
channels at the spinal | visual disturbance,
cord dorsal horns urinary retention
Alpha 2-agonist
which acts at the pre
and postsynaptic
neurons in the spinal | Sedation,
Clonidine Lipophilic 25-30 0.6-1.3 40-100 mcg/day | 40-600 mcg/day | cord hypotension,
and possibly by bradycardia
inhibition of
proinflammatory
cytokines

The additive adverse effects with polyanalgesia
must be recognized to maintain appropriate safety pro-
files. This is evident with a heightened risk of hypoten-
sion with combination opioids and clonidine or altered
mentation with opioids and ziconotide (13). Therefore,
in patients with CIDT employing an opioid medication,
dose titration should be judicious, especially in those
patients with opioid sensitivity (1-3). On the contrary,
while synergistic benefits of CIDT pharmacodynamics
have yet to be clearly established, there exists evi-
dence and rationale for certain combinations and pain
syndromes that require consideration in appropriate
patients that meet selection criteria (1,2,4-6). Addition-
ally, trialing new combinations is recommended before
initiating new CIDT regimens as this helps identify ap-
propriateness, benefit, and safety concerns (13).

Specific Drug Combinations

As aforementioned, CIDT is not currently recom-
mended as a first-line treatment or until FDA-approved
monotherapy is tried, failed, or contraindicated (2017
PACC guidelines, consensus point 9) (1). The supportive

evidence for CIDT use for chronic pain conditions is
largely lacking and limited to small, uncontrolled stud-
ies. A primary objective of this section is to provide a
robust exploration of the literature to highlight specific
drug combinations utilized in the treatment of nocicep-
tive, neuropathic, and cancer-related chronic pain. The
most prevalent CIDT strategies include polyanalgesia
with morphine-ziconotide (Table 3), opioid-clonidine
(Table 4), and morphine-bupivacaine (Table 5).

It should be noted that baclofen, which is FDA ap-
proved for intrathecal use to treat spasticity, has also
been used as part of CIDT regimens to treat patients
with concomitant chronic pain and spasticity (25).
Given that the evidence of combinations is further lack-
ing and this population represents a minority of those
patients with intrathecal therapy for pain, CIDT with
baclofen is not discussed in this manuscript.

The majority of studies were observational in
nature and had various confounding factors, such as
concomitant oral medication use and a lack of stan-
dardized dosing. Future studies should aim to fill these
gaps and may benefit from the inclusion of objective,
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Table 3. Combination intrathecal drug delivery strategies with Morphine (+/- other agents) and Ziconotide.

Primary Adjunct Study
Author, Drug Drug Design Key Findings Complications/Limitations
Year (average or | (average or (Sample
final dose) | final dose) Size)
- Mean improvement in VAS of - Adverse effects included confusion,
14.5% (baseline versus 5-week follow | dizziness, abnormal gait, hallucinations,
up) and was noted as early as Week 2 | and anxiety; all 26 patients reported
- Mean decrease in systemic opioid | at least one mild adverse effect during
Morphine Ziconotide Phase II, consumption of 14.3% at 5-week titration phase, and all recovered
Wallace et al @ Z(I)) ma/ (0.60-7.2 g/ Open-Label follow up - 6/26 patients discontinued CIDT
2008 (26) d & P o872 e Multicenter - At termination visit following prior to end of 5-week titration phase
ay) ay) Study (N=26) | extension phase, 10 of the 17 due to adverse effects
enrolled patients reported slight to - 2/16 patients reported serious adverse
complete improvement in pain relief | events, including cellulitis, cerebral
- Overall, CIDT found to be safe and | ischemia, and stupor; however, none
effective were reported to be due to CIDT
- All 25 patients had at least one
- Patients on Ziconotide adverse effect, including: nausea
monotherapy evaluated over 4-weeks | (4), peripheral edema (3), dizziness
after addition of morphine; VASPI (7), pruritus (6); 88% of patients
decreased by a mean of 26.3% experienced these effects in the first
Webster et al Ziconotide Morphine (0- Multicenter, - Median systemic opioid 2—wee1$s .
2008 (28) (4.8-24.20 2.1 mg/day) open-label consumption reduced by 49.1% at - 2 patients reported serious treatment
ug/day) - mglday study (N=25) | week 4 (baseline of 840 mg//week) related adverse effects, including:
- At week 72, decrease was 61.1% ataxia, confusion, subdural hematoma,
- 5/24 patients remaining in the urinary tract infection; none were
study after 4-weeks converted back | considered to be related to CIDT
to monotherapy - 1 patient dropped out at 4 weeks
given adverse effects
-77 patients with incurable cancer
causing pain with a VAS of 6/10 -Nonrandomized, observational study
or above were selected to receive -Adverse effects were recorded in 57%
. intrathecal ziconotide with morphine, | of patients. 7 patients experienced
Morphine ropivacaine, clonidine. serious adverse effects that required
(19.3 mg/ -Objectives were to 1) measure discontinuation of CIDT.
day) the incidence of ziconotide-related -Adverse events included memory
. . adverse events and 2) if slow-titration | alterations (20), mood disorders (19),
gtlzzllr;(;l 12 Ropivacaine | Ziconotide gli;)ss(er’r(i:tlit)enal provided affected degree of pain relief | confusion (12), visual disorders (7),
43 (18.3 mg/ (3.5 ug/day) Study (n=77 -All patients experienced a significant | vertigo (7), CPK elevation (2), speech
(43) day) udy (n=77) and lasting decrease in pain intensity | disorders (6), nausea (23), diaphoresis
(by 48%), in response to intrathecal (6), urinary retention (13), hypotension
Clonidine analgesic therapy that included ).
(9.3 pg/day) ziconotide. -Due to varied doses of intrathecal
-Rates of minor and moderate adverse | morphine, ropivacaine, and clonidine,
effects were consistent with previous | difficult to discern cause of specific
studies. Rates of serious adverse adverse effects.
events were substantially lower.
60 adults. with refractory chrom'c -The incidence of adverse affects
cancer pain were selected to receive N .
. . . - ranged from 3.3 to 10%, which
CIDT with morphine, ziconotide, . o .
. X included dizziness (5), confusion
and levobupivacaine. (6), urinary retention (6), n ©6)
Ziconotide -VASPI scores were recorded over > urinary retention (6), nausea {6),
(2.8 pg/day) Prospective weeks for the primary outcome. v;\)]mltmg (3), halluc1‘rilz;t10ns (2)}'1 .
Puntillo Fet | Morphine pecti - VASPI scores had statistically ~No patients reported leg anesthesia
. Observational | . ", . or weakness
al 2020 (33) | (2 mg/day) Levobupiva- significant improvement from a ) . P .
. Study (n=60) . -In patients in which ziconotide dose
caine mean of 88 at baseline to 49 at day 2
had to be reduced due to adverse
3.8 mg/day) and 44 at day 56. . . .
g/day. effects, morphine and levobupivacaine
-The mean doses of all three drugs .
. had to be increased
increased over the length of study o -
. -Limited due to single arm study, non-
-Demonstrated rapid and stable .
. randomized, length of study
control of cancer-related pain
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Table 3 (cont.). Combination intrathecal drug delivery strategies with Morphine (+/- other agents) and Ziconotide.

-Promotes successful pain control
in cancer patients with severe
refractory neuropathic pain.

Primary Adjunct Study
A;thor, Drug Drug Design Key Findings Complications/Limitations
ear (average or | (average or (Sample
final dose) | final dose) Size)
-20 patients with a mean visual
e B iy -Four patients experienced transient
gﬁcsel:I\iz;)égl?of;:?]njtlzzgglsﬁ?sglving adverse effects including dizziness,
the spine were selected to receive als)'rhema, con fusmr'l,hand}? tax1lgf
IT therapy with ziconotide and ~Due to patients with a short fife
morphine expectancy from cancer progression,
T zri)conoti de was started at 2.4 observation was only conducted for 1
. . . . Prospective . - month as only 5 patients survived until
AlicinoIet | Morphine Ziconotide Observational pg/day and slowly titrated up. IT the third month.
al.,2012 (32) | (1.2 mg/day) | (3.54 pg/day) Morphine initial dose was calculated .. )
Study (n=20) | - ced on R e e -Opioids can accelerate the rate of
ol ziconotide degradation and therefore
—I%Io maximum dose limit was defined | TUSt be an important consideration
for either drug and was titrated based retgjlr dmﬁ.freql:fnﬁy(ff pugp
on analgesia and side effects refills. This study had weekly pump
The percentage decreases reported refills to ensure stable ziconotide
were at 2 days (39 +/- 13), 7 days (51 concentrations.
+/-12), and 28 days (62 +/- 13)..
pchi:zraog - Substantial pain relief (VAS score
mg/day, ' szcefaISZe' Z fe) rsa‘;gfgiig ?oprit(i)ednetrsaiet: - 1 patient r.loted increased Idep.ression
N=7) liof 6 > I; dro ch a2 and pain with CIDT, resulting in
Morphine . . . reliel; 6 reported no change In pain; discontinuation of ziconotide and
Deer et (5.2 mg/da Ziconotide Retrospective | reported increased pain resolution of symptoms
= MY (0.61-5.7 ug/ | Review - Increase in functional capacity . ymptorms
al.,2009 (29) | N=5) day) (N=16) evident in 3 patients at week 12 as - Adjunct medications included
Fentanyl (990 24 determined by Oswestry Disability Bupivacaine, Clonidine, Baclofen -
ug/day, N=3) Index may introduce confounding factors
?illfgr(;tan;iia - Addition of Ziconotide improved into study
He/aay pain in 46.7% of patients
N=1)
- 4/15 patients failed CIDT trials,
11 patients proceeded to Ziconotide
treatment
e - 4/11 patients continued ziconotide | _7/11 patients experienced adverse
(Hydro thljough 24 months with improved | «ffects with Ziconotide addition,
= pain ooy e 7 S .
— . ' Retrospective | - Baseline NRS 8.1 changed to 6.3 resultllng in discontinuation of CIDT;
Hayek et Ziconotide . these included presyncope, nausea,
al,2015 (31) Fentanyl, Bu- (7.6 ug/day) Review (Case | at 3 months (N=9), 6.8 at 6 months g M —
” pivacaine, or |\ Series, N=15) | (N=9), 8.0 at 12 months (N=6), 6.3 Hich incid fad ffect
combination at 18 months (N=5), and 8.5 at 24 - tigh Incidence ofadverse etlects
hs (N=4 with Ziconotide may limit its
thereof) months (N=4) :
- Pain relief only statistically effectiveness as CIDT
significant at 3 months, after which
there was a trend towards loss of
effectiveness
) ) ) . -Ziconotide has a narrow therapeutic
;vzalscZgzzﬁ:ﬂzﬁgﬁxsi}}?zﬁém ra.ng;, r;quirin%f careful, slow titration to
avoid adverse effects
had >=5 on VAS after three 20% -4 of the eight patients discontinued
De la calle Morphine increases of morphine intrathecal ziconotide because of
et al.2015 with Ziconotide Case Series -Pain intensity was reduced in all psychological/neurologic adverse events,
%’3 5) ” bupivacaine | (4.9 ug/day) (n=8) patients after initiation of ziconotide | 3 patients died for unrelated reasons,
(7.63 mg/day within 3-5 days and 1 patient is still receiving treatment

-Bupivacaine concentration not
specified

-Oral adjunctive medications varied
amongst the 8 patients
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Table 3 (cont.). Combination intrathecal drug delivery strategies with Morphine (+/- other agents) and Ziconotide.

Primary Adjunct Study
A;thor, Drug Drug Design Key Findings Complications/Limitations
ear (average or | (average or (Sample
final dose) | final dose) Size)
- Mixed pain in SCI patient
with initial VASPI of 89 prior to
hydromorphone monotherapy which
reduced VASPI to 7 at-level but with
VASPI 82 for below-level pain
Hydromor- - Switched to ziconotide
Saulino,2007 hone (1.32 Ziconotide Case Report | monotherapy with improvement of | - Previously failed hydromorphone +
(30) phone {1 (11 pg/day) (N=1) below-level pain (VASPI = 4) but clonidine + bupivacaine CIDT
mg/day) worsening of at-level pain (VASPI
=72)
- CIDT resulted in VASPI of 12 for
at-level pain and VASPI of 8 for
below-level pain without significant
side effects

CIDT: combination intrathecal drug therapy; VAS: visual analog scale; NRS: numerical rating scale; VASPI: visual analog scale of pain intensity;

SCIL: spinal cord injury

secondary outcome measurements analyzing the qual-
ity of life and function in addition to primary outcome
measurements of pain relief and adverse effects. At
this time, current clinical practice is beholden largely
to consensus guidelines when using CIDT for patients
with refractory pain phenomena. Perhaps, at least in
part due to this scarcity of evidence basis, insurance
payer coverage for CIDT formulations varies extensively
and relatedly, so too does widespread incorporation of
these strategies in clinical practice. While the use of
such combinations is off-label, it should be recognized
that a vast majority of intrathecal treatment strategies
are off-label, per a recent large cohort study of patients
with nonmalignant pain (26).

CIDT With Morphine and Ziconotide

In 2008, Wallace et al (27) performed a multicenter
open-label study exploring the benefits of CIDT with
ziconotide adjunct in patients with stable dosage in-
trathecal morphine. This investigation followed find-
ings of additive or synergistic analgesia in rat models
and a clinical need for CIDT strategies given refractory
or suboptimal pain relief in a subset of patients with
morphine (28). Briefly, Wallace et al (27) found mild-
modest pain improvement (VASPI decrement of 14.5%
through 5 weeks) in a small cohort of patients treated
with ziconotide and morphine concomitantly. Perhaps
just as importantly, they found this combination to
be safe with limited adverse effects in the extension
phase of treatment with no reports of severe morbidity
or mortality. Interestingly, also in 2008, Webster et al
performed a multicenter open-label study exploring

the benefits of CIDT with morphine adjunct in patients
with stable dosage intrathecal ziconotide (29). They
also found a comparable pain improvement (VASPI de-
crease of 26.3% through 4 weeks) in their small cohort,
but additionally found that a near 50% enteral opioid
intake reduction at 4 weeks was sustained at 56 weeks.

Unfortunately, drug dosing in the extension
phases of both the Wallace et al (27) and Webster et
al (29) studies was subject to physician discretion. This
absence of a structured algorithm fails to provide clini-
cal guidance for intrathecal maintenance dosing when
using CIDT with morphine and ziconotide. A safe and
meaningful benefit with this combination has been cor-
roborated in the literature with mixed results (30-36).
While one case series and report reported fair safety
profiles and good benefit, Hayek et al (31) published
a report of their experience with ziconotide adjunct
indicating that 7 of 11 patients required ziconotide
discontinuation for various adverse effects, with 2 of
these 7 patients having improved pain thereafter (30-
32). While Hayek et al's findings are confounded given
that their cohort had variable preceding combinations
of opioids and bupivacaine, they still warrant notable
consideration given the longevity of patient follow-up
(24 months).

Interplay with anesthetic-ziconotide CIDT is poorly
understood but requires future exploration. However,
morphine-ziconotine CIDT has been demonstrated to
be relatively safe, except possibly with the addition of >
2 total agents, including anesthetics (Table 3). This com-
bination has also been shown to be effective in yield-
ing additive pain reduction as supported by multiple
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Table 4. Combination intrathecal drug delivery strategies with Morphine (+/- other agents) and Clonidine.

200-8000 g/
day)

Primary Drug | Adjunct Drug .
Study Design 1. .. e e .
Author (Year) | (average or (average or (Sample Size) Key Findings Complications/Limitations
Z
final dose) final dose) P
- Most common side effects after
morphine included pruritus,
- 5/15 patients responded sedation, nausea,.hypotension,
positively (>50% relief from oxygen desaturation
baseline) to saline placebo - Most common side effects after
- Morphine monotherapy clonidine were hypotension,
Double-Blinded, | reduced pain levels to zllausea, s¢.edat10n, OXYgfll;l
Siddall et al.,2000 | Morphine (0.75 | Clonidine (50 Randomized 80% of baseline; clonidine ) ;attgfet;(;gf;yn:lngru mouth
(39) mg/day) ug/day) Controlled Trial | monotherapy reduced pain P . I b ith
(N=15) 0 83% of baseline (not were approximately equivocal wit
- 70 SO CIDT compared to monotherapy,
statistically mgmﬁc:ant) whereas oxygen desaturation and
- CIDT reduced pain level to | sedation were more common in
63% of baseline (statistically | morphine monotherapy
significant) - In patients who received saline
placebo, 13% reported sedation or
oxygen desaturations
é:rgsit:;gz;eg:gfine y - Side effects attributed to
morphine after inadequate clonidine included urinary
Uhle et al.,2000 Clonidine (44 Morphine Prosp eCtl.Ve pain control with dysfunction (1), 1.mp0tence (.1)’
(0.48 mg/day, Observational and asymptomatic hypotension
(36) ug/day) . monotherapy alone
variable) Study (N=10) 1
- CIDT decreased dose and istical anal v d
side effects of clonidine via - N 0 statistical analyses perlorme
addition of opioids given small sample size
- 5/15 patients had no - 3/4 patients failed clonidine/
improvement with clonidine morphine CIDT (3-6 months)
trial and were not considered | - 1/3 patients failed clonidine/
for long term therapy; 10 hydromorphone CIDT (6
. underwent long term treatment | monthsg)
orphine with clonidine - Adverse effects attributed to
Sjg:/g;;))l 515 ;8,15\5 decreased from 7.1 to clonidine included hypotension
Ackerman et Clonidine Retrospective - 2 patients dropped out g;’ zz‘::}tls.zf()l’ )C(;I;St;l; :tg;l
al.,2003 (36) (75-950 pg/day) | Hydromor- Review (N=15) | - 8/8 remaining patients were > it ?2; pUE >
phone (N=3, switched from monotherapy to pruritus

CIDT given poor pain control
or excess side effects

- No patient was able to achieve
adequate pain response with
clonidine monotherapy, and
only 4 achieved acceptable
relief with CIDT

- 1 patient had catheter
migration that required pump
removal

- Drop out rate, small sample
size, study design, lack of
objective measures all limit
reliability of data

Coombs et
al., 1986 (42)

Hydromorphone
(15 mg/day)

Clonidine (1.5
mg/day)

Case Report
(N=1)

- 49 year old female with stage
1 uterine cervical carcinoma
and chronic refractory pain.
Patient wished to pursue a
controlled study of intrathecal
narcotics.

- Patient initially received

2.4 mg/day of intrathecal
hydromorphone, but had to be
up titrated and then later had
intrathecal clonidine added

- CIDT controlled the patient’s
pain and was able to avoid
nerve destruction surgery

- Tolerance is an obstacle

with chronic intrathecal
administration of narcotics

- At time of clonidine initiation,
patient developed hypotension
requiring oral ephedrine and
intramuscular vasopressin

- VAS fluctuated likely due to the
patient developing tolerance to
hydromorphone
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Table 4 (cont.). Combination intrathecal drug delivery strategies with Morphine (+/- other agents) and Clonidine.

Primary Drug | Adjunct Drug .
Study Design o - S
Author (Year) | (average or (average or . Key Findings Complications/Limitations
(Sample Size)
final dose) final dose)
- Pain poorly controlled with | - Small size, no objective pain
Siddall et al.,1994 | Morphine (10 Clonidine (17 | Case Report morphine monotherapy but scales used
(38) mg/day) ug/day) (N=1) with 50% reduction in pain - No adverse effects reported by
with addition of clonidine patient
- Patient maintained
on mixture of fentany!, . - Limited by small size and type
bupivacaine, and clonidine of study
Fentanyl with adequate pain control - Intrathecal clonidine may have
Bevacqua et (173 pug/day), Clonidine (72 Case Report but then with worsening side . . .
Lo . side effects that include delirium
al.,2007 (40) Bupivacaine ug/day) (N=1) effects (night terrors, dry o o
and hallucinations, limiting its
(unknown) mouth) at 1 year . h N
- Symptoms improved with use in both monotherapy and
removal of clonidine from CIDT
mixture
4 o | - Previously failed CIDT with
- Patient "‘flth intractable pain | Zjconotide secondary to pruritus,
on morphine monotherapy paresthesia, diaphoresis
with baseline VAS between - Significant erectile dysfunction
Koman et Nl Clonidine (40- S 7-10 (reported 10) . rfpo.rt?d that correlated with
1,2012 (41) (unknown) 66 pg/day) (N=1) - VAS decreased to 4 at weel clonidine use
e 2 after addition of clonidine - Clonidine discontinued after 4
and remained at this level weeks secondary to adverse effects
while patient treated with and morphine monotherapy was
morphine and clonidine continued, with increase in pain
score back to prior baseline

CIDT = combination intrathecal drug therapy; VAS = visual analog scale; NRS = numerical rating scale

prospective and well-designed studies. Future work
should serve to clarify the appropriate timing of intra-
thecal adjuncts, especially in patients with stable opioid
dosages. Currently, it is unclear if earlier ziconotide in-
troduction is preferred to prevent the development of
intrathecal opioid tolerance or if opioid tolerance is cu-
mulative time-dosage dependent and later ziconotide
introduction is preferred to ensure salvage and contin-
ued intrathecal drug delivery. Optimal concentrations
of opioid-ziconotide compounds or admixtures should
also be determined in a clinical setting as this could also
play a role in long-term efficacy in CIDT.

CIDT With Morphine and Clonidine

The role of alpha-2 agonists in pain modulation
dates as far back as animal models in 1904. Epidural
clonidine was shown to be efficacious in clinical studies
by 1984, and in a 2000 prospective observational studly,
Uhle et al evaluated the efficacy of clonidine CIDT (37).
In their cohort of patients with radicular neuropathic
pain, CIDT resulted in a 70%-100% reduction in pain
(VAS scores, 6-12 months) compared to monotherapy.
Ackerman et al reported similar reductions of VAS
scores in their 2003 retrospective review, with a de-

crease in VAS from 7.11 to 2.85 after initiation of CIDT
(morphine or hydromorphone) (38). However, just as
importantly, they reported significant limitations with
intrathecal clonidine use, including variable interpa-
tient efficacy and decreasing effectiveness over time
(mean duration of relief < 18 months).

In 1994, Siddall et al 1994 published one of the ear-
liest cases reporting CIDT with morphine and clonidine
and demonstrated a 50% reduction in pain control
without any adverse effects (39). Thereafter, in 2000,
Siddall et al performed a double-blinded, randomized
controlled trial in a cohort of patients with spinal cord
injury that bolstered the evidence for this combina-
tion’s efficacy while concurrently highlighting adverse
effects and variability in patient responsiveness (40).
Ten of 15 patients reported significant improvements
in Numeric Rating Scale (NRS) scores, but these findings
may not be fully generalizable in the non-spinal cord
injured population.

Although these data may be promising, smaller
case reports highlight adverse effects that may limit
the utility of intrathecal clonidine (Table 4) (41-43). In
a case report by Bevacqua et al (2007), a patient who
underwent a CIDT trial with fentanyl, bupivacaine,
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and clonidine reported significant
side effects, including depression,

night terrors, and insomnia, that

were associated with clonidine;
these symptoms all resolved after
discontinuation of clonidine (41).
Similarly, a case report by Koman et
al illustrated a correlation between
clonidine, reduction in Visual Ana-
log Scale (VAS) scores, and erectile
dysfunction, resulting in discontinu-
ation of clonidine (42). It is evident
that further studies are needed to
elucidate the role of clonidine CIDT,
particularly with respect to patient
selection. The efficacy of clonidine

bupivacaine,
(44-47).

(morphine,

refractory pain
Clonidine likely has a supporting
role in extreme cancer pain, but
as Mastenbroek et al and Coombs

With respect to cancer-related
ketamine, naloxone) in cases of

likely correlates with its CSF con-
centration (Siddal et al 2000), and
injury at-level neuropathic pain as
well as catheter placement war-
pain, clonidine has been studied in
combination with multiple other

clonidine CIDT role in spinal cord
rants exploration (40).

agents
severe,

et al illustrated, effective clonidine
dosing requires tedious titration to

appropriately achieve meaningful
benefit and avoid adverse effects

(43,47).
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treatment for nociceptive or neu-
ropathic pain (Table 2). While the
initiation of opioid monotherapy is
efficacious in reducing pain scores
and enteral opioid requirements,

long-term opioid monotherapy can
be challenging to sustain, given
require-

known dose escalation
ments. Mercadante et al previously
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demonstrated that dose escalation of opioid mono-
therapy increases in a near linear fashion in the nonma-
lignant population relative to the cancer population,
presumably due to reduced lifespans in persons with
cancer (48). Unfortunately, intrathecal opioid escala-
tion is not a sustainable long-term solution given the
risks for pharmacologic tolerance and adverse effects
such as sedation, constipation, respiratory depression,
and catheter tip granuloma formation.

Sentinel work by Sjoberg et al found that CIDT
with morphine and adjunct bupivacaine reduced
opioid dose escalation requirements in a cohort with
refractory cancer pain (49,50). Thereafter, Hayek et
al and Veizi et al were able to show that these ben-
efits were not specific to morphine by demonstrating
that patients with adjunct bupivacaine were able to
maintain appropriate analgesia with hydromorphone
(51,52). Ade et al (53) similarly showed that fentanyl es-
calation was mitigated with bupivacaine. Additionally,
these studies were conducted in patients with chronic
nonmalignant pain. These findings helped not only es-
tablish the necessity of intrathecal adjuncts to address
opioid escalation but also helped usher a new under-
standing of CIDT as a means to target multiple pain
receptors and mechanisms to optimize pain reduction.
Therefore, in patients without terminal ilinesses, cancer
or otherwise, earlier introduction of CIDT strategies
was thought to be imperative in mitigating eventual
intrathecal opioid dose escalation to unsafe dosages.

Rainov et al (16) prospectively explored the util-
ity of CIDT with morphine-bupivacaine in patients with
chronic back and leg pain. Although their results may
have been confounded by the use of multiple drug com-
binations (clonidine, midazolam, multi-drug intrathecal
regimens), the authors’ findings further supported the
safe and effective use of CIDT with morphine and bu-
pivacaine in patients with chronic nonmalignant pain.
These results were further corroborated in 2008 by Raf-
faeli et al (54) who demonstrated improved mixed pain
control with CIDT with morphine and bupivacaine com-
pared to monotherapy in geriatric patients (VAS reduced
from 8.09 to 3.21 at 3-month follow up) with sustainable
analgesia (up to 48 months) . Bupivacaine with hydro-
morphone has also been evaluated in 2 more recent
retrospective reviews, which reported similar findings
of CIDT effectively decreasing baseline NRS scores (up to
24 months) (51,55). Hayek et al (51) additionally found
that this combination simultaneously decreased daily
morphine equivalents up to 24 months.

However, a number of studies reported variable

efficacy of CIDT of bupivacaine and opioids in decreas-
ing VAS. Deer et al (56) and Krames (57) conducted
retrospective studies which illustrated greater pain
relief, consumption of less opioids, increased patient
satisfaction, and decreased opioid-related side effects.
More recently, Ade et al (53) also retrospectively found
that CIDT with fentanyl or hydromorphone individu-
ally with bupivacaine yielded comparable analgesia
benefits. On the contrary, Mironer et al (58) conducted
a prospective observational study and found no statis-
tically significant improvement in VAS scores of CIDT
compared to monotherapy. Moreover, neurotoxicity as-
sociated with reversible motor weakness was reported
at high concentrations of bupivacaine and, therefore,
should be avoided. Of note, these studies did not all
make clear distinctions in the type of opioid adminis-
tered between morphine or hydromorphone (Table 5)
(16,48-60). Future studies should explore the optimal
ratio between opioid and bupivacaine in terms of ef-
ficacy and anesthetic side effect profile.

In the oncologic population, CIDT offers patients
with terminal or refractory cancer-related chronic
pain an option for achieving analgesia while limiting
intolerable side effects. With increasing cancer survi-
vorship, treatment of cancer-related pain has shifted
from palliative, short-term options to long-term man-
agement of chronic pain (61). Precision catheter place-
ment for this population based on primary or meta-
static lesions can provide increased pain relief. Chen et
al (46) conducted a 2-cohort study to analyze the use
of a fixed intrathecal bupivacaine infusion at various
catheter tip locations. The catheter tip was placed at
the spinal level of most severe pain, with intrathecal
bupivacaine providing local analgesia at that level
and concomitant morphine to provide more diffuse
analgesia. Studies in animal models have shown that
intrathecal bupivacaine concentrations decrease ex-
ponentially with increased distance from catheter tip
location (62). This makes CIDT with opioids and local
anesthetic, along with precision catheter placement,
a viable option for addressing pain related to site-
specific cancers. The combination of local anesthetic
and opioids can achieve adequate analgesia quickly,
minimize opioids and associated side effects, and al-
low patients to return home or to their anti-cancer
therapy regimen (Table 5) (61-71).

Safety Profiles
The overall safety profile associated with CIDT may
be decreased given the risk for compounded adverse

564

www.painphysicianjournal.com



Intrathecal Polyanalgesia for Pain

effects with polyanalgesia. While these adverse effects
may be largely mitigated by effective dose reduction,
appropriately identifying the implicated agent and cor-
rectly updating the CIDT dosing to maintain analgesia
can be challenging in certain scenarios. Because most
patients are escalated to CIDT, removing the adjunct
medications will usually eliminate any new side effects.
However, when patients are started on CIDT from the
beginning or switched to new CIDT regimens wholly, it
may be more difficult to discern which agent may be
responsible for producing certain adverse effects, espe-
cially with the use of agents that share similar adverse
effect profiles i.e., use of opioids and bupivacaine both
of which can cause urinary retention (Table 2). In such
scenarios, independently isolating intrathecal agents is
necessary to implicate the responsible agent correctly.

Additionally, the mode of intrathecal delivery (sim-
ple continuous, intermittent bolus, or complex dosing)
with CIDT regimens must be carefully appreciated as
adverse effects can present differently for each mode.
This phenomenon is especially recognized with the use
of CIDT with bupivacaine, wherein rapid bolus delivery
can produce numbness, which fails to manifest with
the same bupivacaine dose administered via continu-
ous fashion. Practitioners should maintain a particu-
larly low threshold of suspicion for adverse effects in
patients with CIDT such that safety profiles associated
with this therapy can be favorably maintained.

Catheter Tip Granuloma Formation

Despite having an overall reported incidence of less
than 3%, catheter tip granulomas (CTGs) are especially
feared given that they can lead to a host of severe com-
plications ranging from catheter occlusion to myelopa-
thy secondary to mass effect (72,73). While convention-
ally associated with morphine and hydromorphone,
CTGs have also been associated with other medications,
including sufentanil, fentanyl, clonidine, and bupiva-
caine (72). Notably, ziconotide has not been associated
with CTG formation (72,74). While the etiologies of
CTG formation are manifold, main risk factors include
opioid use with a high total dose or concentration,
middle thoracic catheter placement, and prior spinal
surgery (72,75). In fact, Duarte et al (76) demonstrated
a direct correlation between the formation of a CTG
and morphine dose and concentration, indicating the
highest risk populations would be long-term patients
escalated to a high dose or new patients requiring a
high drug dose or concentration. With regards to CIDT,
some animal studies observed that polyanalgesia with

morphine and clonidine might prevent CTG formation
(77). However, these findings have not been clearly
established in the clinical setting, given reports of CTG
formation with morphine and clonidine in the current
literature (78). As discussed earlier, adjunct bupivacaine
has been shown to reduce morphine escalation (49,50).
Consequently, although no study has directly explored
CIDT risk with morphine and bupivacaine, the addition
of bupivacaine may reduce CTG risk in patients with (or
at high risk for eventual) high morphine dosages.

Compounded Adverse Effects

Along with CTGs, opioids such as morphine carry
a significant risk for adverse central nervous system
effects, including sedation and respiratory depression.
Respiratory depression is a well-known, dose-depen-
dent adverse effect typically seen as a delayed reaction
6-12 hours after administration that may persist for
up to 24 hours (79). While its incidence is rare, it is an
important clinical consideration that was linked to an
increased mortality risk in patients receiving intrathecal
morphine (80). Interestingly, there is currently no data
exploring how various CIDT may affect respiratory de-
pression. However, given its dose-dependent relation-
ship with opioid use, CIDT strategies, such as morphine
and bupivacaine may allow reducing opioid dosage,
which could decrease the overall risk of respiratory de-
pression. In addition, judicious consideration is required
when using 2 or more agents known to cause respira-
tory depression, if higher doses are warranted, and/or
if pulmonary reserve is compromised. This is especially
true with CIDT with multiple opioids (i.e., fentanyl with
sufentanil, morphine with hydromorphone) which is
likely associated with compounded and unsafe risks for
respiratory depression. Not only do these combinations
lack any substantial evidence basis, but also are not rec-
ommended for use by the recent 2017 PACC guidelines.
Because the other systemic effects of opioids, such as
nausea, vomiting, constipation, or urinary retention,
occur due to peripheral redistribution and metabolism
into active metabolites, drug metabolism and clearance
must be reevaluated when treating those with liver
or kidney insufficiency or when combining treatment
with another drug of similar side effect profile (24).

Clonidine, an alpha-2 agonist, is well known for
causing hypotension at lower doses and potential
rebound hypertension at higher doses when given in-
trathecally (38). When used as monotherapy for chronic
pain relief, doses tend to be higher, leading to more
side effects. Interestingly, the side effect profile with
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morphine and clonidine remains the same despite the
lower concentrations of each individual drug needed
for equal analgesia (39). In fact, it is possible that com-
bination use with opioids could increase the risk for this
adverse effect due to opioid propensity to precipitate
bradycardia and vasodilation, leading to direct side
effects of hypotension (81), as well as an inability to
compensate with reflex tachycardia. Patients on CIDT
with morphine and clonidine should be slowly titrated
to analgesic doses in order to avoid symptomatic
hypotension.

Lastly, the risk of withdrawal must always be
recognized in patients with CIDT should intrathecal
therapy be intentionally or unexpectedly disrupted,
as possible with CTG formation. Of particular impor-
tance is baclofen withdrawal, which can prove lethal
if not corrected appropriately and in a timely fashion
(82). Clonidine withdrawal can also prove harmful as it
can result in severe hypertensive crisis due to abruptly
halted alpha receptor stimulation (82). On the other
hand, ziconotide and bupivacaine have no observed
withdrawal or rebound effects (83). Given these risks
for withdrawal, especially significant morbidity with
clonidine or opioid or even possible mortality with ba-
clofen, measures to correct withdrawal must be timely
and appropriate to prevent untoward outcomes. These
measures might include intrathecal monotherapy in
the short term and/or systemic correction given that
CIDT compounding may take time.

Challenges With Pharmacologic Dosing

Compared with intrathecal opioid therapy, there
have been no reports of death, granuloma formation,
or permanent adverse effects with ziconotide (74). Ad-
ditionally, it has been evidenced by high level studies
to be effective for both malignant and nonmalignant
pain conditions. While pain reduction with intrathecal
ziconotide has been proven, dose titration can be chal-
lenging given the risk for neuropsychiatric manifesta-
tions. Pharmacodynamically, ziconotide is also known
to have a ceiling effect for its analgesic properties (84).
Therefore, although ziconotide is recommended as
first-line monotherapy, planning CIDT with ziconotide,
typically with an opioid, is recommended as a second or
third-line option. However, ziconotide’s drug stability
decreases drastically when mixed together with opioids
(86). In fact, stability is estimated to decrease from ap-
proximately 3 months to 15 days (24). While high doses
of morphine are the greatest destabilizer, other medica-
tions including other opioids (hydromorphone, fentanyl,

and sufentanil), baclofen, and bupivacaine also decrease
shelf-life and activity (86). For this reason, it is important
to extensively research the stability of drug admixtures,
especially ziconotide, before beginning therapy. But it
should be noted that there currently exists little to no
evidence implicating CIDT with morphine, bupivacaine,
and clonidine in drug destabilization. Goucke et al
(59) conducted a prospective observational study of
bupivacaine-opioid mixtures and found the stability to
be excellent for periods between 2 and 7 weeks.

In addition to medication stability, compounds
must be mixed together correctly to prevent the risk
of infection and incorrect dosage. This task is surpris-
ingly challenging with limited studies detailing the
full process, in addition to an obvious lack of US Food
and Drug Administration guidelines. According to the
United States Pharmacopeia (USP), compounded sterile
preparation will fall under low, medium, or high risk
depending on the environment and methods by which
it is prepared. The many steps required also open this
process up to potentially more human errors in dosing
and preparation. It should also be noted that most lo-
cal pharmacies and many hospital-based pharmacies
are likely ill-equipped to safely and appropriately com-
pound CIDT regimens. Therefore, it is essential to uti-
lize an experienced compounding pharmacy with the
appropriate experience, personnel, equipment, and
compliance with American Society of Health-System
Pharmacists regulations for medication compounding
to ensure quality and safety for CIDT formulations (24).

CoNCLUSION

CIDT strategies for pain management are recom-
mended by expert consensus guidelines, typically if
monotherapy dose escalation or medication alterna-
tion is deemed untenable or unfeasible. Unfortunately,
the majority of the supportive evidence basis for the
use of these strategies and specific drug combinations
is limited to small, uncontrolled, and observational
studies, many of which have various confounding fac-
tors, including a lack of standardized dosing. We report
and characterize several CIDT strategies and polyanal-
gesia combinations along with their reported analgesic
benefit. The most evidenced CIDT strategies include
morphine-ziconotide, opioid-clonidine, and morphine-
bupivacaine. In addition to pain relief, polyanalgesia
with morphine-bupivacaine has also been extensively
evidenced to decrease early opioid escalation require-
ments. The appropriate use of these strategies may be
limited by increased or compounded risk of adverse
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effects, both of which are highly patient and scenario
dependent. Therefore, practitioners should maintain a

particularly low threshold of suspicion for adverse ef-
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