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Preface

The inpatient pain consult service has become a crucial service in modern medicine
and an essential service for the hospitalized patient. Hospitalized patients may expe-
rience pain related to acute and chronic conditions. These patients may simultane-
ously possess medical comorbidities that can significantly impact the utility or
appropriateness of certain analgesic modalities. In addition, these patients may
acutely present for hospitalized care with limited information available to align
inpatient analgesic care with what is being provided in the outpatient setting.

The impetus and intention of this book is to serve as a guide for different special-
ties providing care for patients suffering from pain in the inpatient setting. This
book discusses the most common scenarios that complicate pain management for
these patients including, but not limited to, patients with organ failure impacting
metabolism and excretion of various medications, patients with implanted devices
to treat pain, critically ill patients in the Intensive Care Unit (ICU), patients with
tolerance/addiction, patients with psychological conditions, and special populations
as children, elderly, and prisoners.

I would like to thank all the authors who contributed to this book, the publisher
(Springer) who made this work possible and my family for supporting me in my
efforts to complete this task.

Madison, WI, USA Alaa Abd-Elsayed
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Chapter 1
General Concepts

Adam Weinstein and Alaa Abd-Elsayed

1.1 Introduction

The chronic pain patient poses numerous challenges to the clinician. Chronic pain
affects as much as 30% of adults in the USA [1]. Challenges range from refractory
pain control, complex pre-existing pain conditions superimposed with acute pain
stemming from a hospital admission, polypharmacy, communication barriers,
genetic profiles and drug response, psychological barriers, coping mechanisms, and
the ever-present opioid epidemic. In order to treat the patient effectively one must
take a comprehensive and thorough approach, which includes classification of pain,
assessment of pain, measurement of pain, treatment, and finally the reassessment of
pain or follow-up evaluation.

1.2 Initial Pain Evaluation and Diagnosis

Firstly, one must establish with a patient what are the exact components of pain. By
definition pain is “an unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage.” [2]
Because pain is a subjective experience it is difficult to describe and has layers of
complexity that make formulation of an effective treatment plan difficult [3, 4].
Physiological signs such as heart rate and blood pressure or behavioral ques. such
as facial expressions are not always accurate or specific [3, 4]. The best indicator of
pain is a patients self-described description of their pain. In order to ascertain a use-
ful enough description to guide therapy a complete history and physical is mandatory.

A. Weinstein (0<) - A. Abd-Elsayed

Department of Anesthesiology, University of Wisconsin School of Medicine and Public
Health, Madison, WI, USA

e-mail: alweinstein @wisc.edu; abdelsayed @wisc.edu

© Springer Nature Switzerland AG 2020 1
A. Abd-Elsayed (ed.), Guide to the Inpatient Pain Consult,
https://doi.org/10.1007/978-3-030-40449-9_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-40449-9_1&domain=pdf
https://doi.org/10.1007/978-3-030-40449-9_1#DOI
mailto:alweinstein@wisc.edu
mailto:abdelsayed@wisc.edu

2 A. Weinstein and A. Abd-Elsayed

Overall the clinician must observe the general appearance of the patient and look
for any overt deformities or abnormalities or manifestations of systemic disease.
When inspecting the perceived pain location, the skin color should be noted, associ-
ated tenderness with palpation, pain response to pin prick and light touch, and pain
response to changes in temperature using ice or heat. As part of the physical exam
extra consideration should be taken for a full assessment of the musculoskeletal and
neurological systems [1, 5]. When assessing the neurological system, it is essential
to perform a basic screening exam: cranial nerves, spinal nerves, and mental status.
After this specific dermatomes and sensory tests, muscle/motor tests can be per-
formed based on the type of pain the patient elicits [S]. With respect to the muscu-
loskeletal system it is important to assess range of motion, body posture, habitus,
spine curvature, limb deformities, muscle contour, tone, signs of atrophy and hyper-
trophy [5].

Information that must also be gleaned from the patient includes pain characteris-
tics, past treatment success and failures, relevant medical conditions and family
history, psychosocial history, impact of pain on daily life, and establishment of
patient goals and expectations [1, 3, 4].

While comprehensive, Turk and Meichenbaum propose that in order to take an
appropriate pain inventory three questions should guide the clinical assessment.
What is the extent of disease? What is the magnitude of suffering? Is the behavior
appropriate to the disease or injury? [6] The combination of these two approaches,
a systematic history, and answering the above questions will guide an accurate
patient assessment assuming no barriers are present (such as inability to communi-
cate, delirium, etc.)

Once a history has been obtained the data from the patient can then be used to
determine if additional diagnostic testing is required, if the working diagnosis
explains the pain symptoms in questions, or if enough information has been acquired
to begin pain treatment [1]. After a proper pain inventory has been achieved and the
patient and clinician develop a rapport, goals can be established, and treatment may
commence.

1.3 Treatment

Treatment can be stratified into multiple categories: medications, pain psychology,
physical medicine, interventional pain, alternative approaches, and surgical treat-
ment. Kamper et al. demonstrated in 2015 that using these categories to form a
multidisciplinary approach to tackle pain is more effective in treating both pain
overall as well as measurable outcomes such as returning to work [7].

Medication should not be the only option that is offered to patients but be used
in conjunction with the other modalities. However, if indicated there are a variety of
medications that can be used that are not opioid based. These options include:
NSAIDS, steroids, alpha 2 agonists, antidepressants, antiepileptics, muscle relax-
ants, NMDA receptor antagonists, topical agents and creams [8]. It is important to
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understand the effect of medications on different disease conditions as some pain
medications can be harmful in certain situations e.g. NSAIDs can worsen Kidney
disease in patients with kidney failure.

In addition to pharmacologic techniques are also the nonpharmacologic. A TENS
unit is a form of transcutaneous electric nerve stimulation that aids to temporarily
relieve pain during application and be used both in the hospital and taken home [9].
Other nonpharmacologic forms of pain management include cold therapy and heat
therapy. Cold therapy includes ice packs, chemical gel packs, or vaper sprays [10].
Heat therapy can be applied to control pain by altering local blood flow and induc-
ing vasodilation. For severe pain the above therapies should be combined with
regional anesthesia, and a short term (ideally less than 3 days) opioid regimen.
When selecting an opioid, the length of action, metabolism, and side effects must be
considered. This is because pharmacokinetics and metabolism may be altered in the
inpatient setting and side effects such as renal clearance may be altered resulting in
significant comorbidity [11].

Regional anesthesia and pain blocks at the level of the nerve fibers leads to defi-
nite reduction in the amount of medications and opioids needed. Catheters can be
left in place and an infusion started so that long term pain relief can be achieved [12].

In addition to the physical approach to managing pain symptoms the emotional
and psychological components of pain must also be addressed. It is very valuable to
have an integrative medicine service that can see complex pain patients in order to
address issues such as: coping mechanisms, pain psychology, mindfulness, relax-
ation exercises, meditation, and more [13, 14]. This approach offers a complete
package in addressing pain as a global body problem and can extend beyond the
inpatient stay and be used as maintenance for persistent pain control strategies.

Overall, using multiple modalities in treating pain is very advisable to both
reduce the need for opioids and improve pain control.

1.4 Pain Assessment Tools

Information must be acquired from the patient and this includes characteristics of
pain and assessment of pain in patients with communication barriers especially rel-
evant to the inpatient setting. The following tables summarize the strategies to diag-
nose and assess pain for the inpatient (Tables 1.1 and 1.2).

Table 1.1 Pain characteristics [15]

Pain characteristics

Location Site, referred, deep, superficial, course, pattern

Duration/frequency | Brief, long, intermittent, recurrent, rhythmic, constant, refractory,
fluctuating

Quality Burning, aching, prickling, sharp, dull, jabbing, electrical, squeezing

Associated Hypersensitivity, vomiting, visceral, sweating, trophic changes

symptoms
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Table 1.2 Tools to overcome communication barriers [3, 4]

Tools to assess pain in patients with communication challenges: elderly, infants, critically ill,
cognitive deficiency, language differences

Take the necessary time Use pain rating scales
Self report Painful ailments (example rib fractures)
Pain behaviors Physiological measures

In addition to the above tables the unidimensional tools such as the NRS
(Numerical rating scale) and the VAS (Visual analog scale) are excellent measures
of pain. This not only allows the patient to establish a baseline pain reference but
with continued evaluation and reexamination after treatment changes trends of pain
can be established objectively [16].

Other tools available to the clinician are multidimensional tools. These tools not
only asses pain characteristics but also pain impact. Of the various tools: Initial Pain
Assessment, Brief Pain Inventory (BPI), and McGill Pain Questionnaire (MPQ) the
BPI has special utility. The BPI has two forms: a long 17 questions survey and a
short 9 question form. The BPI is one of the most commonly used pain assessment
tools. The short form is most frequently used [17]. The BPI has shown to have
excellent reliability for both pain intensity and life pain interference [18]. The BPI
captures aspects of pain management such as site of pain but also response to pain
treatment and medication in a reliable, accurate, tested, and clinically useful way
[17-19].

1.5 Challenges in Management of Pain While in the Hospital

The chronic pain patient poses numerous challenges. In particular patients who suf-
fer from non-cancerous chronic pain. These factors are a result of medication toler-
ance, medication induced hyperalgesia, central sensitization, practice environments,
and communication barriers, to name a few [20].

Chu et al. showed that in patients taking opioids, tolerance and hyperalgesia
were especially important in that it limits the clinical utility of opioids and thus
treating or controlling baseline and acute on chronic pain [21]. Gardell et al. dem-
onstrates the paradoxical effect of repeated opioid doses and pain control and resul-
tant hypersensitivity, increased excitability, and morphine induced elevation of
spinal dynorphin content [20]. In those taking methadone for maintenance of pain
control or addiction Compton et al. and Doverty et al. demonstrated that there is a
dramatic intolerance to new pain due to the central effect of opioid hyperalgesia
[22, 23].

The above demonstrates the impact of central sensitization. However, endoge-
nous mechanisms are not the only challenges that these patients face. There are both
clinical and system wide issues that add to the complexity of these patients. From a
clinical standpoint, a lack of experience can lead to patient treatment inadequacies.
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Additionally, it is easy to assume a person is just “a drug seeker.” Complicating this
picture is the fact that many of these patients may be addicted to their pain regimen,
have fears about not getting adequate treatment, or have underlying psychiatric
issues that further confound treating and diagnosing this patient group.

At the system wide level, a new wave of opioid regulation strategies has been
employed in USA. This has led to opioid restrictive practices, fear based medical
practice, and numerous concerns about care providers ability to practice in this new
climate. This ultimately can result in patients feeling like doctors have abandoned
their treatment or not taking pain complaints seriously. This further strengthens the
point of view of a multi modal and multi-disciplinary approach to treating
chronic pain.

1.6 Management of Pain in the Inpatient Setting

When deciding on an appropriate treatment plan for patients with chronic pain
while in the hospital there are a variety of tools and services that should be utilized.
As described earlier these options range from integrative medicine, to medical man-
agement, to pain interventions. Decisions should be made based on the thorough
history and physical and supported be clinical evidence and patient described effi-
cacy, successes, or failures. Thus, a multimodal approach is the best way to tackle
all of the features that pain typically presents from psychological to physical, and
finally supportive.

For mild to moderate pain patients should be treated with NSAIDS, steroids,
alpha 2 agonists, antidepressants, antiepileptics, muscle relaxants, NMDA receptor
antagonists, topical agents and creams [8]. In addition to medications non-
medication approaches can also be helpful in mild to moderate pain. A TENS unit
is a form of transcutaneous electric nerve stimulation that aids to temporarily relieve
pain during application and be used both in the hospital and taken home [9]. Other
nonpharmacologic forms of pain management include cold therapy and heat ther-
apy. Cold therapy includes ice packs, chemical gel packs, or vaper sprays. This can
help with edema and inflammatory related pain [10]. Heat therapy can be applied to
control pain by altering local blood flow and inducing vasodilation. Some can even
be impregnated with capsaicin to aide in pain reduction [10]. When the above thera-
pies have been tried or do not provide useful results they can be continued in con-
junction with more aggressive means of treatment.

For refractory pain and for severe pain the above therapies should be combined
with regional anesthesia, and a short term (ideally less than 3 days) opioid regimen.
Depending on the site of pain ultrasound guidance can aide in nerve blocks that can
over hours of relief. However, if the pain is continuous and refractory opioids may
be necessary. When selecting an opioid, the length of action, metabolism, and side
effects must be considered. This is because pharmacokinetics and metabolism may
be altered in the inpatient setting and side effects such as renal clearance may be
altered resulting in significant comorbidity [11]. An important consideration is that
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when treatment methods are combined with regional anesthesia and pain is blocked
at the level of the nerve fibers than there is a definite reduction in the amount of
medications and opioids needed. Catheters can be left in place and an infusion
started so that long term pain relief can be achieved [12].

In addition to the physical approach to managing pain symptoms the emo-
tional and psychological components of pain must also be addressed. It is very
valuable to have an integrative medicine service that can see complex pain
patients in order to address issues such as: coping mechanisms, pain psychol-
ogy, mindfulness, relaxation exercises, meditation, and more [13, 14]. This
approach offers a complete package in addressing pain as a global body prob-
lem and can extend beyond the inpatient stay and be used as maintenance for
persistent pain control strategies.

1.7 Discharge Plan

When discharging a patient from an inpatient admission the pain trend should be
tracked and reviewed over the course of the hospitalization. This allows formulation
of an appropriate medication discharge regimen. In accordance with the level of
pain and the amount of medication over a patient’s baseline home regimen an appro-
priate weaning protocol should be devised. Lastly follow up in the pain clinic should
occur regularly until the patient has returned to their baseline level of pain at the
minimum with a goal of overall pain improvement. Also, the patient can have lon-
gitudinal care and follow up with other multidisciplinary services such has pain
psychology, physical therapy, pain injections, medication management, and con-
tinual pain assessments and benchmarking.

1.8 Summary

* A thorough history and physical is essential to establish a working differential
diagnosis

e Perform any diagnostic tests needed to confirm a suspected pain etiology

* Assess prior successful and unsuccessful therapies that the patient has tried

» Continue the patients existing home medication regimen

e Institute a multimodal and multidisciplinary treatment plan including anti-
inflammatory drugs, steroids, antipsychotic drugs, antiseizure drugs, and pain
injections/regional anesthesia

* Consult appropriate external medical services as necessary

* Follow up with the patient as an outpatient to wean the patient from additional
opioids that have been prescribed as an inpatient and continue care in a clinic
setting that involves a multidisciplinary approach until pain has improved or
returned to baseline
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Chapter 2
Patient with a Spinal Cord Stimulator

Jay Karri, Maxwell Lee, Jennifer Sun, Dawood Sayed, and Alaa Abd-Elsayed

2.1 Introduction

Spinal cord stimulation (SCS) is an increasingly used modality for the management
of various chronic pain syndromes including, but not limited to complex regional
pain syndrome, failed back surgery syndrome, peripheral neuropathic pain, and
even refractory angina pectoris [1, 2]. SCS operates by producing electrical impulses
along the dorsal columns to preferentially activate A-delta and C fibers, thereby
closing the gate for peripheral noxious stimuli to propagate along ascending pain
pathways [3, 4]. SCS is particularly promising because it not only delivers signifi-
cant analgesic benefit, but it does so without producing harmful systemic adverse
effects. There also exists data suggesting that SCS can reduce systemic opiate
requirements and increase overall functionality.

Providers must be cognizant of SCS-specific procedural complications that may
lead to severe and devastating neurological consequences if not identified and
appropriately managed [5, 6]. Additionally, there exist many specific inpatient con-
siderations when caring for persons with SCS devices. These considerations need to
be carefully and effectively managed to maintain the safety profiles associated with
these devices. In order to appreciate how these complications and considerations
arise, one must have an understanding of SCS machinery.

J. Karri (0<) - M. Lee - J. Sun
Department of Physical Medicine and Rehabilitation, Baylor College of Medicine,
Houston, TX, USA

D. Sayed
Department of Anesthesiology, University of Kansas Medical Center, Kansas City, KS, USA

A. Abd-Elsayed

Department of Anesthesiology, University of Wisconsin School of Medicine and Public
Health, Madison, WI, USA

e-mail: abdelsayed @wisc.edu

© Springer Nature Switzerland AG 2020 9
A. Abd-Elsayed (ed.), Guide to the Inpatient Pain Consult,
https://doi.org/10.1007/978-3-030-40449-9_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-40449-9_2&domain=pdf
https://doi.org/10.1007/978-3-030-40449-9_2#DOI
mailto:abdelsayed@wisc.edu

10 J. Karri et al.
2.2  SCS Device Mechanism

Following a successful SCS trial, a permanent implantation follows wherein a battery-
operated and programmable implantable pulse generator (IPG) is surgically placed
under the subcutaneous layer of the abdominal wall or back flank [7, 8]. This IPG is
intraoperatively connected to the stimulator leads, which are percutaneously introduced
into the epidural space under fluoroscopic guidance (Fig 2.1). The level of the electrode
lead placement can vary and is largely dependent on the underlying pain etiologies tar-
geted. While mid-thoracic levels, namely T8, are utilized for chronic low back pain
conditions, cervical placements have been utilized for chronic upper neck and upper
limb pain syndromes. Traditionally, SCS systems delivered tonic stimulus waveforms
with good benefit. In recent years, the use of high frequency and burst stimulus wave-
forms have gained popularity, largely for their capacity to deliver paresthesia-free anal-
gesia with superior benefit in certain contexts [9].

Each component of the SCS machinery is susceptible to damage and/or malfunc-
tion and can disrupt analgesic delivery as a whole. Consequently, both IPG and
electrode components must be considered in scenarios of suspected SCS compromise.

2.3 Common SCS Complications

2.3.1 Hardware Complications

Hardware complications comprise the most common type of SCS-specific compli-
cations that occur. In a retrospective review of 707 patients, Mekhail et al. reported
a hardware-related complication rate of 38% in persons with SCS implants [5].
Hardware complications following SCS implantation include electrode lead migra-
tion, lead fracture, and battery failure.

2.3.2 Electrode Migration

Out of all hardware complications, electrode migration is the most common. The
rates of electrode migration vary among the different studies, ranging from 10.2 to
22.5% [5, 10]. These migrations commonly occur as a result of postural malposi-
tioning or faulty anchoring [11]. When the leads are unable to remain fixed at a
given load and spinal posture, notably secondary to a fascial tear or suture failure,
electrode migration can result. Thus, proper implantation technique is of the utmost
importance. This complication is most commonly observed within 4 weeks of the
implantation procedure, after which connective tissue fibrosis fixates the elec-
trode in location. Consequently, during this critical period, patient activity restric-
tions often include avoidance of vigorous and strenous activity including repetitive
bending and twisting.
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Common patient presentations that may indicate electrode migration involve
new-onset loss of pain control or requisite changes of voltage to achieve the same
amount of analgesia. For those using tonic stimulation devices, new regions with
paresthesias may also manifest. While reprogramming the implanted device to
utilize different lead contacts may be successful in correcting the problem in certain
cases, most cases may require a procedure to reposition thelead [ 10, 11]. Radiographs
can confirm the location of electrode migration. In some rare cases, radiographs
may not detect a migration, despite symptomatic presentation.

There are a few prevention strategies to lower the rates of complications secondary to
lead migration. With the introduction of quadripolar and octapolar electrodes, need for
surgical correction has decreased due to the efficacy of higher electrode contacts in
reprogramming success [7, 12]. Using paddle-type surgical electrodes may decrease
rates of electrode migration compared to percutaneous electrodes. Surgically placed
paddle electrodes have two fixed points, whereas PE only has one. Some studies reported
that placement of IPG in the abdominal region is preferable to the gluteal region [7, 12].

2.3.3 Lead Fracture

Electrode fracture or breakage is another complication seen in SCS implantation,
with one study reporting a 9.1% fracture rate in a study group of 2753 patients and
another reporting four cases in a study group of 107 patients [13, 14]. IPG place-
ment into the abdomen has decreased risk of lead fracture compared to gluteal
region placement. Weight gain and pregnancy may increase the risk for lead fracture
due to increased abdominal circumference [14]. Electrode fractures present with
loss of pain relief, and patients may even report burning-type pain [7]. Increased
impedance is suspicious for lead fracture, and radiography can often be used as a
confirmatory diagnostic tool. Kumar et al. reports that the usual site of fracture
involves the deep fascia at the lead entry point into the spinal canal [7].

2.3.4 Battery Failure

The current standard of practice involves using an IPG, which contains a battery, to
power the SCS device. Battery life depends extensively on the manufacturer, typi-
cally ranging from 4-5 years after which IPG replacement is necessary. A battery
failure is defined as requiring a replacement before the expected date, which depends
on charge and waveform parameters specific to the patient [14]. This hardware-
related complication is rare; in fact, it has not been widely reported in literature. In
one 20-year literature review, Cameron reported a battery failure rate in 32 out of
1900 cases, a complication rate of 1.7% [13].

Rechargeable batteries have emerged as a possible solution to premature battery
failure, with lifespans of around 9 years [14]. However, they present several issues,
including the need for increased patient awareness and compliance, the need for
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trained technicians, and the need for daily to weekly recharging, which can serve as
an inconvenience to patients.

2.3.5 Device Related Infection

Infection rates across studies in SCS implantation range from 2.5 to 14% [7]. Eldabe
et al. reported a range from 4 to 10%, which represent a substantial increase from the
2-5% infection rate observed across all surgeries in the US [15].

The most common site of infection is the IPG pocket site, followed by SCS
leads sites and the lumbar incision sites [13—15]. Depending on the severity and
spread of infection, complete removal of the system and subsequent treatment
with intravenous antibiotics may be necessary. One study reported Staphylococcus
species, of which S. epidermidis was the most prevalent, as the most common
cause of infection in SCS implantations; Pseudomonas species were isolated in
3% of cases [15]. There have been reports of septic and aseptic meningitis after
removal of SCS [14]. Factors that increase the risk of developing infection during
the SCS implantation process include diabetes, debility, malnutrition, extremely
thin body habitus, obesity, autoimmune disorders, corticosteroid use, decubitus
ulcers, pre-existing infections, poor hygiene, urinary or fecal incontinence, and
malabsorption syndromes [14].

The most common presenting signs of localized infections involve wound erythema
and localized incisional pain [16]. In a study by Bendel et al., in those patients who
developed infection, median onset of infection was 27 days (range 2-967) with 62 of 67
infection occurring within the first 365 days; explantation was ultimately required in
77.6% of patients [17]. In Mekhail et al.’s study of 707 patients, 4.5% of patients devel-
oped infection, but none had permanent neurological complications or other systemic
sequela [5]. Skin erosions can occur, typically as a result from implantations that are too
superficial or in patients with thin body habitus or significant weight loss [18].

Most of the time, septic infections developing after SCS implantation require
explantation of the device, as antibiotics alone are ineffective [16]. There is no good
data on the timing of re-implantation, though recommendations include waiting for
control of active infection, confirming the absence of signs of systemic infection,
and choosing a different implantation.

Feared, but very rare, infectious complications are meningitis and epidural
abscess. These are more commonly seen in intrathecal drug delivery systems,
because these systems necessitate refill procedures, which increase the risk for
introduction of skin flora into the intrathecal space [15-17].

2.3.6 Neurological Complications

Though rare, neurological complications from SCS implantation can be extremely
devastating and life-threatening [15-18]. Consequently, measures to identify and
intervene upon suspected scenarios of neurogenic comprise are instrumental to pre-
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vent permanent complications. While they can occur following a plethora of etiolo-
gies, neurologic compromise—usually to the exiting spinal nerves, nerve roots, or
spinal cord—following SCS implantation may be resultant of epidural hematoma
formation, spinal cord compression, vascular compromise, or even direct neu-
rotrauma via puncture or crush injury. Regardless of the etiology, concerning symp-
toms include post-procedural unilateral or bilateral paraparesis, numbness, bowel
and/or bladder incontinence, or intractable back pain. After confirming the precise
inciting etiology with imaging, prompt neurosurgical evaluation and intervention
may be necessary for spinal decompression and/or device explantation.

Less severely, dural puncture is a common complication, with one study report-
ing post-dural headache in 18% of patients [18, 19]. Risk factors include obesity,
spinal stenosis, and epidural scar tissue—as may be present with previous surgery
at the site of implantation. It is particularly suspected in cases of notable CSF leak-
age and is managed with hydration, caffeine, and rest. In cases with spinal head-
aches refractory to these conservative measures, an epidural blood patch may serve
a therapeutic role, but may lead to complications itself [20].

One literature review reported 83 of 44,587 cases (0.19%) with resultant epidural
hematoma, and of those 83 cases, only 8 did not recover and were left with a motor
deficit [19]. In the same study, 6 out of the 44,857 patients developed autonomic
dysfunction and 2 did not fully recover; dural puncture was observed in 21 patients,
of which complete recovery was reported in 11 patients.

One other study reported very low rates of severe neurological complications,
with 0.5% of patients developing spinal cord injury, 0.5% developing hematomas,
though these results may have been confounded by preexisting cervical spondylotic
myelopathy or cervical spinal stenosis [21].

2.4 Management of Non-SCS Complications

2.4.1 MRI Considerations

There exist many clinical scenarios where magnetic resonance imaging (MRI) is
superior to other imaging modalities and may be necessary to direct appropriate
diagnosis and management [22, 23]. Grossly, it is estimated that approximately 82%
of persons with implanted SCS systems require an MRI within 5 years of implanta-
tion. These estimates are fair and expected given the high prevalence of medical
comorbidities in the chronic pain patient population.

Historically, MRI testing was deemed risky in persons with SCS systems. The
three principal magnetic fields utilized by MRI are pulsed gradient, static, and radio-
frequency fields, and each convey various risks on SCS systems. Notable risks are
largely divided into magnetism associated device failure and/or focal tissue damage.

Device failure with MRI ranges from changes in stimulation program, lead
impedance, battery exhaustion, and implantable pulse generator malfunction. The
pulsed gradient fields are thought to be the primary drivers of magnetism-induced
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voltage and current modulation. Collectively, all of these complications (grossly
estimated to be ~18.5% in prevalence) can result in suboptimal analgesic benefit
and thus post-MRI SCS device interrogation and subjective pain assessment can be
useful to screen for such complications [22]. Static magnetic fields confer ferromag-
netic attraction to cause shifting of metal containing implant devices. While this risk
can theoretically serve to cause shifting and migration of SCS leads, no such reports
have been reported in the literature. Focal tissue damage (grossly estimated to be
11.1% prevalent) occurs secondary to magnetism induced heating of SCS leads, by
way of radiofrequency magnetism fields. There have also been reports of painful
dysesthesias with MRIs [22, 23].

With recent technological advances, MRI scans of the head and peripheral
extremities have been found to be safe to obtain. Additionally, implementation of
specific MRI protocols has been shown to be safely utilized for imaging other parts
of the body with only minor and non-threatening complications reported. While
SCS-specific MRI protocols can be utilized, patient positioning that serves to maxi-
mize distance of the imaging coils to the SCS leads can also help further mitigate
associated risks.

Even more recently, MRI scans of the thoracic, abdominal, and pelvic compart-
ments have been made possible by recent FDA-approved SCS technologies. Rubino
et al. provide a extensive overview of various SCS systems from varying device
manufacturers and outline which body regions and MRI settings can be utilized
[23]. Overall, SCS device representatives can and should be consulted to help pro-
vide guidance regarding MRI compatibility, especially in persons with older sys-
tems. This consultation and appropriate discussion with the overseeing radiologist
and technicians can help mitigate MRI-associated complications and risks.

2.4.2 Cardiac Implantable Electronic Devices

With the overall increase in prevalence of heart disease in the United States, so too
has there been an overall increase in the utilization of Cardiac Implantable Electronic
Devices (CIED) for the management of arrhythmias [24]. These devices commonly
include permanent pacemakers (PPM) and implantable cardiac defibrillators
(ICD),which help control sinus pacing of the heart and treat life threatening arrhyth-
mias, respectively. Both devices operate by detecting cardiac rate and rhythm and
dispensing electrical energy to rectify arrhythmias. Consequently, there exist poten-
tial hazards of SCS systems producing electrical interferences that may obviate
CIED function. While some remote reports have shown SCS systems nullifying
CIED function, more recent evidence suggests that concomitant SCS and CIED
utilization can occur with the necessary multidisciplinary collaboration, controlled
interference testing, and device-specific considerations [25]. The most recent Spine
Intervention Society investigation into the matter has resulted in a statement deem-
ing SCS as a safe treatment in persons with a CIED should appropriate collabora-
tion with the involved cardiologist/electrophysiologist occur [26].
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Given that CIED placement is a life saving measure, it’s functionality should
take precedence over that of an SCS when both technologies are being consid-
ered. Therefore, appropriate cardiac risk stratification and collaboration with car-
diologists/electrophysiologists are warranted when patients are deemed
appropriate for both technologies. This will allow for both parties to make device
specific considerations (CIED lead polarity and system programmability; SCS
frequency systems and system programmability) in accordance with device man-
ufacturers for both products. Additionally, this will also allow for the involved
cardiologists/electrophysiologists to carefully monitor the patient following dual
device utilization for the development of cardiac related adverse effects. Patients
should always be counseled of the risks associated with dual SCS and CIED
implantation and be prepared for possible SCS explanation should irreparable
interference patterns be identified.

Torre-Amione et al. published a well-designed, randomized, placebo-controlled,
crossover study investigating ICD efficacy in a cohort of 9 patients with advanced
heart failure who received SCS implantation and subsequent null and active SCS
treatments with paresthesia production [27]. Active SCS treatment was not found to
cause any interference preventing the ICD from receiving, analyzing, or dispensing
corrective electric therapy. This interference testing involved an elegant intraopera-
tive algorithm for the measurement of ICD function following SCS implantation.

First, SCS amplitude was reduced to a 90% subperceptible level [28]. Thereafter,
ICD intracardiac electrocardiograms were analyzed for any evidence of SCS
induced myopotentials. If any SCS activity was identified in this intrinsic electro-
cardiogram measurement, SCS reprogramming was warranted. Subsequently, ven-
tricular fibrillation was induced, and ICD response was measured by time to
arrhythmia detection and diagnosis along with number and strength of shocks dis-
pensed. This interference testing approach allows not only for intraoperative SCS
reprogramming to avoid gross SCS myopotential detection, but also to measure
ICD function in context of SCS treatment. Such testing allows for abortion of SCS
system permanent implantation in scenarios where ICD function may be compro-
mised. Given that recently developed SCS systems, including those with burst and
high frequency waveforms are paresthesia-free devices, novel protocols for con-
comitant CIED candicacy are necessary.

2.4.3 Perioperative and Acute Pain Considerations

There are many perioperative considerations for persons with SCS systems under-
going surgical procedures [29]. In the setting of neuraxial anesthesia, it is instru-
mental that needle placement does not compromise the SCS electrodes. Compromise
of SCS electrodes can result in lead fracture at the severe spectrum and migration on
the milder spectrum. Electrode migration can result in loss of analgesic benefit and
require procedural driven electrode repositioning. Thus, reviewing prior imaging to
identify SCS placement and electrode placement may help in preparation of
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planning for epidural access. Even if epidural access is obtained, others have sug-
gested that neuraxial analgesia may be ineffective this patients with SCS systems
given the likelihood of epidural fibrosis [30, 31].

If the implanted SCS electrodes cannot be avoided, general anesthesia could be
considered if reasonable and appropriate. Lastly, topical antiseptic use is of high
importance to prevent procedural infections. Microbial prophylaxis is particularly
important for SCS device preservation, as central nervous system infections may
lead to device explantation [31].

Acute pain syndromes, such as post-surgical pain, are often self-limiting condi-
tions that resolve across a short time span of days to weeks without significant
chronic sequelae. Current convention for managing acute pain conditions includes
pharmacological management, including opiates, and anesthetic peripheral nerve
blocks, as common with major joint arthroplasties [31-33]. Use of SCS for the
treatment of acute pain conditions, however, is not indicated and lacks significant
evidence.

Of note, Lawson et al. report a case of a patient with severe acute-on-chronic
pain following a cervical decompression surgery for degenerative cervical myelopa-
thy secondary to cervical spinal stenosis [34]. The reported pain was so intractable
that it was controlled only with escalation to intravenous ketamine and midazolam.
Following implantation of a cervical SCS system for management of acute post-
operative pain, the patient experienced significant relief.

Further reports and stronger evidence for SCS in acute pain conditions are largely
lacking. Therefore, management of acute post-operative pain in persons with pre-
surgical SCS implants should be largely similar to that in persons without SCS
implants. It is important, however, to direct acute pain treatments towards the treat-
ment of the acute pain condition only. This scope of treatment prevents patients
from exposure to chronic opiates and overall pharmacotherapy escalation for the
treatment of chronic pain—this strategy can help mitigate inappropriate opiate
exposure and its resultant complications.

Likewise, it should be noted that patients with chronic pain treated with SCS
systems may have some degree of baseline pain. Therefore, achieving complete
analgesia may be unlikely and should nonetheless not be sought after in the setting
of acute pain treatment. Similarly, escalation of chronic pain pharmacotherapy for
chronic pain indications should be postponed until the acute pain condition resolves.

2.4.4 Pain Management for Other Reasons

Patients with an implaned SCS may show up to the emergency room for pain related
to other conditions e.g. uncontrolled low back pain, rib fractures and other condi-
tions. It is very important to know the device model and manufacturer to understand
the locations of the leads and battery, MRI compatibility. Pain in those conditions
should be treated using routine modalities as regional blocks, non-pharmacological
and pharmacological modalities.
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2.5 Summary

SCS has extensive supportive evidence for treating numerous chronic pain con-
ditions including failed back surgery syndrome, complex regional pain syn-
drome, and refractory angina pectoris.

Complications with SCS, while rare, can result in devastating neurological out-
comes, including paraplegia, and thus early investigation and management is
necessary when neurologic compromise is suspected.

The most common hardware complication is electrode lead migration, which can
result in loss of paresthetic or analgesic coverage and, possibly, efficacy.

MRI compatibility, while increasingly common with newer SCS systems,
should be investigated and discussed with the patient, device representative, and
radiologist.

While CIED placement does not contraindicate the concomitant use of SCS sys-
tems, careful diagnostic investigations must occur to ensure that both the CIED
and SCS are appropriately functional together.

In persons with SCS systems, treatment of acute pain conditions should not be
compromised. Management of chronic pain should occur following resolution
of the acute pain condition such that unnecessary opiate escalation does not
occur.
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Chapter 3
Patient with an Intrathecal Pain Pump

Jay Karri, Maxwell Lee, and Alaa Abd-Elsayed

3.1 Introduction

Intrathecal drug delivery systems (IDDS) are increasingly used modalities for the
management of various chronic pain syndromes including cancer pain, CRPS, and
failed back surgery as well as non-pain syndromes such as uncontrolled quadripa-
retic or paraparetic spasticity [1, 2]. Given that intrathecal medications are largely
confined to the epidural space, microgram medication dosages are able to be uti-
lized with a great degree of efficacy. Thus, IDDS also allow for the weaning and
possible discontinuation of systemic pain and spasticity medications, which are
associated with various systemic adverse effects.

Many high quality research studies and consensus guidelines have helped dictate
which intrathecal medications are effective for varying indications [2—6]. Currently,
the only FDA approved intrathecal medications include morphine and ziconotide
for the management of chronic pain and intrathecal baclofen for the management of
spasticity. However, many other medications including local anesthetics (largely
ropivacaine, bupivacaine, levobupivacaine), other opiates (hydromorphone, fen-
tanyl), and clonidine are commonly used, sometimes in combination, to manage
chronic pain (Table 3.1).

Persons with IDDS can pose various considerations in the inpatient setting that
must be carefully addressed. These questions may be related to potential post-
procedural complications or other IDDS specific considerations and need to be
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Table 3.1 Intrathecal medications, mechanisms, and maximum dosages

Medication Mechanism Maximum concentration (pg/mL)
Ziconotide N-type voltage-gated calcium channel 100
blocker
Morphine Opioid agonist 20
Hydromorphone | Opioid agonist 15
Fentanyl Opioid agonist 10
Sufentanyl Opioid agonist 5
Bupivacaine Sodium channel blocker 30
Clonidine Adrenergic alpha2-Agonist 1000
Baclofen GABA, channel agonist 2000

Largely adapted from recent PACC recommendations [3]

carefully and effectively addressed to maintain appropriate safety profiles. In
order to appreciate how these complications and considerations arise, one must
have a well-versed understanding of IDDS machinery [7].

3.2 IDDS Mechanisms (Fig. 3.1)

Following a successful intrathecal drug trial, an IDDS implantation occurs wherein
an implantable pump is surgically placed under the subcutaneous layer of the
abdominal wall or back flank [2, 8]. This pump is intraoperatively connected to a
catheter which terminates in the epidural space. The catheter tip positioning can
vary extensively depending on the pathology present. While a vast majority of cath-
eter tips are positioned in the low-thoracic and lumbar levels for chronic pain syn-
dromes, cervical catheter placement can occur in certain scenarios including
quadriparetic spasticity. The multiple components of this machinery are each sus-
ceptible to mechanical failure and may disrupt the integrity of the drug delivery
system as a whole.

Persons with IDDS placement require pump refills at a frequency largely deter-
mined by the concentration of the intrathecal medication and rate of drug infu-
sion. With each pump refill, the IDDS program calculates the latest date for the
subsequent pump refill. Should the pump not be refilled prior to this date, the
IDDS emits a high frequency “non critical alarm”—usually single toned depend-
ing on the model and manufacturer of the system—to indicate that the reservoir
volume requires repletion [9]. The threshold of the low reservoir volume, although
conventionally placed at 2 mL, can be modified. Should the “non critical alarm”
fail to be addressed, the IDDS system will eventually emit a high frequency “criti-
cal alarm”—usually dual toned depending on the model and manufacturer of the
system—to indicate that the reservoir volume is near or fully depleted and needs
to be urgently addressed.
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Device Mechanism | Infusion strategies MRI considerations
Synchromed II by | Peristaltic “Patient therapy manager” No need to remove
Medtronic™ pump allows for patient controlled medication from reservoir
FDA approved for bolus delivery to augment prior to MRI study

Pain and continuous infusion

Spasticity

Prometra by Valve-gated | Continuous infusion only Requires removal of
Flowonix™ system medication from reservoir
FDA approved for before MRI study

Pain

3.2.1 Different IDDS Devices

There exist only two FDA approved IDDS devices in the United States market: the
Synchromed II by Medtronic™ and the Prometra by Flowonix™ [10-12]. These two
devices vary extensively in regard to mechanism, approved indications, infusion
strategies, and even magnetic resonance imaging (MRI) compatibility (Table 3.2).

3.3 Common IDDS Complications

While the overall risk of major complications related to IDDS placement is low,
persons with IDDS are susceptible to a host of complications that can occur at any
time after pump implantation [1, 8, 9, 13]. These complications vary in etiology and
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can lead to severe morbidity or mortality. Therefore, providers must always main-
tain a healthy index of suspicion for these complications in order to provide early
and appropriate management.

3.3.1 Procedural Complications

Despite measures to mitigate risks of neurological injury—from pre-procedural
anticoagulation weaning to using fluoroscopic guidance to confirm catheter place-
ment in the epidural space—neurological compromise to the nerve roots or spinal
cord itself can occur either directly via needle or device trauma or secondarily via
hematoma formation [2, 13, 14]. Consequently, providers should monitor patients
in the post-procedural setting for alarm signs and symptoms of neurological com-
promise which can include but are not limited to unilateral or bilateral paraparesis
and intractable back and/or leg pain. Persons with concern for neurological compro-
mise warrant emergent computerized tomography (CT) imaging of the spine to
identify possible etiologies of neurotrauma and determine if emergent neurosurgical
intervention is needed to prevent devastating neurological outcomes. MRI may be
possible in the correct context, with compatible devices, as delineated in the sec-
tion below.

Less severely, post-dural puncture headaches are more common and can occur
with increased cerebrospinal fluid (CSF) leakage [8]. Persons with prior spinal sur-
geries are thought to have more epidural scar tissue and thus a greater risk for
increased CSF leakage. Aside from a post-dural puncture headache, CSF leakage
can also cause subcutaneous swelling, impaired wound healing, hygromas, and
infections, all of which may warrant surgical intervention. Additionally, wound
seromas may form around the surgical site. Though mostly self-limiting and spon-
taneously resolving, these seromas may require systemic antibiotics and/or drain-
age [15].

As with any procedure, there is an inherent risk of infection. Despite the use of
peri-procedural prophylactic antibiotics and irrigation of incision sites with antibi-
otics, and even placement of vancomycin power in the IDDS pump pocket, peri-
procedural infections can occur and lead to meningitis, epidural abscesses, pump
pocket infections, and catheter tip infections [1, 8, 16]. Most infectious complica-
tions are thought to occur in the first 3 months following IDDS implantation.
Therefore, careful, frequent, and close monitoring for signs and symptoms of infec-
tion around the implant site is necessary during this period. While superficial
infections may be managed in the ambulatory setting, deeper infections and/or those
which cause sepsis may require device explantation, especially with the develop-
ment of intrathecal and epidural infections. Additionally, early CSF cultures (includ-
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ing a set from the catheter access port) and spinal imaging should be collected to
characterize the infectious etiology. Abscesses or loculated fluid collections may
necessitate operative interventions.

Clinically significant bleeding is also a possible surgical complication. The
causes are manifold, including but not limited to, preoperative anticoagulation,
coagulopathy, and vascular injury. While the most feared bleeding complications
cause neurological compromise, as aforementioned epidural or perineural hemato-
mas, superficial hematomas and post-operative bleeding can also occur [2]. Most of
the time, scant or superficial bleeding is self-limited and is likely to resolve with
compression wound dressings and adherence to abdominal binder placement.

3.3.2 Mechanical Complications

The IDDS is comprised of a host of mechanical components, each of which is sus-
ceptible to failure and dysregulated intrathecal drug delivery. While underdosing
and resultant withdrawal is common in such occurrences, overdosing may also be
possible and thus patients may also present with resultant drug toxicity [15-17].

Within the intrathecal pump, a mechanical failure secondary to loss of pump
propellant, gear shaft wear, and motor stalls are all possible [16, 17]. These compli-
cations can occur by virtue of battery expiration or failure, or even following MRI
testing. Aside from the pump itself, disruptions to catheter integrity are far more
likely. Fluckiger et al. in a large scale review of a single center experience with
IDDS across a 12 year span found that 65% of all IDDS complications were cathe-
ter related while 35% were pump related [16]. Catheter disconnection may be sec-
ondary to kinking or fracture, while catheter obstruction may also be possible via
catheter tip granuloma (CTG) formation, catheter tip fibroma, or fibrous sheath
obstruction [8, 15, 17]. Despite the precise mechanism, all of these etiologies can
interfere with drug delivery and result in decreased analgesia, worsened chronic pain,
and withdrawal symptoms [17]. However, overdosing may also occur and drug tox-
icity should not be excluded.

The approach to investigating IDDS mechanical complications is suggested to
start with identifying catheter continuity/discontinuity. Miracle et al., thus suggest
plain radiography and device interrogation to be first line diagnostic measures [18].
Should no overt catheter discontinuity be identified by these measures, contrast
studies should be pursued to identify presence and location of catheter compromise.
First, CSF aspiration should be attempted from the catheter access port to determine
if the catheter is patent [18, 19]. If CSF aspiration is successful, contrast agent may
be injected into the catheter access port and dye flow patterns can be analyzed on
fluoroscopy, however, CT imaging may be more sensitive.
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3.3.3 Pharmacologic/Refill Complications

Generally very rare, CTGs are aseptic inflammatory masses that form secondarily
to an unclear and incompletely characterized pathophysiology. Nonetheless, CTGs
disrupt intrathecal medication delivery and affected patients suffer from severe pain
refractory adjustments in intrathecal drug delivery. If large enough, CTGs can pro-
duce a mass effect by impinging upon exiting spinal nerves or the spinal cord
itself to cause radicular or myelopathic symptoms, respectively [15, 19].

Kratzch et al. and others previously identified catheter position, low CSF vol-
ume, medication concentrations, and intrathecal contrast agents as common risk
factors for CTG development [20]. Namely, persons with catheter tip placement in
the middle thoracic levels and those using high morphine dosages were particularly
shown to be more susceptible for CTG formation. Intrathecal sufentanil, baclofen,
and clonidine may also be implicated [3, 15, 17]. It should similarly be noted that
ziconotide and fentanyl were not found to have a correlation to CTG formation.
Furthermore, younger patients and those with chronic nonmalignant pain are more
at risk than their older, malignant pain counterparts [21]. The onset of granuloma
formation is typically several months after implantation, with one study showing an
increasing risk with each year the implant remains in a patient, beginning at 0.04%
after 1 year and 1.15% after 6 years [22].

The presence or absence of neurologic symptoms determines subsequent man-
agement in these cases. If positive for neurogenic compromise, removal of the
device and decompression is recommended by a surgical laminectomys; if negative,
weaning the concentrations of the aforementioned implicated medications or chang-
ing intrathecal therapy to the lesser implicated fentanyl or ziconotide may be con-
sidered [21, 22].

Direct drug toxicities are typically preventable and result from hypersensitivity
or allergic reactions, which can be avoided by slow titration. However, complica-
tions can be life-threatening, so careful administration must be undertaken. These
include medication errors with incorrect doses or concentrations, reprogramming
errors, or administration of medication into the pump pocket [21]. In general,
adverse reactions to intrathecal medications include nausea, vomiting, constipation,
respiratory depression, and headache, to name a few.

However, drug specific adverse effects should be particularly considered.
Intrathecal ziconotide may result in dizziness, nausea, vomiting, urinary retention,
ataxia, nystagmus, confusion, or the rarely seen psychosis, suicide, and rhabdomy-
olysis [21]. Neuropsychiatric adverse effects with intrathecal ziconotide are particu-
larly distressing and necessitate discontinuation of ziconotide treatment. Intrathecal
clonidine also has side effects, including hypotension, bradycardia, and sedation
[21]. Intrathecal opiates confer side effects that are mediated by opiate receptors.
Largely, these side effects include nausea, vomiting, constipation, urinary retention
with rare occurrences of respiratory depression and hyperalgesia [23]. These side
effects can be corrected with naloxone administration and warrant dose adjustments
to prevent severe complications [23].
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Intrathecal baclofen withdrawal is especially alarming given that it can lead to
mortality if not addressed in a timely fashion. Patients undergoing drug withdrawal
exhibit symptoms of fatigue, pruritis, irritability, worsened spasticity, and paresthe-
sias [21]. Other more alarming symptoms include blood pressure lability, seizures,
and delirium [24]. To mitigate lethal risks of baclofen withdrawal, systemic baclofen
or diazepam are often utilized until effective intrathecal baclofen therapy can be
restarted [21]. However, intrathecal baclofen is preferred, even as a bolus, due to
slower onset of action, time to peak effect, poor absorption, and decreased CSF
concentrations with enteral medications [24]. Benzodiazepines (such as lorazepam,
diazepam, and midazolam), propofol, cyproheptadine, dantrolene, and tizanidine
have also been shown to be effective adjuvant therapy in the setting of baclofen
withdrawal.

3.4 Management of other IDDS-associated considerations

3.4.1 MRI Considerations

As conventional, all metallic device implants should undergo screening consid-
eration before an MRI can be considered [25, 26]. New MRI compatible tech-
nologies and innovative protocols have allowed persons with IDDS systems to
get MRI studies. However, careful consideration and approaches must be uti-
lized given food and drug administration (FDA) reports of serious adverse
events and death in persons with IDDS undergoing MRI [25]. These complica-
tions were all found to be resultant of aberrant medication dosing and/or hard-
ware function. If the utility of an MRI study in the context of such risks is
deemed necessary, the FDA recommends a multidisciplinary collaborative
effort for appropriate risk mitigation.

All IDDS patients are provided with an implant card that denotes important sys-
tem variables including MRI compatibility. Additionally, representatives from the
device manufacturer should be notified about a tentative MRI study so that device
safety can be cross referenced and ensured. Notably, many devices do not provide
comprehensive and overarching MRI compatibility parameters. Depending on the
IDDS model, MRI compatibility may be restricted to certain body regions (head or
extremity imaging) or strength (limited to 1.5 T field). These conditional parameters
should be made accessible to the patient, ordering providers, and radiologist coor-
dinating the study. Of note, De Andres et al. report successful utilization of a con-
servative MRI protocol (1.5 T and <0.9 W/kg) across multiple IDDS models without
any technical or medical complications [25-27].

As aforementioned, aberrant medication dosing can occur following an MRI
study. Therefore, pre- and post-MRI IDDS interrogation is instrumental to identify
any potential complications and ensure proper functionality. Additionally, measures
to monitor and rectify these complications should be prepared to prevent possible
lethal sequela of medication withdrawal or overdose. Hardware malfunction of
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IDDS following MRI studies may also be possible, by way of motor or pump stalls,
and lead to inappropriate medication underdosing or overdosing. In such scenarios,
IDDS failure may be permanent and explanation and replacement may be likely
necessary. Once again, appropriate medication weaning and/or systemic adjunct
medications will be necessary if IDDS failure were to have occured.

3.4.2 Hyperbaric Oxygen Therapy

The efficacy of hyperbaric oxygen therapy (HOT) has been readily demonstrated
across numerous contexts including carbon monoxide poisoning and recalcitrant
wounds secondary to hypoxia [27-29]. While the use of HOT in patients with IDDS
has been little investigated, overall theoretical risks and case reports suggest that HOT
may confer IDDS malfunction. Thus, careful consideration of this adverse risk profile
is necessary in the management of persons with IDDS being considered for HOT.

HOT induced risks are thought to include (1) explosion secondary to undue fric-
tion within pump system, (2) battery leakage, (3) collapse or disruption of internal
machinery, and (4) air entry into pump reservoir or catheter. Akman et al. also pro-
vide a report of HOT causing retrograde cerebrospinal fluid leakage into the infu-
sion reservoir secondary to elevated intraspinal pressures during HOT [27]. Each of
these complications can cause direct patient harm primarily or secondarily via aber-
rant medication dosing. Prophylactic measures to ameliorate these complications
include measures to monitor for and rectify medication underdosing or overdosing
as could occur with pump malfunction. Additionally, IDDS interrogation pre- and
post-HOT may also be helpful to identify aberrant dosing patterns and possible
medication leakage.

Notably, Sanchez-Guijo et al. previously published an interesting case report of
pump failure in a hyperbaric environment secondary to pump stalling with HOT at
a pressure of 2 absolute atmospheres (ATA) [28]. Interestingly, they also subjected
different pump devices to HOT and found that pump stalling occurred at different
ATA limits—ranging from 2 to 3.4 ATA. It should be noted that if appropriate consid-
erations are taken, HOT can be a promising therapy in vulnerable populations—nota-
ble persons with severe spasticity and intrathecal baclofen pumps—who suffer from
chronic pressure wounds. Barket et al. also published findings showing efficacy of
HOT in preventing device explanation in persons with neuromodulation devices asso-
ciated with hardware infections [29]. While a majority of the study included persons
with electrical stimulation systems, two persons with IDDS were also included.

3.4.3 Perioperative Considerations and Acute
Pain Management

There exist many anesthesia considerations to be accounted in patients with IDDS
undergoing surgical procedures. In the setting of neuraxial anesthesia, it is instru-
mental that needle placement does not compromise the IDDS catheter [30]. Thus,
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reviewing prior imaging to identify IDDS placement and catheter route is pertinent
along with the use of ultrasound or fluoroscopic guidance to gain successful epi-
dural access. If the implanted catheter or IDDS device cannot be avoided, general
anesthesia could be considered, if reasonable and appropriate. Lastly, topical anti-
septic use is of high importance to prevent procedural infections. Microbial prophy-
laxis is particularly important for IDDS device preservation as central nervous
system infections may lead to device explantation.

An important preoperative consideration is whether to adjust the intrathecal
infusion rate. It is advisable to proceed with caution in decreasing or increasing the
rate. Increasing the rate for greater analgesia may result in respiratory depression
or excessive sedation; decreasing the rate abruptly, especially of baclofen and
clonidine, may result in life-threatening withdrawal and rebound hypertension
[31]. While managing intraoperative pain control, the use of non-opiate medica-
tions should be optimized [32]. Judicious use of opiates is important to mitigate
risks of respiratory depression especially in persons with intrathecal opiate or
baclofen medications. The administration of opioids for patients receiving intrathe-
cal baclofen may result in a synergistic effect, and because there is currently no
available conversion of intrathecal dosing to intravenous dosing, special care must
be taken to avoid overdose [30]. Therefore, the use of non-steroidal anti-
inflammatories and acetaminophen should be considered and optimized.
Additionally, ketamine infusions are gaining popularity given favorable adverse
effect profiles while demonstrating good capacity for analgesic benefit; ketamine
boluses may also be used for effective intraoperative analgesia in appropriate
patients [33].

Acute pain conditions, such as post-operative pain, are often self-resolving syn-
dromes without chronic sequela. Given that many patients with IDDS may have
ongoing intrathecal opiate therapy, careful considerations must be given towards
the use/dose of systemic opiates which may serve to amplify opiate associated
adverse effects [30, 32, 33]. Consequently, measures to minimize systemic opiate
usage and dose should be undertaken. Such measures include increased utilization
of non-opiate medications (acetaminophen, non-steroidal anti-inflammatories, and
non-opiate narcotics such as tramadol), non-pharmacologic modalities, and even
regional nerve blocks with local anesthetics which are increasingly proven effica-
cious for various post-pain conditions including those associated with large
joint arthroplasties.

If the above conservative measures are sub-optimal in delivering necessary anal-
gesic benefit, opiate delivery for acute pain can be considered. Opiate therapy can
be delivered either systemically or intrathecally but requires care and caution to
avoid adverse effects, particularly respiratory depression in the post-surgical con-
text. Short-acting opiate formulations are considered far preferable to long-acting
agents. Depending on the type of IDDS in place, modifying bolus medication
delivery may be considered until the acute pain condition can resolve. A temporary
increase in basal intrathecal opiate dosages can be considered, but should be
reserved for ongoing management of chronic pain.

In summation, opiate supplementation should be reserved for when other modes
of management fail. However, given that under treated or ineffectively treated acute
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pain can worsen underlying chronic pain and prevent post-operative function and
rehabilitation, judicious opiate use rather than altogether avoidance is appropriate.

Lastly, it should be noted that patients with chronic pain treated with IDDS have
a degree of baseline pain. Therefore, management of acute pain conditions in this
population should be directed towards the acute on chronic pain presentation given
that complete analgesia may not be realistic. Similarly, management of the chronic
pain should follow the resolution of the acute pain presentation so that a clear and
appropriate escalation of chronic pain pharmacotherapy can occur.

3.4.4 Pain Management in the Inpatient Setting

When a patient with intrathecal pump shows up to the hospital for other painful
conditions. It is very important to know the pump and catheter location, manufa-
turer, medication in the pump and infusion rate. Management of pain should be done
using a multidisciplinary approach avoiding opioids if possible. Oral opioids in
addition to intrathecal opioids can lead to overdosing, sedation and respiratory
depression. Providers should use other modaities as tricyclic antidepressants, anti-
seizure medications, regional blocks and Acetaminophen. Programming of the
pump can be done increase the infusion rate of intrathecal opioids which can provide
more pain relief.

3.5 Summary

e IDDS is a readily used modality for treating various chronic pain conditions,
largely including cancer pain, CRPS, and failed back surgery syndrome, and
non-pain conditions such as severe spasticity.

* The only FDA approved intrathecal medications include morphine and ziconotide
for pain, and baclofen for spasticity.

e IDDS related complications are procedural, device-related, and medication asso-
ciated in nature.

e Procedural complications can involve neurologic compromise and thus early
investigation and management are often necessary to prevent devastating neuro-
logic outcomes.

e Device compromise can occur with malfunction of the pump or the catheter.
Isolating the deficit in the circuitry can involve device interrogation, plain radi-
ography, and contrast studies via fluoroscopy or CT guidance.

e Medication related complications are largely secondary to human error with
pump medication refills. Careful management and oversight are needed as intra-
thecal baclofen withdrawal can cause death if uncorrected.

* A multidisciplinary approach with the patient, device manufacturer, and radiolo-
gist can help ensure MRI studies are safely conducted in persons with IDDS.

e HOT may be safe and appropriate in persons with IDDS, but careful monitoring
is nonetheless necessary.
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Persons with IDDS who experience acute pain conditions, non-opiate medica-
tions and non-pharmacological pain modalities should be optimized. In severe
cases, bolus intrathecal medications can be considered. The management of
chronic pain with IDDS should largely be delayed until the acute pain condition
resolves.
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Chapter 4
Patient with a Deep Brain Stimulator

Rudy Garza III, Cory Jones, and Maxim S. Eckmann

4.1 Introduction, a Brief History of Deep Brain Stimulation

Electrotherapy for pain has been used since the first century, although the current
methods are much more sophisticated than the crude use of the Numbfish. The evo-
lution of using electricity from a fish to treat pathologies has now evolved to a
neuro-modulating implantable device that can diminish symptoms of refractory
movement disorders, such as Parkinson’s disease, which was treated primarily by
surgical interventions prior to the 1970s. Surgical interventions carried high compli-
cation risk including hemiparesis as lesions were created along the pyramidal or
descending tracts. Following the advent of levodopa, a prodrug that is converted to
dopamine by DOPA decarboxylase, pharmacologic management became the main-
stay treatment option. However, it also became clear that patients on levodopa and
other antiparkinsonian drugs often develop significant drug-induced complications,
such as involuntary muscle movements, hallucinations, and psychosis. In 1952, an
inadvertent ligation of the anterior choroidal artery introduced insight into the basal
ganglia, thalamus and how this circuitry can be used to treat movement disorders.
Eventually, stereotactic interventions to create lesions in these areas were devel-
oped, but still would result in undesirable sequelae such as problems with speech
and cognition [1, 2]. This discovery, however, demonstrated that modulation in cer-
tain areas of the brain can have profound effects on patients” symptoms. A few years
after this discovery, the work of Heath and Mickle showed that stimulation of the
septum resulted in successful treatment of intractable pain. This discovery led to
the birth of intracranial stimulation for treatment of pain syndromes. Eventually,
other sites were studied and include the internal capsule (IC), the ventral postero-
lateral nucleus (VPLP) and the ventral posteromedial nucleus (VPM) of the sensory
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thalamus (STH), the centro-median parafasicular region (CM-Pf) of the thalamus,
the periaqueductal/paraventricular gray (PAG/PVG), the posterior hypothalamus
(PH), the motor cortex, the nucleus accumbens (NAcc), and the anterior cingulate
cortex (ACC) [3]. The three regions emphasized in chronic pain are the PAG/PVG
(stimulation is thought to treat nociceptive pain), the VPL/VPM in the thalamus
(neuropathic pain), and the ACC (affective pain) [4].

Although Deep Brain Stimulation (DBS) can be used for the treatment of chronic
pain, it is currently considered off label use. Because of this limitation, the total
number of patients who have had DBS surgery for intractable pain is quite low,
although the exact number is not known. In 2005, a meta-analysis reported roughly
400 patients with DBS implanted for the indication of chronic pain. In the last
decade only three studies have been performed, the last of which only studied 10
patients [5]. Due to the lack of power driving the data, no concrete conclusions can
be reached, and clinical judgement should be used to determine the best approach to
each individual patient. Although there are general guidelines available for manag-
ing patient with DBS, there are no clear, validated, or established programming
protocols for the device. While the literature currently lacks definitive evidence for
specific uses of DBS in chronic pain, there are a few types of pain conditions that
can potentially be treated by DBS: nociceptive pain, neuropathic pain, and poten-
tially affective pain [5].

4.2 Pathophysiology

Despite long-term and widespread use of deep brain stimulation (DBS) for neuro-
logical, movement, and pain conditions, the underlying mechanisms of action in the
treatment of pain has not been fully understood. DBS can be effective if and when
placed in well-selected patients with refractory neuropathic or nociceptive pain.
Although the treatment effect is more pronounced in patients with nociceptive pain,
there is growing evidence of the benefits involving deafferentation pain conditions.
These conditions include failed back surgery syndrome (FBSS), phantom limb pain,
peripheral neuropathic pain, and cephalgias, with cluster headaches specifically
showing promising results. The success of DBS is dependent on many factors
including selection of appropriate patients, accurate placement of DBS lead, and a
thorough programming process to identify the optimal stimulation parameters [6].
DBS came in favor due to it being reversible, adaptive, adjustable and less invasive
in comparison to previous surgical options. It was initially approved by the Food
and Drug Administration (FDA) for pain following a multicenter study, but this
approval was ultimately retracted with the FDA requesting further trials to deter-
mine efficacy and safety [7].

Much of our current understanding of DBS is based on studies investigating
Parkinson’s disease. Growing evidence suggests that DBS acts through multimodal
mechanisms that are not limited to inhibition or excitation of the basal ganglia or
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other specific targets. To further complicate the matter, DBS elicits variable
responses over time suggestive of a more complex mechanism of action. Initial
theories attributed the pathophysiology to alterations in the rate of neuronal firing in
the basal ganglia. Therefore, if targeted, a therapeutic effect may be achieved if
stimulation disrupts the abnormal synchronization of the basal ganglia’s circuitry,
allowing normalization and restoration of ‘functionality’ rather than actually repair-
ing the pathological basal ganglia system [8].

This theory may be true for movement disorders, but for pain conditions other
targeted areas were investigated and showed improved results. Meta-analysis of
DBS for chronic pain demonstrated long-term pain alleviation when stimulation is
targeted at the periaqueductal gray matter (PAG)/ (PVG) periventricular gray matter
or the PVG/PAG plus sensory thalamus/internal capsule [9]. DBS of the PAG is
thought to enhance endogenous opioid release and to exert ascending modulation of
the ventral posterior nucleus of the thalamus [10], whereas DBS of the PVG is
thought to modulate autonomic function [11] by engaging passive coping mecha-
nisms alongside increased vagal output [12]. Levy et al. performed a review of the
literature and found a range of success from 47 to 60% with up to 80 months follow-
up in the use of DBS for chronic pain [13]. The literature continues to evolve when
looking at DBS as an intervention for these indications with Parmar et al. describing
overall efficacy for refractory pain in both nociceptive pain (61%) and phantom
limb pain (71%) [14] Multicenter controlled trials are still lacking, and the present
research has demonstrated variable results. A review of the literature, however, does
demonstrate that it carries favorable results for various indications in select patient
that have not been successful such as medications, conservative measures, and
extracranial procedures (Fig. 4.1).

Generator Electrodes

Fig. 4.1 Components of the deep brain stimulator
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4.3 Diagnosis

The etiology and treatment of pain exacerbation in a patient with a DBS admitted to
the hospital can be challenging for multiple reasons. Patient with DBS placed for
intractable pain usually have failed all other treatment modalities, so differentiating
between chronic or acute pain may guide your decision algorithm. Also, given the
lack of training or experience in managing DBS, most practitioners may find it dif-
ficult to discern whether or not their pain stems from a malfunction of the DBS, or
another source.

The most important initial step in the evaluation of the patient is the initial his-
tory and physical examination. When consulted on a patient with a DBS, you must
first identify the indication for implantation as this can guide you on your treatment
options. The majority of devices were implanted for dystonia or for a type of move-
ment disorder. More than half of patients with movement disorders will experience
some form of physical discomfort or chronic pain symptoms frequently caused by
poor posture, arthritis and constant involuntary muscle movement. In some cases,
chronic pain may be due to nerve damage, a direct consequence spinal degeneration
or changes in the spinal curvature. Optimal management of comorbidities and their
associated medications (e.g., diabetes, osteoarthritis, depression) must first be
addressed as this may also contribute to pain. The choice of intervention depends on
the pain type.

Next, one must determine whether or not the patient’s pain is acute or an exacer-
bation of a chronic complaint. This gives the clinician the initial tools to approach
the rest of the patient’s workup and possible interventions. If the patient reports
exacerbation of a chronic complaint, an investigation of the device itself is war-
ranted. Initially, the device representative should be contacted in order to interrogate
the device and determine if there are any problems with the battery or leads them-
selves. If the interrogation of the device does not yield any clear etiology as to why
the patient would be experiencing an acute flare of their chronic pain, it may be
warranted to obtain imaging in order to determine if there has been any anatomical
disruptions of lead placement. If imaging shows hardware malfunction or infection,
neurosurgery may need to evaluate the patient and determine if any surgical inter-
ventions are warranted. General knowledge of the batteries for DBS is as follows
and was adapted from the review article “DBS Programming: An Evolving Approach
for Patients with Parkinson’s Disease.” [15]

One of the first signs of a failing battery is worsening of symptoms. Therefore, knowing the
estimation of battery life is critical. Battery drain is dependent on many factors including
manufacturing tolerances, battery usage, battery chemistry, and variations in tissue imped-
ance. The electrode surface area (small surface areas result in larger impedances) and the
number of contacts used for stimulation affect the tissue impedance. Newer, rechargeable
batteries have charge indicators reflecting battery life. Older systems operate within a par-
ticular voltage with the battery life starts at a voltage of 3.2-3.74 V with an end of life
(EOL) reached when the battery drains to about 2-2.5 V. In general, batteries for DBS last
on average 3-5 years.

If the battery is functioning appropriately, reprogramming the device may aide in
therapy. Most deep brain stimulation (DBS) systems deliver stimulation using a
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voltage-controlled pulse generator. For these systems, the amount of current deliv-
ered at the electrode will be affected by the impedance. Impedance of the electrode
can varies over time, therefore the amount of current delivered through the electrode
will also vary, and thus the voltage distribution generated in the target neural tissue
will vary. The change in impedances could be partially responsible for the need to
reprogram the stimulators but the effects are usually seen over a period of 3-6
months. Programming is usually not initiated immediately after the placement of a
lead; instead a time frame of 2—4 weeks is allowed for the microlesion effects to
fade away. These microlesion effects are believed to arise from the trauma of the
DBS lead implantation rather than from the stimulation of the targeted brain struc-
ture. As a result, there is temporary improvement in clinical symptoms. Thus, for an
accurate assessment of stimulation benefits, it is recommended that DBS program-
ming gets initiated only when the initial benefits fade away [15].

If it has been determined that the new pain generator is an acute pain complaint,
an investigation into that specific area of pain is warranted. Each physician should
use their clinical judgement in accordance with the current guidelines surrounding
the patient’s complaint. One of the unique circumstances that should be considered
in patients with DBS would be any alterations to the device due to trauma or other
reasons such as infection. For example, there may be a patient with new onset neu-
rological symptoms combined with new onset headaches and fevers that may war-
rant studies to determine if meningitis or hardware infection may be present.
Otherwise, if the clinician determines that the DBS does not likely contribute to the
patient’s complaint while inpatient, it is reasonable to leave the device alone without
interrogation and investigate other reasons the patient may have pain.

For the majority of patient with DBS, pain symptoms can be divided into five
categories:

1. Musculoskeletal pain that affects the muscles, ligaments, tendons, joints, spine
and nerves. These symptoms can be acute or chronic. Movement disorders are
typically characterized by muscles that move uncontrollably, contracting and
tensing for lengthened periods of time. Extreme conditions can involve the mus-
cles that flex the neck, limbs and trunk creating abnormal postures and gestures
that not only cause discomfort and disfigurement, but severe pain. Patients are
also at risk for osteoporosis, “frozen” joints, and orthopedic fractures as most
have low bone density or deconditioning secondary to lack of weight-bearing
exercise and poor calcium and vitamin D intake. The first lines of treatment for
musculoskeletal pain can be heat and cold packs and nonsteroidal anti-
inflammatory drugs alone or in combination with acetaminophen [16].

2. Neuropathic/radicular: Some patients can experience severe postural changes
with extreme leaning forward or to one side. This can lead to changes in the
spine expediting disc degeneration, compression fracture, facet hypertrophy, or
neuroforaminal stenosis causing radicular symptoms. For neuropathic pain, anti-
convulsants such as gabapentin (Neurontin, Gralise, others) or pregabalin
(Lyrica) can be effective. As second-line therapy, tricyclic antidepressants may
be effective. However, caution must be taken as the anticholinergic effects (e.g.,
confusion, dry mouth, urinary retention, or constipation) may increase risk for
falls or worsen symptoms patient may already be experiencing [16].
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3. Dystonic: sustained or repetitive muscle twisting, spasm or cramp or rigidity
that can weakened muscles or cause involuntary muscle contractions which can
lead to painful deformities. Oromandibular dystonia, cervical or spasmodic tor-
ticollis, or limb dystonia affecting the upper and lower extremities can all pro-
duce painful conditions. For dystonic pain, adjustment of dopaminergic
medications is particularly critical. The use of muscle relaxants have shown to be
beneficial; however, if dystonia consistently occurs in one particular body part,
botulinum toxin injections also can be helpful. The goal of botulinum toxin
injection is to weaken the muscle enough to stop the abnormal contractions and
twisting, but the patient may lose function in the body part as a result (e.g., foot
drop). Thus, patient counseling is important to manage expectations [16].

4. Akathisia: causes the feeling of restlessness or inability to be still. Akathisia
may be due to an imbalance between the central dopaminergic and f,-adrenergic
systems. Therefore, a possible treatment options could be to block the {3, recep-
tor. A blinded study has shown propranolol to be more efficacious than loraze-
pam only in neuroleptic-induced akathisia [3]. Presently, there is no definitive
treatment for akathisia [17].

5. Central pain: neurological condition caused by a dysfunction that affects the
central nervous system and is resistant to treatment. Central pain is the most dif-
ficult type of pain to treat. Antidepressants (selective serotonin reuptake inhibi-
tors, serotonin-norepinephrine reuptake inhibitors, or atypical antidepressants)
or anticonvulsants (gabapentin or pregabalin) may be helpful. In select cases,
opioids may be necessary [16].

4.3.1 Pain Assessment Tools

There are many types of pain assessment tools and scales one can use in order to
ascertain a pain rating. The Visual Analog Scale, McGill Pain Questionnaire,
numeric pain scale, among others may be used to help guide management. Unique
to this population may be the association of cognitive impairment or dementia.
Approximately 25-30% of all patients with Parkinson’s disease also have dementia,
but after having Parkinson’s disease for 15 years, the prevalence of PDD increases
to 68%. It has been observed that certain aspects of cognitive performance may
decline after DBS, namely when the therapeutic target is the widely used subtha-
lamic nucleus. This implies that DBS produces effects both on motor and cognitive
neural networks, probably due to the fact that the targeted nuclei are also involved
in associative processes, thus explaining the impact of DBS on cognition [18]. The
following pain scales are available for providers to assess patients with dementia.
https://www.nature.com/articles/nrneurol.2012.53 [19]

Self-report

e Present Pain Intensity (PPI) scale, report of pain experienced now versus last
week
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Caregiver or informant rating

* Pain Assessment for the Dementing Elderly (PADE) and global staff rating
e Pain Assessment Instrument in Noncommunicative Elderly persons (PAINE)
* Abbey Pain Scale

Observational rating

e Discomfort Scale for Dementia of Alzheimer’s Type (DS-DAT)

¢ Checklist of Nonverbal Pain Indicators (CNPI)

e Pain Assessment in Advanced Dementia (PAINAD)

e Elderly Caring Assessment 2 (EPCA-2)

¢« DOLOPLUS-2

¢ Non-communicative Patient’s Pain Assessment Instrument (NOPPAIN)

e Mobilization-Observation-Behaviour-Intensity-Dementia (MOBID-2) Pain Scale

e Pain Assessment Checklist for Seniors with Limited Ability to Communicate
(PACSLAC)

e Dutch-translated Pain Assessment Checklist for Seniors with Limited Ability to
Communicate (PACSLAC-D)

Interactive rating scale
¢ Assessment of Discomfort in Dementia (ADD) Protocol

While there are many instruments available, there is conflicting data as to
which scale is most effective at determining how much pain a patient is experienc-
ing. However, the current recommendation is that two scales are used to guide
management and determine the effectiveness of any interventions or treatments.
According to Corbett et al., the MOBID-2 scale is a thorough tool in combination
with another scale of the provider’s choice in the management of patients with
dementia [20].

4.4 Challenges in the Management of Patients with DBS
While in the Hospital

The management of patients with DBS can be complicated for many reasons. The
patients can have movement disorders, polypharmacy, advanced age, dementia, and
other medical issues that may limit treatment options. Identifying the patient’s type
of pain and using a multimodal treatment approach will be most effective at manag-
ing the patient’s pain in an acute setting. If the patient has a DBS specifically for
intractable pain, making sure the patient has enough psychiatric and psychological
support will be important in long term management. Also, careful management of
any other comorbidities that may exacerbate pain states (insomnia, depression, obe-
sity, etc.) will be important while in the hospital.
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4.5 Deep Brain Stimulation Medical Safety Issues

Frequently, a provider can be consulted for unique considerations not pertaining to
pain or exacerbation of symptoms but for medical safety concerns in regard to the
device. The following section outlines recommendations for proper management of
a DBS if the patient is to undergo imaging, invasive or non-invasive procedures. The
decision to program a patient’s neurostimulator to the OFF state in order to perform
medical diagnostic or therapeutic procedures should be carefully considered based
on the patient’s underlying medical condition. Consultation with the appropriate
medical professionals (prescribing and implanting clinicians) is suggested. Regardless
if the system is functioning properly or not, exposure to an electrical field, i.e. from
electrocautery, can cause electrical currents to flow through the device and cause
unintentional injury to the patient or damage to the device. Prior to any surgical pro-
cedure, it is recommended to be turned OFF the device and turn the voltage to zero,
if applicable. Abrupt cessation of stimulation can result in a rebound effect of symp-
toms, so coordination prior to an elective procedure is ideal. Document the current
settings prior to turning off the device as electrical current can revert the device back
to the default settings. Similar to cardiac pacemakers, during surgical procedures
utilize bipolar electrocautery if possible, avoid direct contact of leads and battery, and
if monopolar cautery is required, minimize the cautery power settings, use short,
intermittent bursts and place the grounding pad as distal from the device. Following
the procedure, an interrogation of the device is warranted to ensure proper function-
ing. Cases that should be avoided are Lithotripsy (treatment for kidney stones),
Diathermy (energy/heat direct therapy), Transcranial Magnetic Stimulation (TMS),
and Electroconvulsive Therapy (ECT) may damage the neurostimulator circuitry and
cause tissue damage resulting in severe injury or even death. All other cases that are
not using electrocautery such as Colonoscopy or Cataract surgery are considered safe
and risk benefits should determine if the DBS is placed in an OFF state.

Magnetic resonance imaging (MRI) of patients with implanted deep brain stimu-
lation (DBS) devices poses a challenge for healthcare providers. Safety issues such
as magnetic field interactions with the device can lead to component migration,
induced electrical currents and tissue heating. In some cases, these issues can be
avoided by the use of alternate neuroimaging modalities such as computerized
tomography and transcranial Doppler ultrasonography, but there are clinical sce-
narios in which MRI is mandatory. Ultimately, the device is conditional. Current
recommend are as follows but you should always check with the manufacture prior
to imaging:

e Only 1.5-tesla horizontal-bore MRI should be used for scanning patients

e Only a transmit/receive head coil should be used

e Correct patient weight should be entered into the MRI console for calculating the
head SAR correctly

e MRI parameters that allow average head SAR below or equal to 0.1 W/kg should
be used

e The gradient dB/dt should be less than or equal to 20 T/s [20].
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All other imaging modalities, including ECG (electrocardiogram) and EEG
(electroencephalogram) are considered safe but may need to be turned off to limit
interference.

4.6 Medications to Avoid

The most common reason for a patient to have an implanted DBS is for Parkinson’s
disease. Other comorbidities may exist in the population with DBS, and thus
requires a comprehensive medication reconciliation to ensure polypharmacy does
not result in medication interactions that may worsen symptoms or cause serious
adverse effects. For pain related medications specifically, tricyclic antidepressants
should be avoided as it can cause hypertensive crisis and dyskinesia in conjunction
with levodopa. Also, anti-dopaminergic drugs and dopamine depleting drugs should
be avoided as to not exacerbate any Parkinson’s disease symptoms. MAO inhibitors
may also cause hypertensive crisis and dyskinesia. Antipsychotic agents such as the
phenothiazines should be avoided as they may worsen Parkinson’s related symp-
toms. Other anti-dopaminergic medications such as metoclopramide should also be
avoided [21].

4.7 Discharge Plan for Pain Management

Regular follow up after discharge may be necessary for patients with a DBS. If the
DBS was initially placed for intractable pain, frequent follow up with frequent
adjustments to the stimulator may be needed to obtain consistent pain control.
Under these circumstances, it may be beneficial for the patient to follow up with
their neurologist or neurosurgeon (whoever is managing the device) in order to
obtain adequate, consistent pain control after discharge from the hospital. If the
patient’s pain does not stem directly or indirectly from the DBS itself, follow-up on
an as needed basis may be justified. As always, clinical judgement for each indi-
vidual patient is needed to determine the type and duration of follow up after dis-
charge from the hospital.

4.8 Summary

* The management of patients with a DBS can be complicated due to our limited
understanding of DBS in different pain states.

e DBS is used primarily for movement disorders and as an off-label therapy for
intractable chronic pain, therefore a multimodal approach to treating patients’
pain should be employed.
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A good understanding of a patient’s chronic medical problems can help guide
management. Patients with movement disorders often are elderly, suffer from
depression, have chronic pain issues related to their disease (e.g. postural abnor-
malities leading to chronic pain), and other unique problems.

An understanding of the specific type of pain (musculoskeletal, neuropathic,
akathisia, dystonic, central) may help guide therapy in these patients.

Special considerations may be needed for patient-specific comorbidities that
may occur in patients with a DBS. An example would be using an appropriate
pain scale in patients with dementia to guide management effectively.

Imaging or consultation to neurosurgery may be indicated if the patient’s pain is
related specifically to the DBS device.

Use a multidisciplinary approach when treating pain (including psychological
support, regional anesthesia when possible, infusion therapy, non-opioid medi-
cations and opioids as indicated) with paying attention to medications that need
to be avoided.
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Chapter 5
Patient with a Vagal Nerve Stimulator

Michael Suer and Alaa Abd-Elsayed

5.1 Introduction

The patient with medical devices such as vagal nerve stimulator can present diag-
nostic and treatment dilemma for even the sharpest of clinicians. In the workup and
management of such patients, it is important to understand the underlying mecha-
nism of the device and the disease pathophysiology in addition to the presenting
complaint. Further, medical devices bring an additional complexity in the limita-
tions of work-up permitted within the parameters of the device itself. This chapter
will present the current medical understanding of the diagnosis and workup as well
as a summary of some current evidence-based management options for the patient
treated with vagal nerve stimulation (VNS).

The history of VNS dates to the 1880s, a transcutaneous electrical stimulator was
developed to be applied over the carotid artery for both prophylactic and abortive
treatment of seizures upon the basis that seizures were induced by excess blood flow
to the brain and bilateral carotid artery compression aborted procedures. Bailey and
Bremer [1] in 1938 reported vagal stimulation caused electro-encephalogram
changes. In 1951, Dell and Olson [2] demonstrated that stimulation of severed cer-
vical vagus nerve evoked responses in the ventroposterior complex and intralaminar
regions of the thalamus. Then, in 1985, Zabara et al. [3] revealed electrical stimula-
tion of the vagus nerves produced inhibition of the neural process, altering brain
electrical activity and terminating seizures. Building upon this base of research and
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successful first human implantation in 1988, VNS has been utilized for patients in
various clinical conditions.

5.2 Pathophysiology

In understanding the workup and management of pain in individuals with a VNS,
understanding the vagus nerve and the mechanism of action and uses of a VNS
technology is imperative. The vagus nerve is constituted of 80% afferent sensory
fibers that relay visceral, somatic, and taste sensations while the remaining 20% of
fibers are efferent [4—6]. The afferent fibers follow a path from the thoracic and
visceral abdominal organs alongside the esophagus and bilaterally in the neck bun-
dled with the carotid artery rostrally through the nucleus tractus solitarius terminat-
ing in higher cerebral centers including the locus ceruleus, dorsal motor nucleus of
the vagus, medulla, amygdala, hypothalamus, parabrachial nucleus, and the thala-
mus [7-9]. Norepinephrine, a neurotransmitter key in controlling seizure threshold
and mood regulation is found in high concentration in the locus ceruleus [10]. The
efferent fibers are parasympathetic fibers innervating the heart, lungs, and gastroin-
testinal tract though the extent of the innervation remains incompletely known. The
left vagus nerve (frequently used for VNS to avoid bradycardia) innervates the atrio-
ventricular node whereas the right vagus nerves innervates the sinoatrial node.
While rare following placement, bradycardia and arrhythmias can occur during
intraoperative placement of the device primarily via retrograde stimulation.

While the exact mechanism of VNS has not been fully elucidated, proposed
mechanisms include:

e Alteration of epinephrine release by projections of solitary tract to locus coeru-
leus in the medulla oblongata [11]

* Evaluation of gamma aminobutyric acid (GABA) levels in the brain stem

* Inhibition of aberrant cortical activity by reticular formation in the brain stem
(12]

e Desynchronizing electroencephalographic activity [13, 14]

¢ Blood flow alterations [10]

While much of the neuroanatomic research regarding the underlying mechanism
of action has been elicited for understanding seizure control, it appears the limbic
system is equally involved via similar connections in the control of depression [15].

Indications for vagal nerve stimulation should also be understood in treating
individuals who present for inpatient pain consultation who are being treated with
VNS. Of the 2-5% of the worldwide population with epilepsy, approximately
5-30% of these have medically refractory complex partial seizures [16]. Approved
in 1997 as an adjunctive therapy for adults (now approved for children at least
4 years old) with focal seizures, VNS is an option to reduce the severity and shorten
the duration of seizures in those patients who remain refractory despite optimal
drug therapy or surgical intervention. It can also be used in individuals with
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debilitating side effects of antiepileptic medications. While initially approved in
adults, it has also shown to be beneficial in children with refractory seizures. Despite
a relative paucity of patients who become seizure free, there is a reduction of 50%
of seizures in 50% of patients with treatment refractory partial complex seizures and
the patient may have some control over seizures by hand-held magnets.

Major depression with a lifetime prevalence of 13% and 12-month prevalence of
5% has demonstrated nearly 75% of individuals will have a recurrent episode and
many will not achieve remission. Further, about 30% of those suffering major
depression fail first antidepressant therapy and 20% become resistant to combina-
tion therapy, psychotherapy, and electroconvulsive therapy [17]. FDA approved in
2005 for treatment-resistant depression, VNS has demonstrated efficacy in treat-
ment via multiple measures. A review of 18 studies reported reduction of greater
than 50% in the Hamilton Depression Rating Scale from baseline in a 10-week
follow-up and 27-58% in 12-month follow up [18].

VNS consist of surgically implanted components and external components
which communicate with the device (Fig. 5.1). A pulse generator houses a battery
and electronic components that regulate the stimulation parameters and is typically
implanted in the left upper chest wall just below the clavicle or in the left axilla and
provides stimulation via the lead. While traditionally a dual pin model, newer mod-
els have been compatible with single pin leads. Connected to the pulse generator, a
wire (lead) is wrapped around the left vagus nerve. The lead consists of helical
contacts with an anchor to minimize the risk of lead migration. An external pro-
gramming wand is a hand-held device held over the pulse generator as needed that
transmits programming and interrogation information between the VNS therapy
computer and the VNS pulse generator. A separate physician programmer is a lap-
top computer or hand-held device which connects to the programming wand and

Fig. 5.1 Vagus nerve
stimulator components

Vagus nerve

Electrodes

Pulse generator
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runs the VNS programming software. Similar to other stimulation modalities, one is
able to change pulse width, amplitude, frequency, and duration of stimulation.
Finally, the patient’s magnet is worn by patients enabling them to reset the pulse
generator, test daily function, temporarily inhibit VNS, or provide on-demand ther-
apy [19].

VNS is currently being explored as a treatment for a variety of other autoimmune
and chronic inflammatory conditions as early clinical studies have demonstrated
VNS may attenuate the inflammatory response through activation of the cholinergic
anti-inflammatory pathway [20]. Inflammation is implicated in many chronic dis-
eases including cardiovascular disease, arthritis, Alzheimer’s disease, rheumatoid
arthritis, Crohn’s disease, irritable bowel syndrome, and fibromyalgia. However, the
efficacy of VNS in these disorders remains under investigation. In addition, VNS
was also found to have effects on the serotonergic and noradrenergic neural circuits.
Lange et al. [21] conducted a Phase I/II clinical trial of VNS as an adjunct treatment
for patients with fibromyalgia based on previous studies demonstrating efficacy for
VNS to treat depression. After 11 months, 7 of the 12 patients had effective relief of
symptoms based on minimum clinical difference of their pain symptoms. Barbanti
et al. [22] examined 50 patients with migraine treated with externally-applied VNS
in two 120-s intervals with 3 min between. Of these, 56 and 64% reported pain relief
at 1 and 2 h, respectively. Similarly using non-invasive VNS, Silberstein et al. [23]
performed the ACT1 study at the neck to treat cluster headaches. This study sug-
gested non-invasive VNS can be successful to treat episodic cluster headaches.
While these results further research with larger, multicenter, randomized trials; they
present evidence for VNS in treating fibromyalgia and headaches.

5.3 Diagnosis

Complications and failure of the device are a rare event and can result from lead
fracture, device malfunction, disconnection, or battery end of life and can result in
a variety of symptoms. Should the device be suspect of malfunction, the device will
need to be interrogated and assessed for lead continuity. Should the treating physi-
cian not have availability or expertise with using interrogating devices, the manag-
ing provider should be contacted in order to ensure correct evaluation of the device.
If lead fracture is suspected due to trauma or other event, x-rays could be obtained
to check for fracture in an expedient fashion. If there are positional or other patient-
reported conditional aspects to the symptoms, the device can be interrogated in the
aspect of symptom presentation in order to effectively interrogate the device.
Adverse effects from stimulation tend to be quite rare and are often identified
soon after implant if they are not first discovered during the intra-operative place-
ment of the VNS. The most common adverse effect was voice hoarseness or altera-
tion during stimulation though the incidence and intensity can be related to intensity
of stimulation. Similarly, coughing and pharyngitis can be related to the intensity of
the output current. Other less common adverse effects of VNS include but are not
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limited to headache, neck pain, dysphagia, dyspepsia, nausea, paresthesias, and
heart palpitations [24]. In the case of heart palpitations, it is important to identify the
laterality of the VNS as stimulation of the right vagus nerve can cause bradycardia.
With each of these adverse effects, initial approach if VNS is suspected as the cause
of the symptoms, turning the device off or halting stimulation should provide at
diagnostic confirmation of the device’s contribution to the symptoms. Should this
alleviate the symptoms, follow up should be arranged with the VNS implanting
provider to initiate definitive treatment should the device need to be removed.
Further, continued communication and follow up with the managing provider
should be arranged to ensure appropriate treatment of the underlying condition.

Should the VNS be turned off and the patient continue to have symptoms, one
must return to their education of the non-device related medical conditions that
could produce the presenting symptoms (e.g., chest palpitations worked up as
potential cardiac etiology). It is common in today’s society of medical devices to
assume primarily that medical complaints are due to device malfunction rather than
to rely on a thorough history and physical exam that presents high pre-test probabil-
ity of the disease pathology. In these scenario’s, it is most useful to view the device
as simply another diagnosis in the differential diagnosis that is established with
likelihood of device-related symptoms based upon the patient’s presenting
symptoms.

5.4 Treatment

As VNS is primarily used for seizure management, we will discuss situations in
which the VNS is unavailable or the patient continues to have seizures despite VNS
therapy. Examining the treatment options in patients treated with VNS really falls
into two broad categories—seizure management and seizure prevention. In this sce-
nario, with a focus on pain management, we will examine the methods that can be
utilized for pain that will not affect seizure threshold.

Whether taught as non-maleficence, primum non nocer, or “first, do no harm,”
this basic tenant is fundamental to the practice of medicine and is taught in medical
school throughout the world. As such, in treating these individuals, we must avoid
situations in which seizures could be induced. Certain conditions that increase the
risk of seizures include head trauma, brain tumor, stroke, intracranial infection,
anorexia nervosa, and other congenital abnormalities.

One of the more common medications used for acute pain include opioids.
Seizures can be precipitated by opioids in patients with a preexisting seizure disor-
der. The incidence of these effects during many opioids is not known, but appears to
be rare at normal doses. In particular, rapid administration of high dose opioids may
transiently elevate intracranial pressure and reduce cerebral perfusion pressure.
However, caution must be exercised in particular with tramadol and fentanyl as both
can interact with either other medications or underlying pathology to lower the sei-
zure threshold or induce seizure activity. Tramadol should be used cautiously in
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individuals with pre-existing seizure disorders, metabolic disorders, increased intra-
cranial pressure, CNS infection, head trauma, and in those who are experiencing
alcohol or illicit drug withdrawal. Medications known to interact with tramadol
with resultant decrease in seizure threshold include: bupropion, naloxone, carbam-
azepine, phenytoin and postherniation, haloperidol, loperamide, non-ionic contrast
media, topiramate, and quetiapine among others less commonly used. Note that in
tramadol overdose, naloxone administration may increase the risk of seizures.
Fentanyl must also be used with extreme caution in patients with CNS depression,
head trauma, brain tumors, or increased intracranial pressure.

Other medications commonly cited to lower the seizure threshold include, but
are not limited to [25]:

* Antidepressants

— Bupropion
- TCA’s
— SNRI’s and SSRI’s in rare scenario’s (1-2% of affected patients) [26]

e Stimulants

— Amphetamine
— Dextroamphetamine
— Methylphenidate

e All antipsychotics
* Acetylcholinesterase inhibitors
* Anticholinergics

* Antiemetics

e Antihistamines

* Baclofen

e [-Blockers

* Cephalosporins

e Cyclosporine

e Dalfampridine

e Estrogen

e Imipenem

* Jodinated Contrast Dyes
e Isoniazid

e Lithium

e Local anesthetics
e Methotrexate

e Metronidazole

* Narcotics

e Penicillins

e Pyrimethamine

¢ Quinolones

e Tacrolimus

e Theophylline
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Other medications such as gabapentin, pregabalin, and topiramate have also been
utilized for pain, typically neuropathic type pain. While they have differences in
mechanism of action and efficacy, each is categorized broadly as an anticonvulsant.
Gabapentin blocks N-type calcium channels and is used for restless legs, neuro-
pathic pain, and as an adjunct for partial seizures. Pregabalin is chemically and
structurally similar to gabapentin with antiepileptic, analgesic, anti-convulsant, and
anxiolytic properties. Also similar to gabapentin, it has found use for neuropathic
pain and as an adjunct for partial onset seizures in addition to FDA-approved indica-
tions of fibromyalgia and diabetic peripheral neuropathy. Topiramate is an oral anti-
convulsant in addition to a weak carbonic anhydrase inhibitor. While more frequently
used for migraine prophylaxis, it has found use in some clinics in the treatment of
neuropathic pain and can be used for both partial and generalized seizures. Each of
these medications, however, require close monitoring for suicidal thoughts/behav-
iors and depression. In situations where VNS is utilized for treatment of refractory
epilepsy, caution must be exercised with addition of an anti-seizure medication and
advice should be sought from the treating epileptologist prior to initiating these
medications for the treatment of pain.

Given the frequency and relatively high number of medications that can lower
the seizure threshold, non-pharmacologic management becomes of utmost impor-
tance. As psychological distress has been demonstrated to exacerbate chronic pain
symptoms, behavioral modalities are an important form of treatment. While often
difficult on an inpatient setting, efforts can be made to assess the psychological
well-being of individuals, especially those utilizing VNS for treatment of chronic
pain and depression.

5.5 Pain Assessment Tools

Pain assessment is challenging in all situations, but in particular on the inpatient,
acute setting. As such, appropriate assessment is an invaluable skill to develop for
students and throughout our medical careers. While there are multiple validated
pain and functional assessment tools, the majority of clinicians rely heavily on his-
tory, physical examination, and patient report. Within these parameters, pain can be
categorized in a multidimensional approach by determining the following: onset
and duration (mechanism or underlying inciting event if identifiable), location, dis-
tribution or radiation, exacerbating and relieving factors, and associated symptoms.
However, I would advocate additional simple assessments including function impact
on mood, ability to perform activities of daily living, and sleep. Often with the latter
of these, we can utilize medications at night with a sedative side effect profile (e.g.,
gabapentin) that can help with both sleep and pain.

Further, one can assess the severity of pain via multiple parameters. By far the
most common tools are numeric rating scale (“How bad is your pain on a 0—10-point
scale”) and the visual analogue scale (having patient mark pain on a line drawn with
scale of 0—100). Pain assessment can be further complicated by patient age and
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ability to accurately convey pain. In the elderly, one can often encounter underre-
porting of pain due to wanting to avoid complaining or due to communication or
cognitive impairment. Other medical comorbidities may also serve to overshadow
pain complaints in many individuals. Additionally, decreasing in hearing and visual
acuity may hinder our ability to accurately assess pain as some tools require exten-
sive explanation or visualization to perform. The verbal descriptor scale may be the
easiest tool for the elderly to use. It allows patients to use common words to describe
what they are feeling [27].

At the other end of the spectrum, infants and children can also be difficult to
assess although VNS is not indicated for patients under 12. Typically, children older
than 3—4 years old can self-report pain. Factors that can influence pain that should
be considered include limited cognitive or language skills. One should also consider
the positive or negative consequences of a child’s behaviors as they associate with
pain. Children can, at times, underreport pain to avoid procedure or injections which
can be used to treat pain as these can provide short-term discomfort they wish to
avoid [27].

5.6 Challenges in Management of Pain While in the Hospital

Managing pain in and of itself is a challenging endeavor for all involved for myriad
reasons. Adding in the complexity of an inpatient setting and medical devices only
makes the struggle more perplexing. As eloquently discussed in other chapters (see
“Patient with pancreatitis or organ related pain”), factors influencing pain range
from mismanagement of acute pain, psychological effects, social issues, multiple
sources of pain, medication side effects, and having multiple providers. However,
specifically for patients with VNS a multi-disciplinary approach is of utmost
importance.

Safety monitoring after implantation of medical devices is essential throughout
the product’s life cycle. Despite infrequent use for pain, VNS must be considered in
the diagnosis and treatment of pain of other conditions. As most pain providers do
not have expertise in the realm of VNS, the neurologist or neurosurgeon who is
working with the patient should be alerted to the patient’s hospitalization. Given the
specialty equipment mentioned previously in this chapter to operate and interact
with the VNS, it requires a certain level of competence and expertise to correctly
manage the device. However, most companies also have representatives that can
provide some guidance if the need arises. Further, given the patient’s level inpatient
complexity (ICU vs general floor), the patient often has enough knowledge of their
device to assist and perform basic device functions (though one should not consider
this as a definitive treatment plan).

Regarding work-up of other medical diagnoses, similar to other neuromodula-
tory devices, one must consider multiple factors on the safety of diagnostic work-up,
particularly how it relates to obtaining advanced imaging. Similar to spinal cord
stimulators, VNS began as non-MRI compatible devices. However, as technology
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progressed, multiple companies began to explore obtaining MRI’s in individuals
with VNS. Initially, de Johng et al. [28] found that MRI’s of the head and below the
neck were deemed safe in the majority of patients. However, this excluded the area
of the VNS. As technology has progressed, most companies now produce devices
that are fully MRI compatible. As such, it is imperative to obtain correct device
manufacturer and model in order to safely determine if an MRI is safe. The neurolo-
gist should always be consulted prior to any medical imaging, diagnostic test, or
surgical procedure to ensure patient safety and device integrity. If deemed safe,
there is also a protocol for each device outlining the steps in order to safely perform
the required imaging. In many of these protocols, the VNS must be turned off and
the patient is reminded not to bring their magnet to the MRI suite. If the patients
notes any discomfort during the test, they should alert the technician and the MRI
stopped. Following the MRI, the patient will return to the neurologist to have their
VNS turned back on to stimulation mode. Given the most common indication for
VNS at this time is seizures, should the patient have a seizure during the MRI, stan-
dard seizure protocol should be followed.

5.7 Management of Pain in the Inpatient Setting

Similar to other pain conditions, treating pain in individuals with VNS requires
balancing several aspects of medicine including but not limited to pain intensity,
type of pain, medical comorbidities, and drug interactions. The WHO [29] estab-
lished an analgesic ladder for treating cancer pain but it can neglect the nuance of
pain and is not necessarily designed for the treatment of acute pain. However, it
provides a well-known basic framework for discussion of the treatment of pain.
Mild to moderate pain should be treated with non-opioid pharmacologic agents
such as NSAIDs and acetaminophen. The use of only one medication from an anal-
gesic category is always recommended (i.e.; one NSAID instead of two or one opi-
oid instead of two). For moderate to severe pain, short term opioid treatment can be
beneficial; however multimodal approaches have become the standard amongst
practitioners based on evidence and one should not exclude analgesics of lower
steps on the ladder with the addition of medications higher on the ladder. The gen-
eral rule of thumb is to administer several drugs if and only if they work by different
mechanisms. Further, one must assess the type of pain a patient is exhibiting. If you
suspect the patient has neuropathic type pain (often described as burning, pins/nee-
dles and numbness), analgesics such as gabapentin, pregabalin, or nortriptyline
should be considered.

In addition to oral analgesics, one should consider interventional techniques
when appropriate. One should keep a cache of pain management options when
patients demonstrate pain refractory to more conservative measures. As with other
pain conditions, more invasive techniques should be reserved for those individuals
for whom conservative approaches have been exhausted or the clinical scenario
necessitates.
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While not always available inpatient, many other resources are available in the
community setting and have their place in the treatment of pain. These include cog-
nitive behavioral therapy and other psychotherapy modalities, Yoga, Tai Chi, acu-
puncture, physical therapy, and others. If not available, but the treating teams
believes these modalities have possible efficacy in treatment for the patient, they can
be discussed and even recommended upon discharge. It cannot be overstated that
treatment of acute pain in an expedient and efficient manner is essential in the pre-
vention of chronic pain upon discharge.

5.8 Discharge Plan for Pain Management

Once the inpatient with VNS is discharge, outpatient follow up becomes an impor-
tant modality of treatment in and of itself. With lack of optimal discharge planning,
patients may very well become “lost to follow up” with conditions requiring fairly
prompt follow up. Ideally, follow up will be arranged prior to patient discharge
though this can be difficult with weekend discharges. All attempts should be made
to ensure clinic follow up with VNS managing physician and have both baseline and
rescue medications provided depending on the clinical scenario in which the VNS
is placed. In the cases of pain complaints, patients should have adequate medica-
tions such that no further refills will be required prior to outpatient follow up with
the managing providers. In certain scenarios, establishing care with new providers
is also warranted (e.g., patient with VNS for treatment of severe depression will
need to establish with outpatient psychiatrist if not already established). Further,
patients (especially those started on new medications or altered dosages of medica-
tion) should be thoroughly educated on the side effects and adverse reactions asso-
ciated with their respective medications. Patients should also be provided adequate
contact information for clinicians who should be contacted in given scenarios (e.g.,
VNS-managing provider should be contacted for symptoms possibly related to the
VNS such as voice alterations, swallowing difficulties, etc.). Given the frequent
multiple medical comorbidities seen in many of our patients today, they should also
be encouraged to follow up with their primary care provider to monitor for overall
health concerns. One must remember that the end of an acute medical condition
does not end the patient’s care but provides us with an opportunity to impact the
patient as a whole and ensure appropriate follow up for optimal healthcare.

5.9 Summary

*  Workup of the inpatient patient treated with vagus nerve stimulation must begin
with a thorough history and physical exam.

* Investigations including imaging and labs should be performed based on the acu-
ity of the situation.
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Regarding MRT’s, there is significant variability in MRI-compatibility amongst
devices. Attention must be made to the device model in order to determine MRI-
compatibility of the device.

Patients receiving treatment should be aware of all benefits, alternatives, and
risks to which ever treatment modality is being considered. The goals of treat-
ment should be reviewed with the patient.

The treatment plan should be discussed with the entire treatment team and should
be based on sound evidence-based data and established clinical practice. All
efforts should be made to include the primary treating physicians who manage
the VNS in the outpatient setting.

Conservative non-pharmacological treatment options should be the forefront of
any treatment plan.

Pharmacological management choice should be based on patient preference,
comorbidities, availability, cost, and side effect profile. Particular attention paid
to avoiding medications that can exacerbate their underlying condition (e.g.,
avoid medications that can lower the seizure threshold in patients utilizing VNS
for treated of retractable seizures)

More invasive techniques should only be considered in patients whose pain is
refractory to more conservative measures.

Adequate pain assessment is an important tool when deciding on treatment
modality and treatment necessity.

Patients treated with VNS for intractable epilepsy should be treated with stan-
dard rescue medications should seizure activity be evident after cessation of
VNS efficacy
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Chapter 6

Inpatient Pain Medicine Considerations
in Patients with Heart Failure,

Cardiac Arrhythmias, and Other
Cardiac Conditions

Patrick Oley, Eryn Thiele, and Lynn R. Kohan

6.1 Introduction

Patients with heart failure, arrhythmias, and cardiac conditions are frequently
encountered in the inpatient setting. These patients are medically complex and often
have multiple comorbidities that must be taken into consideration when recom-
mending potential medical and/or interventional therapies. It is not uncommon for
cardiac patients to be on multiple different medications with potential drug interac-
tions and to have end organ dysfunction as well. Furthermore, this patient popula-
tion is at high risk for developing chronic pain at baseline which, while often
challenging to treat alone, may be especially difficult to treat when they have
recently undergone a procedure or operation [1]. For this reason, an expert pain
consultant must appreciate these challenges and understand the complexity of treat-
ing both acute and chronic pain in this expanding patient population.

6.1.1 Heart Failure Overview

Heart failure is one of the main causes of morbidity and mortality in the world [2].
With modern day improvements in medical management, there has been an increase
in life expectancy of patients diagnosed with heart failure as well as a substantial
increase in health care cost. Heart failure affects more than 23 million patients
worldwide, with an increasing incidence and prevalence in recent years [3]. It is
estimated that roughly 5.8 million people suffer from heart failure in the United
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States alone. Furthermore, pain is a very significant issue in this patient population.
The prevalence of pain in patients with heart failure varies widely in the literature,
with some studies reporting its incidence as high as 85% [2].

In order to be an effective pain medicine consultant, it is important to understand
the most recent changes in heart failure nomenclature and have a basic understand-
ing of how heart failure is diagnosed and treated. The 2013 ACCF/AHA defines
heart failure as a complex clinical syndrome that results from any structural or func-
tional impairment of ventricular filling or ejection of blood [4]. Heart failure is a
clinical diagnosis made in patients presenting with certain symptomatology and
physical exam findings suggesting vascular congestion and/or peripheral hypoper-
fusion. These finding are secondary to either a functional or structural cardiac
abnormality [5]. Patients will frequently present with one or more of the following
symptoms: coughing, fatigue, orthopnea, and/or paroxysmal nocturnal dyspnea.
Common physical exam findings indicating heart failure include: cyanosis, jugular
venous distension, peripheral edema, rales, and/or murmurs (i.e., S3 Gallop). Chest
x-ray, echocardiogram, and laboratory findings (i.e., elevated BNP) can all be used
to help solidify a diagnosis in patients presenting with these signs and symptoms [6].

Currently heart failure is divided into two categories: heart failure with preserved
ejection fraction (HFpEF) and heart failure with reduced ejection fraction (HFrEF).
HFpEF is defined as having a left ventricular ejection fraction of greater than or
equal to 50%. HFrEF is defined as having a left ventricular ejection fraction of less
than or equal to 40%. Patients presenting with ejection fractions between 40 and
50% fall into an intermediate category, where current recommendations for symp-
tom management is not as well defined [5]. Medical therapy, dietary restriction, and
life style modifications remain the mainstay treatment for patients with heart failure.
Patients are frequently started on a beta blocker as well as either an ACE inhibitor
or Angiotensin receptor blocker. These medications are usually started in the early
stages of heart failure and are important in attenuating cardiac remodeling.
Spironolactone is also commonly added to this medication regimen for patients
with moderate to severe disease, as it has been shown to reduce mortality in patients
with reduced ejection fractions. Lastly, diuretics are frequently used as patients’
heart failure symptoms progress to help with volume overload. Diuretics have not
been shown to reduce mortality, but have been shown to reduce hospital readmis-
sion rate and symptom management [6].

6.1.2 Cardiac Arrhythmias Overview

As a pain consultant, it is also important to have a strong understanding of car-
diac arrhythmias and their implication on the management of pain. This disease
state is associated with substantial morbidity, mortality, and healthcare costs.
Cardiac arrhythmias are a broad diagnosis category that can be separated into
atrial arrhythmias, ventricular arrhythmias, conduction system disease, and
supraventricular arrhythmias. Atrial fibrillation is the most common arrhythmia
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and has been estimated to affect approximately 2.3 million people in the U.S. alone.
It is associated with an increase in both mortality and stroke [7]. Ventricular arrhyth-
mias have been estimated to cause between 75 and 80% of sudden cardiac death
cases, which account for up to 450,000 mortalities per year in the U.S [7]. While
this type of arrhythmia is not as prevalent as atrial fibrillation, it is one of the more
life-threatening pathologies [7]. As a result, pain consultants must take care when
prescribing any medications to patients diagnosed with ventricular arrhythmias.

In general, the treatment of arrhythmias is complex and dependent on the type of
arrhythmia. Basic arrhythmias are usually first identified in patients presenting with
symptoms such as palpitations or syncope, and are often confirmed with a 12 lead
EKG. Radio frequency ablation and pacemaker/implantable cardioverter-
defibrillator (ICD) implantation are all common procedures performed in patients
with cardiac arrhythmias. Medications such as beta blockers and antiarrhythmic are
also commonly prescribed [8]. It is important to have an understanding of basic
cardiac medications and how they relate to commonly prescribed pain medications.
Multiple different pain medications have been shown not only to cause electrolyte
abnormalities, but also to cause irregular cardiac rhythms. This in turn can either
precipitate or worsen underlying arrhythmias.

Drug metabolism is another important topic when treating patients with cardiac
arrhythmias. For example, methadone has been shown in a retrospective study to
significantly prolong QTc intervals (>500 ms) in more than 16% of patients, with
3.6% of these patients ultimately presenting with torsades de pointes [9].
Furthermore, methadone is metabolized by the CYP3A4 enzyme. Amiodarone, dil-
tiazem, and verapamil are frequently prescribed medications for cardiac arrhyth-
mias. All of these medications inhibit the CYP3A4 enzyme, potentially leading to
increased levels of methadone and subsequently increasing patients’ risk for QTc
prolongation and potential torsades de pointes (this will be discussed further in the
Treatment section of this chapter) [10].

6.1.3 Importance of Pain Control

While most physicians recognize the importance of medication compliance and
lifestyle modifications when treating patients with cardiac disease, the physiologic
ramifications and increased morbidity and mortality associated with uncontrolled
pain is often overlooked. Gan et al. found that all cause and cardiac mortality was
significantly higher in heart failure patients with moderate to severe pain (defined as
pain scores greater than 4) than those patients with mild pain (pain scores less than
4). Length of stay (8.04 vs 3.25 days) as well as readmission for myocardial infarc-
tion, heart failure exacerbations, and strokes (0.36 vs 0.21) have also been shown to
be significantly elevated in patient with a diagnosis of heart failure with associated
pain. Furthermore, it has been shown that there is an increase in major adverse car-
diac events (MACE) and a decrease in quality of life (QOL) in patients with heart
failure who have moderate to severe pain [11].
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The psychological impact of patients suffering from chronic pain has also been
shown to adversely affect their heath. There is an increased incidence of anxiety,
depression, feeling a loss of control over one’s life, and a feeling of being a burden
to family in individuals reporting pain [12]. Patients suffering from anxiety and
depression also have a lower incidence of overall medical compliance, as well as
exercise and diet compliance. Medical compliance is extremely important in patients
living with heart failure. Proper medication, dietary, and exercise compliance not
only decrease the frequency and severity of heart failure exacerbation, but also
improve long term clinical outcomes [13].

6.2 Pathophysiology

The etiology of pain in patients with cardiac conditions is currently thought to be
multifactorial. It is most likely related to ischemic, neuropathic, and inflammatory
mechanisms. There is most likely a psychological component as well that affects
how patients not only perceive their pain, but also how they cope with it. Depression,
anxiety, fatigue, and hopelessness are all common comorbidities associated with
chronic cardiac conditions and play an important role in pain [2].

6.2.1 Source of Pain

Inflammatory mediators and cytokines are likely involved in the generation and
modulation of pain. Gan et al. looked at the relationship between pro-inflammatory
cytokines and the incidence of pain in patients with heart failure. They found no
significant difference in serum levels of NT-proBNP, IL-6, and IL-10 in patients
with pain and patients without pain. However, they did find a significant elevation
in serum levels of TNF-a in heart failure patients who experienced symptoms of
pain [11]. TNF-a has been implicated in the induction of both allodynia and hyper-
algesia. Schifers et al. found TNF receptor (TNFR) stimulation to be involved in the
sensitization of sensory neurons after peripheral nerve injuries. These findings sug-
gest that TNFR plays an important role in the maintenance of neuropathic pain [14].
While the exact mechanism of pain transmission is unclear, these studies indicate
that TNF-o« as well as other cytokines and inflammatory mediators are likely
involved in the transmission of pain in patients with cardiac disease.

Hyperglycemia, not unsurprisingly, has also been shown to be associated with an
increased incidence of pain in heart failure patients [11]. Diabetic neuropathy can
be a common comorbidity in cardiac patients and it has been hypothesized that the
production of superoxide molecules and subsequent cytosolic and mitochondrial
oxidative stress is implicated in diabetic neuropathy. The peripheral nervous sys-
tem, Schwann cells, and microvascular endothelium are all particularly susceptible
to inflammatory and oxidative damage [15].
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6.2.2 Cardiovascular Consequences of Poor Pain Control

It is important to understand why good pain control is beneficial to the overall health
of cardiac patients as well. Anybody who has worked in the field of medicine knows
that patients in pain usually have an increase in both their heart rate and blood pres-
sure. The two basic mechanisms involved in this phenomenon are sympathetic/auto-
nomic stimulation and release of adrenalin from the adrenal glands. Hypertension
and tachycardia are harmful to patients with coronary artery disease, heart failure,
and arrhythmias. There have even been case reports of patients experiencing angina
during acute pain flairs that resolved after their pain was controlled. Furthermore,
chronic pain induces a “stress-like” state in the body causing the release of stress
hormones such as cortisol. Cortisol induces both hyperglycemia and hyperlipidemia,
both of which are known risk factors for coronary artery disease [16]. Liu et al. stud-
ied the effects of chronic stress on the progression of pressure overload induced car-
diac dysfunction in animal models. They found higher levels of norepinephrine
induced cardiomyocyte hypertrophy and apoptosis, cardiac fibroblast proliferation
and collagen expression in rats exposed to stress [17]. This would suggest that chronic
stress states such as pain can be extremely harmful to patients with heart disease.

6.3 Risk Factors

As a consultant physician, it is important to understand which cardiac patient popu-
lations are most susceptible to suffering from poorly controlled pain. Gan et al.
found female gender, hyperglycemia, more comorbidities, lower LVEF (<40%),
and poorer exercise capacity to be associated with symptoms of pain in heart failure
patients. They did not identify any statistically significant increase in pain scores
associated with age and other sociodemographics [11]. These findings were sup-
ported by several other studies which also found there to be an increased incidence
of pain in patients with more co-morbidities, lower LVEF (<40%), and poor func-
tional capacity [2]. This would suggest that pain is not only a symptom of heart
failure, but may also potentially be an early indicator of disease or proxy for disease
severity. Goodlin et al. also conducted a study looking at pain prevalence, location,
character, severity, frequency, and correlates in patients with advanced heart failure.
They found that there was a statistically significant association of degenerative joint
disease, depression, shortness of breath, angina, and non-degenerative joint disease
arthritis with increased levels of pain [18].

Psychiatric co-morbidities, social support, and personal relationships also seem
to contribute to how patients experience pain. It is estimated that approximately
one-third of patients with heart failure suffer from anxiety and depression. Studies
have shown that a diagnosis of major depressive disorder after heart failure is a
predictor of both all-cause mortality and cardiovascular mortality [19]. There is also
a clear relationship between higher levels of pain and depression/anxiety [2].



62 P. Oley et al.
6.4 Diagnosis

Diagnosing pain in patients with cardiac conditions can often be difficult. It involves
first identifying the source of pain, which can vary from patient to patient and is
frequently related to their other comorbidities. Patients with cardiac disease fre-
quently have other health problems such as peripheral vascular disease, chronic
obstructive pulmonary disease, cancer, pneumonia, diabetes mellitus, depression,
anxiety, osteoarthritis, and low back pain, all of which can contribute to their overall
pain [2]. These factors, along with the patients” underlying cardiac condition, must
be taken into consideration when assessing and diagnosing patients’ pain.

The International Association for the Study of Pain (IASP) defines pain as an
unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage [20]. This is a relatively broad
definition that should be broken down further. Total pain was first described by Dr.
Cicely Saunders in relation to patients who experienced pain at the end of life. Her
definition can also be applied to patients living with chronic life-threatening ill-
nesses such as heart failure, cardiac arrhythmias, and other cardiac conditions. She
described total pain as the sum of physical, emotional, social, and spiritual pain
[21]. While the emotional, social, and spiritual components of pain are important to
the holistic treatment of pain, for the purpose of this chapter we will focus on the
diagnosis and treatment of physical pain.

Physical pain can be separated into two major categories: neuropathic pain and
nociceptive pain. Neuropathic pain is defined as pain related to either direct or indi-
rect damage to the peripheral or central nervous system [21]. Neuropathic pain is
typically characterized as burning, shooting, stabbing, or tingling pain. Patient will
classically describe it as a “pins and needle” or an “electric shock™ sensation. It may
be associated with dysesthesia, which is an unpleasant abnormal sensation, or allo-
dynia, which is pain generated from stimuli that are usually non-painful. Neuropathic
pain can be either episodic or continuous in nature [1]. An example of neuropathic
pain in a cardiac patient would be a patient with poorly controlled diabetes experi-
encing diabetic neuropathy.

Nociceptive pain on the other hand is the result of actual or threatened damage to
non-neuronal tissue. Transmission of nociceptive pain is through the activation of
nociceptors. Activation of these receptors can be caused by either inflammation or
direct trauma to tissues [21]. Nociceptive pain can be broken down into three pri-
mary categories: superficial, somatic, and visceral. Superficial pain is the activation
of nociceptors in the skin or superficial tissue. It is characterized as sharp and well-
defined pain. An example of superficial pain in a cardiac patient could be recent
incisional pain from a minor procedure (i.e., pacemaker or ICD implantation).
Somatic pain is the result of the activation of nociceptors on musculoskeletal tissue
such as bones, muscle, ligaments, and tendons. It is characterized as dull, aching,
and poorly localized pain. An example of somatic pain in a cardiac patient would be
someone who recently underwent coronary artery bypass grafting (CABG) and was
suffering from post-sternotomy pain. Lastly, visceral pain is the result of ischemia,
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stretch, or inflammation of visceral organs. It is characterized as a dull, pressure-
like, diffuse pain and can be associated with nausea, vomiting, and malaise [1]. An
example of visceral pain in a cardiac patient would be angina associated with coro-
nary artery disease or bowel ischemia with peripheral vascular disease.

Distinguishing between nociceptive and neuropathic pain is often challenging,
but it is important to properly diagnose which type of pain a patient may be experi-
encing, as the treatment options may differ for each. A basic sensory examination
can be one of the best tools to help to characterize a patient’s pain. Sensory nerve
fibers that are assessed with this examination include A-beta touch fibers (i.e., assess-
ing sensation with fingers/cotton), A-delta “fast” pain fibers (i.e., assessing pain with
a straight pin or broken wood tongue depressor), and C “slow” pain fibers (i.e.,
assessing thermal sensation with a warm compress). It is often helpful to compare
the suspected pathological site to the contralateral extremity or another unaffected
body part [22].

Gathering a thorough history and ascertaining both the type and location of pain
also play a critical role when assessing and diagnosing patients. Cardiac patients are
more prone to experiencing pain in certain areas of the body. Goodlin et al. looked
at the incidence of pain in patients with heart failure and found the most common
site of pain to be located in the legs below the knees (38.2%), followed by lower
back pain (30.7%). Furthermore, they found that most patients complained of expe-
riencing pain in multiple sites (39.5%). Interestingly, the most common site, pain
below the knees, was not correlated with a clinical assessment of edema or elevated
volume status. Angina pain was also a common complaint among patients [18].
Headaches appear more frequently among heart failure patients than non-heart fail-
ure patients as well [2]. A pain consultant should keep these common sites in mind
when gathering a medical history, as they may uncover potential sources of pain in
the cardiac patient.

6.5 Treatment

The primary goal of pain control in the inpatient realm is to provide optimal patient
comfort in the setting of their comorbid disease processes. The secondary goal,
which is especially pertinent to patients with cardiovascular disease, is attenuation
of the physiologic responses to pain, including hypermetabolism, increased oxygen
consumption, hypercoagulability, and alterations in immune function, among others
[23]. Finally, attention to and management of acute pain helps prevent the develop-
ment of chronic pain. In patients with cardiovascular disease, multimodal pain man-
agement aids to minimize unwanted side effects while adequately providing
analgesia in a susceptible population. The multimodal armamentarium includes
opioids, acetaminophen, ketamine, neuropathic pain medications (anti-depressants,
calcium-channel ligands), as well as regional anesthesia. Scenarios of commonly
encountered pain states and treatment options in the setting of pre-existing cardio-
vascular disease are addressed below:
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6.5.1 Scenario 1: Management of Acute-on-Chronic Back
Pain Following a Lumbar Laminectomy
on the Post-operative Acute Care Floor

Back pain is one of the most commonly encountered pain states, with up to an esti-
mated 84% of adults experiencing lower back pain at some point in their lifetime
[24]. For patients with chronic back pain, the most common etiologies include dam-
age of the spinal nerve roots from vertebral degeneration leading to radiculopathy
or spinal stenosis secondary to arthritis. Laminectomy procedures decompress neu-
ral elements in the setting of radiculopathy secondary to degenerative disc disease
[25]. In cardiovascular disease, adequate acute pain control post-operatively is
imperative to maintain hemodynamic stability and prevent oxygen consumption/
delivery mismatch, worsening pre-existing coronary artery disease. In the post-
operative period, multimodal pain control can be employed, balancing opioids with
ketamine, acetaminophen, and lidocaine infusions, among others. Using adjunctive
agents allows for a lower effective dose of opioids, minimizing undesired effects
such as over-sedation, decreased respiratory drive, delirium, hypotension, ileus,
nausea/vomiting, and the development of tolerance.

Patients may require intravenous formulations of opioids initially for their faster
onset of action. Patient-controlled analgesia or a PCA delivery of morphine, hydro-
morphone, or fentanyl has the benefit of decreased delay in patient access to pain
medication, less likelihood of overdose with a fixed lockout period, and an ability to
titrate. In general, opioids have little effect on hemodynamics, making it useful in
the setting of heart disease. However, close patient monitoring is essential to avoid-
ing hypoventilation and subsequent hypercarbia, which can have detrimental effects
in heart failure (discussed further below, in Management of pain in the inpatient
setting). Ketamine provides analgesia by blocking N-methyl-p-aspartate (NMDA)
receptors, reducing glutamate release, and via binding to sigma-opioid receptors
[26]. Ketamine can be useful in reducing the total opioid dose required by a patient.
Low-dose ketamine has not been associated with adverse pharmacologic effects on
respiration or cardiovascular function in healthy patients [27]. Again, ketamine
should be used with caution, especially in those with heart failure (discussed further
below, in Management of pain in the inpatient setting).

Systemic lidocaine can be a useful adjunctive therapy in the acute pain setting.
Intravenous lidocaine works by attenuation of peripheral nociceptor sensitization
and central hyperexcitability via its sodium channel blocking action. Additionally,
IV lidocaine has potent anti-inflammatory properties, decreasing circulating
cytokines, which contribute to its analgesic properties [28]. Specifically in the realm
of complex spine surgery, IV lidocaine has demonstrated significant post-operative
pain control [29]. However, careful attention should be paid to signs of toxicity or
developing dysrhythmias in the vulnerable population of cardiovascular patients.

Acetaminophen is available in both intravenous and oral formulations and is an
effective analgesic agent for mild pain or as an adjunct in multimodal pain control,
via activation of the descending serotonergic inhibitory pathways within the central
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nervous system. Studies have demonstrated that IV acetaminophen can decrease the
total dose of morphine required by patients post-operatively [30]. Immediately after
surgery, patients will benefit from scheduled dosing (every 6-8 h), not exceeding
3000 mg daily. With its relatively benign side effect profile, acetaminophen supple-
mentation is a useful adjunctive agent in individuals with cardiovascular disease.

Additionally, neuropathic pain medications are a mainstay in multimodal pain
control and can be particularly helpful in patients with heart disease, given the com-
mon comorbid conditions, such as diabetes (addressed below in Inpatient treatment
for pain conditions specific to cardiovascular disease).

6.5.2 Scenario 2: Management of Multiple Fractures
in the Emergency Department Following a Motor Vehicle
Accident

In addition to stabilization of life-threatening processes, adequate analgesia is
essential to avoid adverse cardiac events in those individuals with pre-existing heart
disease. Inadequate analgesia coupled with the stress response of acute injury can
lead to an adverse hemodynamic response (tachycardia, hypertension, or vasocon-
striction), increased catabolism, an impaired immunity, and hemostatic derange-
ment including platelet activation alterations. Attenuation of this response can
decrease mortality and enhance patients’ quality of life [31]. In patients with isch-
emic heart disease, pain control leads to a reduction in sympathetic tone, lowering
heart rate and increasing vasodilation, which leads to a more favorable oxygen-
supply ratio. In the acute setting, this is achieved most rapidly with intravenous
opioids such as fentanyl or hydromorphone. However, patients should be closely
monitored for hypoventilation, leading to hypercarbia and acidosis, as these pro-
cesses have detrimental implications in the setting heart failure (addressed below in
Management of pain in the inpatient setting).

As noted above, supplementation with ketamine and scheduled acetaminophen
can enhance analgesia while minimizing opioid requirements and thus, their
undesired side effects. Regional techniques can provide a helpful adjunctive ther-
apy via either neuraxial analgesia or peripheral nerve blockade. For extremity
fractures, peripheral nerves are directly targeted with long-acting local anesthetics
(such as bupivacaine or ropivacaine) via single shot or continuous infusion with
an indwelling catheter.

If traumatic rib fractures are present, analgesia is vital not only to avoid hemo-
dynamic volatility, but also to avoid significant respiratory compromise. The
development of pneumonia is the most common complication of rib fractures,
significantly contributing to mortality. Patients will minimize their tidal volume
and coughing effort to reduce chest wall motion and associated pain. Pain control
is thus imperative to allow patients to tolerate deep breathing and coughing,
improving lung volumes, preventing alveolar collapse, and clearing secretions.
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Epidural catheters allow for continuous local anesthetic and opioid infusion, pro-
viding targeted pain control and decreasing the incidence of nosocomial pneumo-
nia [32]. Specifically in patients with ischemic cardiac disease, epidural analgesia
can improve coronary function and myocardial oxygen balance, reducing the
number and duration of ischemic episodes during an acute stress period [33].
When epidural placement is contraindicated, such as in patients on either anti-
platelet or anticoagulation agents, a paravertebral catheter can be placed to pro-
vide a continuous infusion of local anesthetic to one side of the thorax. Epidural
infusions may have detrimental hemodynamic effects in the setting of heart fail-
ure and should be used with caution. Additionally, local anesthetic agents all pos-
sess pro-arrhythmic potential and should be used carefully in patients with a
pre-existing history of cardiac dysrhythmias (addressed below in Management of
pain in the inpatient setting).

6.5.3 Inpatient Treatment for Pain Conditions Specific
to Cardiovascular Disease

Effective pain management in the context of cardiac disease is vital to avoid undue
stress and hemodynamic volatility. Pain states specific to cardiac disease include
chronic chest pain, claudication secondary to associated peripheral vascular disease,
and neuropathic pain from peripheral edema or concomitant chronic diabetes.
Modalities specific to these pain states are discussed below.

6.5.3.1 Chronic Chest Pain

Refractory angina pectoris is defined as the presence of angina due to coronary
insufficiency in the setting of coronary artery disease despite optimal medical, sur-
gical or percutaneous therapy. When first approaching pain management in this spe-
cific population, it is essential to ensure they are taking optimal medical therapy and
have undergone all possible revascularization therapies. If their chronic chest pain
persists, the first line should be acetaminophen. Additionally, opioids can be consid-
ered, but the risks of addiction or hypoventilation should be weighed against their
benefit. Other potential inpatient interventions include use of a TENS unit or tem-
porary relief via a left-sided stellate ganglion block.

The TENS unit works via high-frequency stimulation of large nociceptive
myelinated type A fibers, which inhibits impulses through smaller, unmyelinated
type C fibers, reducing the activation of central pain receptors. One electrode is
placed within the dermatome with the highest pain intensity and the other on the
contralateral dermatome. Previous studies have demonstrated that use of a TENS
unit can decrease anginal symptoms and nitrate use. Decreasing the pain stimulus
can lead to a reduction in sympathetic discharge that leads to decreased cardiac
work load and decreased myocardial oxygen demand [34].
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The sympathetic autonomic nervous system relays anginal symptoms from the
myocardium to the central nervous system via release of excitatory substances such
as adenosine or bradykinin. The stellate ganglion block works as a sympathectomy
via interruption of this pathway [35]. A local anesthetic is infiltrated around the
cervical plexus under ultrasound guidance, generally via a paravertebral approach.
Studies have demonstrated that patients can have relief beyond the period of action
of the local anesthetic via the reversal of the cellular mechanisms responsible for a
hyperalgesic state [36].

6.5.3.2 Claudication Pain

Peripheral artery disease (PAD) is common among patients with cardiovascular dis-
ease as the systemic disease process of atherosclerosis that affects coronary arteries
also damages the peripheral vasculature. Claudication is defined as reproducible
discomfort for a particular muscle group, caused by exercise and improved with
rest. Just as coronary artery disease manifests as chest pain, claudication is second-
ary to an imbalance between supply and demand for blood flow due to peripheral
artery disease. Within the inpatient realm and upon discharge, treatment of claudica-
tion pain can facilitate greater mobility and ability to rehabilitate. Although claudi-
cation pain infers an increased cardiovascular risk, in most cases it has a low risk of
progression to limb-threatening ischemia [37]. Like coronary artery disease, the
first line treatment should always target the underlying disease process with risk
factor modification (especially smoking cessation), exercise, and optimal medical
therapy. In patients where no procedural intervention is warranted (those without
threat of critical limb ischemia), the only agent available in the US shown to provide
consistent pain relief with ambulation is cilostazol. The medication works as an
analgesic via suppression of platelet aggregation and direct arterial vasodilation.
Cilostazol can be started in the inpatient setting, but achieves its full benefit 4 weeks
after initiation. It should be noted that this medication is contraindicated in patients
with advanced heart failure as other phosphodiesterase inhibitors have been shown
to increase mortality in this population [38].

6.5.3.3 Neuropathic Pain

Neuropathic pain is commonly encountered in patients with cardiovascular disease,
due to either concomitant diabetes, chronic nerve compression secondary to periph-
eral edema, or via other etiology. The first line analgesic therapies include antide-
pressants (Selective Norepinephrine Reuptake Inhibitors (SNRIs), Tricyclic
antidepressants (TCAs) and calcium channel ligands (gabapentin, pregabalin).

The use of antidepressant agents for neuropathic pain carries both the benefit of
analgesia as well as the relief of associated depressive symptoms. The analgesic
mechanism remains unknown but may be related to action on serotonin and norepi-
nephrine reuptake inhibition [39]. Additionally, there is some evidence they may
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potentiate the endogenous opioid system [40]. The main SNRI agents studied and
approved in the treatment of neuropathic pain are duloxetine and venlafaxine.
Venlafaxine can be used both in acute and chronic pain conditions, making it useful
for inpatient treatment. However, it should be used with caution in those with car-
diac disease as it has a propensity towards cardiac conduction abnormalities and
increased blood pressure. The most commonly used and most widely studied TCA
in neuropathic pain is amitriptyline, though other agents (doxepin, imipramine, nor-
triptyline and desipramine) can be used with success. The dosing required for anal-
gesic effect is typically lower than that required for anti-depressive effect. Effect
may be experienced in as soon as 1 week, but may take up to 6—8 weeks for maximal
analgesia [41]. Like SNRIs, TCAs have the potential for conduction disturbances
including increased intraventricular conduction, prolongation of the QT interval,
and prolongation of conduction through the atrioventricular node. As such, prior to
initiation, patients should have a baseline ECG performed. TCAs should be avoided
in individuals with severe cardiac disease and those with pre-existing conduction
disturbances.

Pregabalin and gabapentin belong to the class of calcium channel alpha 2-delta
ligands. They exert their effect by binding to the voltage-gated calcium channels at
the alpha 2-delta subunit, inhibiting neurotransmitter release. Gabapentin should be
initiated at a low dose with a gradual increase until desired effect, with a maximum
dose of 3600 mg daily, in three divided doses [41]. Pregabalin is a lipophilic gamma
aminobutyric acid (GABA) analog, which diffuses across the blood-brain barrier
more effectively than gabapentin, and thus, may provide faster analgesia [42]. Both
agents can produce dose-dependent dizziness and sedation. In older patients, respi-
ratory depression has been reported, especially when individuals are receiving other
analgesic agents or sedatives [43].

6.6 Pain Assessment Tools

Generalized pain assessment tools can be used within the cardiovascular patient
population, including either a numeric rating scale or a verbal rating scale. In criti-
cally ill patients who may not be able to communicate, validated pain assessment
tools include the Behavioral Pain Scale (BPS) or the Critical Care Pain Observation
Tool (CPOT), which use metrics such as facial expression, body movement, and
compliance with mechanical ventilation as surrogates for pain [44].

6.7 Challenges in Management of Pain While in the Hospital

Inpatient treatment of pain, specifically within patients with cardiovascular dis-
ease, carries several challenges including their increased risk of hemodynamic
instability, arrhythmogenic propensity, cardiac sensitivity to hypoventilation and
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hypercarbia, and ensuring pain control is not masking intervenable cardiac disease.
Specific medications to use with caution in this patient population are
addressed below.

6.8 Management of Pain in the Inpatient Setting

6.8.1 Modalities and Medications to Use with Caution in Heart
Failure and Coronary Artery Disease

6.8.1.1 Ketamine

Ketamine is a commonly used analgesic agent, which acts by blocking N-methyl-D-
aspartate (NMDA) receptors, reducing glutamate release, and by binding to sigma-
opioid receptors [26]. Ketamine is used to reduce opioid consumption in post-surgical
patients, hyperalgesia, and neuropathic pain. In addition to its opioid-sparing prop-
erties, ketamine can be a beneficial analgesic agent given its lack of significant
respiratory depression and maintenance of airway reflexes. Ketamine’s effect on the
cardiovascular system is primarily that of a sympathomimetic in an intact automatic
nervous system, increasing blood pressure, heart rate, and cardiac output.
Administration of ketamine can lead to increased levels of epinephrine and norepi-
nephrine within 2 min of administration [45]. Although these effects are generally
desirable in the critically ill, abrupt increases in heart rate and blood pressure may
detrimentally unbalance myocardial oxygen supply and demand in patients with
coronary artery disease.

In the absence of an intact autonomic nervous system and catecholamine deple-
tion, as seen in decompensated heart failure, ketamine acts as a direct myocardial
depressant. Studies that isolate the direct effects of the drug have demonstrated up
to a 40% decrease in cardiac output [46]. In summary, ketamine may be a helpful
analgesic agent given its stable hemodynamic profile, but may precipitate hemody-
namic decline in individuals with a depleted catecholamine reserve.

6.8.1.2 Opiates

Opioid medications should be used with caution in the setting of heart failure, espe-
cially right-sided heart failure and associated pulmonary hypertension. Opioid-
induced oversedation can lead to hypoventilation and subsequent carbon dioxide
retention. Hypercarbia and acidosis acutely increase pulmonary vascular resistance,
exacerbating right ventricular dysfunction, and leading to hemodynamic compro-
mise [47]. Additionally, high levels of CO2 (80-90 mmHg) directly reduce cardiac
output, blood pressure, and heart rate [48]. In patients with decompensated heart
failure, known right-sided disease, or pulmonary hypertension, opioids should be
administered in small doses and titrated gradually to avoid oversedation.
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6.8.1.3 Pregabalin

Pregabalin is a frequently encountered medication in patients with cardiac disease.
Multiple randomized control trials have shown the benefits of using pregabalin for
the treatment of neuropathic pain, and thus it is one of the first line therapies.
Pregabalin is efficacious and also has the advantage of being easily titratable, toler-
ated well, and has few interactions with other medications. Dizziness, somnolence,
and peripheral edema are some of the most common side effects that have been
reported [49]. However, this medication should be used with caution in patients
with decompensated heart failure. There have been numerous case reports of heart
failure exacerbations in patients after the initiation of pregabalin [49-52]. These
case reports have shown subsequent resolution of edema after discontinuation of
this medication. While there is not necessarily overwhelming data to support com-
pletely avoiding this medication in heart failure patients, there appears to be a
potential risk for a dose dependent increase in both peripheral and central edema
[49, 52, 53]. The incidence of peripheral edema in patients taking pregabalin in
clinically controlled trials was found to be 6%, compared to 2% in the placebo
group. While data in heart failure patients is not robust, the FDA has recommended
that pregabalin be used with caution in patients with New York Heart Association
(NYHA) class IIT and IV heart failure. Furthermore, the FDA has recommended
that pregabalin be used with caution in patients already taking thiazolidinedione, as
it may exacerbate heart failure symptoms. Both pregabalin and thiazolidinedione
antagonize L-type calcium channels and are thought to be involved in peripheral
vasodilation and interstitial fluid accumulation [52, 54]. In patients who exhibit
either peripheral or central edema, but have experienced relief with pregabalin, a
consultant physician should consider utilizing other analgesic options.

6.8.1.4 SNRIs

Venlafaxine is another medication that should be used with caution in patients with
cardiac disease. Venlafaxine is an SNRI that is commonly prescribed to patients
with depression, anxiety, fibromyalgia, neuropathic pain, and chronic musculoskel-
etal pain. Increased levels of norepinephrine leading to elevated heart rate and blood
pressure have been implicated in some of the adverse cardiac events related to this
medication [55, 56]. There have been multiple case reports of heart failure exacer-
bations associated with high doses of venlafaxine or venlafaxine taken in combina-
tion with other SNRIs (i.e., Duloxetine) [55, 57-59]. These patients were previously
hemodynamically stable with some experiencing subsequent resolution in symp-
toms after discontinuation of the medication. Higher doses of venlafaxine (300 mg/
day) have also been found to be associated with clinically significant QTc prolonga-
tion, hypertension, and orthostatic hypotension [60, 61]. Lastly, venlafaxine should
be used with caution in patients with coronary artery disease. There has been a case
report of this medication possibly inducing an acute ischemic event in a patient with
previously mild stable angina [62]. While this medication certainly has benefits for
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treating both chronic musculoskeletal and neuropathic pain, it should be titrated
cautiously in patient with underlying cardiac disease. Particular attention should be
paid to patients already taking an SNRI as well as patient who may have altered
metabolism of this medication (i.e., CYP2D6 genetic polymorphism) [59]. As a
consultant physician, one should monitor for signs and symptoms of heart failure
and consider obtaining an EKG to assess for both QTc prolongation and ischemia
when starting this medication.

Duloxetine is another SNRI that is used frequently to treat both acute and chronic
pain. While duloxetine has been shown to cause a mild increase in blood pressure,
it does not appear to be associated with any significant cardiovascular risk [63]. In
animal models, duloxetine has been shown not to significantly affect smooth or
cardiac muscle function. There also does not appear to be any arrhythmogenic risk
associated with the medication [64].

6.8.1.5 Non-steroidal Anti-inflammatory Drugs (NSAIDs)

The use of non-steroidal anti-inflammatories is associated with an increased risk of
adverse cardiovascular events, including heart failure, myocardial infarction, atrial
fibrillation, and cardiovascular death. This effect is related to the medications’ inhi-
bition of cyclooxygenase (COX)-2, leading to reduced prostaglandin I2 production
by the vascular endothelium coupled with a lack of inhibition of the potentially pro-
thrombotic platelet thromboxane A2 production [65]. This relative reduction in
prostacyclin activity predisposes the endothelium to injury and subsequent poor
cardiovascular outcomes [66]. In the setting of cardiovascular disease, other analge-
sic agents are preferred due to this population’s relatively high baseline risk.

6.8.1.6 Neuraxial Analgesia

Although neuraxial analgesia is a useful opioid-sparing technique, epidural anesthe-
sia has potential for detrimental effect in tenuous heart failure. In addition to their
desired sensory blockade, local anesthetic agents in the epidural space also create a
motor and sympathetic blockade. This sympathectomy increases venous capaci-
tance and leads to peripheral redistribution of blood, decreasing venous return to the
heart, reducing preload. This acute reduction in preload, cardiac output, and sys-
temic perfusion pressure can have an adverse effect on both left and right ventricu-
lar perfusion and function. Blockade of the cardiac sympathetic nerves (T1-T5) by
cervicothoracic epidural levels can directly decrease contractility as well as
adversely disrupt the baroreceptor reflex. Left ventricular contractility can be
reduced up to 40-50%. Although this is generally tolerated in individuals with nor-
mal cardiac function, this diminution can have life-threatening implications in those
with limited cardiac reserve. The baroreceptor reflex is responsible for regulation of
heart rate, contractility, and peripheral resistance in response to changes in blood
pressure. Cardiac fiber sympathectomy and attenuation of this reflex can lead to
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life-threatening paradoxical bradycardia in hypotensive patients undergoing epi-
dural anesthesia. Although not contraindicated in the setting of heart failure, provid-
ers should proceed with caution as epidural analgesia may significantly diminish the
capacity of the heart to respond to hemodynamic challenges in individuals with
limited reserve secondary to heart failure [33].

6.8.2 Medications to Use with Caution in Pre-existing
Arrhythmias

In patients with pre-existing arrhythmias, there are several medication classes that
should be used with caution, given their propensity to both exacerbate pre-existing
arrhythmias and initiate new dysrhythmias. These include methadone, sodium
channel blockers/local anesthetics, and alpha-2 agonists.

6.8.2.1 Methadone

Methadone is a synthetic opioid used in opioid addiction, chronic pain, and the
perioperative setting. Methadone has many beneficial properties including excellent
oral bioavailability, effectiveness, low cost, long half-life and availability in oral,
parenteral, and suppository forms. Methadone exerts its effect via agonism of the
mu-opiate receptor, both centrally and peripherally, leading to analgesia and eupho-
ria. Unique among opioids, the drug also antagonizes N-methyl-D-aspartate recep-
tors increasing its analgesic effect [67].

Some of methadone’s unique safety concerns stem from the drug’s long and vari-
able half-life, which ranges between 15 and 55 h. Methadone is metabolized both
by the liver and via intestinal CYP3A4 (and to a lesser extent, via CYP2D6).
Significant inter-patient variability in enzyme activity contributes to large differ-
ences in the clearance and half-life of the drug [68]. Additionally, methadone is
highly bound to plasma proteins (specifically a;-acid glycoproteins), which can be
affected by certain disease states such as cancer, as well as lead to multiple drug-
drug interactions [67]. The inherent unpredictability of methadone is pertinent both
for its desired effect but also side effect profile. Specific to the cardiovascular sys-
tem, methadone has a propensity for QTc interval prolongation, predisposing
patients to dangerous ventricular arrhythmias such as torsades de pointes (TdP)
[69]. From 2000 to 2011, methadone was the second most common offender in QTc
prolongation and TdP, behind dofetilide [70].

Methadone should be used with caution in patients with pre-existing arrhythmias
and ECG abnormalities, including baseline QT prolongation (>450 ms) or T-wave
lability, sinus bradycardia, heart block, or incomplete heart block with pauses or
premature complexes. Additionally, patients with structural heart disease, including
heart failure, a history of myocardial infarction, or left ventricular hypertrophy are
at increased risk of methadone-induced TdP.
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The normal QTc in adults is 420 + 20 ms. The risk of TdP increases with greater
prolongation of the QTc interval, primarily occurring in patients with QTc intervals
>500 ms, though risk is increased starting at QTc intervals of 450 ms [71]. Virtually
every medication that prolongs the QTc interval, including methadone, acts by
blocking the outward IKr current (delayed rectifier potassium current, also known
as hERG channel), which is crucial for the repolarization of cardiac action poten-
tials, leading to an increased action potential duration, and QT interval prolongation
[72]. Prolongation of the ventricular repolarization can lead to oscillation of the
membrane potential referred to as early after depolarization (EAD). If EAD reaches
a critical threshold in a large area of myocardium, it can precipitate an ectopic beat,
inducing reentrant excitation, and subsequent TdP, marked by progressive, sinusoi-
dal, and cyclic alteration of the QRS [73]. The ventricular dysrhythmia is generally
short-lived and terminates spontaneously. However, it has the potential to lead to
ventricular fibrillation and result in cardiac arrest [74].

A lower heart rate (as seen in sinus bradycardia, heart block, or incomplete heart
block with pauses or premature complexes) results in less potassium moving out of
the cell during repolarization, as there are simply fewer repolarizations. This reduc-
tion in extracellular potassium concentration enhances the degree of drug-induced
inhibition of IKr, increasing the QTc interval [75].

Given the above risk, the American Pain Society, in conjunction with the Heart
Rhythm Society created a consensus statement and guidelines for prescribing meth-
adone, which includes obtaining a baseline EKG prior to initiating treatment and
avoiding use in patients with a baseline QTc >500 ms. [69] Methadone can be an
effective opiate option both in the outpatient, inpatient, and the perioperative realm.
However, careful attention must be paid its pro-arrhythmic potential and optimiza-
tion of patient risk factors, including electrolyte disarray (such as hypokalemia or
hypomagnesemia), baseline heart rate and QTc interval, and potential drug-drug
interactions.

6.8.2.2 Local Anesthetics

Sodium channel blockers, also known as local anesthetics, are widely used within
the inpatient population via a wide array of delivery routes including intravenous,
subcutaneous, epidural, intrathecal, or direct infusion to the peripheral nerve. When
infused around either the peripheral or central nervous system, the local anesthetic
agent works via binding the o subunit of the sodium channel, rendering it inactive.
If the sodium molecule cannot traverse the membrane, the cell cannot depolarize,
and no action potential is created, leading to the desired clinical effect of numbness
[48]. Systemic lidocaine (via intravenous route) is used in both acute and chronic
pain. Specifically, in neuropathic pain, systemic lidocaine is believed to work by
attenuation of peripheral nociceptor sensitization and central hyperexcitability via
its sodium channel blocking action. Additionally, IV lidocaine has potent anti-
inflammatory properties, decreasing circulating cytokines, which contributes to its
analgesic properties [28]. However, local anesthetics carry the risk of dysrhythmias,
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especially in the setting of LAST (Local Anesthetic Systemic Toxicity). Although
they are not contraindicated in the setting of a patient history of arrhythmias, associ-
ated conditions such as extremes of age and structural cardiac disease make this
patient population susceptible.

Factors that contribute to the toxicity and propensity for arrhythmias of local
anesthetic agents include the site and route injection, specific drug, dose used, co-
administration of vasoconstricting agents, and drug metabolism. In terms of the
injection site, highly vascular areas are at the greatest risk for uptake. Careful atten-
tion to the maximum dose of the various local anesthetic agents should be paid in
order to avoid exacerbating pre-existing arrhythmias or cardiotoxicity. The addition
of vasoconstricting agents lowers the peak blood level while increasing the time to
achieve peak serum level, effectively decreasing the risk of toxicity [48].

The cardiovascular effects of systemic local anesthetic levels are multifactorial
and complex. Their blockage of sodium, calcium, and potassium channels can lead
to conduction disturbances, impaired contractility, and loss of vascular tone [76].
The above effects are dose-dependent and proportional to the potency of the agents
used. Within the myocardial tissue, blockage of the sodium channels in the fast-
conducting tissues of the purkinje fibers and ventricles decreases the rate of repolar-
ization, effective refractory period, and action potential, leading to prolongation of
the PR interval and widening of the QRS complex. At toxic drug levels, local anes-
thetic’s effect on myocardium may induce arrhythmias, heart block, ventricular
contractile depression, hypotension, or complete cardiovascular collapse [48].

Of the available local anesthetic agents, bupivacaine has the highest risk of car-
diac toxicity, due to its strong affinity for resting or inactivated sodium channels and
slow dissociation from myocardial sodium channels during diastole. Studies have
repeatedly demonstrated that bupivacaine is associated with more pronounced
changes in conduction and greater risk of terminal arrhythmias. Intravenous injec-
tion of bupivacaine can lead to left ventricular depression, heart block, ventricular
tachycardia or ventricular fibrillation. Bupivacaine’s propensity for cardiogenic tox-
icity comes from its chirality. Along with mepivacaine and ropivacaine, bupivacaine
has chiral carbons, which can exist as one of two optical isomers. The R+ isomer of
bupivacaine blocks more strongly and dissociates more slowly from cardiac sodium
channels than its S-counterpart [77]. Conversely, ropivacaine, derived from mepiva-
caine is produced as the S-enantiomer only, with a presumed decrease in cardiovas-
cular toxicity [78].

Careful monitoring when administering local anesthetics and knowledge of the
signs and symptoms of LAST can lead to prompt treatment and avoidance of severe
cardiac toxicity. Patients should be monitored with non-invasive blood pressure
measurements, electrocardiography, and pulse-oximetry at a minimum. Prodromal
symptoms of impending neurologic or cardiac collapse may include lightheaded-
ness, dizziness, blurred vision, tinnitus, or perioral numbness. These symptoms can
quickly lead to loss of consciousness, seizures, myocardial depression, ventricular
tachycardia, ventricular fibrillation, or pulseless electrical activity [79].

Local anesthetic use is not contraindicated for those with pre-existing arrhyth-
mias, and may be a helpful alternative to those in which systemic sedating agents
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must be avoided. However, those with structural heart disease or pre-existing
arrhythmias are at a higher risk for the cardiotoxicity. As such, caution and careful
monitoring should be practiced within this patient population.

6.8.2.3 Alpha-2 Agonists

Commonly used alpha-2 agonists used in the inpatient realm include clonidine and
dexmedetomidine. Both agents exert their analgesic properties via their actions on
the alpha-2 postsynaptic receptors within the dorsal horn of the spinal cord, periph-
eral nerves, and locus coeruleus, inhibiting the release of norepinephrine and thus
terminating the propagation of pain signals. When used for its analgesic properties,
clonidine is added as an adjunct to local anesthetics within either an epidural infu-
sion or spinal injection. Dexmedetomidine is most commonly delivered as an infu-
sion, primarily for sedation, but is emerging as an effective analgesic agent.

Alpha-2 agonists possess significant anti-hypertensive and negative chronotropic
effects, leading to hypotension, bradycardia, and varying degrees of heart block.
These effects are seen due to inhibition of central sympathetic outflow, leading to a
decreased release of norepinephrine and epinephrine [48].

Dexmedetomidine, which has an eightfold greater selectivity for the alpha-2
receptor over clonidine, has been shown to cause a dose-dependent decrease in
blood pressure and heart rate. When used with caution, it can be useful analgesic
agent for those with heart disease, given its sympatholytic properties and ability to
provide both analgesia and anesthesia without appreciable respiratory depression.
The drug will predictably cause a biphasic blood pressure response, with an initial
hypertension, followed by a sustained decrease. The observed bradycardia is caused
by a combination of baroreflex activation, a centrally mediated reduction in sympa-
thetic tone, and increased vagal tone. Severe bradycardia is a well-documented side
effect of dexmedetomidine, with some case reports citing asystole with administra-
tion in susceptible patients [80]. Both clonidine and dexmedetomidine should be
avoided in those with pre-existing bradycardia, an advanced heart block, or a fixed
stroke volume.

6.9 Discharge Plan for Pain Management

As the cardiac patient transitions from the inpatient setting to the outpatient setting,
they must undergo changes in their treatment plan. Some medications started while
the patient is in the hospital will be continued, while others that are used to treat the
acute phase of their pain will be tapered off and discontinued. Neuraxial, intrave-
nous, and regional modalities are no longer available to be employed after the
patient has been discharged and a plan must be put in place to make sure the patient
has their pain adequately controlled. For this reason, it is of the utmost importance
to transition patients to a stable oral regimen leading up to their discharge from the
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hospital. In the cardiac patient, acetaminophen is an important, non-opiate medica-
tion that should be utilized in those who do not have a contraindication to this medi-
cation [21]. Up to 4000 mg per day may be used and should be scheduled and
spaced accordingly throughout the day in divided doses to provide baseline analge-
sia as patients transition from the inpatient setting. For patients who have recently
undergone a procedure, suffered a trauma or other inciting event that can cause an
acute pain flare, short acting oral opiate medication should be utilized and titrated
overtime to provide additional analgesia on top of acetaminophen. As times passes,
it is important to eventually wean these medications or transition to more long-
acting opiate medications if needed. Adjunctive medications such as tricyclic anti-
depressants, SNRIs, and anticonvulsants can also be added to manage both
neuropathic and chronic pain [2]. The benefit of starting these medications in the
inpatient setting and continuing them in the outpatient setting, is that they frequently
take weeks to months to see their analgesic effects. These medications should be
titrated accordingly over time as long as patients tolerate their associated side-
effects. Muscle relaxers can also be added to a patient’s medication regimen to help
with musculoskeletal spasticity and pain. Most muscle relaxers are safe to use in
patients with cardiac disease with the exception of cyclobenzaprine. Cyclobenzaprine
is contraindicated in patients with arrhythmias, congestive heart failure, and recent
myocardial infarctions [81]. Topical analgesics such as transdermal lidocaine may
also provide additional benefit. Aqua therapy, physical therapy, and alternative med-
icine/complementary therapies are important components to a balanced outpatient
pain regimen. Furthermore, for certain patient populations, psychological assess-
ment and therapy may also be beneficial. While NASIDs are commonly utilized in
managing pain after leaving the hospital, they should be avoided in patients suffer-
ing from heart failure and coronary artery disease [21]. Lastly, for patients that are
especially difficult to treat, consider placing a referral to an outpatient pain medi-
cine specialist to help in the transition process from the inpatient to the outpatient
setting.

6.10 Summary

* Multimodal pain control can help minimize side effects while providing ade-
quate pain control. In the patient with cardiovascular disease, the multimodal
armamentarium includes opioids, acetaminophen, ketamine, neuropathic pain
medications (anti-depressants, calcium-channel ligands), as well as regional
anesthesia.

 Pain states specific to cardiovascular disease include chronic chest pain, claudi-
cation pain, and neuropathic pain.

— Patients with chronic chest pain related to coronary artery disease (CAD),
despite interventional and optimal cardiovascular medical therapy can be
treated with opiates, acetaminophen, use of a TENS unit, or a stellate gan-
glion block.



6 Inpatient Pain Medicine Considerations in Patients with Heart Failure, Cardiac... 77

— Peripheral artery disease (PAD) is common among patients with cardiovascu-
lar disease as the systemic disease process of atherosclerosis that affects coro-
nary arteries also damages the peripheral vasculature. The first line medication
for claudication pain in the setting of PAD is cilostazol.

— Neuropathic pain is commonly encountered in patients with cardiovascular
disease, due to either concomitant diabetes, chronic nerve compression sec-
ondary to peripheral edema, or via other etiology. The first line analgesic
therapies include antidepressants (SNRI’s, TCA’s) and calcium channel
ligands (gabapentin, pregabalin), however one may need to exercise caution
in the case of documented arrythmias or severe heart failure.

Ketamine can be a useful analgesic agent given its potent NMDA-receptor antag-
onism, hemodynamic stability, and lack of significant respiratory depression.
However, in the absence of an intact autonomic nervous system and catechol-
amine depletion, as seen in decompensated heart failure, ketamine acts as a direct
myocardial depressant.

NSAIDs should be avoided in patients with coronary artery disease and their use
is associated with an increased risk of adverse cardiovascular events, including
heart failure, myocardial infarction, atrial fibrillation, and cardiovascular death.
Medications that should be used with caution in patients with pre-existing
arrhythmias include methadone, sodium channel blockers/local anesthetics, and
alpha-2 agonists.
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Chapter 7
Patient with Heart Transplant

Asma Khan, Yuliana Salamanca-Padilla, and Rany T. Abdallah

7.1 Introduction

Heart transplant has become the standard of care for patients with end-stage heart
failure (Fig. 7.1). Some of the common indications and contraindications for heart
transplant are listed below (Table 7.1):

As per United Network for Organ Sharing (UNOS), of all transplants performed
since 1988, 9.5% are heart transplants. More than 5000 heart transplants are per-
formed per year worldwide.

In 2018, approximately 3408 heart transplants were performed in the US alone.
Previously, long term survival of allograft was limited. With improvement in trans-
plant management, survival of recipients has improved significantly over the past
several years. Along with improved medical management of recipients, focus has
also shifted towards improving Quality of life (QOL) of the survivors. Nowadays,
it is not uncommon in medical practice to come across patients with primary, mul-
tiorgan or repeat transplants experiencing chronic pain resulting in low QOL or
loss of jobs because of the development of debilitating pain after transplant.

In the immediate postoperative period, acute postoperative pain could be present
at rest and with activities like coughing and walking, but it improves in intensity after
the initial 24 h. Pain can persist for days or weeks after the initial surgical insult and
if not managed appropriately in the immediate postoperative period, it could lead to
chronic pain syndromes. Inadequate pain management in the immediate postopera-
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Heart transplant procedure
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Donor heart in place

Patient’s diseased
heart is removed

Fig. 7.1 Heart transplant procedure

Table 7.1 Heart transplant [1]

Indication Contraindication

1. LVEF <35% or severe heart failure with 1. Metastatic Malignancy
severe functional limitation or symptoms 2. Refractory Pulmonary Hypertension
refractory to medical or device 3. Active HIV or Hep C
managementNYHA Class IIIb-IV 4. Poorly controlled Diabetes with end organ

2. Refractory Cardiogenic Shock damage

3. Acute MI or Myocarditis 5. Renal failure

4. Ischemic Heart disease refractory to 6. End stage Liver ds
medical management or patient is not a 7. Severe Peripheral Vascular ds refractory
candidate for surgical or percutaneous to intervention
revascularization 8. Active substance abuse

5. Refractory arrhythmias 9. Non-compliance

6. Severe hypertrophic or restrictive 10. Lack of support system
cardiomyopathy 11. BMI > 35 kg/m?

7. Congenital heart disease without 12.  Mental Retardation
Pulmonary hypertension

8. Non-metastatic cardiac tumor

tive period has been identified to result in increased postoperative morbidity, poor
quality of life and functional capacity, prolonged use of opioids and increased health
care costs [2]. Chronic pain after cardiac surgery is under identified and undertreated.
Incidence of chronic pain after cardiac surgery is reported to be between 21 and 55%
[3]. There are conflicting results of various studies that tried to identify risk factors
for development of chronic pain after cardiac surgery. Some studies identify gender,
prolonged surgeries lasting for more than 3 h, ASA grade III or above, younger
patients, obesity, preoperative anxiety and pain levels as independent factors for
development of chronic postoperative pain (CPOP) and some do not [3-5].
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Post cardiac surgery, pain may be somatic, visceral or neurogenic in nature, and
acute or chronic in duration. Understanding pathophysiological changes related to sur-
gery, anesthesia and extracorporeal circulation is important to improve patient comfort
in the immediate and late postoperative periods. Inadequate pain management during
major cardiac surgery could prolong the course of illness and result in inadequate tissue
healing, immunosuppression, infection and development of chronic postoperative pain.

7.2 Pathophysiology

Pain after surgical incision is identified as a different entity as compared to other acute
or chronic pain conditions. Acute postoperative pain is a combination of surgical
insult to the tissues resulting in a surgical wound and activation of endocrine, inflam-
matory, autonomic and sensory signaling cascades in the central and peripheral sites.
Incisional pain is planned and inflicted under controlled conditions. It results in unfor-
tunate consequences due to modulation of neuronal “plasticity” that can result in
chronic pain. There is active research to better understand animal pain models, pain
mechanism in postoperative period in patients, behavioral changes in animal models
related to pain induced by incision in order to minimize procedural pain [6, 7]. Painless
procedures can prevent dysregulation of multiple systems induced by acute surgical
pain, development of chronic pain and multiorgan dysfunction in the long term.
Acute postoperative pain has been classified as “Clinical Pain” or “Receptor Pain”
depending on the innocuous stimulation of the tissues by incision or irritation of noci-
ceptors [8, 9]. Clinical pain can last longer than expected after being incited by the
noxious stimulus. It is diffuse and difficult to locate and patient’s report aggravation of
pain on movement. Clinical pain results from induction of sensitization mechanism
after trauma to the tissue and has slow speed of conduction. Receptor pain, similarly to
physiological pain, is initiated by irritation of peripheral nociceptors. Once peripheral
A and C fibers are stimulated by noxious stimuli, the impulse is transduced up the lad-
der from posterior roots or ganglia of the cranial nerves (V, VII, IX, and X) and dorsal
horn of the spinal cord to reach the cerebral cortex and limbic system where perception
of pain occurs. The electrical impulse generated in peripheral receptors is transduced
via lateral and medial spinohypothalamic, spinomesencephalic, and spinoreticular path-
ways to the thalamus, reticular formation, pons, hypothalamus, and periaqueductal gray
matter to cerebral cortex and limbic system. Intensity of generated impulse is modu-
lated by endogenous neurotransmitters (noradrenergic, cholinergic, serotonergic, and
GABA-ergic systems) and opioids. They modify the intensity of pain perceived in cere-
bral cortex by either enhancing or inhibiting the transmission of the noxious stimulus.

7.2.1 Activation of Inflammatory Cascade

Injury to tissue results in activation of the inflammatory cascade in order to initiate
healing and cope with injury. Several mediators like substance P, serotonin, hista-
mine, cytokines, and leukotrienes are released from inflammatory cells. Noxious
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stimuli can also cause cellular changes resulting in pH alteration and influencing
membrane permeability leading to vasodilation, swelling and inflammation [10].
These mediators play a significant role in peripheral sensitization by stimulating
primary afferent nerves and activation of redundant nociceptors. Peripheral activa-
tion by inflammatory mediators bring about changes in CNS resulting in central
sensitization [11, 12]. If not attended appropriately this progresses to development
of primary or secondary hyperalgesia, allodynia or other regional pain syndromes.

7.2.2 Activation of the Sympathetic System

Activation of the sympathetic system in response to pain via adrenergic mediators
adversely affects multiple organ systems in the body. Tachycardia, hypertension,
increased peripheral arterial tone resulting in decreased organ perfusion, impaired
gastrointestinal motility, sphincter spasms resulting in colics and urinary retention
are some of the adverse effects of acute postoperative pain resulting in increased
postoperative morbidity and mortality. Malberg et al., reported significant altera-
tions in the sympathetic and vagal balance in the early postoperative period after
cardiac surgery. In their study, they reported normal functioning of sympathetic tone
and depressed vagal tone for 20 h in the postoperative period and identified this
imbalance as a cause of high incidence of atrial tachycardia in the early postopera-
tive period after cardiac surgery [13].

7.2.3 Activation of Endocrine Super Systems

Prolonged stimulation of the sympathoadrenal-hypothalamo-pitutary super systems
by inadequate postoperative management of acute pain could result in dysregulation
of homeostasis of the body. Leading to suppression of the immune system, poor
wound healing and chronic pain syndromes [14, 15]. Decreased levels of insulin
and increased circulating levels of cortisol, catecholamine, antidiuretic hormone,
corticotropic hormone, renin, angiotensin, and aldosterone is seen in response to
nociceptive stimulation that causes activation of sympathoadrenal-hypothalamo-
pitutary super systems [11].

7.2.4 Autonomic Innervation of Heart
7.2.4.1 Sympathetic Architecture
The inferior-middle cervical stellate paravertebral ganglion contains cell bodies of

postganglionic sympathetic fibers. These sympathetic nerves innervate atrial and
ventricular myocytes modulating inotropy and lusitropy of heart. The principle
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neurotransmitter at these nerve terminals is norepinephrine. Neuropeptide Y
(NPY) and galanin have been identified as co-transmitter at these sympathetic
terminals [16].

7.2.4.2 Parasympathetic Architecture

Parasympathetic innervation of heart primarily modulates heart rate by modulating
hyperpolarization of both sino-atrial and atrio-ventricular nodal tissue. Primary
neurotransmitter released in cardiac ganglion is acetylcholine. Vasoactive intestinal
peptides (VIP) and Nitric Oxide (NO) act as co transmitters at these terminals [17,
18]. Cardiac ganglion receives preganglionic parasympathetic inputs from Vagus.
These ganglions are found embedded in atrial epicardial fat, plexus along the walls
of major vessels and within ventricular walls [19].

7.2.4.3 Transplanted Heart Physiology

Heart transplant recipients have altered cardiovascular control and are unable to
feel pain due to cardiac ischemia due to loss of inflow and outflow of afferent
and efferent nerve signals [20]. The surgically dissected transplanted heart is
extrinsically denervated due to the disruption of parasympathetic vagal neurons
and intrinsic postganglionic sympathetic nerve fibers traveling from the stellate
ganglia to the myocardium [21]. Cardiac denervation results in higher resting
heart rate due to the absence of parasympathetic vagal input and show loss of
normal physiological changes in blood pressure [22]. The transplanted heart has
a lower cardiac index (CI) and heart rate variability (HRV), high stroke volume,
loss of cardiopulmonary baroreflexes, altered diastolic function of the ventri-
cles, and temporary sinus node dysfunction. The denervated heart has depleted
stores of norepinephrine within its nerve terminals. Reduced presynaptic neuro-
nal uptake of catecholamines predisposes heart transplant patients to increased
frequency of arrhythmias due to increased sensitivity to circulating endogenous
catecholamines [23, 24]. Abnormal chronotropic response to exercise, abnormal
catecholamine release and hemodynamic response to exercise and tyramine
injection and impaired exercise capacitance is seen for as long as 1 year after
heart transplant [25, 26].

Variable response to systemically administered adrenergic agonists and antago-
nists is seen in a transplanted heart as it is not controlled by sympathetic or parasym-
pathetic nervous system. Since a transplanted heart has internally depleted
catecholamine stores and depends on catecholamines circulating in blood, trans-
planted patients have increased propensity to develop arrhythmias. The use of
B-blockers should be cautious in heart transplant patients as these medications
adversely affect exercise tolerance of patients in the post-operative period. Loss of
vagal innervation to the heart makes it unresponsive to the effects of atropine or
digoxin, hence they are not recommended for treatment of brady or tachy arrhythmias
in the postoperative period [27]. Bradyarrhythmias in the postoperative period are
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treated with non-selective f-agonists, isoproterenol or via temporary or permanent
pacing. Tachyarrhythmias in the postoperative period are responsive to rate control by
amiodarone or diltiazem and could be indicative of transplant rejection.

7.2.4.4 Reinnervation of Transplanted Heart

Several studies done using Iodine-123 Metaiodobenzylguanidine (MIBG), tyramine
have shown sympathetic reinnervation of the transplanted heart after a period of
6—12 months [28]. Wilson et al., in their study showed heterogeneous sympathetic
reinnervation of sinoatrial node and left ventricle in patients 1 year or more after
heart transplant [29]. Uberfuhr in his study showed minimal or no sympathetic rein-
nervation in first year post transplant but upto 80% from third year onwards followed
by plateau in the process [30]. Sympathetic reinnervation of heart improves exercise
tolerance of the patients in post-transplant period and patients can also feel anginal
pain after sensory reinnervation of the transplanted heart as described by Stark et al.
[31] In comparison to sympathetic innervation, parasympathetic reinnervation of
transplanted heart takes about 12-36 months and is dependent on surgical technique
used for transplant. In their study Bernardi et al. compared the effect of “standard”
surgical technique with “bicaval” method of transplant [32]. In Standard technique,
most of the recipient atria is left intact which helps preserve majority of innate para-
sympathetic axons. Bicaval technique removes almost all of the sympathetic and
parasympathetic innervation as the entire atrial junctions of both superior and infe-
rior venae cavae of the recipient are removed and substituted with corresponding
chambers of the donor heart. Because of the variation in the innervation of the heart
by the two surgical techniques, sympathetic and parasympathetic reinnervation can
be stimulated in heart transplanted with bicaval method, whereas reinnervation in
“standard” transplanted heart has been found to be unsuccessful.

7.2.5 Chronic Pain After Sternotomy

Chronic pain after sternotomy is an underdiagnosed entity in clinical practice. Post-
sternotomy neuralgia was first described by Defalque and Bromley in 1989 [33].
Incidence of neuropathic pain after sternotomy has been reported to be between 11
and 56% [34]. Persistent post sternotomy pain can potentially contribute to
decreasing the quality of life or can be severe enough to impair activities of daily
life. Patients suffering from post-sternotomy pain report numbness, pins and nee-
dles, burning and stabbing sensation or aches at the surgical site [35]. Patients com-
plain of persistent chronic pain at the graft harvest site due to injury to nerves during
harvest or compression during suturing [36]. Irritation by sternal wires has also
been identified as a potential etiology for the neuralgia. Removal of sternal wires
after ruling out other etiologies and sternal instability has shown to be beneficial in
the management of chronic post-sternotomy neuropathic pain [37].
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Pain after cardiac surgery can improve with recovery of the patient. It responds
well to opioid and non-opioid medication administration, intraoperatively and in the
immediate postoperative period. Patients undergoing cardiac transplant are more
likely to be chronically ill and harboring risk factors for the development of chronic
pain such as pre-existing sternotomy and presence of preoperative pain [38].

Cardiothoracic anesthesiologists and surgeons are working collectively towards
enhanced recovery after surgery (ERAS) to decrease morbidity and mortality in
patients. Over the past few years, the focus has been given to preoperative patient
counselling, decreased use of opioids, multimodal analgesia, regional anesthesia,
early ambulation and improved outcomes in postoperative period.

7.3 Management

7.3.1 Patient Counselling

It is thought that patients who are actively involved in the management of their
health show improved outcomes after surgery [39]. Policies and strategies should be
developed to strengthen involvement of the patients in their healthcare to enhance
positive outcomes [39]. Several studies have identified preoperative anxiety as a
potential contributor to the development of chronic postoperative pain [2, 3]. Greszta
et al. has discussed the relationship between the level of anxiety with increased
consumption of analgesics by patients after cardiac surgery [40]. Preoperative
patient counselling can significantly improve the perception of postoperative pain
by patients after cardiac surgery. Several studies have identified pre-existing pain,
low preoperative pain threshold, presence of preoperative chronic pain, low preop-
erative pain tolerance, personality traits, and patient mood and affect to have a posi-
tive correlation with postoperative pain and consumption of analgesics in
postoperative period [41-44]. Ronaldson et al. has shown a positive correlation
between optimism and positive expectations with improved recovery and favour-
able long term outcomes after cardiac surgery [45]. Psychology consultation and
counselling should be offered to help patients cope and get more actively involved
in their recovery after a heart transplant. Patient should be evaluated thoroughly
preoperatively for factors that could modify and guide adequate postoperative pain
management. Several tools listed in Table 7.2 are available for anxiety, pain thresh-
old levels and psychological assessment of patients in the preoperative period.

7.3.2 Pharmacological Management

Pharmacological therapies utilizing both opioid and non-opioid based postop-
erative analgesic management have been found to be effective. Over the past
several decades intravenous opioids have been routinely administered to provide
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Table 7.2 Psychological and pain measurmenet scales [46]

Psychological measurement scales Pain threshold measurement scales
1. Hospital Anxiety and Depression Scale | 1.  Sensory, Mechanical Pain Threshold and
2. Self-rating Questionnaire Heat Pain Threshold and Perception
for Depression 2. Electronic Pressure Algometer
State-Trait Anxiety Inventory 3. Suprathreshold Pain

26-Item Stress Scale
Illness Behavior Questionnaire Disease
Conviction Scale

7. Minnesota Multiphasic Personality
Inventory (MMPI)

8. Eysenck Personality Questionnaire (EPQ)

9. Brief COPE (Coping scale)

10. Pain Catastrophizing Scale

3.
4. Mental Health inventory
5
6

immediate relief for acute postoperative pain. Side effects with increased use of
opioids such as sedation, respiratory depression, nausea, vomiting, ileus, and
urinary retention are well established. These side effects contribute to increased
duration of stay in intensive care units. With an emphasis on enhanced recovery
after surgery for cardiac surgeries, multimodal approach to postoperative anal-
gesia is most frequently recommended. This approach helps decrease the side
effects of individual medications and utilizes the synergistic effect of medica-
tions via different pathways to enhance early extubation and ambulation.
Physicians have been increasingly using opioid sparing medications such as
acetaminophen, dexmedetomedine, local anesthetics, clonidine, ketamine, gaba-
pentin, non-steroidal anti-inflammatory drugs (NSAIDs) and cyclo-oxygenase
(COX) inhibitors as part of pharmacological multimodal analgesia regimens.
Intravenous patient controlled analgesia that continuously or intermittently
infuses opioid or nonopioid medications can also be used to provide adequate
analgesia in the postoperative period. Although several medications are avail-
able to adequately manage postoperative pain, studies have reported patient dis-
satisfaction with the provided management [47]. This brings emphasis to
continued patient, family and nursing staff education in the postoperative period
to optimize and appropriately administer medications for adequate pain
management.

7.3.3 Interventions

ERAS focuses on improving postoperative morbidity and mortality and reducing
the financial burden on the patients and hospitals. Poor postoperative pain control
could be contributory to delayed recovery and discharge from the intensive care
unit. Preemptive analgesia to improve postoperative pain control should be consid-
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ered where feasible. Use of preemptive analgesia with neuroaxial blockade has
shown to reduce the incidence of perioperative arrhythmia, inflammatory response,
pulmonary complications and pain scores after cardiac surgery [48, 49]. Neuroaxial
blocks with indwelling catheters for continuous infusion in the postoperative period
could be most beneficial but has limitations as it could be associated with cata-
strophic epidural hematoma formation due to complete heparinization during car-
diopulmonary bypass. Studies have shown regional blocks under guidance of
ultrasound to be relatively safe even in patients who are anticoagulated preopera-
tively [50, 51]. Perforating branches of intercostal nerves, arising from anterior rami
of thoracic spinal nerves from T1 to T11 provide sensory innervation to chest wall.
Most of the sensory supply of the thoracic chest wall is provided by the anterior
divisions of T2-T6 intercostal nerves, T7 terminates at the Xiphoid process. Nerve
branches of T8-T11 provide sensory supply to the anterior abdominal wall. Various
regional blocks such as paravertebral block, serratus anterior plane block, pectoral
nerve block (PECS—I & II) are performed under ultrasound guidance after induc-
tion of general anesthesia. They can be used to block these perforating branches at
different levels to provide adequate analgesia for thoracotomy or minimally inva-
sive cardiac surgery. Heart transplant requires midline sternotomy incision and has
its own challenges for regional blockade. The most described and appreciated block
for midline sternotomy is bilateral Parasternal intercostal block. This block can be
performed by the surgeons by infiltration of local anesthetic in the field before clo-
sure of sternotomy or by continuous infusion of medications through bilateral para-
sternal catheters in the postoperative period [52]. The use of sternal wound
subcutaneous catheter for continuous infusion of local anesthetics in the postopera-
tive period has also been described in the literature with positive outcomes, but has
shown to have associated increased risk of wound infection [53, 54]. Ultrasound
guided bilateral erector spinae plane block,bilateral paravertebral blocks or bilateral
paravertebral catheters have been successfully utilized to achieve optimum pain
control in the postoperative period [55, 56]. Variable concentration of ropivacaine,
bupivacaine and levobupivacaine have been used to achieve the desired effects.
These blocks can be safely performed using ultrasound guidance after completion
of the surgery and reversal of anticoagulation to extend the effect of analgesia in the
postoperative period. With use of local anesthetics as bolus or continuous infusion
along with local infiltration at the harvest site or chest tube site, one should always
be watchful for local anesthetic toxicity. After assessing risk benefit ratio, comfort
and skill levels of the physician regional nerve blocks could be extensively used to
provide multimodal analgesia to patients undergoing cardiac surgery.

7.3.4 Other Modalities

Ozturk et al. compared paravertebral block with transcutaneous electrical nerve
stimulation (TENS) for pain management after cardiac surgery [57]. Study failed to
prove superiority of TENS over regional block in regards of opioid consumption but
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did show decreased opioid consumption when compared to placebo. TENS is rela-
tively safe, noninvasive, effective and has shown to reduce opioid consumption. It
could be offered to patients as part of the management of postoperative pain.

Patients have also been shown to respond well to nontraditional methods like
perioperative massage, music therapy, acupuncture [58, 59]. Positive response to
these nontraditional methods could be because they help in relaxation, relieving
anxiety and muscle tension that could improve mental well-being of the patients
resulting in improved responsiveness to ongoing pain management.

7.4 Pain Assessment Tools

Several validated pain assessment tools have been developed for optimization of
pain management in postoperative period. These tools or scales are developed to
assess pain in varied patient groups depending upon age, cognitive development,
level of consciousness/sedation, level of education, and cultural or language differ-
ences. Behavioral Pain Scale and the Critical-Care Pain Observation Tool are avail-
able for assessment of pain in intensive care settings. Along with physiological
indicators, physicians should use these tools to assess the response to ongoing pain
management and modify the treatment to improve patient experience. Gelinas et al.
studied 105 intubated and sedated cardiac surgery patients in intensive care unit.
Although the study had limitations, it validated the reliability of Critical-Care Pain
Observation Tool for assessment of pain in sedated patients to modify ongoing man-
agement [60]. Aissaoui et al. validated the reliability of Behavioral Pain Scale in
ventilated critically ill patients [61]. Various scales to assess the severity of pain in
intubated non-communicative or patients who can self-report their pain are listed in
Table 7.3:

Table 7.3 Pain assessment tools

Verbal descriptor scale Non-verbal descriptive scale
1. Face Rating Scale: 1. CPOT: Critical-Care Pain Observation Tool
(a) Oucher Scale 2. BPS: Behavioral Pain Scale
(b) Wong-Baker faces scale 3. ANVPS: Adult Nonverbal Pain Scale
(¢) Revised Faces Pain Scale 4. COMFORT
2. Pain Thermometer Scales 5. FACES-nurse
3. Numeric Rating Scale (NRS) 6. FLACC: Face, Legs, Activity, Cry,
(a) Six-point NRS Consolability scale
(b) Eleven-point NRS 7. PABS: Pain Assessment Behavior Scale

(c) Twenty-one point NRS
4. Visual Analogue Scales
5. Verbal Rating Scales (VRS)
(a) Four-point VRS
(b) Seven-point Graphic Rating Scale
(c) Six-point Present Pain Inventory
(PPI)
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Nonverbal descriptive scales are used to optimize pain management while
patients are intubated and sedated in ICU. These validated scales involve assess-
ment of facial expression, movement of extremities, changes in vital signs, muscle
tension, respiratory distress and other parameters individualized to each scale for
assessment. Once patients are extubated and can self-report verbal descriptive
scales should be brought in clinical use for optimization of postoperative pain
management.

7.5 Challenges in the Management of Pain While
in the Hospital

* Managing expectations of pain after surgery: Patients should receive thorough
counselling regarding postoperative pain management during their preoperative
anesthesia evaluation by anesthesiologist or acute pain medicine physician.
Patients should be provided with counselling regarding the severity of the pain,
its duration, and modalities of treatment planned. Patients should also be made
aware of the different pain assessment tools that will be used while they are intu-
bated. Expectations should never be set to achieve complete pain control. Patients
should be made aware of breakthrough pains.

e Psychological status of the patient: Various studies listed in this chapter have
repeatedly emphasized that preoperative anxiety, depression and other mood
changes have significant impact on the outcome of management of pain after
surgery. Once the preoperative psychological evaluation is done in preparation
for the heart transplant, patients with diagnosed mood disorders should have a
management plan in place to help improve their mental health. They could
receive pharmacological or behavioural therapy with scheduled follow ups to
help improve their mood disorders. A study done on 197 patients undergoing
cardiac surgery has shown that preoperative optimism has a positive impact in
the postoperative period [45]. This study by Ronaldson emphasised that greater
optimism measured pre-operatively was significantly associated with lower pain
intensity and fewer physical symptoms following surgery.

e Nursing: Nurses taking care of patients in intensive care units are the first point
of contact for patients while recovering in ICU after heart transplant. Information
collected by them is helpful in decision making by physicians. Nurses receiving
training for management of patients after heart transplant should also receive
extensive training to assess and document pain scores in ventilated and sedated
patients. Daily review of data collected accurately by nurse can give a very accu-
rate assessment of pain control by ongoing treatment and help modify the treat-
ment in sedated patients. Timely administration of scheduled medication and
continuous maintenance of ongoing infusions without long breaks could be help-
ful in maintaining adequate control, prevention and management of breakthrough
episodes of pain. Good communication between physicians and nursing is key to
provide the best possible care to the patients.
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Assessment of pain: Assessment of pain in the postoperative period could be
challenging in cardiac surgery patients. Transplanted heart is denervated and
patients cannot perceive pain of cardiac origin but referred pain should always be
investigated after surgery to rule out nerve injury or entrapment. Cardiac isch-
emia secondary to inadequate revascularization or new coronary artery disease,
aortic dissection, Dressler’s syndrome, hemo or pneumothorax after removal of
drains, and sternal wound infection should always be ruled out while evaluating
patients for reports of worsening of ongoing pain or new onset pain after cardiac
surgery.

Immunosuppression: Use of high dose opioids is associated with immunosup-
pression in the post-operative period. In his study Welters et al. showed suppres-
sion of granulocyte chemotaxis and neutrophil function on exposure to morphine
[62]. He also demonstrated dose and time dependent reduction of complement
and immunoglobulin receptor expression on the surface of neutrophils after
exposure to morphine. Use of high dose morphine in the postoperative period has
been identified as a modifiable risk factor associated with nosocomial pneumo-
nia in elderly patients after cardiac surgery [63]. Although use is opioids is an
integral part of multimodal analgesia, failure to timely assess pain scores and
continued administration of high dose opioids has been reported to be associated
with increased incidence of surgical site infection and nosocomial pneumonia in
the postoperative period [64].

7.6 Management of Pain in the Inpatient Setting

Pain management in patients after heart transplant has several challenges. Although
many modalities of pain management are available, few can be applied in cardiac
transplant patients due to the nature of the surgery and the coagulation changes that
takes place with heparinization and cardiopulmonary bypass. Some of the safer
modalities and medications are:

1.

Opioids: Routinely prescribed medications for postoperative pain management.
They are titrated according to the severity of pain assessed or reported. Non-
judicious use of opioids could delay extubation of the patient or could result in
delayed respiratory depression after extubation. Opioids should be combined
with other analgesics to decrease side effects and to support ERAS.

. Non opioid medications: Non-steroidal anti-inflammatory drugs (NSAIDs),

acetaminophen and metamizole have been safely used as part of multimodal
analgesia in cardiac surgery patients.

. Patient controlled analgesia (PCA): Use of microprocessor controlled infusion

pumps in the postoperative period for administration of opioids are very helpful
in providing a continuous administration of opioids, reducing episodes of break-
through pain and preventing opioid overdose. These pumps can be used to pro-
vide a set calculated dose of continuous infusion of medication and bolus dose
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intermittently at pre-selected intervals. These pumps do not require training for
use and can be easily used by nurses when patients are sedated and by patients
when they are awake enough to actively participate in their care.

4. Local anesthetic: Skin infiltration with local anesthetic before making incision
for preemptive analgesia is also helpful in decreasing peripheral and central sen-
sitization and systemic response to sternotomy. Infiltration of surgical wound
and drain sites with local anesthetics at closure could have an additive effect on
postoperative pain management.

5. Regional block: One can safely use ultrasound guided single shot regional blocks
preoperatively or after reversal of heparinization and surgical closure to extend
the duration of pain relief in postoperative period.

6. Regional catheters: Studies as mentioned earlier in the chapter, have shown the
effectiveness and safety of regional catheter use for infusion of local anesthetics
for postoperative pain relief. This practice varies across institutions depending
upon the comfort of surgeons and anesthesia providers or request by the patient.

7. Anticonvulsants: Meta-analysis performed by Maitra et al. have shown that peri-
operative use of pregabalin and gabapentin (2 h prior to surgery and continued in
the postoperative period) lowers pain scores in the postoperative period, although
there is no significant difference between postoperative consumption of opioids
as compared to placebo [65].

Note: Thoracic epidurals and paravertebral blocks are considered as “gold standard”
for postoperative pain management in thoracic surgeries [66, 67]. They are a part
of ERAS protocol for thoracic surgery allowing early mobilization and reduced
opioid consumption. These blocks have limited utilization in cardiac surgery
because of the risk of hematoma formation with heparinization which can be
devastating to the patients

7.7 Management of Heart Transplant Patient Presenting
to Emergency Department

With improving survival and longevity of transplant patients, physicians can come
across heart transplant recipients in the emergency department (ED) with varied
presentation. Orthotopic heart transplant patients will not present to the ED with
chest pain for several months after the transplant secondary to denervation related
with surgery. Failure of transplant patients to report typical systemic symptoms
even after several years of transplant owing to alterations in normal anatomy and
physiology by multiple contributory factors should not trivialize their presentation
to the hospital with minor symptoms and should initiate early multidisciplinary
involvement and thorough workup to rule out transplant rejection and avoid detri-
mental outcome of the patient. Thorough workup should be done to rule out graft
rejection, surgical site or systemic infection, ongoing ischemic cardiac event,
arrhythmias and vascular dissection. While managing patients presenting to the ED
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after trauma the alteration in the physiology mentioned earlier in the chapter should
be kept in mind. Transplanted heart does not respond to atropine, hence along with
volume replacement epinephrine, norepinephrine and isoproterenol should be used
for optimization of hemodynamics in trauma patients.

Acute pain management team should be involved early in the care of transplant
patients presenting with trauma to achieve adequate pain control that will have a
positive effect on the surging catecholamine levels and hemodynamics of the trans-
plant patients. Various modalities mentioned in the chapter can be utilized to achieve
adequate pain control in trauma patients. These modalities should be individualized
for every patient after thorough assessment of mental status, hemodynamics, medi-
cation reviews and patient preference when able.

7.8 Discharge Plan for Pain Management

Family support.

Appointment for follow ups as outpatient.

Access to psychological support as outpatient.

Medical prescription with counselling for adequate use of medications.
Counselling regarding coming back to hospital or reaching out to the physician
when required.

Information regarding non-conventional approaches to pain management.
Counselling regarding phase of recovery and changes patients should expect in
the postoperative period.

Dk e =
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Cardiac transplant is a challenging surgery for both care providers and
patients. It requires a tremendous amount of preparation by medical personnel
and patients alike. A team of several physicians work together and prepare the
patient for transplant and a successful outcome. Patients describe this procedure
as a life changing experience because when the transplant is successful, they
experience significant improvement in their quality of life. Patients require con-
stant support in the postoperative period to maintain a good level of quality of
life after the surgery.

Cardiac transplantation is a complex surgery and can result in a prolonged recov-
ery period. Failure of improvement of pain or persistence of pain while in the hos-
pital and after discharge could be devastating to patients. Poor pain control is an
important contributory factor for delayed recovery of the patient, increased duration
of ICU care, increased risk of morbidity, financial burden on patients and hospitals
and loss of productive days of when patients return back to their lives. Development
of chronic pain after surgery can negatively affect the mental health of the patients.
Chronic pain has been identified as a risk for suicidal ideations and attempts by the
patients to end their suffering [68]. Use of multimodal analgesia, continuous evalu-
ation of patients for optimization of treatment, perioperative psychological evalua-
tion and management to repeatedly educate the patients to be optimistic and actively
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participate in their care, and effective communication between care providing teams
and patients could be some of the key factors to enable the patients to actively par-
ticipate in their care and improve their experience during the recovery period.

7.9 Summary

A brief summary of in-patient pain management and discharge planning for pain
management is listed below:

Multimodal approach:

Patient Counselling.

Opioids- Intravenous, PCA, patches or PO when able.

Non opioids—NSAIDs, Acetaminophen, Metamizole.

Ultrasound guided regional blocks—before or after surgery.

Infiltration of surgical incision and drain sites with local anesthetics.
Continuous Peripheral Regional blocks—after reversal of heparinization.
Psychological evaluation and management.

Transcutaneous electrical nerve stimulation.

Non-conventional therapies—Music, massage, acupuncture.
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Chapter 8
Patient with a Cardiac Implantable Device

Check for
updates

Ramsey Saad, Derrick Williams, and Nabil Sibai

8.1 Introduction

The inpatient setting poses different challenges to the pain provider compared to
presentation of patients in the outpatient setting. Patients may present with a higher
degree of acuity, which is usually associated with a prompter expectation of pain
relief. If interventions are to be offered, the expectation for them is to be performed
on an urgent basis. On the other hand, special care should be taken into consider-
ation regarding the patient’s medical condition. Communication between different
care teams is paramount, to ensure safety and effectiveness of treatment. If the
implantable cardiac device was placed at an external facility, communication with
the physician/service who underwent the initial implant, in addition to the device
manufacturer is key to ensure safe and effective treatment.

8.2 Pathophysiology and Risk Factors

Commonly used implantable devices include; pacemakers, automated implantable
cardiac defibrillators (AICD) and left ventricular assist devices (LVAD).

The most common indication for cardiac Pacemakers is bradyarrhythmias. Some
patients with a permanent pacemaker require an upgrade to an implantable
cardioverter-defibrillator (ICD). All functions are usually served by one pulse gen-
erator [1].

The most common indications for permanent pacemaker implantation are sinus
node dysfunction and high-grade or symptomatic atrioventricular (AV) block.
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Guidelines for implantation of cardiac pacemakers have been published jointly by
the American College of Cardiology, the American Heart Association, and the Heart
Rhythm Society (ACC/AHA/HRS) [2].

8.3 Types of Permanent Pacemaker Systems

All cardiac pacemakers consist of two components: a pulse generator, which provides
the electrical impulse; and one or more electrodes (commonly referred to as leads),
which deliver the electrical impulse from the pulse generator to the myocardium.

Transvenous systems: Which is used by most cardiac pacing systems.

Epicardial systems: which utilize a pulse generator with leads that are surgically
attached directly to the epicardial surface of the heart. The major role for epicardial
pacing systems in current practice is for temporary pacing following cardiac surgery.

Leadless systems: In response to the limitations of both transvenous and epicar-
dial pacing systems, efforts have been made to develop leadless cardiac pacing sys-
tems [3-10]. Initial leadless systems involved multiple components but were
associated with high complication rates [3].

Leadless cardiac pacing systems have been approved for use in Europe since
2013, and in April 2016, the first leadless cardiac pacing system was approved for
use in the United States [11].

In 2016, the Nanostim manufacturer issued an alert regarding battery malfunc-
tion occurring between 29- and 37-months post-implant and therefore implantation
of any further Nanostim devices was suspended [11].

Leadless cardiac pacing appears both safe and efficacious in the short term, how-
ever, longer-term follow-up is needed to determine these devices’ safety [1].

8.4 Ventricular Assist Devices (VADs)

A VAD can be used as a bridge to cardiac transplantation (until a donor heart
becomes available), as a bridge to decision (regarding candidacy for cardiac trans-
plantation), as destination (or permanent) therapy, or as a temporary measure until
recovery of heart function. Most patients receiving mechanical cardiac support for
these indications receive a left ventricular assist device (LVAD), other options are
receiving biventricular support in the form of biventricular device (BiVAD; left plus
right ventricular support) or total artificial heart (TAH) [12, 13].

8.5 Management of Pain During Inpatient Hospital Stay

8.5.1 Non Pharmacologic Modalities

Physical therapy: If the patient is a candidate for physical therapy, any limitations
with therapy should be discussed with the cardiologist.
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Transcutaneous Electrical Nerve Stimulation (TENS): The use of TENS is
not recommended in patients with AICD as noise reversion and undersensing might
prevent ICD from delivering shock when needed [14].

Radiofrequency Ablation (RFA): Special precautions should be taken should
RFA be considered on patients with implantable cardiac devices:

* Ensure that temporary pacing and defibrillation equipment is available.

* Avoid direct contact between the ablation catheter and the implanted system.

» Position the return electrode patch so that the electrical current pathway does not
pass through or near the device and leads.

» Always monitor the patient during ablation with at least two separate methods,
such as arterial pressure display, ECG, manual monitoring of the patient’s rhythm
(taking pulse) or monitor by some other means such as ear or finger pulse oxim-
etry, or Doppler pulse detection.

e In the case of pacemakers, to avoid or mitigate the effects of oversensing, if
appropriate for the patient, initiate asynchronous pacing by implementing one of
the following precautions;

e Suspend tachyarrhythmia detection by using a magnet or a programmer. If a
programmer is used and ablation causes a device reset, the cardiac device
resumes detection. After the ablation procedure, remove the magnet or restore
device parameters.

e If appropriate for the patient, program the device to an asynchronous pacing
mode (for example, DOO). After the ablation procedure, remove the magnet or
restore device parameters [15].

8.5.2 Spinal Cord Stimulation

When a patient’s medical condition requires both a neurostimulator and an implanted
cardiac device (e.g., pacemaker, defibrillator), physicians involved with both devices
(e.g., neurologist, neurosurgeon, cardiologist, cardiac surgeon) should discuss the
possible interactions between the devices before surgery.

The electrical pulses from the neurostimulation system may interact with the
sensing operation from a cardiac device and could result in an inappropriate response
of the cardiac device. To minimize or prevent the cardiac device from sensing the
neurostimulator output:

— Implant the devices on opposite sides of the body
— Program the neurostimulator therapy output to a bipolar configuration
— Consider using bipolar sensing on the cardiac device

Careful programming and review of each system’s performance is necessary
to ensure safe cardiac system operation with effective neurostimulation ther-
apy [16].
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8.5.3 Intrathecal Drug Delivery Systems (IDDS)

When a patient has a programmable pump and another active implanted device
(e.g., pacemaker, defibrillator, neurostimulator):

— The radiofrequency (RF) signal used to program either device can reset or repro-
gram the other device.
— The magnet in a cardiac programmer may temporarily stop the pump.

To verify that inadvertent programming did not occur, clinicians familiar with
each device should check the programmed parameters of each device before the
patient is discharged from the hospital and after each programming session of either
device (or as soon as possible after these times).

Also, inform patients to contact their physician immediately if they experience
symptoms that could be related to either device or to the medical condition treated
by either device [17].

8.6 Therapeutic Radiation

External beam ionizing radiation places the CIED at risk of malfunction or reversion
to safety mode. In most cases, the CIED is avoided from the radiation beam, however
it is recommended that patients undergoing therapeutic radiation enroll in a remote
device monitoring program. In high risk cases (such as chest radiation) the recom-
mendation is for the device to be evaluated within 24 h of completing radiation [18].

8.7 Electroconvulsive Therapy (ECT)

There have been case reports describing interference of ECT with CIEDs. The noise
reversion mode may be triggered, in addition to myopotential oversensing from
seizure activity. Sinus tachycardia may also cause inappropriate shock by ICD. The
main concern would be if a prolonged stimulus is used. If so, the pacemaker should
be programmed in asynchronous mode, and unipolar mode should be avoided in
pacemaker—dependent patients. A magnet should also be readily available. Beta
blockade prior to treatment, to avoid tachycardia, should also be considered. Device
interrogation within a month after undergoing ECT is recommended [18].

8.8 Practical Considerations in Patients with Ventricular
Assist Devices

Patients supported by ventricular assist devices (VADs) need to be treated with
anticoagulant and antiplatelet agents to reduce the risk of thrombotic complications
such as device thrombosis and embolic stroke, therefore the risk and benefit of
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holding anticoagulation and antiplatelet therapy should be taken into account should
any interventions be considered [19-21].

Given the reduced arterial pulse pressure seen in these patients, blood pressure is
best estimated using a Doppler ultrasound probe and sphygmomanometer (gener-
ally brachial) [22]. Consultation with Cardiology service and device manufacturer
may be beneficial for ideal monitoring during procedures.

8.9 Pharmacologic Modalities

The use of systemic lidocaine (for infusion therapy) and its oral congeners (mex-
iletine) have been used as a treatment modality for neuropathic pain management
[23]. Mexiletine and systemic lidocaine are contraindicated in second- or third-degree
heart block, except in patients with an artificial functioning pacemaker [24, 25].

Undergoing ketamine infusions for chronic pain is accepted practice in many
institutions [26]. This medication, though, has significant cardiovascular side effects
such as increasing blood pressure, heart rate, and cardiac output. These side effects
should be taken into consideration when considering performing ketamine infusions
in patients with coronary artery disease and also in patients with known arrhyth-
mias [27].

The use of nonsteroidal anti-inflammatory drug (NSAID) therapy is associ-
ated with increased risk of cardiovascular events, the risk being increased in the pres-
ence of prior cardiovascular disease, history of systemic inflammatory disorder, older
age, and male gender, as well as hypertension, hyperlipidemia, diabetes, and smok-
ing [28]. Some but not all case-control studies have suggested a modest increased
risk for the development of atrial fibrillation in patients taking NSAIDs [29, 30].

Methadone is an opioid which can be used for chronic pain in addition to its
well documented role for maintenance programs for patients recovering from opi-
oid abuse. One of the concerns though, is Qtc prolongation, the development of
Torsades de Pointes (TDP) and possibly sudden death. AICD implantation may be
protective in allowing patients to complete methadone programs [31].

Hydrocodone QTc prolongation has been observed with hydrocodone ER, espe-
cially following doses of 160 mg/day. It is recommended to be used with caution in
patients with congestive heart failure, known arrhythmias, electrolyte abnormalities
or in patient using other medications known to prolong the QTc interval. It is also
recommended to be avoided in patients with congenital long QT syndrome [32].

Fentanyl is an opioid which may be used for opioid tolerant patients (in the
transdermal form) in addition to its use for breakthrough pain (either in the intrave-
nous form or for breakthrough cancer pain in the form of lozenge, buccal, intranasal
or sublingual form). It may have cardiovascular side effects in 1-10% of the popula-
tion, in the form of atrial fibrillation, bigeminy, cardiac arrhythmia, hypertension,
hypotension, sinus tachycardia, syncope, tachycardia and vasodilation. These
potential side effects should be taken into consideration prior to prescribing in
patients with known arrhythmias [33].

Other opioids such as oxycodone, though not known to directly affect the Qtc
interval, they may cause severe hypotension (including orthostatic hypotension and
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syncope); and it is recommended to be used with caution in patients with hypovole-
mia, cardiovascular disease, or drugs which may exaggerate hypotension [34].

The use of ondansetron for nausea (occasionally also related to opioid use) may
be associated with QT prolongation. Cases of torsades de pointes have also been
reported. This is more so in the intravenous form compared to the oral form, and in
doses greater than 32 mg. Single doses >16 mg ondansetron I'V are no longer rec-
ommended due to the potential for an increased risk of QT prolongation. In most
patients, these changes are not clinically palpable; however, when used in conjunc-
tion with other agents that prolong these intervals or in those at risk for QT prolon-
gation, arrhythmia may occur. Ondansetron use should be avoided in patients with
congenital long QT syndrome. The risks and benefits of administration, in addition
to the appropriate monitoring should be taken into consideration in patients with
other risk factors for QT prolongation [35, 36].

Certain antidepressants, which may also be effective for neuropathic pain such as
amitriptyline should be used with caution in patients with conduction abnormali-
ties, due to the high risk of developing heart block [37]. Nortriptyline should be
avoided in patients with Brugada syndrome [38].

8.10 Other Challenges in Management of Pain While
in the Hospital

8.10.1 Diagnostic Imaging
8.10.1.1 Magnetic Resonance Imaging (MRI)

Coordination between radiology and cardiology is strongly advised prior to consid-
ering undergoing MRI on patients with cardiovascular implantable electronic
devices (CIED). Moreover, patients with a pacemaker or intracardiac defibrillator in
place who undergo MRI should be under the care of a cardiologist before, during,
and after their exam [39].

The majority of the CIEDs in the United States population are classified as MRI
unsafe [40, 41]. In most scenarios, this is a contraindication to MRI [39, 42, 43].

Many modern CIEDs have been designed to be MRI conditional, which be iden-
tified by model name, number, and manufacturer at MRIsafety.com

Even if the CIED is labeled MRI conditional a cardiac evaluation remains to be
of utmost importance to rule out contraindications to undergoing MRI, for example
disconnected pacer leads are at risk of heating [39, 44].

8.10.1.2 Computerized Tomography (CT) and X-Ray

CT is a well-accepted imaging choice with patients with CIEDs, with the risk of
adverse events considered extremely low. However, per FDA recommendations, the
current understanding is that when a CT scanner directly irradiates the circuitry of
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certain implantable electronic medical devices (i.e. when the device is visible in the
resulting CT image), it can cause sufficient electronic interference to affect the
function and operation of the medical device.

The probability that this can cause significant adverse events remains to be
extremely low. The probability of x-ray electronic interference is lower when the
radiation dose and the radiation dose rate are reduced.

Per FDA recommendations, interference is completely avoided when the medi-
cal device is outside of the primary x-ray beam of the CT scanner [45].

8.10.1.3 Ultrasound

Ultrasound is a well-accepted modality of imaging for patients with CIEDs.

8.11 Electromyography (EMG) and Nerve
Conduction Studies

Given the small amount of current used in these studies, there have been no pub-
lished cases of device malfunction, even if performed in close proximity to the
devices [18].

8.12 Considerations for CIEDs in the OR Setting

Due to the dramatic rise in the use of these devices over the past two decades, the mod-
ern anesthesiologist has seen a steady rise in patients with CIED’s in the operating room.
These patients have numerous considerations that the clinician must take into account
when creating an anesthetic plan. The 2011 HRS/American Society of Anesthesiologists
Expert Consensus Statement created by the American Heart Association, the American
College of Cardiology, and the Society of Thoracic Surgeons was devised to provide
guidelines for perioperative management of patients with CIED’s [18].

The perioperative setting provides unique challenges in the care of patients with
these specific implantable devices such as, the presence of electrical interference,
alterations in electrolytes, pH, and temperature (due to large blood loss or fluid
shifts), and the possibility of device malfunction intraoperatively. Patients with
CIEDs almost universally have systolic heart failure, concomitant ventricular dys-
synchrony, or are subject to malignant arrhythmias such as ventricular tachycardia
or fibrillation. Perioperative management must start with a rigorous preoperative
assessment that should acquire this information:

e Specific surgical procedure and location.

e Type of electrocautery to be used.

e All other sources of electromagnetic interference (EMI).
e Patient positioning.
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» Anticipated large blood loss or fluid shifts.

* Type and function of the CIED.

* Manufacturer and model.

 Indication for implantation.

e CIED program details.

* Pacer dependency.

 Interrogation information (within past 12 months for permanent pacemakers and
past 6 months for ICD’s) [46].

Acquisition of this information will allow for the crafting of an appropriate anes-
thetic plan that will avoid device damage, hemodynamic abnormalities, inappropri-
ate CIED therapy, inadvertent electrical reset to backup pacing modes, or malignant
arrhythmias due to device malfunction [18, 47].

There is a widespread thought that intraoperative management of CIED’s
involves simply placing a magnet on it to disable the anti-tachycardia functions.
However, it is important to note that magnets may result in a wide range of responses
depending on the manufacturer and type of device. Additionally, the device can be
programmed in a manner that is atypical for that given device type [46]. It is impor-
tant that the anesthesiologist determine the type and function of the CIED as part of
the preoperative assessment (look at later) It is critical that the clinician understand
the difference in responses to a magnet. Pacemakers typically respond to magnet
placement by reverting to an asynchronous mode of pacing. Removal leads to a
restoration of the former device pacing program [47]. Implantable cardioverter defi-
brillators (ICDs) typically respond to magnet placement by disabling the anti-
tachycardia function, as mentioned previously. However, it can be programmed to
ignore the magnet application, so it is critical to contact the implanting EP physician
or manufacturer programmer to determine if this has been done. A magnet will not
affect the pacing function of an ICD.

Intraoperatively, the anesthesiologist must assure that the patient with a CIED is
monitored for intraoperative arrhythmias potentially due to interference from
EMI. If it has been determined that a magnet will deactivate the anti-tachycardia
function, all patients must have defibrillator pads placed and be monitored closely
for hemodynamic changes that may arise from EMI induced dysrhythmias [48].

8.13 Special Considerations for CIEDs
in the Emergency Setting

Evaluation of medical record, patient registration card, review of available chest
radiographs, communication with the device company are useful tools for identifi-
cation of the device type. Obtaining a 12-lead electrocardiogram may be useful to
assess pacemaker-dependency. Monitoring the patient with arterial line, having
transcutaneous pacing and external defibrillator pads, and in case of ICD, evaluation
of function prior to leaving monitored setting is essential. Contact with CIED team
and device manufacturer as soon as feasibly possible is very important as well. In



8 Patient with a Cardiac Implantable Device 109

case of pacemaker dependency and in presence of ICD, placing a magnet over the
device to suspend tachyarrhythmia detection and using short electrosurgical bursts
is important. In the case of pacemaker dependency and in absence of ICD, place
magnet only for surgeries above the umbilicus and having a magnet available for
procedures below the level of the umbilicus is recommended [18].

8.14 Discharge Plan for Pain Management

Prior to discharge, the patient should be stable from the cardiac standpoint. Adequate
interrogation of the device, and the necessary outpatient follow up should be coor-
dinated with the cardiology/electrophysiology team. Should any prescribed medica-
tions for pain such as opioids, NSAIDs or mexiletine be considered long term, the
risks and benefits of long-term use should be discussed with the patient. Outpatient
follow up in a pain clinic is reasonable to determine the appropriateness of continu-
ing medications and to monitor effectiveness of the treatment plan and any neces-
sary adjustments or interventions that can be offered.

8.15 Summary

* Special Care should be taken into consideration when managing patients with
CIEDs

e Careful evaluation of comorbidities, concomitant medications including antico-
agulation and antiplatelet therapy is important in order to evaluate the most
appropriate course of management

e Accurate review of medication list, in addition to adequate knowledge of side
effect profile of medications is paramount to patient safety prior to prescribing
medications or considering infusions on patients with known susceptibility to
arrhythmias

e Coordination between radiology, cardiology and device manufacturer is para-
mount prior to undergoing imaging, particularly MRI, in addition to certain pro-
cedures (RFA) and implants

* Review of The Heart Rhythm Society (HRS)/American Society of Anesthesiologists
(ASA) Expert Consensus Statement on the Perioperative Management of Patients
with Implantable Defibrillators, Pacemakers and Arrhythmia Monitors is important
for a safe outcome in the Operating Room setting
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Chapter 9
Patient with Liver Failure

Raj Desai and Nalini Sehgal

9.1 Introduction

In a systematic review of five studies, the prevalence of pain in patients with end-
stage liver disease ranged from 30 to 79% [1]. Appropriate treatment of pain in
hospitalized patients with liver failure is imperative for reducing complications and
for safe discharge. Under treating pain in this population could potentially lead to
inappropriate opioid use and dependence, deconditioning due to prolonged immo-
bilization, increased risk for medical complications, longer hospital stays and poor
patient and family satisfaction.

Treatment of pain in patients with liver failure can be medically complex due to
pharmacologic, metabolic, excretion, and biopsychosocial factors. There can be
potential fatal complications from analgesia in these patients leading to systemic
toxicity, hepatic encephalopathy, GI bleeding and hepatorenal syndrome.

Multimodal treatments with behavioral therapies, rehabilitation therapies and
interventional techniques must be employed to optimize pain control, and reduce
analgesic use. Appropriately adjusting loading dose and maintenance dose, and
slower rate of titration can result in successful pain treatment with lower risk of
adverse effects.

9.2 Pathophysiology

The liver is the site for first pass metabolism, protein synthesis, enzyme activity
(CYP-450), drug conjugation and biliary excretion.
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Hepatic failure reduces capacity of the liver to metabolize drugs. Changes in
protein synthesis, enzyme activity (CYP450), drug conjugation, biliary excretion
and hepatic blood flow alter drug metabolism and result in decreased hepatic clear-
ance, and prolonged drug half-life.

Many of the oral analgesics and medications used in pain management undergo
first pass metabolism in the liver. First-pass metabolism is reduced in patients with
liver disease, resulting in increased proportion of the drug entering the systemic
circulation and increasing the risk of systemic toxicity.

Many drugs are bound to plasma proteins, mainly to albumin and «1-acid glyco-
protein. The synthesis of these proteins is impaired in liver with consequent reduc-
tion in protein binding of the drug, and increased availability of unbound free drug
that can lead to systemic toxicity.

Liver failure is associated with reduced metabolic capacity for drugs that undergo
oxidation and glucuronidation (via CYP-450). To complicate matters further, cyto-
chrome enzymes exhibit genetic polymorphism.

9.3 Treatment

9.3.1 Non-pharmacological Management

Conservative non pharmacologic therapy must be employed as first line pain man-
agement in patients with liver failure. Physical modalities such as topical heat, cold,
ultrasound, TENSs unit can provide relief of pain. These modalities can also be used
as adjunct to pharmacologic and interventional pain management.

Therapeutic heat over areas of localized pain is an effective method of pain con-
trol. Heat improves soft tissue elasticity, increases blood flow, metabolic activity,
oxygen demand and capillary permeability. Examples of therapeutic heat include
hydrocollator packs, fluid baths, heat wraps, and ultrasound diathermy. These
modalities are contraindicated in presence of decreased sensation, acute inflamma-
tion, hemorrhage, malignancy, edema, peripheral vascular disease, and ischemia.
The mechanism of heat transfer depends on the modality/device used and includes
radiation (radiant lamps), conduction (heat packs. water baths), convection, conver-
sion (ultrasound). Ultrasound is used for heat transfer to deeper structures
(2-3 cm deep).

Therapeutic cold: tissue cooling causes local analgesia and muscle relaxation.
Therapeutic cold causes local vasoconstriction, decreases metabolic activity and
enzymatic activity, and decreases oxygen demand. Ice packs, ice massage, contrast
baths and vapo-coolant sprays are used commonly for pain control. Therapeutic
cold is avoided in patients with ischemia, Raynauds Disease, decreased sensation
and inability to report pain.

Transcutaneous electrical nerve stimulation (TENS): TENS uses electrical
impulses to modulate pain transmission at the dorsal horn via mild electrical
stimulation of cutaneous nerve fibers. By varying the current, amplitude, pulse
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width and frequency of the electrical signal, patients can achieve analgesia that can
last for a few hours after the device is turned off.

Behavioral and psychological treatments: Hospitalized patients spend a majority
of time in their beds and rooms alone. It is not uncommon for patients to develop
anxiety, depression, and catastrophizing thoughts which in turn negatively affect
pain treatment outcomes. There is evidence supporting role of psychological inter-
ventions in improving pain, function and quality of life. Behavioral techniques that
have a positive impact include mindfulness meditation, progressive muscle relax-
ation, diaphragmatic breathing and even prayer.

9.3.2 Pharmacological Management

Pharmacological interventions can be initiated and safely titrated in patients with
liver failure [2]. There is paucity of research on drug dosing, dosing intervals in this
population, and modifications of typical prescribing patterns are recommended.
Exercise caution in patients with multi-organ failure. Topical medications such as
lidocaine patches, salonpas patches, diclofenac, are preferred due to low risk of
systemic toxicity, no need for dose adjustment.

Certain medications turn into an active metabolite that is more potent than the
original medication. In the presence of liver failure there will be reduction in the
active metabolite with reduction in efficacy of those medications. That is why giv-
ing medications that will not undergo live metabolism might be recommended in
certain cases.

Codeine is metabolized to Morphine, Hydrocodone is metabolized to
Hydromorphone and Oxycodone to Oxymorphone.

Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit cyclooxygenase
(COX-1 and COX-2) and release of prostaglandins, prostacyclin, and thrombox-
anes. Their use is associated with increased risk of gastrointestinal bleeding and
nephrotoxicity. There are reports of worsening renal failure in patients with liver
cirrhosis with NSAID use [3]. Additionally, NSAIDs use in liver failure can worsen
thrombocytopenia, coagulopathy and exacerbate ascites and edema [3].

Recommendation: avoid all NSAIDs

Acetaminophen is a commonly used over-the-counter analgesic and anti-
pyretic. It is metabolized in the liver by CYP-450 into a toxic metabolite,
N-acetyl-p-benzoquinone imine (NAPQI). Fulminant hepatitis can develop when
ingested in doses greater than 10-15 g. A common misconception is acetamino-
phen should be avoided in patients with liver failure. A study of six patients with
chronic liver disease, received 4 g of Acetaminophen for 5 days, without systemic
toxicity or hepatotoxicity [4]. Studies have shown that short duration use of acet-
aminophen in patients with liver cirrhosis is not associated with worsening liver
injury [5, 6].

Recommendation: Limit acetaminophen to 2 g/day (including combination
medications).
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Opioids should be used cautiously in patients with liver failure. Recommendations
include avoiding extended release formulations, adjusting dosing and prolonging
dosing intervals [7, 8]. Opioids exert their analgesic effect by binding to four differ-
ent receptors. The distribution of these receptors in the body and different tissue
densities account for their varying effects.

Mepridine undergoes extensive metabolism in the liver, and its metabolite nor-
meperidine is neurotoxic, with potential to cause delirium, seizures, and tremors.
Meperidine has therefore fallen out of favor. Codeine is a prodrug and is metabo-
lized by the enzyme CYP 2D6 to morphine. Approximately 5-10% Individuals lack
this enzyme, and 1-2% are ultrarapid metabolizers. Codeine is not recommended
due to its reduced and varying analgesic effects. Fentanyl is generally safe to admin-
ister in this patient population once a total daily opioid requirement is calculated.

Morphine undergoes glucuronidation in the liver, which is usually preserved in
patients with liver failure [8, 9]. Multiple studies have reported delayed clearance of
morphine by 35-60% in patients with cirrhosis [7-9]. Bioavailability of oral mor-
phine is increased due to decreased first pass metabolism. Hence, morphine dose
should be reduced, especially in patients with concomitant renal failure. To avoid
accumulation of toxic metabolites, a twofold increase in dosing interval is recom-
mended [5, 9]. Accumulation of hydrophilic metabolites can result in seizures,
respiratory depression and hepatic encephalopathy. Morphine should be avoided in
presence of renal failure.

Recommended starting dose: 5 mg q 6 h

Tramadol undergoes hepatic oxidation, thus may have unpredictable effects in
liver failure. However, there have been reports of successful management of pain in
patients with liver cirrhosis when acetaminophen was not effective [5]. Caution is
advised in patients with history of seizures.

Recommended starting dose: 50 mg q 12 h.

Oxycodone and hydrocodone is metabolized in the liver and excreted by the
kidneys. Peak plasma concentration and half-life of oxycodone is increased in
patients with liver failure. Reduce the dose and increase the intervals between sub-
sequent dosing for these two drugs.

Recommendation: Hydrocodone 5 mg q 6 h; Oxyocodone 5 mg q 6 h.

Hydromorphone is similar to morphine in regards to its metabolism in the liver
and excretion thorough the kidneys. It is estimated to be 5-7x as potent as mor-
phine. Thus similar dose reduction and prolonged interval of administration is
recommended. Due to the low levels of its primary metabolite (hydromorphone-
3-glucuronide) which is excreted by the kidneys, it is the drug of first choice in
patients with concomitant renal failure.

Recommended starting dose: Hydromorphone 1 mg q 6 h (first choice in con-
comitant renal failure).

Methadone undergoes hepatic metabolism and biphasic elimination. The
A-elimination phase lasts 8—12 h and equates to the period of analgesia. The
B-elimination phase ranges from 30 to 60 h which is insufficient for analgesia, but
sufficient to prevent opioid withdrawal. In the short term, methadone is safe in liver
failure patients, even those with renal impairment. Methadone is not recommended
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in opioid naive patients or as a new medication in opioid sensitive patients during
hospitalization. It is however safe to continue methadone if a patient already taking
methadone as an outpatient, is hospitalized with liver failure. If a decision is made
to prescribe methadone for inpatient use, it is advised to start at 2.5 mg q 8 h. An
EKG must be obtained prior to initiation and a follow up EKG within 3 days after
titration to monitor for QTc prolongation (increased risk if QTc > 450 ms, contrain-
dicated if QTc > 500 ms).

Recommendation: avoid use if patient is not currently on methadone. Continue
outpatient dose while in hospital—may break up into TID dosing for additional pain
control but will need to return to once daily dosing on discharge.

Often times, patients with liver failure experience neuropathic pain from nutri-
tional deficiencies, metabolic abnormalities, alcoholism and diabetes [5].
Antidepressants and anticonvulsants can be used to help achieve additional analge-
sia. Serotonin-norepinephrine reuptake inhibitors (duloxetine) have a black box
warning of drug-induced liver injury and therefore must not be prescribed in liver
failure.

Tricyclic antidepressants (TCAs) have been proven to be effective in treating
neuropathic pain. Their mechanism of action is attributed to the inhibitory effects on
the reuptake of serotonin and norepinephrine in bulbo-spinal neurons and enhanced
descending inhibitory serotonergic and noradrenergic controls from the brain to the
dorsal horn. TCAs are metabolized primarily by the CYP-450 (CYP2GO6) system
and excreted by the kidneys. TCAs have dose-related anticholinergic and cardiovas-
cular side effects. Nortriptyline and desipramine have reduced potency, less sedative
side effects are preferred TCAs [5].

Recommendation: Start at 10 mg ghs with a slow titration 50 mg ghs as needed

Gabapentin and Pregabalin are anticonvulsant drugs that are the mainstay in the
treatment of neuropathic pain. They bind to the alpha-2-delta subunit of voltage
gated calcium channels, reduce calcium-dependent release of excitatory neurotrans-
mitters and decrease neuronal hyperexcitability. They are excreted by the kidneys
and do not typically require dose adjustment in liver failure. Their use is limited by
their side effects such as sedation, ataxia, dizziness.

Recommendation: Gabapentin is first line drug, start at 300 mg daily with slow
titration over weeks. Avoid if CrCl <30. Pregabalin is started at 50 mg BID, slowly
titrated over weeks. Monitor for side effects.

9.4 Interventional Treatment

In addition to oral analgesics and conservative management, there are several inter-
ventional techniques to improve pain control and decrease consumption of opiates
and other analgesics. Regional nerve blocks, joint injections, epidural and soft tis-
sue injections may be an effective pain management option in those who are unable
to tolerate oral medications due to medical comorbidities or adverse effects from
medications. Patients with liver disease may have increased risk of bleeding which
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makes interventional procedures risky or contraindicated. It is important to check
liver function tests and coagulation profile to determine the risk of bleeding before
proceeding with an intervention.

9.5 Pain Assessment Tools

— Numerical Rating Scale—sensitivity to treatments (strength), weakness—no
ratio qualities. ex: difference between 1 and 3 is not equivalent to 7-9 on a 0-10
scale

— Visual Analog Scale—sensitive to treatment effects, correlates with pain behav-
iors, ratio-level scoring properties. Weakness—can be tedious as a ruler is needed
to measure the score, difficult to use in patients with cognitive deficits (high non
completion rate)

— In cognitively impaired patients, verbal rating scale may be more appropriate.

— Intubated patients, behavioral pain scale (not reliable)

9.6 Discharge Plan for Pain Management

*  Avoid NSAIDs

e Recommend acupuncture, heat/cold modalities, progressive muscle relaxation,
distraction, mindfulness meditation

e Acetaminophen <2 g/daily

» Continue short acting pain medications, may need to utilize a risk assessment for
potential for abuse

* Refer to a pain specialist for consideration of comprehensive multidisciplinary
pain management including interventional pain management

» Treat anxiety and depression. Consider referral to a pain psychologist

9.7 Summary

e Patients with liver failure can use analgesics with appropriate dose adjustments
and prolonged dosing intervals. Titrate cautiously.

* Consider non-pharmacologic treatments such as topical cold & heat, massage,
relaxation, music therapy, breathing exercises, mindfulness meditation

» Use topical medications whenever feasible and appropriate, e.g. local joint pain,
nerve pain

* Do not use oral NSAIDs, Meperidine, codeine

e It is safe to use acetaminophen in doses <2 g/day
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Explore feasibility of regional analgesia prior to starting oral medications,
including opioids

When prescribing opioids, recommend short acting/IR opioids with extended
dosing intervals. Hydromorphone is preferred over Morphine in patients with
concomitant renal impairment

Avoid long acting opioids

check risk of bleeding before planning an interventional pain procedure
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Chapter 10
Patient with Renal Failure

Raj Desai and Nalini Sehgal

10.1 Introduction and Pathophysiology

Pain is commonly reported by patients with chronic kidney disease (CKD), >58%
CKD patients experience pain, and 49% have moderate to severe pain [1]. Pain is
predominantly of musculoskeletal origin, although neuropathic and mixed nocicep-
tive/neuropathic pain conditions are not uncommon. Pain assessment and treatment in
CKD is suboptimal and there are no evidence based guidelines for treatment of pain
in CKD. Despite the efficacy of acetaminophen, its use is extremely low, NSAID use
is inappropriately high, opioid use and selection of opioid is inappropriate in CKD.

There are many challenges to pain treatment in CKD: increased risk for adverse
effects from associated comorbidities, increased drug sensitivity, a small margin
between analgesia and toxicity, drug and metabolite accumulation due to impaired
excretion, altered drug pharmacokinetics and pharmacodynamics. There is limited
data on analgesic pharmacokinetics, level of evidence for use of individual analge-
sics varies considerably, most studies are small, single dose studies, or short dura-
tion studies and data on clinically important outcomes is lacking [1, 2].

The scope of this chapter is to discuss commonly utilized pain treatments that are
safe in patients with CKD including end stage renal disease (ESRD). CKD is defined
as a GFR <60 mL/min/1.73 m? for 3 months or more or structural/functional kidney
damage with or without changes in GFR. Based on disease progress, CKD can be
divided into five stages: stages 1 and 2 have normal or mild reduction of renal func-
tion and GFR, stages 3 & 4 are moderate to severe impairment of renal function and
reduction in GFR, stage 5 is end-stage renal disease (ESRD). ESRD is defined as
GFR < 15 mL/min/1.73 m? for greater than 3 months [3].
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10.2 Treatment

A multi-modal pain management approach is strongly recommended to optimize
treatment outcomes.

10.2.1 Non-pharmacological Management

These treatment modalities are often similar to the general chronic pain population,
and are safe in patients with CKD with little to no adverse effects. Many ESRD
patients have limited physical, respiratory, or cardiac functional capacity thus limit-
ing some physical interventions such as physical or occupational therapy (exercise,
soft tissue release, massage). Patient participation in physical and occupational
therapy at a slower, more tolerable pace is recommended.

Therapeutic heat (hydrocollator packs, fluid baths, heat wraps and ultrasound
diathermy) and therapeutic cold (ice packs, ice massage, contrast baths and vapo-
coolant sprays) are thermal modalities that can decrease pain in CKD/ESRD. Heat
therapy improves elasticity of soft tissues, increases local blood flow, metabolic
activity, oxygen demand and capillary permeability [4, 5]. Cold therapy leads to
vasoconstriction, decreased metabolic activity, decreased enzymatic activity, and
decreased oxygen demand [4, 5]. It is best to avoid use of thermal modalities in areas
with decreased sensation, ischemia, or in presence of peripheral vascular disease.

Electrical stimulation, using transcutaneous electrical nerve stimulation (TENS),
has been employed in pain management for several years, it modulates pain trans-
mission at the dorsal horn. The device consists of skin patches and a wearable
device that allows for adjusting the current, amplitude, pulse width and frequency to
achieve analgesia that can last for a few hours after turning off the device.

Patients with ESRD experience decreased social interactions, depression, anxi-
ety, catastrophizing and pain related activity interference. Evaluation and treatment
for comorbid psychological conditions is therefore recommended. Psychological
interventions such as cognitive behavioral therapy, progressive muscle relaxation,
mindfulness meditation, music therapy, diaphragmatic breathing have demonstrated
efficacy in improving pain catastrophizing, pain interference, depression and anxi-
ety in acute and chronic pain.

10.2.2 Pharmacological Management

Current approach to pain management in CKD is adopted from guidelines on
chronic pain management in general population and in geriatric population, supple-
mented by consensus statements/ expert opinions. There is no study on long term
use of any analgesic in CKD.
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Acetaminophen: Analgesic of choice for mild to moderate pain, and is one of the
safest, most cost-effective non-opioid analgesic when administered in analgesic
doses. The mechanism of action is not well understood, it has analgesic and anti-
pyretic effects attributed to inhibition of central prostaglandin synthesis. The drug is
metabolized in the liver to inactive metabolites. Less than <5% of the drug is
excreted in the urine. Acetaminophen has a half-life of 14 h and the half-life is
unchanged in CKD. There is no need to reduce the dose [1]. Acetaminophen is
removed by hemodialysis.

Recommendation: acetaminophen 500—1000 mg q 4—6 h, with maximum of 4 g/
day (2 g if concomitant Liver failure). IV is recommended over PO, if available, for
greater analgesia.

Non-Steroidal anti-inflammatory drugs (NSAIDs): NSAIDs primarily inhibit
cyclooxygenase (COX-1 and COX-2) and secondarily, inhibit transformation of
arachidonic acid to prostaglandins, prostacyclin, and thromboxanes. They deplete
renal vasodilator prostaglandins, allow unopposed vasoconstriction and decrease
renal blood flow. NSAIDs undergo biotransformation in the liver and are excreted
by the kidneys. They have been shown to accelerate renal impairment in healthy
patients and early CKD patients. A systematic review and meta-analysis of observa-
tional studies found no significant risk of accelerated CKD progression with regular
NSAID use in patients with stage 3—5 CKD but high dose NSAID use significantly
increased risk of accelerated CKD progression [6]. If NSAIDs are used, risks must
be balanced against the benefits and use limited to shortest duration possible with
close monitoring of renal function. NSAIDs should be avoided in patients with
conditions that can impair renal function, such as advanced age, diabetes, use of
ACE inhibitors and dehydration or hypotension. COX-2 must also be used cau-
tiously. NSAID may worsen renal function in CKD 3-5 and are not recom-
mended [1, 7].

Recommendation: Utilize lowest effective dose with short acting agents. Topicals
are recommended over oral NSAIDs (lowest effective dose).

Opioids: Analgesic of choice in patients with moderate to severe pain. Codeine,
Morphine, and Meperidine are contraindicated in patients with ESRD. They have
toxic metabolites that are renally excreted and their accumulation in CKD causes
hyperalgesia, neurotoxicity, respiratory depression, and other unwanted side effects.

Medications that should absolutely be avoided in patients with renal failure are
Codeine, Morphine, Meperidine.

Tramadol: It has dual mechanism of action: partial p-agonist activity and sero-
tonin and norepinephrine reuptake inhibition. Tramadol is metabolized by the liver
into an active metabolite, O-desmethyltramadol (M1) and 90% of the drug is
excreted by the kidneys, 30% unchanged, 60% as a metabolite. Accumulation of
M1 metabolite in CKD can cause sedation and seizures. Co-administration of sero-
tonin re-uptake inhibitors and other serotonergic drugs also increases seizure risk.
Lowering the maximum daily dose and increasing the interval between doses is
advised [7, 8].

Recommendation: Avoid Extended Release (ER) formulation. Tramadol should
be dosed q 50-100 q 12 h with a maximum dosage of 100 mg daily with
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GFR < 30 mL/. It is significantly removed with hemodialysis, thus administered
after hemodialysis.

Oxyocodone: A strong (1.5 times more potent than morphine) opioid receptor
agonist with high bioavailability and metabolized by the liver (noroxycodone and
oxymorphone) and excreted by the kidneys (10% unchanged).

Recommendation: Use as second line agent, with close monitoring. Avoid
extended release formulations.

Fentanyl: A short acting, strong (75—125 times more potent than morphine) opi-
oid receptor agonist that undergoes hepatic metabolism into an inactive metabolite,
norfentanyl, and renally excreted (5—10% unchanged). This is a safe medication to
administer in patients with ESRD, as it is metabolized into an inactive metabolite.

Recommendation: No change in dosage or dosing intervals recommended.

Hydromorphone: A short acting strong opioid agonist (5—7 times more potent
than morphine) that undergoes hepatic metabolism into an active metabolite
(hydromorphone-3-glucuronide, H3G) and is excreted by the kidneys. H3G lacks
analgesic properties but possess potent neuroexcitatory properties that are 10 times
stronger than the parent compound and can cause allodynia, myoclonus and sei-
zures. H3G concentration is dose dependent but is produced in small quantities by
the liver. H3G has been shown to clear with hemodialysis [9, 10].

Recommendation: No change in dosage or dosing intervals recommended.

Methadone: A long acting NMDA-antagonist, serotonin-norepinephrine reup-
take inhibitor and opioid receptor agonist that undergoes hepatic metabolism into
inactive metabolites and is excreted in the feces (20%). Renal excretion rate changes
with pH of urine. There is evidence to suggest that compensatory fecal excretion of
methadone metabolites occurs in patients with reduced kidney clearance [8]. It does
not accumulate in ESRD and is not filtered appreciably during hemodialysis.
Methadone can be effective for neuropathic pain in ESRD patients.

Recommendation: No change in dosage or dosing intervals recommended.

Buprenorphine: A long acting opioid receptor agonist with a ceiling effect for
respiratory depression, but no ceiling for analgesia. Buprenorphine is metabolized
by the liver into an active metabolite (norbuprenorphine, 10-20%) and minimally
excreted by the kidneys. Norbuprenorphine has less analgesic potency and greater
potency for respiratory depression but does not cross the blood brain barrier. It is not
hemodialyzed.

Recommendation: No change in dosage or dosing intervals recommended.

10.2.3 Adjuvant and Other Analgesics

Gabapentinoids: Gabapentin and Pregabalin are chemical analogues of GABA neu-
rotransmitter and bind to the alpha-2-delta protein subunit of the calcium channels
in the CNS. Both medications are renally excreted (92—100%), and have prolonged
half-life in CKD patients. These drugs freely cross the blood brain barrier and the
dose must be adjusted based on GFR [1]. The drug is removed through
hemodialysis.
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Recommendation: A dose reduction is recommended. The dose for gabapentin is
300 mg daily, and for Pregabalin 75 mg daily. It can take up to 2 months at these
doses to notice an effect.

Duloxetine: A serotonin and norepinephrine reuptake inhibitor. It is not recom-
mended in patients with ESRD. Some have recommended starting at a low dose
with a maximum of 30 mg daily [11].

Tricyclic antidepressants (TCA): Primarily serotonin and norepinephrine reup-
take inhibitors with adrenergic, antihistaminic and anticholinergic activity. TCAs are
metabolized in the liver and excreted by the kidneys. This class of drugs has dose-
related cardiovascular and anticholinergic effects, which limits their use in CKD.

Recommendation: No dose reduction needed, but advise to start at the lowest
possible dose (Amitriptyline 10 mg). Can take up to 6 weeks to take effect.

10.3 Interventions

Interventional techniques: Regional blocks, joint injections, nerve blocks, epidural
injections with local anesthetics and corticosteroids are safe in patients with CKD
including ESRD. Reduce local anesthetic dose during interventional procedures
(lidocaine, bupivacaine, and levobupivacaine). Extreme caution with minimal dose
possible is advised when using low osmolar contrast medium.

Recommendation: Dose reduction recommended with the use of local anesthet-
ics (lidocaine, bupivacaine, and levobupivacaine) and contrast medium.

10.4 Pain Assessment Tools

There are numerous validated pain assessment tools that can be employed to assess
pain in CKD patients. Numeric pain rating scale (0-10) is a single item validated
pain scale that is common, easy to use and reliable. Single item pain scales do not
measure the complexity of pain experience, other multi-dimensional pain scales are
available. Where feasible, two scales can be utilized to assess pain in patients
with CKD:

1. Edmonton Symptom Assessment System Revised: Renal (ESAS-r:Renal) .
2. Palliative Care Outcome Scale-Renal.

10.5 Management of Pain in the Inpatient Setting

e Modalities and Medications to avoid

— Avoid therapeutic heat/cold and electrical stimulation over areas of decreased
sensation, in patients with peripheral vascular disease and local ischemia
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— Avoid codeine, morphine, dextropropoxyphene and pethidine in CKD
— Avoid NSAIDs if possible in CKD.

¢ Safe modalities and medications

— Physical and Occupational therapy

— Cognitive behavioral therapy (CBT), Mindfulness meditation (MM)

— Acetaminophen

— Medications for neuropathic pain: Ketamine, gabapentin/pregabalin (reduce
dose)

— Opioids: fentanyl, methadone, hydromorphone, buprenorphine.

10.6 Discharge Plan for Pain Management

e Utilize complementary alternative medicine techniques (acupuncture, heat/cold
modalities, progressive muscle relaxation, distraction)

» Referral to a pain psychologist, encourage mindfulness meditation.

e Utilize injections/ interventional pain management approaches where indicated

e Pharmacotherapy

— Start with Acetaminophen <4 g/daily (2 g if concomitant hepatic failure)

— Avoid NSAIDs, where cannot avoid use, select short acting NSAID at lowest
possible dose

— Before prescribing opioids, assess risk for abuse. Risk assessment tools such
as SOAP-R or DIRE may be used.

— Opioids that are safe to use: fentanyl, methadone, buprenorphine with close
monitoring

— Gabapentin 300 mg daily or Pregabalin 75 mg daily

— Anmitriptyline 10 mg daily with slow titration

10.7 Summary

e Start with therapeutic heat/cold, electrical stimulation and encourage psycho-
logical techniques such as relaxation, distraction, and mindfulness meditation

e Complementary and alternative medicine (CAM) treatments are useful as an
adjunct to pharmacological or interventional techniques

e Determine if pain is nociceptive or neuropathic and select medications
appropriately

* Interventional pain techniques such as regional anesthesia, joint injections, epi-
dural injections where indicated can reduce the need for opioids and other anal-
gesics and provide more localized analgesia without systemic side effects.



10

Patient with Renal Failure 129

References

11.

. Davison SN, Koncicki H, Brennan F. Pain in chronic kidney disease: a scoping review. Semin

Dial. 2014;27(12):188-204.

. Marks JL, van der Heijde DM, Colebatch AN, et al. Pain pharmacotherapy in patients with

inflammatory arthritis and concurrent cardiovascular or renal disease: a Cochrane systematic
review. J Rheumatol Suppl. 2012;90:81-4.

. Levey AS, Coresh J, Balk E, et al. National Kidney Foundation practice guidelines for chronic

kidney disease: evaluation, classification and stratification. Ann Intern Med. 2003;139:137-47.

. Sehgal N, Laursen K, Falco F, Manchikanti L. Rehabilitation treatments for chronic muscu-

loskeletal pain. In: Moore RJ, editor. Handbook of pain and palliative care. 2nd ed. Berlin:
Springer Nature; 2018.

. Cifu DX, Kaelin DL, Kowalske KJ, Lew HL, Miller MA, Ragnarsson KT, Worsowicz

GM. Braddom’s physical medicine & rehabilitation. Philadelphia: Elsevier; 2016.

. Nderitu P, Doos L, Jones PW, Davies SJ, Kadam UT. Non-steroidal anti-inflammatory drugs

and chronic kidney disease progression: a systematic review. Fam Pract. 2013;30(3):247-55.

. Tawfic QA, Bellingham G. Postoperative pain management in patients with chronic kidney

disease. J Anaesthesiol Clin Pharmacol. 2015;31(1):6-13.

. Pham PC, Khaing K, Sievers TM, Pham PM, Miller JM, Pham SV, et al. 2017 update on

pain management in patients with chronic kidney disease. Clin Kidney J. 2017;10(5):688-97.
Benzon, H. T., Raja, S., Liu, S. S., Fishman, S., & Cohen, S. P. (2018). Essentials of pain
medicine. Philadelphia, PA: Elseiver.

. Davison SN, Mayo PR. Pain management in chronic kidney disease: the pharmacokinetics

and pharmacodynamics of hydromorphone and hydromorphone-3-glucuronide in hemodialy-
sis patients. J Opioid Manag. 2008;4(6):335.

. Felden L, Walter C, Harder S, et al. Comparative clinical effects of hydromorphone and mor-

phine a meta-analysis. Br J Anaesth. 2011;107:319-28.

Nguyen T, Shoukhardin I, Gouse A. Duloxetine uses in patients with kidney disease: dif-
ferent recommendations from the United States versus Europe and Canada. Am J Ther.
2019;26(4):e516-9.



®

Check for
updates

Chapter 11
Patient with Lung Transplant

Chinyere Archie, Jon Livelsberger, and Rany T. Abdallah

11.1 Introduction

Since the first successful lung transplant performed in 1981, the procedure has
become a common surgical operation performed for end-stage respiratory diseases
in select patients (Fig. 11.1). The indications for lung transplantation have expanded
to include not only the two most common indications of idiopathic pulmonary fibro-
sis (IPF) and Chronic Obstructive Pulmonary Disease (COPD), but also cystic fibro-
sis, alpha-1-antitrypsin deficiency emphysema, primary pulmonary hypertension
and sarcoidosis. In 2017, 2478 lung transplants were performed in the USA. National
lung transplant rates have continued to consistently increase, with a transplant rate
of 173.2 per 100 waitlist-years in the year 2017, compared to 106 per 100 waitlist-
years in the year 2012 [1, 2]. Advancements in perioperative care are largely owed
to improved organ preservation, surgical techniques, mechanical ventilation strate-
gies, extracorporeal support and immunosuppressive regimens [3, 4]. Physical reha-
bilitation and appropriate pain control are essential components of management,
best handled with a comprehensive multidisciplinary and multimodal approach.
Postoperative pain associated with thoracotomy and lung transplantation is asso-
ciated with prolonged mechanical ventilation, increased hospital length of stay, and
elevated risk of atelectasis, infections and development of chronic pain and depres-
sion [5-8]. A study of 143 patients awaiting transplant reported a preoperative prev-
alence of pain of 59% [9]. These findings underscore the importance of determining
and addressing risk factors for postoperative pain. Another study of 96 lung
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Fig. 11.1 Lung transplant procedure

transplanted patients reported a 49% incidence of pain greater than 3 months after
the operation [8]. In a study by Forsberg et al. of 113 lung transplant recipients, the
prevalence of chronic postoperative bodily pain was 51% after 1 year, 68% after 2
years, 69.5% after 3 years, 75% after 4 years and 54.5% after 5 years [10].

These patients experience significant psychological stressors during the periop-
erative period and pain associated with psychiatric comorbidities. Lung transplanta-
tion presents unique challenges for the pain management physician. Pain control
begins in the preoperative period for many patients with chronic lung disease. Sound
inpatient postoperative analgesia is of paramount importance for positive rehabilita-
tive outcomes.

11.2 Pathophysiology

During postoperative hospitalization, lung transplant recipients typically describe
pain experienced in the chest, back, neck or shoulders. Work of breathing may be
increased chronically and/or during exacerbations of disease states as part of a
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physiological response to compensation for hypercarbia or hypoxemia. The same is
true during the postoperative recovery should any of these acid-base perturbations
occur. During these periods, there is increased use of accessory muscles of respira-
tion including the scalene, sternocleidomastoid, intercostal, erector spinae muscles
and the diaphragm. The rectus abdominis, internal and external obliques and trans-
versus abdominis are also recruited in active labored respiration and in more
extreme cases may become fatigued. Overuse of these skeletal muscles may con-
tribute to musculoskeletal pain of the neck, chest and abdomen. Furthermore, it is
important to avoid bronchoconstriction in the postoperative period as this leads to
hyperinflation and limited lengthening of inspiratory muscle fibers. The muscles
are, in turn, less effective during contraction and a greater motor force is required to
perform the same mechanical work [12].

Chronic cough and pleurisy are often experienced with recurrent pneumonias,
emphysematous disease and chronic bronchitis, and may lead to pleuritic chest
pain. This pain may be experienced at the site of pleural inflammation or referred to
the neck or shoulder. Headaches can occur secondary to chronic hypoxemia and are
often poorly localized, global and achy in nature. The sensation of ‘chest tightness’
is sometimes perceived as painful. This sensation can occur during periods of air-
way narrowing due to inflammation, pulmonary edema and bronchospasm.
Pulmonary embolism and myocardial ischemia are important perioperative consid-
erations to rule out when any of the above symptoms present.

Surgical site pain is a primary consideration for planning for analgesia. Soft
and bony tissues are disrupted by direct incision, blunt dissection, retraction and
placement of chest drains. For a single lung transplant procedure, the classical
surgical approach is via a posterolateral thoracotomy in the fourth or fifth inter-
costal space. The posterior arc of the sixth rib is divided, after which a rib
spreader is used to open the chest wall. At the end of the procedure, two large-
bore chest tubes are left in the pleural cavity and one in the mediastinum. In
patients undergoing a bilateral lung transplant, a much more extensive trans-
verse or ‘clamshell’ bilateral thoracosternotomy is made in the sub-mammary
region at the level of T4. The sternum is divided transversely at this level and
closed with wires. Two chest tubes remain on each side and an optional medias-
tinal drain. The intercostal space at which the chest tubes are inserted varies.
Patients often complain of pain and soreness at the insertion sites [13]. The
innervation from to the affected dermatomes is from the afferent fibers of the
dorsal roots of the respective spinal nerves.

11.3 Risk Factors

Several studies have been conducted to assess risk factors for pain in lung transplant
patients. Debilitating end-stage pulmonary diseases are associated with chronic
pain and it is helpful to differentiate this from acute complaints. For example, a
single lung transplant may be performed in a patient who has bilateral pulmonary
pathology and the patient may continue to experience the same pain related to the
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medical diagnosis, in addition to post-surgical pain. Postoperatively, patients typi-
cally describe back pain experienced in the chest, back, neck or shoulders.

In a study by Jacques et al., the independent risk factors of cystic fibrosis, female
sex and depression are correlated with a higher preoperative pain score [9]. A preop-
erative diagnosis of COPD is a risk factor for persistent pain several years after the
operation [11]. The presence of pulmonary emphysema was found to be an indepen-
dent predictor of prolonged postoperative pain in a study by Girard et al. In the same
study, 49% of 96 lung transplant recipients reported persistent pain after 3 months.
These were more likely to be those who had undergone single lung transplants [8].

A retrospective study found that lung transplant recipients reported higher levels
of postoperative pain than those who underwent thoracotomies for other indications
[13]. The thoracotomy incision for single lung transplant operations is similar to that
for other operations, so it is likely that other factors come into play. A possible con-
tributor includes the long duration of surgery and of soft tissue and rib retraction,
although this has not been studied. Of note, the clamshell incision is a more painful
incision than a vertical sternotomy performed for bilateral lung transplants [14].

During the postoperative hospitalization, predictors of higher pain levels include
pretransplant history of anxiety or depression, bilateral lung transplant and lower
six-minute walk distance [15]. Preexisting chronic pain is also a major risk factor
for postoperative pain [16].

11.4 Diagnosis

The location of pain related to lung transplant surgery is usually at the surgical site
or anywhere in the chest, back or upper abdomen. Pain may be referred to the shoul-
der, neck, jaw or upper limb. The diagnosis of the source of pain may be obvious or
may require further investigation. The patient may present with the sensation of
shortness of breath (SOB) or be observed to exhibit increased work of breathing or
poor synchrony with the ventilator. The patient may be experiencing pain at the
surgical site or chest tube site, which may be superficial or deeper visceral pain.
SOB may be accompanied by fever, cough and increased oxygen requirements in
the setting of a pneumonia, in which case the pain may be pleuritic in nature. Pain
may be related to pleural irritation associated with a pneumothorax, pleural effusion
or pneumomediastinum, all potential complications of the surgery. In all these
cases, specific associated symptoms and with varying acuity, narrow the differential
diagnosis and a plain radiograph of the chest may be diagnostic. Computer tomog-
raphy (CT) scan, magnetic resonance imaging (MRI) or bedside ultrasound may all
be useful tools to help narrow the pain differential diagnosis. Other signs of pain
include tachycardia, hypertension and splinting with excessive use of abdominal
muscles during respiration. It is important to rule out life-threatening differential
diagnosis which may present with chest or back pain. These include acute coronary
syndromes, acute pulmonary embolism, aortic dissection and cardiac tamponade.
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When chronic pain occurs and the source is difficult to diagnose, electromyogra-
phy (EMGQG) is useful to diagnose neuromuscular disorders which may have devel-
oped secondary to nerve injury or muscular injury. It provides reliable and
reproducible information on nerve dysfunction, muscle dysfunction or abnormal
signaling at the neuromuscular junction.

11.5 Treatment

As previously mentioned, treatment should be approached in a wholistic and multi-
modal manner. A cohesive multidisciplinary team approach involves the surgeon,
anesthesiologist, pulmonologist, physiotherapist, psychiatrist and pain management
physician. This discussion of management will be divided in to non-pharmacological,
pharmacological, interventional and other modalities of care.

11.5.1 Non-pharmacological Management

The non-pharmacological treatment of pain involves several conventional and alter-
native interventions.

Physical therapy focuses on pulmonary care and is administered in increasing
increments as the patient recovers. It typically involves chest vibratory physiother-
apy, incentive spirometry and other deep breathing exercises, walking and other
forms of cardiovascular exercise, stretching and muscle toning exercises and
desensitization.

Medical education and psychologic conditioning help set the atmosphere for
appropriate expectations and interpretation of sensory stimuli. Application of these
entities early in the course of care also helps reduce anxiety and psychological stress
associated with major surgery, which in themselves can distort the perception of
stimuli.

Alternative therapies include comfort therapies such as massage therapy, appli-
cation of heat/cold to affected areas, music or art therapy, yoga and medication.
Others include medical hypnosis and acupressure.

11.5.2 Pharmacological Management

The pharmacological treatment of pain after lung transplant is geared toward
addressing the regions and factors contributing to the sensation of pain described
earlier. This discussion does not provide an exhaustive list but rather a review of the
common medications used.
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Dexmedetomidine is a selective alpha-2-adrenergic receptor agonist.
Dexmedetomidine infusions in the immediate postoperative period facilitate smooth
emergence from anesthesia and may be combined with other medications or used
independently for the treatment of pain.

Ketamine exerts effects at N-methyl-pD-aspartate (NMDA), opioid, muscarinic
and monoaminergic receptors. In sub-anesthetic doses, it can be used in the immedi-
ate postoperative period as a continuous infusion for sedative and potent analgesic
properties. Administration of intravenous ketamine facilitates weaning of opioids
and other sedatives. Ketamine possesses bronchodilator properties, which may be
beneficial in this setting. The drug is however a sympathomimetic and must be used
with caution in patients with ischemic heart disease, hypertensive crises and acute
psychiatric disturbances.

Opioids are valuable in the acute post-operative period and are usually adminis-
tered intravenously. Choices of delivery include the use of scheduled ‘around the
clock’ dosing, ‘as needed’ nurse-administered bolus dosing and patient controlled
analgesia (PCA) pumps. The choice of opioid depends on the stage of recovery,
comorbidities and desired secondary effects. Remifentanil is very potent and has a
short context-sensitive half-life (CSHL), so it does not delay ventilatory weaning. A
Remifentanil infusion may be used immediately postoperatively. Hyperalgesia may
occur upon its discontinuation and the need for rescue therapies should be antici-
pated. Hydromorphone, morphine or fentanyl are used for intravenous bolus dosing
for analgesia during hospitalization. These medications may also be used as con-
tinuous infusions and provide the additional benefit of sedation. The CSHL of fen-
tanyl is longer than that of remifentanil but much shorter than that of morphine.
Morphine should be used cautiously and at a reduced dose in patients with renal
failure. Morphine-6-glucoronide (M6G) is an active metabolite with mu-receptor
agonist effects more potent than morphine. It can accumulate to toxic levels, espe-
cially in the setting of renal failure [17]. In addition to its analgesic effect at mu
receptors, morphine has proven useful in patients to reduce breathlessness or “air
hunger”, which in turn lends to a reduction in respiratory rate, hyperinflation and
anxiety [18]. Orally administered oxycodone and morphine are useful especially
when transitioning a patient from parenteral analgesic to an oral regimen. The medi-
cations are available in immediate and extended release formulations. Opioids are a
potent and valuable class of drugs for use in the immediate postoperative period.
Their prolonged use is associated with tolerance and predisposition to opioid-use
disorder [19]. Additionally, it is important to consider whether a patient is opioid
naive or tolerant when planning an analgesic regimen. In a 2018 retrospective study
for lung transplant recipients, it was found that a history of pretransplant opioid use
reduces early survival and increases opioid requirements postoperatively [20].

Non-steroidal anti-inflammatory drugs (NSAIDs) must be used cautiously,
if at all.

Non-selective NSAIDs exhibit anti-prostaglandin effects which reduce inflam-
mation and pain. However, in this setting, interaction with immunosuppressant
medications limits their usefulness, given an increased risk for gastric ulceration,
platelet dysfunction and nephrotoxicity.
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Acetaminophen is useful and may be administered as intravenous or oral formu-
lation. There is no clinically significant difference in efficacy between the two forms
[21]. The medication is generally safe for use without adverse effects or interactions
with immunosuppressive medications. Administration should be avoided in patients
with severe hepatic impairment, acute hepatitis or severe renal failure. Oral acet-
aminophen is commonly prescribed on an “as needed” regimen upon discharge
from the hospital.

Gabapentinoids are a-2-delta calcium channel ligands derived from gamma-
aminobutyric acid (GABA), an inhibitory neurotransmitter. These drugs, such as
gabapentin and pregabalin, are voltage-gated calcium channel antagonists and have
few interactions with other drugs. Pregabalin also has anxiolytic effects. Studies
have shown the usefulness of gabapentinoid use in combination with morphine for
effective analgesia [22]. Side effects of somnolence and dizziness are not uncom-
mon but may be minimized by starting at low doses and titrating to effect.

11.5.3 Interventions

Other analgesic interventions include regional anesthetic techniques. Both neur-
axial and peripheral anesthesia are useful as single-shot techniques, or place-
ment of indwelling catheters for bolus or continuous infusions for prolonged
pain relief. Thoracic epidurals provide analgesia for several contiguous vertebral
levels. The epidural space is usually entered at the same vertebral level as the
surgical incision and the procedure may be performed before or after the opera-
tion. In a 2018 study of patients undergoing bilateral lung transplant via bilateral
anterior thoracosternotomy, preoperative placement of a thoracic epidural
improved analgesia without increasing morbidity, when compared to postopera-
tive epidural placement [23]. In this case, there is no delay between conclusion
of the surgery and initiation of neuraxial anesthesia. In fact, use may begin intra-
operatively to facilitate smoother emergence from anesthesia and ventilator
weaning. For epidural infusions, local anesthetics such as bupivacaine, ropiva-
caine and lidocaine may be used alone or with adjuncts such as fentanyl, mor-
phine or clonidine.

Paravertebral blocks are an alternative to epidurals and may be unilateral for
single lung transplants or placed bilaterally for bilateral thoracotomy. They may
also be used to facilitate pain control as part of ventilator weaning towards
extubation.

Serratus anterior regional nerve blocks provide analgesia to a smaller area, ben-
eficial for pain at the chest tube insertion sites. The rhomboid intercostal and sub-
serratus plane (RISS) block was recently described [24]. Sub-serratus blocks involve
deposition of local anesthetic between the serratus anterior and the external inter-
costal at the level of desired analgesia. Rhomboid intercostal blocks involve injec-
tions between the rhomboid major muscles and the intercostal muscles. Combined,
these block the lateral cutaneous branches of the intercostal nerves [24].
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Lung transplant recipients are routinely placed on a prophylactic anticoagulation
regimen postoperatively. Additionally, patients may be on therapeutic anticoagula-
tion for other indications. It is important to familiarize oneself with the regimen.
The use of anticoagulant medications may preclude the use of neuraxial and other
regional techniques.

To ensure safe execution of any postoperative neuraxial or other regional tech-
niques, the patient should ideally be awake, oriented and able to follow commands
although performance of such techniques in the sedated patient has been described.
Subcutaneous deposition of local anesthetic directly at incision sites may be per-
formed at the conclusion of surgery and repeated during hospitalization as a tempo-
rizing measure for acute pain before a more definitive intervention.

In the event of development of chronic pain, nerve ablation interventions may be
performed in the outpatient setting. These are percutaneous ultrasound-guided pro-
cedures. Chemical neurolysis involves destruction of peripheral nerve tissue, such
as by injection of phenol, after which distal signal transmission is permanently
interrupted. Cryoneurolysis involves insertion of a probe and use of low tempera-
tures to reversibly ablate the nerve responsible for pain transmission. Analgesia may
last for several weeks following one application.

11.5.4 Other Modalities

Pulmonary toilette and hygiene are integral components of postoperative care.
Addressing weakness, soreness, clearing of airway secretions, muscle spasms and
retraining for deep breathing exercises, physiotherapy helps reduce the pain, dis-
comfort and complications associated with limited mobility, pleural irritation and
chronic cough. Conversely, pain must be adequately controlled to facilitate mean-
ingful participation in physiotherapeutic care. Chest physiotherapy and the more
contemporary high-frequency chest wall oscillation (HFCWO) are routine. Chest
physiotherapy, although more widely accessible, is labor intensive, user dependent
and requires specially trained personnel. HFCWO is an effective and feasible alter-
native. Therapy sessions for HFCWO are longer and require use of a larger device
with electronic selections of pressure and frequency modes. Both interventions
result in a decreased pain scores after treatment. There is an overall greater decrease
in pain scores with HFCWO. Bilateral lung transplant recipients show significant
preference for HFCWO whereas single lung transplant recipients show no prefer-
ence [25]. Of note, there is a psychological component to overall comfort and
satisfactory reduction in pain. Some patients prefer the human element of interac-
tion of traditional chest physiotherapy, whereas other place more emphasis on the
consistency and duration of treatment of mechanical HFCWO [25].

Lastly, if the patient presents to the hospital for a complaint other than that
related to the transplant, for example pain elsewhere, related to another acute event
or diagnosis, the armamentarium available includes the treatments outlined above.
Medication precautions based on allergies, renal and hepatic comorbidities, and
interactions with immunosuppressive agents must be considered. Additionally,
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regional anesthesia may be considered but a relative increase in risk of infection in
these immunocompromised patients should be discussed. Interventional techniques
should only be used if the risk versus benefit of the intervention is deemed accept-
able. In such cases, single shot techniques may be more favorable than placement of
indwelling catheters.

11.6 Pain Assessment Tools

Pain is a subjective entity and it may be challenging to ascertain its presence and
severity. Numeric and visual pain assessment tools have been developed and are
used for assessment of the symptom in general.

It is always helpful when a patient is awake and able to communicate the loca-
tion, character, referral and aggravating, relieving and associated factors for pain.
This will not be the case while the patient remains intubated and sedated and there-
fore the clinician must anticipate and appropriately preemptively treat pain for lung
transplant recipients. Different evaluation tools are necessary during this period.

The Behavioral Pain Scale (BPS) assesses compliance with mechanical ventila-
tion, movement of the upper limbs and facial expression. For each parameter, a
minimum score of 1 to a maximum score of 4 is assigned. A total score (out of 12)
is tabulated and a sum greater than 6 corresponds with a need for intervention for
pain [26]. The Critical Care Pain Observation Tool (CCPOT) evaluates facial
expression, body movements, muscle tension and compliance with ventilation
(intubated patients) or vocalization (extubated patients). Each parameter is assigned
a maximum of 2 points. A total of greater than 2 out of 8 points is both sensitive and
specific for the presence of pain [27]. Both of these tools have been validated for the
assessment of pain in the critical care setting.

In awake patients with normal mental status, the Numeric Rating Scale (NRS)
may be used. It provides a unidimentional measure of intensity of pain. On a scale
of 0 (“no pain”) to 10 (“worst imaginable pain”), the patient chooses a whole num-
ber which best correlates to the intensity of pain present. This scale is similar in
concept to the Visual Analog Scale (VAS) for pain in which there is a horizontal line
with no numbers, and one end corresponds to ‘no pain’ and the other the ‘worst
imaginable pain’. The patient picks a point along the line which corresponds to the
current intensity of pain. The Verbal Rating Scale (VRS) is again similar in that dif-
ferent adjectives describe increasing pain intensities. This is usually a 4—6-point
scale and for ease of recording, the adjectives are assigned numbers [28]. These are
all subjective measures and minimal pain for one patient may be reported as maxi-
mally intense pain by another. The McGill Pain Questionnaire (MPQ) is frequently
used in hospital settings for the multidimensional assessment of pain. It is a three-
part assessment tool assessing the sensory, affective and evaluative components of
pain. The first part consists of a drawing of the human body on which the patient
marks the location of the pain, including an indication of whether it is ‘internal’ or
‘external’. The second is assesses verbal descriptors of pain, from which patients
may choose from a list of over 70 adjectives. Thirdly, numeric rating of the intensity



140 C. Archie et al.

of pain is chosen. The MPQ is one of the most extensive pain assessment tools and
has proven useful in a variety of painful conditions despite not having been specifi-
cally studied for lung transplant recipients [28]. One limitation is that this assess-
ment can be time-consuming, especially for serial use. There exists a ‘short-form’
version.

11.7 Challenges in Management of Pain While in the Hospital

Challenges to the management of pain will arise and may be multifactorial. Effective
communication among all members of the interdisciplinary management team will
help mitigate these challenges and ensure optimal management, in the face of
limitations.

As previously noted, the presence of systemic renal or hepatic comorbidities
may limit the pharmaceutical choices available to the pain management physician.
The presence of opioid-use disorders, opioid tolerance and opioid seeking behav-
iors may limit the use of this class of potent analgesics or may cause increased
requirements in the postoperative period. It may be challenging to determine when,
and to what degree, a patient is experiencing pain. This history should be carefully
elucidated, and adjustments made as necessary, to ensure the patient’s safety and
comfort. Adjunctive medications such as buprenorphine, methadone and naltrexone
may be considered. Counselling and engagement in rehabilitative programs should
be offered prior to discharge.

Obesity may predispose to a body habitus unfavorable for regional anesthetic tech-
niques. Large volumes of adipose tissue may obscure the view for interventions per-
formed by ultrasound-guidance. It may also be more technically challenging to palpate
bony prominences and other landmarks for neuraxial techniques in these patients.

The presence of bleeding diathesis or iatrogenic predisposition to bleeding
increases the risk of hematoma formation, nerve injury and other complications
associated with regional techniques. Thrombocytopenia, anemia, uremia, liver fail-
ure, renal failure and therapeutic anticoagulation are reasons to consider avoiding
these interventions. In unusual cases, anticoagulation may be held, or transfusion
of blood products timed with the procedure if the benefit is deemed to outweigh
the risk.

Allergies to any class of medication precludes use thereof.

11.8 Management of Pain in the Inpatient Setting

Adequate management of pain in the inpatient setting charts the course for success-
ful management in the long term and is an indicator of improved quality of life.
Undertreated acute pain may predispose to development of chronic pain [29], unrea-
sonable expectations and psychiatric disorders.
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A multimodal approach to pain management is optimal. In accordance with the
World Health Organization’s analgesic ladder, acute pain should be managed incre-
mentally, based on the reported intensity. The cause of pain should, if possible, be
elicited by history, physical examination and other indicated investigations. Mild
pain may be treated with physiotherapy, changes in position and other non-
pharmacologic means and acetaminophen. For moderate to severe pain, a single
dose or short course of opioids may be added. Only one drug of any one class should
be used at a time and a multimodal approach calls for exploitation of the synergistic
effects of different classes of drugs. Regional anesthesia should be considered for
moderate to severe pain.

Non-pharmacologic interventions such as cognitive behavior therapy, yoga,
physical therapy, comfort therapy and neurostimulation can each play an important
role in the inpatient setting and their use should not be underestimated. It is impor-
tant to be familiar with the modalities available at one’s institution and the process
by which adjunctive services may be accessed. Conversely, the specialists rendering
wholistic care should be familiar with specific precautions to be undertaken with
lung transplant patients based on their immunosuppressant, pulmonary support and
mobility needs. For example, aqua therapy, pet therapy and certain topical therapies
are contraindicated in these immunocompromised patients.

11.9 Management of Pain in the Emergency Setting

A lung transplant recipient may present to the emergency department with a com-
plaint of pain, for several reasons. As always, acute life-threatening diseases states
should be ruled out by focused history, physical examination and indicated investi-
gations. If a life-threatening emergency exists, the underlying cause should first be
addressed and the patient medically stabilized. If feasible, pain management may
occur concurrently. In particular, complications related to lung transplant surgery
should be considered. These include acute pulmonary embolism and bronchial or
vascular anastomotic dehiscence, leading to pneumothorax, pneumomediastinum
subcutaneous emphysema or hemorrhage and its sequelae. Pleural effusion,
hemothorax, empyema, pneumonia and pericardial effusion and wound infections
are differentials to consider. The location, character, chronicity of pain and the time
since transplant surgery are key factors to collectively review when determining the
most likely differential diagnoses.

Once life-threatening emergencies have been addressed, the management of pain
proceeds as appropriate for the intensity and etiology. Rescue oral medications
include acetaminophen, NSAIDs and opiates. If poorly-controlled neuropathic pain
is diagnosed, such as from intercostal nerve damage, gabapentinoids and anticon-
vulsants should be administered in the emergency room. An intercostal nerve block
may be considered and can be both diagnostic and therapeutic.

After any intervention, the patient should be monitored in the emergency room
for some time and reviewed. Provided that there is no other medical indication for
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hospital admission and acceptable analgesia is achieved, emergency room physi-
cians may consider discharging the patient with scheduled and breakthrough oral
analgesic medications, in tapering doses. Upon discharge, a plan for referral to a
pain management physician, for continuity of care, can be discussed with the patient
and encouraged.

11.10 Discharge Plan for Pain Management

Pain management may continue in an outpatient setting. A clearly documented
medication regimen should be prescribed for discharge and it should be ensured
that the patients understand appropriate rescue therapies and modalities and medi-
cations to avoid. Periodic follow-up should be scheduled to evaluate the efficacy
of treatment regimens, potentially unsafe medication use, side effects of medica-
tions and to determine a plan for appropriate weaning of medications. A pain
management physician may not need to see the patient during these visits.
Acetaminophen and a short course of oral oxycodone may be considered. These
should be used ‘as needed’. At discharge, it should be stressed to patients that over
the counter (OTC) NSAIDs should be avoided unless approved by the surgical
team. Caution must be exercised with OTC cold and flu medications as these often
contain acetaminophen and when taken in conjunction with prescribed acetamino-
phen may lead to overdose. Opioids should be prescribed for only a short period,
with strict limitations on refills. The patient and his family should be educated on
signs and symptoms of opioid overdose and rescue life-saving treatment. Naloxone
should be prescribed, especially in patients receiving high dose extended release
opioids. In keeping with a wholistic approach to care, patients should continue
physiotherapy and other non-pharmacological interventions which were found
helpful during the hospitalization. Exercises can be taught and practiced at home
for pain management, in addition to participation in instructed sessions.

11.11 Summary

e It is important that providers understand the postoperative analgesic needs of
lung transplant recipients, including the typical postoperative course, pros and
cons of medication choices, and contraindications to use of certain modalities.

* A multimodal approach should be applied to the inpatient management of pain
in lung transplant recipients.

* Pain should be evaluated using validated assessment tools.

 Pain should be appropriately investigated with history, physical examination and
investigations as appropriate.

e Use of intravenous medications is important in the immediate postoperative
period. Once pain is controlled, transition to oral regimens should be considered
early on
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Regional anesthesia, including neuraxial and peripheral techniques, is effec-
tive and can provide prolonged analgesia and decrease systemic opioid
requirement

Epidural catheters are commonly placed preoperatively and used early for maxi-
mum benefit. Alternatively, paravertebral catheters may be placed

Oral opioids, gabapentinoids and acetaminophen are useful during de-escalation
from intravenous pharmaceuticals.

Care must be taken to understand the risks, benefits, drug interactions and alter-
natives for each medication used in this population. Where applicable, this must
be communicated to the patient who should be allowed a choice.
Non-pharmacological management of pain is important to effective analgesia
and should be instituted early during the post-operative course.

Pain should be continually re-evaluated to determine the efficacy of a regimen,
presence of adverse effects, need for alternate therapies, changes in drug dosage
and the appropriate weaning regimen.

A multidisciplinary approach to pain management should be undertaken, with
clear and continual communication between different members of the team. The
treatment plan should be individualized and based on best-practice and evidence-
based medicine.
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Chapter 12
Respiratory Failure and Other Respiratory
Conditions

Check for
updates

Christopher Parker-Rajewski, Anish Sethi, and Rany T. Abdallah

12.1 Introduction

Chronic obstructive pulmonary disease (COPD) and asthma are two of the most
common conditions globally, with 300 million people estimated to have COPD and
235 million estimated to have asthma [1, 2]. The prevalence of both of these dis-
eases is increasing worldwide with another 100 million people expected to be diag-
nosed with asthma by 2025, and COPD predicted to be the leading cause of death
by 2025 [3, 4]. Lung cancer, which is the most common malignancy worldwide,
accounts for 12.9% of all new cancer diagnoses (1.8 million in 2012) and has a
5 year survival of only 17.8% [5]. Owing to the large patient populations, the eco-
nomic burden of these diseases is enormous. In 2011, asthma costs rose to $56 bil-
lion while in 2010 the yearly cost of COPD was estimated to be $50 billion [6, 7].
Unsurprisingly, the increased cost is correlated with the severity of the illness. An
increased score on the Global Initiative for Asthma (GINA) scale (scale utilized to
grade the severity of a patient’s asthma) correlates with an increased frequency of
asthma-associated exacerbations, hospitalizations, and readmissions [8]. A 12 coun-
try study, Continuing to Confront COPD International Patient Survey, found that
15% of patients were hospitalized for a COPD exacerbation within the previous 12
months [9]. Despite accounting for less than 10% of exacerbations, severe COPD
disproportionately represents 60—70% of all COPD related health care costs [10].
With much of the initial focus and subsequent care in the inpatient setting being on
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managing the exacerbations and the underlying respiratory disease, a common
symptom present in these patients often goes unnoticed pain.

The economic burden of these respiratory conditions is extremely high, but even
combined they are dwarfed by the costs of untreated pain. In the United States, pain
is estimated to cost $560-$635 million dollars when considering the health care
costs and lost productivity [11]. Pain is responsible for approximately 40% of all
emergency department visits [12]. Patients with acute and chronic pain are more
likely to access health care, require hospital admission, and more often have delayed
discharge secondary to inadequate control of pain [13—15]. Pain is commonly expe-
rienced by patients with respiratory conditions. The prevalence of pain in COPD
patients was found to be 32-60%, higher than the general population [16].
Furthermore, regardless of cancer type or stage, 51% of patients experience pain
with a higher prevalence (up to 66%) in lung cancer and with advanced disease [17].
Managing pain in these patients can be challenging, especially in the advanced
stages or in severe exacerbations which may precipitate respiratory failure and
intensive care admissions.

This chapter focuses on the difficulties and special considerations when manag-
ing patients admitted with significant pulmonary disease—focusing on the assess-
ment of pain in both the young and elderly, as well as pain in the spontaneously
breathing or ventilated patients. The available pharmacological and non-
pharmacological treatments will be discussed, as well as possible interventional
approaches to pain management in respiratory failure and common respiratory
conditions.

12.2 Pathophysiology

12.2.1 Chronic Obstructive Pulmonary Disease

COPD is a progressive disease of the airways caused by an inappropriate inflamma-
tory response. It most commonly occurs secondary to chronic bronchitis, excess
secretion of mucus, and chronic emphysema with destruction of airway tissue [18].
The chest is the predominant area individuals with COPD experience pain. The lung
parenchyma and visceral pleura, which lines the outer surface of the lung, are gener-
ally deemed insensitive to painful stimuli while most of the pain associated with
respiratory conditions involves the chest wall, mediastinal structures and parietal
pleura, a thin membrane lining the inner thoracic cavity [19].

The exaggerated inflammatory response can lead to local and systemic
changes, which contribute to the pain phenomenon of COPD. Pleurisy, inflamma-
tion of the parietal pleura, leads to a well localized chest pain worsened with
inspiration. Overexpansion of lungs, such as in COPD can stimulate the parietal
pleura. The chest wall including the parietal pleura is innervated by the intercos-
tal (T1-T11), sympathetic, and vagal nerves and is densely populated by nocicep-
tors [20]. The chronic inflammatory state leads to the stimulation of remodeling
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by cytokines, such as transforming growth factor-beta, and the formation of scars
and adhesions between the parietal and visceral pleura with subsequent loss of
lung elasticity [21].

Bronchi are continuously being remodeled as well with the formation of fibro-
blasts which promote fixed airway obstruction and bronchial spasm [22]. Pulmonary
neuroendocrine cells (PNECs) line intrapulmonary epithelium and are believed to
be activated by mechanical and painful stimuli such as in spasm [23]. Vagal recep-
tors which line the bronchi, including A-delta and C-fiber nociceptors, are also acti-
vated by bronchial spasm and free radicals produced within the inflamed bronchi [21].

The phrenic nerve (anterior rami of C3-C5) provides motor supply to the dia-
phragm and sensory supply to the central diaphragm and subdiaphragmatic perito-
neum as well as to the mediastinal pleura and pericardium. The over-expansion of
the lungs leads to excursion of the diaphragm and stretching of the phrenic nerve
with ensuing neuropathy. Diaphragmatic pain is referred to the ipsilateral tip of the
shoulder (Kehr’s sign) and may indicate noxious stimuli on either the thoracic or
abdominal aspect of the diaphragm [21].

12.2.2 Asthma

Asthma is a chronic inflammatory disorder of the airways with high inter-patient
variability causing reversible bronchoconstriction, airway remodeling, hyperrespon-
siveness, and edema [24]. The chronic inflammatory response is likely triggered due
to the interplay of genetics and environmental exposures. Chronic musculoskeletal
pain may develop with increased use of primary and accessory respiratory muscles
with chronic inflammation and asthma attacks [25]. Patients with asthma may be on
prolonged courses of high-dose inhaled corticosteroids and oral systemic corticoste-
roids, which leads to an increased risk of developing osteoporosis, which in turn can
lead to fractures, impaired mobility, and chronic pain [26, 27]. Musculoskeletal pain
is common and may be related to postural misalignment and muscle shortening,
especially in patients who were diagnosed at a younger age [25].

Guidelines from the National Asthma and Education and Prevention Program
provide a step-wise approach to treatment [28]. Primary goals of treatment are to
reduce the risk of future asthma attacks or decreases in lung function and reducing
functional limitations or impairment. The treatment provided is based on the sever-
ity of disease, ranging from intermittent to mild/moderate/severe persistent, as well
as the age of the patient. It is further quantified by the extent of impairment (deter-
mined by the frequency of nighttime awakenings, activity interference, use of short
acting beta-agonists [SABA], and pulmonary function testing) and the number of
exacerbations requiring oral systemic corticosteroids [29]. Patients may be pre-
scribed SABAs, long acting beta-agonists, ICS, leukotriene receptor antagonists
(montelukast), theophylline, oral systemic corticosteroids and omalizumab. Early
intervention can prevent progression of the disease and limit exacerbations and hos-
pital admissions.
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12.2.3 Lung Cancer

Lung cancer is one of the most commonly diagnosed cancers globally, with the
majority diagnosed in advanced stages and approximately 80% already metasta-
sized leading to a 5-year mortality of 17.6% [5, 28]. The two most common classi-
fications are non-small cell lung cancer (NSCLC) and small cell lung cancer
(SCLC), with NSCLC accounting for 80% of cases diagnosed [28]. Fifty percent of
lung cancer patients experience poorly localized chest wall pain, which can be exac-
erbated when pleura and bone are involved [30]. Metastases to bone can cause
severe pain secondary to lytic processes and periosteal inflammation with intercos-
tal nerve damage [29, 31]. Neuropathic pain involves anomalous somatosensory
processes that occur within an inflamed or injured nerve of the central or peripheral
nervous system. The syndromes commonly present in lung cancer include radicu-
lopathy, plexopathy and mononeuropathy [32]. Radiculopathy is a manifestation of
the compression or inflammation of a nerve root which can occur when lung cancer
metastasizes to the vertebrae. Nerve involvement of the upper extremities is com-
mon with Pancoast Tumors causing, ipsilateral upper arm neuropathic pain with
tumor invasion of the brachial plexus [30]. This malignant brachial plexopathy may
present with Horner’s Syndrome with the key features of miosis, anhidrosis and
ptosis on the affected side as well as eventual seeding of the epidural space as the
tumor invades nerve roots.

Pain in advanced cancer affects 66.4% of patients and has significant deleterious
effects on quality of life and psychological well-being [17]. Managing the pain will
require an ever-evolving regimen as patients progress through treatments and pos-
sibly palliative care. The World Health Organization (WHO) analgesia ladder,
which was initially developed in 1986 and subsequently updated in 1996 and 2019,
serves as a guide for physicians treating cancer pain [33]. Recently there have been
advancements in the management of acute and chronic pain that are excluded from
the ladder, leading groups to suggest adding a fourth or even fifth step on the ladder
as the current ladder fails to treat 10-20% of a cancer patients’ pain [34, 35]. The
WHO Iladder does not currently include advanced interventional pain techniques
such as nerve blocks, intrathecal or epidural drug delivery systems, spinal cord or
nerve stimulators, or neuro-destructive procedures.

First line treatment for stage I NSCLC is lobectomy with lymph node dissection
which can result in post-thoracotomy pain syndrome, characterized by a combina-
tion of neuropathic and myofascial pain persisting for months after surgery.
Advancements in minimally-invasive and robotic surgeries has reduced the require-
ment for large open thoracotomy incisions. As opposed to a 5-10 in. incision, sur-
geons performing video-assisted thoracoscopic surgery (VATS) and robotic-assisted
thoracoscopic surgery require only a limited number of %23 in. incisions with mini-
mal mechanical spreading of the ribs.

Common treatment modalities can cause or worsen existing neuropathic pain.
Chemotherapeutic agents are often utilized as neo-adjuvants, to shrink tumors prior
to surgery, or adjuvants after surgery to eliminate any remaining cancer cells. Vinca
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alkaloids, cisplatinum, and paclitaxel can cause painful paresthesias with possible
loss of sensation [32]. In the instance of cisplatinum, the dorsal root ganglia (DRG)
are targeted with ensuing apoptosis of the DRG and the onset of dysesthesias and
sharp, burning pains [36].

Radiation therapy may be employed with multiple sessions over several weeks
either prior to surgery or after surgery + chemotherapy. During radiation therapy,
brachial plexopathy may occur from direct injury to the axons and Schwann cells
and demyelination of the nerve [32]. It may have a delayed onset of 4-5 months after
treatment and affects 1.8-4.9% of patients after radiotherapy. Even more frequently
occurring is a delayed brachial plexopathy, which is likely due to fibrosis of the
nerve; this may impact 14-73% of patients 3 years after completing treatment [32].
It is important to determine whether the pain is the result of tumor recurrence or
radiation therapy. The presence of lymphedema usually indicates radiation-induced
plexopathy, while Horner’s Syndrome and severe progressive pain suggest neoplas-
tic invasion of the brachial plexus. If either of these symptoms occur, an MRI is
essential to determine the etiology [32]. Novel lung cancer therapies carry the poten-
tial to cause neuropathic pain. Recent advancements in drug therapies have led to the
development of targeted immunotherapies directed towards specific mutations. One
such immunotherapy is cetuximab, which inhibits epidermal growth factor recep-
tors. Mouse models and isolated case reports have shown the potential for polyneu-
ropathies or progression of radiation induced plexopathy with this therapy [37, 38].

12.2.4 Respiratory Failure

Respiratory failure is a common and life threatening condition with a mortality rate
of 20.6% [39]. Etiology include pneumonia, pulmonary edema (cardiogenic or non-
cardiogenic), pulmonary embolism, traumatic chest injury, COPD or asthma exac-
erbations, airway obstruction, neuromuscular failure or depression, or can be
multifactorial [40]. Respiratory failure is a result of the inability for the lung to
exchange gases and may have an acute onset or chronic course; most often, respira-
tory failure is characterized as either Type I (hypoxemic) respiratory failure or
Type II (hypercapnic) respiratory failure. Hypoxemic failure is noted as a PaO, of
<60 mmHg and a PaCO, of <50 mmHg while hypercapnic respiratory failure is a
Pa0, of <60 mmHg and a PaCO, > 50 mmHg [41]. There are five primary patho-
physiological processes that can lead to hypoxemia:

1. Low inspired oxygen (i.e. altitude)

2. Hypoventilation (i.e. opioid overdose)

3. Diffusion impairment (i.e. idiopathic pulmonary fibrosis)
4.V/Q mismatch (i.e. pulmonary embolism or pneumonia)
5. Shunt (i.e. atelectasis)

When patients present in respiratory failure the underlying discomfort and pain may
not be able to be appropriately assessed until after the acute presentation. The severe
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dyspnea, wheezing, or stridor may make limit communication. The hypoxemia and
hypercapnia may cause somnolence or confusion with altered mental status. The
causes of pain will be similar to the previously discussed pathologies with likely sig-
nificant parietal pleural inflammation.

The mainstay initial treatment for hypoxemic respiratory failure is supplemental
oxygen. There is a multitude of devices to deliver oxygen including nasal cannula,
simple mask, non-rebreather masks, high-flow nasal cannula, endotracheal tube,
and as a last resort extracorporeal membrane oxygenation (ECMO). Hypercapnic
respiratory failure results from an inability to ventilate, therefore non-invasive ven-
tilation like continuous positive airway pressure (CPAP) or mechanical ventilation
via an endotracheal tube or tracheostomy is required.

Respiratory failure secondary to pulmonary edema, pneumothorax, or as a com-
plication of thoracic surgery may necessitate the placement of a chest tube. Ongoing
pain is common after placement of a chest tube; studies suggest that 50% of patients
with actively draining chest tubes rated their pain as a 9—10 out of 10 in severity
[42]. The chest tube causes inflammation of the parietal pleura and thoracic fascia
[19]. The deep fascia overlying the intercostal muscles and the endothoracic fascia
on the inner rib cage are innervated by spinal and sympathetic nerves with nocicep-
tive afferents [21]. Stretching of the intercostal muscles, which occurs with thora-
costomy, activates the C-fibers. In patients with chronic pulmonary conditions like
COPD with stiffer chest walls there is a lower threshold for activation [21]. The
British Thoracic Society Pleural Guidelines 2010 assumed smaller bore chest tubes
caused less pain but a prospective analysis published in 2012 found no differences
in clinical outcomes or pain experienced by patients between 28-32 and 3640
French chest tubes [41, 43].

12.3 Diagnosis

The diagnosis of pain related to respiratory conditions can be difficult due to the
multitude of conditions that can present with chest pain. Any patient presenting with
chest pain must undergo testing that rules out cardiac, musculoskeletal, pulmonary,
esophageal, and vascular causes. Clinicians evaluating a patient with chest pain
must take a detailed history and perform a thorough physical examination to evalu-
ate the course of presenting symptoms and any previous chronic conditions. Initially,
patients will require an electrocardiogram, complete blood count, basic metabolic
panel and cardiac enzymes if there is a high suspicion for cardiac etiology [44]. A
transthoracic echocardiogram may also be necessary and can aid in identifying
other causes of chest pain such as pulmonary embolism, valvular abnormalities, and
cardiomyopathies.

Non-cardiac chest pain (NCCP) is defined as recurrent chest pain indistinguish-
able from ischemic heart pain after a cardiac cause has been excluded [44]. A chest
x-ray or CT chest with or without contrast can quickly be performed and identify
numerous sources of NCCP such as aortic dissection, pulmonary embolism,
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pneumothorax, pleural effusions, rib fractures, and mediastinal or intrathoracic
masses. Bedside ultrasound is an invaluable tool in evaluating patients in respiratory
distress as it can be used to diagnose conditions such as pulmonary edema and
pneumothorax. The Bedside Lung Ultrasound in Emergency (BLUE) protocol was
found to have a 90.5% accuracy in diagnosing the cause of severe dyspnea [45].
History suggestive of gastroesophageal reflux disease (heartburn, regurgitation,
chronic cough, or sour taste in mouth) can be further worked up with endoscopy,
manometry, barium swallow studies, or pH testing [44].

In COPD, patients experience dyspnea, chest tightness, productive cough,
decreased exercise tolerance, fatigue, and anxiety. Headaches may occur secondary
to chronic hypoxemia, with associated muscle and joint pain occurring in the neck
and upper back. On presentation, the patients may be cachectic with significant
skeletal muscle wasting and atrophy due to the overuse of accessory respiratory
muscles (scalene, sternocleidomastoid and erector spinae muscles). The respiratory
and pain symptoms are closely associated with patients describing the pain limiting
their ability to breath, which only further exacerbates their dyspnea and subsequent
pain [46].

The severity of COPD can be determined by a pulmonary function test (PFT) to
measure the forced expiratory volume in 1 s (FEV1) which allows the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) criteria to be applied.
Patients with moderate COPD (GOLD 2) were most likely to report pain, while
those with severe COPD (GOLD >3) were more likely to report respiratory com-
plaints than pain [18, 19]. An arterial blood gas (ABG) provides valuable baseline
carbon dioxide and oxygenation. Headaches occur with chronic hypoxemia and
hypercapnia [47]. Patients complaining of worsening neck and back pains may
require further evaluation with a radiological study such as an x-ray, CT scan or
MRI if neuropathy co-exists. Prolonged courses of steroids contribute to osteoporo-
sis in COPD patients, which may result in vertebral compression fractures with
neural root involvement [18].

Asthmatics most commonly experience dyspnea, recurrent cough, wheezing,
chest tightness and/or difficulty breathing. The symptoms are often precipitated by
an inciting event or exposure such as exercise, weather changes, viral illness, aller-
gens, or emotional stress [28]. During an acute exacerbation, audible wheezing is
commonly noted with associated cough. The cough is frequently worsened at night-
time, with exertion, or with emotions such as laughing or crying. Accessory muscle
use is common and can lead to muscular overuse and strain. Pulmonary function
testing may be indicated after a thorough history for patients >5 years of age [28].
Spirometry is utilized, which typically measures the FEV,, FVC, and FEV,/FVC
ratio before and after the use of a bronchodilator, which will reverse the airway nar-
rowing present in asthma. Bronchoprovocation may be necessary if spirometry is
normal, but the history and exam are highly suggestive of asthma. Airway hyperre-
sponsiveness triggered by administration of methacholine, cold, exercise or hista-
mine confirms the presence of asthma [28]. Allergy testing may also be indicated for
patients with suspected atopic and hypersensitivity conditions such as eczema,
asthma, and rhinitis. A peak flow meter can also be utilized to diagnose and
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self-monitor asthma by measuring the patient’s maximal peak expiratory flow (L/
min) and comparing the value to a standardized chart based on age, sex, and
height [28].

Potential lung cancers may be identified with chest x-ray and CT requiring fur-
ther investigations for staging, while the treatment chosen often depends on the
histological findings from the biopsy samples. Sputum cytology with bronchoscopy
has 99% specificity and 88% sensitivity for central endobronchial lesions, but lacks
sensitivity for peripheral lesions [48]. Emergence of endobronchial ultrasound and
electromagnetic navigation have aided in improving the sensitivity of flexible bron-
choscopy in diagnosing peripheral lung cancers. Transthoracic needle aspiration has
a sensitivity of 90% for peripheral lesions and is useful in malignant disease [48].
Metastatic pleural effusion can be diagnosed with pleural fluid cytology which has
a sensitivity of 72%, but thoracoscopic pleural biopsy has a diagnostic yield of
95-97% [48]. As mentioned previously in the chapter, diagnosing lung cancer in its
early stages yields an improved 5-year mortality and ensures these patients have
their cancer pain treated appropriately.

12.4 Treatment

Identifying the specific respiratory disease process can assist in managing painful
symptoms since medical management of the underlying respiratory disease can
achieve improvement in pain. The treatments discussed in the following section will
include pharmacological, non-pharmacological, and interventional techniques that
can aid in improving NCCP associated with pulmonary disease. There is no “one
size fits all” approach to managing pain in these patient populations. Therefore,
incorporating a multi-modal pain regimen would be necessary to achieve improve-
ments in pain and quality of life.

Optimizing COPD treatment for patients has been shown to cause reductions in
pain without the use of analgesics or interventional pain techniques [49]. Smoking
cessation is a priority for patients started on a combination of inhaled muscarinic
antagonists, SABAs and LABAs, and ICS depending on the GOLD classification
[50]. Methylxanthines (Theophylline) and PDE-4 inhibitors (Roflumilast) have also
shown benefit when used in combination therapies. During an exacerbation a short
course of antibiotics and/or oral steroids may be required [22]. Oxygen may be
necessary in arterial hypoxemia with a PaO, < 55 mmHg or Sa0O, < 88% with a
target Sa0, of >90%. Headaches, which are related to hypoxemia, may benefit from
oxygen therapy overnight, as patients most commonly wake up with the headaches
[47]. Additionally, acetaminophen and non-steroidal anti-inflammatory (NSAID’s)
medicines can be utilized if not contraindicated.

The musculoskeletal pain may also benefit from NSAIDs and acetaminophen in
combination with a short course of oral opioid medications with extra caution in
patients with severe hypercapnia. Some benefit has also been shown with intrave-
nous morphine in reducing breathlessness, dynamic hyperinflation, and dyspnea by
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prolonging expiratory time, decreasing respiratory rate and decreasing anxiety [51].
Pulmonary rehabilitation can be initiated while inpatient with beneficial effects in
reducing dyspnea, increasing muscle strength and endurance, improved mobility
and quality of life, decreased hospital admissions and improved mental health [52].

Patients with asthma may require prolonged courses of high dose ICS as well as
oral systemic corticosteroids, thereby increasing the risk of developing osteoporo-
sis, which may lead to fractures, impaired mobility, and chronic pain [26, 27].
Musculoskeletal pain is also common, and may be related to postural misalignment
and muscle shortening, especially in patients who were diagnosed with respiratory
disease at a younger age [25].

Muscle relaxants such as tizanidine and benzodiazepines have uncertain benefit,
but may provide short-term relief (<2 weeks) for non-specific back pain; however,
these medications carry a high risk of sedation [53]. Any severe pain may require
opioid medications with close monitoring for any side-effects, but they were found
to be inferior to NSAIDs and acetaminophen in improving function.

Patients exhibiting neuropathic pain will require anticonvulsant agents, gabapen-
tinoids or carbamazepine, and/or antidepressant medications such as tricyclic anti-
depressants (TCAs) and serotonin noradrenaline reuptake inhibitors (SNRIs). The
Canadian Pain Society consensus statement on management of neuropathic pain
recommends TCAs, SNRIs and gabapentinoids as equivalent first line agents that
can be cycled if not effective or combined for greater benefit [54]. The gabapenti-
noids, pregabalin and gabapentin, bind the a-28-1 subunits of the pre-synaptic cal-
cium channels inhibiting the release of excitatory neurotransmitters such as
substance P and glutamate in nociceptive neurons [55]. Patients most commonly
experience somnolence, dizziness, confusion and dry mouth as dose dependent side
effects [56]. The TCAs with greatest efficacy are amitriptyline and nortriptyline
which function by inhibiting the reuptake of serotonin and noradrenaline. Increased
levels of noradrenaline and serotonin potentiate descending inhibitory pathways by
inhibiting synaptic transmission between nociceptive neurons and spinothalamic
neurons as well as activating interneurons that release inhibitory endogenous opi-
oids or gamma-aminobutyric acid [56]. The primary concern with TCAs is the anti-
cholinergic side effects that include urinary retention, orthostatic hypotension and
cardiotoxicity. TCAs block voltage-gated sodium channels which has the beneficial
effect of local anesthetic-like properties but contributes to the cardiotoxic effects
including widened QRS complexes >100 ms and ventricular dysrhythmias [56]. To
reduce the likelihood of cardiotoxicity, TCAs should be limited to a maximum dose
of 100 mg per day [54] . SNRIs such as venlafaxine and duloxetine provide benefit
through the reuptake inhibition of noradrenaline, with nausea being the most com-
mon side effect [54]. Lidocaine 5% patches may also have benefit for patients with
well localized neuropathic pain after thoracic incisions. There is no systemic effect
with a maximal penetration of 8—10 mm and has shown benefit in patients with
neuropathic pain and allodynia and can be worn for 12 h during a 24-h period [56].

Patients that experienced respiratory failure after a traumatic chest injury or post-
thoracotomy can benefit from thoracic epidural analgesia (TEA) or paravertebral
blocks (PVB) + a continuous infusion via catheter. TEA infusions can include local
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anesthetic only or local anesthetic combined with an opioid. Bupivacaine 0.125%
alone has similar analgesic effects and less respiratory depression compared to
bupivacaine 0.05% or 0.1% with fentanyl 2-5 pg/mL or hydromorphone 5-10 pg/
mL, but is limited by hypotension and motor blockade [57]. The infusion rate can
be titrated to balance benefit with side effects, with an additional patient-controlled
bolus to improve pain control at physically stimulating times such as dressing
changes or physical therapy. TEA reduces vital capacity and FEV; 15-20% from
baseline, but actually reduces the respiratory compromise caused by significant tho-
racic and abdominal surgeries due to improved analgesia [58]. In patients with
asthma and COPD, TEA does not reduce lung function to a greater extent and
results in improved bronchial hyperresponsiveness [58].

The thoracic paravertebral space extends from T1 to T12 and contains spinal
nerves, white and grey matter rami, intercostal blood vessels, and the sympathetic
chain [59]. PVBs have a similar placement success rate as TEAs and have proven
beneficial in pain management for post-operative unilateral thoracotomies and rib
fractures. It is possible to achieve a dermatomal spread of 1—4 levels in a single
paravertebral injection; additional levels can be achieved with multiple injections.
An indwelling catheter may be threaded into the paravertebral space to achieve
continuous pain control. Ropivacaine is most commonly used and a continuous
infusion rate of 0.1 mL/kg/h is recommended [60]. Compared to TEA, paravertebral
blocks were found to shorten the length of hospital stay and have a quicker return to
baseline spirometry values in patients who underwent thoracotomy [61].

Pain management for mechanically ventilated patients with continuous infu-
sions of IV opioids can provide the additional benefit of providing sedation.
Selecting the appropriate opioid depends on the patients’ co-morbidities and
hepatic and renal function. Fentanyl has less hypotension, but can accumulate
with hepatic impairment and has a significant context-sensitive half-time (CSHT)
with prolonged infusion that can delay ventilator weaning [62]. Morphine is also
an option; however, histamine release can cause hypotension and its active
metabolites morphine-6-glucuronide and morphine-3-glucuronide can accumu-
late in renal failure [62, 63]. For patients that have been on long courses of fen-
tanyl or morphine and have developed tolerance, hydromorphone can be used
and is generally safer in renal impairment. However, hydromorphone-3-glucuro-
nide may accumulate and has neuroexcitatory potential. Remifentanil may be
used as well, with the benefit of negligible CSHT, but possible hyperalgesia with
discontinuation [62].

A multi-modal approach can be utilized to optimize overall pain control.
Acetaminophen and NSAIDs come in a variety of formulations facilitating their
administration to intubated patients, and oral forms can be crushed and adminis-
tered via gastric tubes. To reduce the risk of ulcer formation in ventilated patients,
ensure a proton pump inhibitor or H2 antagonist is administered when consider-
ing NSAIDs.

Ketamine, a N-methyl-D-aspartate antagonist, has proven to be an effective
dual analgesic and sedative. Administration of IV ketamine to ICU patients facili-
tates weaning of concomitant opioids and sedatives, with Garber, et al. finding a
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20% relative reduction in fentanyl and propofol 24 h after initiating ketamine
[64]. Beyond the analgesic properties, ketamine is a potent bronchodilator with
continuous infusion showing benefit as a recue therapy in refractory status asth-
maticus [65]. Ketamine is not without its side effects and must be used with cau-
tion in patients with ischemic heart disease, hypertensive crisis, and psychosis [66].

Most cancer patients can be successfully managed using the WHO analgesic lad-
der. Preferentially providing oral formulations and ensuring regular dosing intervals
are integral at every step of the ladder. Patients should first be treated with non-
opioid analgesics such as acetaminophen and NSAIDs. If pain persists or increases,
a “weak opioid” such as codeine can be added. If the patient’s pain remains inade-
quately controlled, the third step on the ladder suggests a “strong opioid” such as
hydromorphone, methadone, or fentanyl be added. Throughout the steps of the lad-
der, the WHO recommends adjuvants be used such as antidepressants (i.e. amitrip-
tyline), anticonvulsants (i.e. carbamazepine), steroids (i.e. dexamethasone), and
bisphosphonates (i.e. zoledronate). A PCA infusion may initially be required in
patients who are tolerant to opioids or with severe intractable pain. PCA’s improve
patient satisfaction through greater control and independence in the management of
their pain, but close monitoring with pulse oximetry or end tidal CO, must be con-
sidered. Bisphosphonates, which inhibit osteolytic activity of osteoclasts, have
shown analgesic benefit in patients with bone metastases as well as slowing skeletal
destruction, while external beam radiation therapy remains the gold standard for
resolution of bone pain.

Patients with intractable neuropathic chest wall pain secondary to bone metas-
tases may benefit from an intercostal nerve block, thoracic nerve root block, or a
paravertebral block [30]. Using ultrasound at the bedside, these procedures can be
easily performed and provide temporary relief as well as proving to be diagnostic
for future procedures such as neurolysis, cryoneurolysis or radiofrequency abla-
tion (RFA). The PVB may be preferred because a single injection reaches multi-
ple thoracic root levels and an indwelling catheter can be placed for prolonged
pain relief, including after unilateral thoracotomy [30]. Intercostal neurolysis
most commonly uses phenol to destroy the nerve and interrupt transmission
beyond the lesion, while cryoneurolysis damages the nerve by freezing the nerve
[30]. Neurolytic procedures are most commonly performed in outpatient settings,
so an interventional pain specialist evaluation can be arranged upon patient
discharge.

12.5 Pain Assessment Tools

Pain is an immensely personal and subjective symptom, requiring clinicians to use
well validated pain scoring systems when assessing patients. Poor assessment of
pain remains one of the major barriers to achieving pain control [67].

In patients without altered mental status, including older adults, the numeric rat-
ing scale (NRS) and verbal descriptor scale (VDS) can be used. The NRS has
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patients rate their pain on a scale of 0—10, while the VDS is an escalating scale of
pain phrases (i.e. “no pain” to “most intense pain imaginable”) [68]. For older adults
with mild to moderate cognitive impairment, the VDS or the Faces Pain Scale may
be utilized. In the instance of altered mental status or severe cognitive impairment,
a thorough exam or observation of behavior is necessary.

For patients that have been intubated and are mechanically ventilated the assess-
ment of pain can be difficult. The Behavioral Pain Scale (BPS) and Critical Care
Pain Observation Tool (CCPOT) have both been validated in mechanically venti-
lated patients. BPS looks at facial expression, movement of the extremities and
compliance with the ventilator and assigns a 1 (no response) to 4 (full response)
score and a total score >6 indicating the need for pain management [69]. The
CCPOT evaluates facial expression, body movement, muscle tension, ventilator
compliance, and scores each variable 0 (no response) to 2 (full response) with a
score >2 out of 8 highly sensitive and specific for pain [70].

Brief Pain Inventory (BPI) provides a well-validated measure of pain experi-
ences over 1 week and how it interferes with daily functioning and has been applied
to patients with COPD previously [18]. BPI has been validated for chronic non-
malignant pain in adult populations [71]. The BPI allows a more in-depth assess-
ment of the impact pain has on a patient’s quality of life and may identify areas
where therapies or interventions may prove beneficial.

The musculoskeletal pain that impacts patients with chronic and acute respira-
tory conditions can be further evaluated by the Extended Aberdeen Back Pain Scale,
which consists of 35 questions that reliably evaluates neck, upper back, and lower
back pain, and has been applied to COPD [72, 73].

Since the diagnosis of asthma frequently occurs in the pediatric population,
assessment tools must be validated in that group. The Visual Analog Scale (VAS)
has been well validated from 3 years of age to adult populations. Wong-Baker Faces
Pain Rating Scale and the Faces Pain Scale-Revised use cartoon faces depicting
increasing pain intensity and has been validated in ages 3—18 years old and 4-16 year
old’s, respectively [74].

The NRS or the BPI has been incorporated into cancer-specific classification
tools that aim to determine pain prognoses. The Edmonton Classification System
for Cancer Pain (ECS-CP) was developed as way to guide pain management in
advanced cancers and predict responsiveness, especially during admission to pallia-
tive care services. There are five categories—mechanism of pain (none, nociceptive,
neuropathic), incident pain (present or not), psychological distress (present or not),
addictive behavior (present or not), and cognitive function (none, partial or total
impairment) [75]. To better predict pain relief in cancer patients, the Cancer Pain
Prognostic Scale (CPPS) was created to identify patients early on with inadequate
pain control and a poor pain prognosis. CPPS incorporates the worst pain severity
(based on NRS), Functional Assessment of Cancer Therapy (FACT-G) well-being,
daily opioid dose, and pain characteristics [76]. The scale scores patients on a 0—17
scale, with 17 indicating the best prognosis in achieving >80% pain relief within
2 weeks. This assessment tool has not gained widespread adoption and requires
further validation.
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12.6 Challenges in Management
of Pain While in the Hospital

Treatment of pain in respiratory failure and pulmonary conditions present a unique
set of challenges; while the under treatment of pain can lead to a myriad of deleteri-
ous effects. Historically, medical education has put minimal emphasis on pain man-
agement from medical school through residency [15]. This lack of familiarity and
comfort with pain management contributes to a reluctance for doctors to prescribe
opioids, as well as a fear of the addictive risk and potential liability for any negative
outcomes [15]. When acute pain is inadequately managed patients experience a
decline in quality of life with an impaired ability to perform activities of daily living
and significant sleep disturbances [15].

There are also numerous physiological consequences related to the stress
response triggered by under treated pain. The stress response leads to a surge of
hormones that promotes weight loss, glucose intolerance, fever, inflammation,
and tachypnea [77]. A prolonged inflammatory phase can contribute to the pain
induced stress response delaying a patient’s recovery and hospital discharge [77].
Protracted inflammation can precipitate further respiratory compromise and respi-
ratory failure. As mentioned above, inflammation is a primary culprit for patients’
pleuritic chest pain.

The sympathetic nervous system is also activated by pain which leads to stimu-
lation of the cardiovascular system causing tachycardia, increased oxygen
demands, and hypertension [77]. When patients are already hypoxic and oxygen
dependent, every measure should be taken to ensure metabolic oxygen demands
are kept to a minimum. Sympathetic stimulation also increases smooth muscle
sphincter tone and decreases intestinal motility which thereby increases the risks
for developing ileus, which must be closely monitored for when patients are on
opioid medications [77].

One of the primary concerns of not adequately controlling pain during the acute
stage is the progression to chronic pain. The more severe a patient’s episode of acute
pain the more likely they are to develop chronic pain [15]. A large multi-center
observational cohort study investigating pain in survivors of serious illness (includ-
ing respiratory failure, NSCLC and acute exacerbations of COPD) 2 months and
6 months after hospitalization discovered a strong association between the amount
of pain while an inpatient to the severity of pain experienced months later [78].

Patients in respiratory failure may have other co-morbidities that must be
accounted for when considering the use of medications and the potential adverse
effects on organ systems. Mechanically ventilated patients are three times more
likely to experience acute kidney injury, which subsequently delays weaning from
the ventilator and increase mortality by 60% [79]. Impaired renal function limits
which analgesic medications can be utilized in a multimodal approach. Through
prostaglandin-mediated pathways, NSAIDs negatively impact renal function by
reducing blood flow to the kidney and by direct cytotoxic effects [80]. Even in
young, healthy patients, seven daily doses of NSAIDs a month significantly
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increased the risk of acute and chronic kidney dysfunction [80]. Extreme caution
should be exercised when considering using NSAIDs for patients who have baseline
renal dysfunction or are at risk of developing acute renal impairment. As previously
discussed, renal and hepatic impairment also influences the choice of intravenous
opioid that can be used in a patient.

Use of acetaminophen and NSAIDs may alleviate musculoskeletal pain associ-
ated with asthma. NSAIDs that inhibit cyclooxygenase-1 (COX-1), like aspirin,
should be avoided in patients with aspirin-induced asthma (AIA) [81]. Cross-
sensitivity with acetaminophen is possible though the reaction is of shorter duration
and milder [35]. Highly specific COX-2 inhibitors, such as celecoxib, have been
shown to be safely tolerated by patients with AIA [35].

Pulmonary patients are susceptible to the respiratory-depressant effects of opioid
medications. Opioids bind p-receptors on the respiratory centers of the brainstem
resulting in cyclic breathing and eventually apnea [82]. The use of opioids is associ-
ated with an incidence of major adverse effects related to respiratory depression of
less than 0.5%, although studies have shown up to 30% of patients experience a
respiratory rate of less than 8 at least once during a 24-h period [83]. Use of an
IV-PCA reduces the burden on nursing and increases patient satisfaction but is not
associated with decreased opioid consumption or risk of side effects including
respiratory depression [84]. The incidence of respiratory depression with IV-PCA is
0.2-0.5%; however, the likelihood is increased if a basal infusion is running with
additional patient-controlled boluses [83]. The respiratory rate of these patients
should be closely monitored when administering opioids as part of the pain man-
agement regimen for signs of bradypnea. Additional monitoring such as end tidal
CO, (ETCO,), in combination with pulse oximetry, should be considered as studies
have shown ETCO, is more effective than pulse oximetry alone in early detection of
respiratory depression [85].

12.7 Management of Pain in the Inpatient Setting

Devising a plan to manage pain in patients with significant respiratory illness can
incorporate multiple modalities to achieve adequate pain control. The benefit of
multimodal analgesia is that several sites along the nociceptive pathway are targeted
in complement [86]. Peri-operative studies incorporating multimodal regimens have
shown reduction in post-operative opioid consumption and improvement in VAS
pain scores [87, 88]. Patients may be experiencing pain secondary to both neuro-
pathic and inflammatory processes, so an NSAID or gabapentin alone will be inad-
equate; therefore, an individualized approach is required to ensure the greatest
benefit with the lowest likelihood of adverse outcomes. As described earlier in this
chapter, there are risks and benefits to all pharmacological and non-pharmacological
approaches to pain management and these factors must be considered when creating
a plan. Realistic expectations for the clinicians and patients must also be maintained
as complete resolution of pain may be impossible. A 30% reduction in pain scores



12 Respiratory Failure and Other Respiratory Conditions 159

was shown to significantly improve a patient’s pain experience and provides a rea-
sonable goal for pain control [89].

Mild to moderate pain can be managed with non-opioids like NSAIDs and acet-
aminophen, while opioids can be incorporated for moderate to severe pain [53]. Use
of acetaminophen and NSAIDs together or a combination of NSAID and opioid pro-
vide improved analgesia than any agent alone due to drug synergism [86]. Neuropathic
agents such as amitriptyline, venlafaxine and gabapentin can be incorporated if the
patient endorses any symptomatology consistent with neuropathic pain. Patients pre-
senting with pain refractory to conservative treatments may require an intervention
such as a TEA or PVB. These techniques have shown significant benefit in conditions
that contribute to respiratory failure and can provide a dual benefit in improving
respiratory dynamics as well as pain control. Not all interventional techniques are
feasible as an inpatient, so close follow-up must be arranged for discharge.

The intubated and mechanically ventilated patient poses additional challenges in
not only pain assessment but also in pain management. The higher incidence of
multi-organ failure leads to opioid medications having an increased incidence of
side effects. As was previously discussed in this chapter, the opioid selected pro-
vides dual effect as a sedative and analgesic but can delay ventilator weaning in
kidney or hepatic failure if an active metabolite accumulates. Multiple modalities
can still be utilized in these patient populations since drugs such as NSAIDs, gaba-
pentin, and acetaminophen come in a variety of formulations.

The aforementioned pain assessment tools must be employed at regular intervals
to ensure appropriate and ongoing evaluation of a patient’s pain level. This ensures
that patients who require an escalation in care due to inadequate pain control or de-
escalation secondary to adverse effects are identified. Complementary approaches
to pain management can also be incorporated where the services exist as inpatients.
Physical therapy, cognitive behavioral therapy (CBT), acupuncture, transcutaneous
electrical nerve stimulation, and yoga have shown benefit as components of multi-
modal approaches; however, not all these modalities may be available in all institu-
tions [53, 86]. No two patients are alike, so clinicians must remain flexible and
vigilant in their pain management plans, as multiple medications or therapies may
be trialed before a beneficial response is achieved.

12.8 Discharge Plan for Pain Management

When patients are discharged from the hospital, follow-up should be arranged with
sufficient medication prescriptions provided to bridge patients to future appoint-
ments. The benefit of multimodal therapy extends beyond a hospital admission.
Continue all non-opioid adjuvants, especially when opioid medications are being
prescribed. Patients who were discharged on opioids alone were more likely to have
readmissions and higher pain scores on follow-up within 30 days when compared
with patients who received adjuvant medications with opioids [90]. When discharged
on a multimodal analgesic regimen, patients required 10-40% less opioids daily [90].
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Patient education is critical as patients who are discharged with pain often have
clinically significant pain within a week but lack an understanding of what can be
done to alleviate the pain or how to appropriately utilize prescribed therapies [91].
Clearly written instructions with thorough explanations to the patient and family or
caregivers is essential upon discharge. Education should also include the potential
long-term risks of prescribed medications with both appropriate and inappropriate
use as well as alternative considerations if pain persists. Arranging follow-up with
the patient’s primary care clinician or pain management specialist should depend on
the patient’s needs. Referral to a pain clinic should not be delayed if necessary.
Ideally referral should be made within 4—6 months of chronic pain appearing to
prevent the long-term disability that can emerge when psychological, environmen-
tal and behavioral contributors to pain persist [92]. Alternatively, patients who ben-
efitted from an interventional procedure such as a PVB may require additional
blocks in an outpatient setting so close follow-up should be arranged with an inter-
ventional pain management specialist.

As an outpatient, continuation of complementary therapies such as pulmonary
rehabilitation should be organized for the patient. Encourage follow-up with a phys-
ical rehabilitation center to improve mobility and posture. Alternative therapies
such as acupuncture and massage have been shown to be effective for neck and
shoulder pain, which is commonly present in pulmonary conditions [93, 94].
Patients that still meet the criteria for arterial hypoxemia need home oxygen therapy
arranged. The Stepped Care for Affective Disorders and Musculoskeletal Pain
(SCAMP) trial showed patients with co-morbid depression and musculoskeletal
pain may benefit from venlafaxine or a serotonin selective reuptake inhibitor such
as sertraline with a pain self-management plan emphasizing behavioral changes and
social supports [95]. Referral to psychologists may be warranted in patients with
poor coping skills or feelings of hopelessness, as CBT has shown modest benefit in
chronic pain [53]. Ensuring patients are well informed and have sufficient follow-up
are essential components to discharge and preventing the long-term adverse effects
of inadequately managed pain in patients with pulmonary disease.

12.9 Summary

e Initial work-up of patients requires an in-depth history and physical
examination

* Non-cardiac chest pain requires thorough cardiac work-up as part of acute
evaluation

* Imaging studies are useful in guiding diagnoses of respiratory illness

* Treatment of underlying condition can alleviate some of the associated pain,
particularly with pleuritic type chest pain

* The pain assessment tool used should be validated in a specific population and is
an important factor in determining response to pain management interventions
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An individualized pain management plan should be communicated with both the
patient and the primary medical or surgical team

The pain assessment tool used should be validated in a specific population
Disadvantages and advantages of interventions need to be considered prior to
initiation as well as explained to the patient with reasonable alternatives
Medication therapy should be tailored for each patient and should follow a step-
wise approach, maximizing the use of non-opioid adjuvant medications. Opioids
may be added if pain remains poorly controlled, but close monitoring must be
utilized

Interventional techniques should be reserved for patients who have pain refrac-
tory to more conservative approaches

Arrange outpatient follow-up for patients with chronic pain secondary to respira-
tory conditions and for further interventional approaches
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13.1 Introduction

Physicians across all disciplines interface with patients with opioid misuse in the
setting of the current opioid epidemic. More than two million individuals meet cri-
teria for an OUD and ten million people misuse opioids [1]. Pain physicians will
encounter these patients as inpatients, in the emergency room, or in the preoperative
area. Pain physicians need management strategies to best care for this high-risk
patient population.

Pain management is notably more complex in patients with opioid misuse
and OUD. These patients may be on prescription opioids, illicit substances, or
one of three FDA-approved medications for OUD (methadone, buprenorphine,
or extended-release injectable naltrexone). Opioid-tolerant patients present par-
ticular challenges with more complex neurobiological alterations including opi-
oid dependence, opioid misuse, opioid-induced hyperalgesia, withdrawal, and
comorbid substance use and psychiatric disorders [2, 3]. Pain assessments are
complicated and the clinician must differentiate between appropriate pain relief
and potential drug-seeking behaviors. Acute pain management in these patients
is best managed by a multimodal approach using non-opioid medications such
as ketamine, lidocaine infusions, dexmedetomidine and regional anesthetic
techniques.

The majority of individuals with OUD are not receiving treatment with MOUD
which includes opioid agonist (buprenorphine or methadone) or opioid antagonist
therapies (extended-release injectable naltrexone) [1]. The inpatient setting may be
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an ideal time to transition these patients onto one of these treatments. The choice of
treatment should be a shared decision between the clinician and patient. Discharge
planning and coordinating follow up is vital to preventing risk of relapse after dis-
charge from the hospital.

This chapter will review best pain management strategies for patients with opioid
misuse and OUD, how to initiate MOUD, and discharge planning with careful con-
sideration of psychiatric comorbidity and risk for relapse in this high-risk patient
population.

13.2 Historical Perspective

The rise and more liberal use of opioids for pain in the 1990s was related to a conflu-
ence of factors including the observed safety and effectiveness profile, the aggres-
sive promotion of opioids, several new opioid formulations including OxyContin in
1995, and endorsements by national organizations. The American Academy of Pain
Medicine (AAPM) and the American Pain Society (APS) adopted a consensus
statement encouraging use of opioids for chronic pain stating that “studies indicate
that de novo development of addiction when opioids are used for relief of pain is
low” [4]. The Joint Commission recommended that pain be regularly evaluated as
the “fifth vital sign” in hospitalized patients [5]. This historical shift toward liberal-
ity in opioid prescriptions resulted in unintended consequences and contributed to
the rise in opioid overdose deaths [6, 7].

13.3 Opioid Pharmacology and Neurobiology

The rewarding and analgesic effects of opioids are predominantly mediated through
agonist effects at the p-opioid receptor and engaging the endogenous opioid system
[8]. Brain regions that regulate pain perception (periaqueductal gray, thalamic cor-
tex, and insula) and pain emotional responses (amygdala) contain high p-opioid
receptor levels. These receptors are highly concentrated in brain regions associated
with the reward networks (ventral tegmental area, nucleus accumbens) and opioids
can be perceived as highly pleasurable or rewarding contributing to addiction [9].
The brainstem respiratory center (pre-Botzinger complex) is also highly concen-
trated with p-opioid receptor levels and depresses respiration and can result in opi-
oid overdose-induced death [10]. Opioid medications vary in their binding affinity
and selectivity for the mu, kappa, and delta opioid receptors with variable potency.
The different pharmacokinetics and bioavailability influence reward and addiction
potentials. Diverted opioids are snorted or inject for more rapid and direct stimulation
of brain reward centers. Abuse-deterrent opioid formulations are encouraged by the
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FDA and designed to prevent opioids being snorted or injected [11, 12]. For instance,
the naloxone component in Suboxone (buprenorphine and naloxone) is present to
deter injection.

13.4 Physical Dependence

Physical dependence is distinct from addiction. All patients receiving opioids for
pain or misusing opioids will develop physical dependence. This refers to the emer-
gence of withdrawal symptoms when opioids are abruptly discontinued, or tapered,
after long-term administration. Withdrawal symptoms include piloerection, insom-
nia, cramps, diarrhea, nausea, vomiting, body aches, dysphoria, anxiety, and irrita-
bility [3]. The severity of these symptoms varies depending on chronicity and opioid
medication potency [13]. Dependence can lead to opioid seeking in individuals
avoiding withdrawal symptoms. This can lead to opioid misuse and with repeated
exposures increases susceptibility to addiction.

13.5 Opioid Misuse

Opioids can be misused for avoidance of withdrawal symptoms, analgesic
effects, and for rewarding properties. Misuse refers to using opioid prescription
other than as prescribed. Individuals seeking rewarding effects might snort or
inject to have rapid brain stimulation of reward centers [14]. Oral misuse
involves higher opioid requirements and might be combined with other sub-
stances. Opioid misuse does not directly result in addiction, although as in the
setting of physical dependence, repeated exposures increases risk of developing
addiction. Prescribing clinicians can access Prescription Drug-Monitoring
Programs (PDMPs) to see prescriptions, patterns of use, and if accessing from
other providers (although individuals may be using illicit substances or obtain-
ing opioids from friend or relative).

13.6 Hyperalgesia

Heightened pain sensitivity (hyperalgesia) can occur in susceptible individuals with
repeated exposure to opioid analgesics. Dose tapering or opioid discontinuation can
result in improvement in pain. It is challenging for clinicians to decide when to
increase or decrease opioid analgesics in this setting and there is limited evidence of
clinical strategies to prevent hyperalgesia [15].
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13.7 Addiction

Addiction or a substance use disorder is different from physical dependence and
develops more gradually. The Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) characterizes a substance use disorder by a pronounced craving and pre-
occupation for the substance, inability to refrain from using it, and escalation of use
despite negative consequences [16]. The development of a substance use disorder
involves neurobiological processes including learning mechanisms that consolidate
automatic behaviors in response to a substance and associated stimuli. The pleasur-
able effects of opioids and many other addictive substances are related to dopamine
release in the nucleus accumbens, the key reward region [17]. This results in condi-
tioning where there is a learned association between administration of the substance
and pleasure. Conditioning to opioids can occur from rewarding effects, from pain
relief, withdrawal symptoms, or dysphoria. With repeated exposures, conditioning
is strengthened and fuels the desire and motivation to consume the substance [18].
These repeated exposures disrupt the neurocircuitry in the basal ganglia, prefrontal
cortex, and extended amygdala. The disruption to the extended amygdala which
regulates emotions and stress leaves the individual susceptible to dysphoria, depres-
sion, anxiety, and irritability [19]. Changes in the striatocortical circuits which are
necessary for proper functioning of the prefrontal cortex and important in self-
regulation can present as impulsivity and other dysregulated behaviors in individu-
als. These neurocircuitry changes are mutually reinforcing and contribute to the
relapsing nature of substance use disorders. Even following substance discontinua-
tion, these changes can persist which is why continuous and comprehensive care is
needed for recovery.

13.8 Risk Factors

OUD is etiologically complex and is difficult to predict in advance of an initial opi-
oid prescription [20]. Risk factors to developing OUD include history of other sub-
stance use disorders, comorbid psychiatric disorders, suicidal history, prior overdose,
long-term opioid therapy and higher daily dosing seen in Table 13.1 [21-32]. Nearly
one-third of patients on chronic opioid therapy develop addiction, although there is
little knowledge regarding the risk of short-term (less than 2 weeks) of opioid ther-
apy following an emergency room visit or acute injury [26]. Individuals on opioid
doses greater than 90-mg morphine equivalents daily and longer-acting opioids,
such as methadone and oxycodone, are at increased risk of overdose. Concomitant
use of alcohol and sedatives such as benzodiazepines and baseline respiratory dis-
ease also increase risk of overdose [21, 27]. Prior suicide attempts and intentional/
unintentional overdoses are associated greater risk of overdose [22, 26]. A thorough
initial evaluation and history is important for identifying these risk factors and
considering psychiatric consultation for further management. Various risk factors
for opioid overdose and developing OUD are listed in Table 13.1.
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Table 13.1 Factors associated with risk of opioid overdose and OUD [21-23]

Factor ‘ Risk
Medication-related

Daily dose >90 MME Overdose, OUD
Long-term opioid use (>3 months) Overdose, OUD
Coadministration of benzodiazepines Overdose
Long-acting or extended-release formulation (methadone, oxycodone, Overdose
fentanyl patch)

Period shortly after initiation of long-acting or extended-release Overdose

formulation (<2 weeks)

Patient-related

Age > 65 years old Overdose
Adolescence OUD
Respiratory disease Overdose

Renal or hepatic impairment Overdose
Psychiatric disorder (depression, anxiety disorder, personality disorders) | Overdose, OUD
Substance use disorder Overdose, OUD
History of overdose Overdose
History of suicidality Overdose

13.9 Psychiatric Considerations for the Inpatient

13.9.1 Psychiatric and Substance Use Disorders Comorbidity

Individuals with OUD and opioid misuse are more likely to have co-occurring
psychiatric disorders including depression, anxiety, PTSD, personality disorders,
and other substance use disorders (tobacco, alcohol, benzodiazepines, stimulants,
and cannabis) [1, 2]. This is bidirectional where those with any mental illness are
three times as likely to have concurrent opioid misuse with opioid prescriptions
and develop OUD. The majority of those misusing opioids reported misuse for
pain relief. According to the 2018 National Survey on Drug Use and Health
(NSDUH), an estimated nine million adults in the United States had a substance
use disorder and co-occurring mental illness. Amongst this population, about half
received treatment for co-occurring mental illness and substance use disorder [1].

Paralleling the opioid epidemic is an overall increase in completed suicides,
linked to opioid overdose deaths. Individuals with OUD have a suicide risk of 87
per 100,000 people, 16 times greater than that of the general population rate (14 per
100,000). It is estimated that nearly 30% of opioid overdose deaths represent a sui-
cide and this percentage may in fact be higher [23].

Psychiatric symptoms and assessment can be complicated in the setting of sub-
stance use where individuals might experience dysphoria, anxiety, difficulty sleep-
ing, suicidality, and irritability in withdrawal states, or even in the context of substance
intoxication on initial presentation [2]. Comprehensive psychiatric assessment is
needed to further assess for primary psychiatric disorders in acute inpatient settings
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and appropriately assess risk. Psychiatric specialists are key in addressing psychiat-
ric comorbidities and offering interventions while inpatient. Psychopharmacological
management and psychosocial interventions (cognitive behavioral therapy, motiva-
tional interviewing, contingency management) can be initiated while inpatient and
patients can be linked to outpatient services [28].

13.9.2 Identifying Risk Factors and Screening

Pain management providers commonly encounter patients with opioid misuse and
OUD. Many of these individuals are not receiving treatment, and are at high risk for
poor outcomes [1]. Acute inpatient settings provide an opportunity to identify those
at risk, refer to treatment, and tailor pain management regimens appropriately. A
thorough initial evaluation and history is important for identifying risk factors noted
in Table 13.1. Obtaining an accurate history can be challenging as patients may not
be as forthcoming due to previous negative experiences, stigma, and fear that pain
will be undertreated or the OAT dose will change considerably or be discontinued
[29]. With the patient’s consent, it is recommended to speak to a significant other or
family member who can corroborate psychiatric and substance use history.
Evidence-based screening tools for substance use should be part of the initial
assessment. The Substance Abuse and Mental Health Services Administration
(SAMHSA) site has multiple tools accessible to clinicians [30]. The Opioid Risk
Tool in Fig. 13.1 can be used to screen for opioid misuse on the initial encounter
or in patients being prescribed opioids. A score 3 or lower indicates lower risk for
opioid misuse, 4—7 moderate risk, and 8 or greater indicates high risk for opioid
misuse [31]. The CAGE-AID in Fig. 13.2 is a brief four-question screening tool
for substance use. A positive response to one or more questions is considered a
positive screen [32]. Another routine screening that can be used in the acute care
setting is SBIRT or Screening, Brief Intervention, and Referral to Treatment seen
in Fig. 13.3 [33]. Although SBIRT helps to identify patients with OUD, it has not
demonstrated any impact on meaningful reductions in opioid use on its own likely
related to few patients with adequate follow-up or referrals. It is suggestive that
patients may benefit from more immediate intervention prior to discharge with
buprenorphine induction and better linkage to outpatient care [34]. If a patient
screens positive then the treatment team should involve psychiatric and addiction
specialists in the patient’s care while in the inpatient setting with appropriate
outpatient referrals or communication with outpatient providers upon discharge.

13.9.3 Relapse Prevention and Pain Assessment

The primary focus of the pain management provider in the inpatient setting should
be to provide adequate analgesia while minimizing the risk of relapse. Individuals
with OUD are more likely to relapse when pain is undertreated in the inpatient
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Opioid Risk Tool
Mark Each Box That Applies Female

1. Family history of substance use

Alcohol O+
lllegal drugs O-2
Prescription drugs a4

2. Personal history of substance use

Alcohol Os
lllegal Drugs a4
Prescription drugs Os
3. Age between 16-45 years O+
4. History of pre-adolescent sexual s
trauma

5. Psychological disease

ADHD, OCD, bipolar disorder, 0=
schizophrenia

Depression O+

Scoring Totals

Fig. 13.1 Screening tool for opioid misuse [32]

CAGE-AID Questions

1. Have you ever felt that you ought to Cut down on your drinking or
drug use?

2. Have people Annoyed you by criticizing your drinking or drug use?

3. Have you ever felt bad or Guilty about your drinking or drug use?

4. Have you ever had a drink or used drugs first thing in the morning
(Eye-opener) to steady your nerves or to get rid of a hangover?

Fig. 13.2 Screening tool for substance use [33]

Yes

173

Male

Os
Os
O4

s
O4
Os
[+
Oo

02
(R

No

setting [28, 35]. Opioid analgesic requirements are often higher due to increased
pain sensitivity and opioid cross-tolerance. Additionally, states of acute with-
drawal can further heighten pain sensitivity [28, 36]. Patients at high risk for opi-
oid overdose and with OUD need appropriate outpatient treatment referrals or
communication with current providers prior to discharge. Individuals with OUD



174 O. Mainkar et al.

Fig. 13.3 Screening, Brief .
Intervention, and Referral Screening
to Treatment (SBIRT) [17]

Screen for substance use disorder with validated tool.

Brief Intervention

Discussion focused on raising awareness of patient substance use and its
consequences, and motivating towards behavioral change.

Referral to Treatment

Refer to appropriate treatment services.

not on opioid agonist treatment following detoxification have a relapse rate greater
than 90% and higher rates of HIV, HCV, homelessness, and death [2, 37].
Individuals meeting diagnostic criteria for OUD should be recommended MOUD
(buprenorphine, methadone, or extended release injectable naltrexone) when fea-
sible to start in the inpatient setting. If unable to start while inpatient, individuals
should be connected with outpatient substance use treatment to reduce risk of
relapse and overdose.

According to the International Association for the Study of Pain, pain is defined as
“unpleasant sensory and emotional experience associated with actual or potential tis-
sue damage” [38]. Currently the gold standard for pain assessment is subjective
assessments though self-assessments. Clinicians must correlate perceived pain with
that expected based on diagnostic workup and clinical findings. Currently there is not
a validated assessment tool to distinguish subjective pain from drug-seeking
presentations.

13.10 Inpatient Management of Patients on Opioids

13.10.1 Prescription Opioids

Common opioids prescribed in the outpatient setting include oxycodone, hydromor-
phone, morphine, and hydrocodone. Managing a chronic opioid user’s acute pain
starts with a detailed history of their chronic daily opioid requirements. It is always
best to verify medications and doses with the prescribing physician, distributing
pharmacy, and state Prescription Drug-Monitoring Programs (PDMPs). This infor-
mation will be used to calculate the patient’s total daily dose (TDD) in oral morphine
equivalents (OME). Table 13.2 lists equianalgesic doses of commonly used opioids.

In the setting of acute pain, the outpatient basal TDD will typically need to be
increased by 25-50%, which will be called the adjusted TDD (aTDD) [39]. The
aTDD should be prescribed to the patient in the form of a long-acting opioid that
will provide a basal level of analgesia and prevent withdrawal. This is commonly
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gable 13-? Equianallgesic Opioid Oral dose (mg) | Intravenous dose (mg)
osages of commonly Morphine 30 10
used opioids [39, 40] Tramadol 150 a
Codeine 200 n/a
Hydromorphone | 7.5 1.5
Oxycodone 20 n/a
Hydrocodone 30 n/a
Oxymorphone 10 n/a
Fentanyl n/a 0.1

Case: A 50 year-old male with chronic low back pain taking morphine sulfate extended release (MSER) 30 mg three times a
day and requring an additional morphine sulfate immediate release (MSIR) 15 mg twice a day breakthrough pain coming
in for an elective surgical procedure. How would you manage his pain?

1. Calculate outpatient TDD based on outpatient regimen.

TDD = (30 mg/tab x 3 tab/day) + (15 mg/tab x 2 tab/day) = 120 mg/day = 120 OME

2. Calculate adjusted TDD (aTDD) to account for increased analgesic requirements in setting of acute pain.

Maximum aTDD = 125% x TDD = 1.25 x 120 OME = 150 OME Maximum aTDD = 150% x TDD = 1.5 x 120 OME = 180 OME

3. Determine inpatient basal analgesic dosage.

Prescribe aTDD as long-acting opioid ATC = morphine sulfated extended-release 50-60 mg every 8 hours

4. Determine inpatient short-acting analgesic dosage.

S e e

Prescribe aTTD as short-acting opioid g4h = morphine a) Calculate hourly intravenous requirement = IV
sulfate immediate-release 25-30 mg every 4 hours morphine 2-2.5 mg/hour
b) Prescribe 25-50% of this hourly rate as demand every
10-15 minutes = IV morphine PCA 0.5 mg-0.125 mg
demand every 10-15 minutes

Fig. 13.4 Sample case of opioid dosing in chronic opioid user in patient with acute on chronic
pain

done with extended-release oxycodone or extended-release morphine. Intravenous
medications can be used for patients not tolerating oral medications.

Patients will need additional short-acting opioids for controlling acute pain. Oral
opioids are usually adequate for mild-moderate pain. In this scenario, the aTDD
should be prescribed as a PRN in the form of short-acting medications every 3—4 h on
top of the basal dosing. For severe pain, patient-controlled analgesia is a more appro-
priate option as it allows more rapid titration of analgesics and effective control of
pain with reduced risks of side effects. In these cases, the aTDD should be converted
to total hourly intravenous opioid requirements. About 25-50% of this hourly dose
should be given as PCA demand every 10—15 min. The inpatient goal should be to
transition patients to oral opioids as soon as possible. Patients should then be weaned
off back to their chronic opioid regimen as soon as the acute pain episode has resolved.
This will require close communication with the patient’s outpatient provider and set-
ting expectations with the patient. A sample case is demonstrated in Fig. 13.4.
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13.10.2 Special Scenarios
13.10.2.1 Intrathecal Opioids

Intrathecal opioid infusion should be continued to maintain baseline opioid require-
ments. However, certain circumstances may prevent the continuation of the intra-
thecal opioid infusion such as pump malfunctions or for surgical needs. In this case,
an equianalgesic intravenous infusion should be started [40]. Although morphine is
the only opioid with FDA approval for intrathecal use, fentanyl and hydromorphone
are also often used off-label. The accepted guidelines for conversion of hydrophilic
opioids such as morphine and hydromorphone from intrathecal to intravenous is
1:100. The accepted conversion ratios for fentanyl are not well established. Based
on expert opinion, case series, and one retrospective chart review the ratio for intra-
thecal to intravenous fentanyl ranges between 1:20—100 [41]. A table with intrathe-
cal and intravenous opioid conversions is shown in Table 13.3. The conversion
ratios between two intrathecal opioids is complex and beyond the scope of this
chapter.

13.10.2.2 Transdermal Patches

Transdermal opioid patches, commonly fentanyl, should typically be removed pre-
operatively. Fentanyl patches work by releasing a designated amount of fentanyl
across the skin barrier. An intracutaneous reservoir starts developing from initial
application of the patch, typically reaching steady-state over 24—72 h [42]. Fentanyl
is then absorbed into the systemic circulation from this intracutaneous reservoir
through cutaneous vasculature [43]. Even after removal of a patch, it takes about
17 h for serum fentanyl concentration to decrease by 50% due to the size of the
reservoir [42].

Perioperative changes can alter absorption at two different stages along this
pathway. First, and most widely recognized, is the direct application of warming
devices that can cause the patch to release excessive amounts of fentanyl. This
can be avoided by removal of the device. However, patients will continue to have
significant intracutaneous reservoirs several hours after removal of the patch.
Both anesthetic agents and peripheral warming devices will cause cutaneous
vasodilation, which can also cause excessive systemic absorption [42, 43]. Case
reports have described opioid overdoses from transcutaneous patches even after
removal [44].

Table 13.3 Conversion factors Opioid Intrathecal: intravenous ratio
between intrathecal and intra- M : ;
. orphine 1:100
venous dosages for various - -
Dilaudid 1:100

opioids [41]
Fentanyl 1:20-100
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13.10.3 Illicit Drugs
13.10.3.1 Controlled Prescription Opioids

Controlled prescription drugs (CPD) are the second-most commonly used illicit
drugs in the United States (after marijuana) and are responsible for the most drug-
involved overdose deaths. Sixty-two percent of these users report using them for
relief of physical pain and only 13% report using them for euphoric purposes. Fifty-
three percent of CPDs are obtained from close friends or relatives. Thirty-seven
percent are obtained directly from physician prescriptions. Although these CPDs
are illicitly obtained, one should be able to calculate daily opioid requirements
when these patients are admitted to the inpatient setting. However, it is important to
note that increasing numbers of counterfeit prescription pills are distributed con-
taining mixtures of other opioids and drugs, making it difficult to assess the true
dosages that the patient is consuming [45].

13.10.3.2 Heroin and Synthetic Opioids

Heroin and synthetic opioids, like fentanyl, are the two other types of illicit opioids
that are commonly used for abuse in the United States. To the best of our knowledge,
there is no literature supported equianalgesic conversion of these drugs to OME. The
purity of these drugs is largely variable and they are often mixed with other sub-
stances [45]. Thus, it is best to start with conservative estimates of opioid require-
ments and be prepared to aggressively titrate the dosing according to response.

13.11 Inpatient Management of Patients on OUD
Pharmacologic Treatment

13.11.1 Methadone
13.11.1.1 Pharmacology

Methadone was first used to treat OUD in the 1950s [40] and received FDA
approval in 1972 [46]. Since then, it has been used for intraoperative and postop-
erative analgesia in spine and cardiac surgeries [47]. Methadone is a synthetic
mu-opioid of the diphenylpropylamine class that is formulated as a racemic mix-
ture. Levomethadone, the R-enantiomer, provides the direct opioid effect [47, 48].
Dextromethadone, the S-enantiomer, acts as an NMDA-antagonist, serotonin
reuptake inhibitor [47], and a norephinephrine reuptake inhibitor. It is theorized
that the methadone’s effect on preventing opioid-induced hyperalgesia and effec-
tiveness on neuropathic pain is driven by the actions of dextromethadone [47].
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Methadone undergoes hepatic metabolism via the CYP3A4, CYP2B6, and
CYP2C19 into inactive metabolites. It is then primarily renally excreted with some
contribution from the fecal route [47, 48]. Because of genetic variability in the func-
tion of these particular enzymes, methadone has widely variable half-life [47].
Methadone undergoes a biphasic elimination with initial alpha-elimination half-life
of 8-12 h and beta-elimination half-life of 30-60 h. The former explains metha-
done’s analgesic duration of action and the latter explains the duration of its with-
drawal suppression [47].

Compared to other opioids, one of the unique side effects of methadone is QT
prolongation, which is mediated through dextromethadone’s effect on the human
ether-a-go-go receptor. Most cases of Torsades de Pontes have occurred in patients
on large, chronic doses typically greater than 200 mg/day. A general best practice is
to consider a baseline EKG prior to initiation or after changing dosage in high-risk
patients, such as the elderly, females, patients with history of hepatic dysfunction,
prior cardiac history, or baseline QT prolongation [47].

13.11.1.2 Perioperative Management

Methadone should be continued perioperatively as it will provide a basal opioid
level to prevent withdrawal and craving without impeding the ability to provide
analgesia as it is a full mu-agonist [46]. Typical maintenance dosing ranges from 60
to 120 mg/day. One consideration is to adjust the dosing from daily to every 6—8 h
[40, 46]. Such an adjustment will allow for a more stable serum concentration that
remains within the analgesic window for a larger percent of time [40, 46, 48]. In the
outpatient setting, daily dosing is appropriate in the outpatient setting when the goal
is to prevent withdrawal. In patients who are unable to tolerate oral medications, the
oral to parenteral conversion is on average 2:1, but providers need to be aware of the
widely ranging oral bioavailability from 36 to 100% [47].

Additional medications will be needed to control acute pain. Multimodal analge-
sia must be implemented, as these patients are tolerant to opioids and intolerant to
pain [48]. Further details will be provided later in this chapter. An opioid PCA may
be necessary for patients with moderate to severe pain.

13.11.2 Buprenorphine
13.11.2.1 Pharmacology

Buprenorphine was first introduced into clinical practice in the late 1970s. It
received FDA approval for treatment of acute pain in 1981 as a parenteral medica-
tion. However, it wasn’t until 2002 that it was approved for treatment of OUD in the
sublingual form. More recently, it has been approved as a weekly or monthly injec-
tion [48], or biannual subdermal implant [46].
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Buprenorphine is a partial mu-receptor agonist and full kappa-receptor antago-
nist with high affinity relative to other opioids. With a typical buprenorphine dose,
>80% of mu receptors will be occupied with just 40% potency of a full agonist
[46], providing it with its unique ceiling effect properties [40]. This prevents
euphoric effects patients can achieve [46] while also preventing withdrawal.
However, because of this property, extra caution must be taken when starting a
patient on buprenorphine. It is usually started with doses 2—-8 mg/day and increased
weekly [40]. Therapeutic doses range between 8§ and 24 mg/day [46], but may be
as high as 32 mg/day [40]. Although sublingual buprenorphine is typically dosed
daily, its effect will continue to occupy mu receptors with decreasing affinity for up
to 4 days after discontinuation [40]. It has CYP450 3A4 metabolism and biliary
excretion [48]. One limitation to the use of buprenorphine is that it must be started
when the patient is in a state of withdrawal. This will be discussed in more detail
later in this chapter.

Buprenorphine is often prepared in a 4:1 ratio with naloxone to prevent abuse. If
injected parenterally, naloxone prevents the euphoric effects that patients may
achieve from buprenorphine. Naloxone has very low bioavailability with sublingual
ingestion due to first pass metabolism and thus has little effect when the medication
is administered as indicated [48].

13.11.2.2 Perioperative

At this time, there is no consensus recommendation on management of buprenor-
phine in the setting of acute pain, including surgery [40, 46, 48]. Given buprenor-
phine’s high affinity and only partial agonism, the general concern in the medical
community is that buprenorphine could limit analgesic efficacy of other opioids
[48]. Based on this theory, providers would typically hold a patient’s buprenor-
phine for up to 5 days prior to an elective procedure to facilitate optimal analgesia.
However, more recent data suggests that adequate analgesia can be achieved
despite continuation of buprenorphine and is now increasingly becoming the
accepted perioperative strategy.

The spectrum of options ranges from full cessation 5 days prior to surgery to
continuation of buprenorphine throughout the perioperative period. The two pri-
mary factors that need to be considered are risk of relapse and ability to provide
adequate analgesia. An algorithm for the management of perioperative buprenor-
phine is shown in Fig. 13.5.

Discontinuation 5 Days Prior

With this approach, the patient will need to be transitioned to some other opioid to
control withdrawal and craving symptoms. This can either be short-acting opioids
such as oxycodone or long-acting such as methadone [40]. Stopping buprenorphine
places the patient at risk of relapse, especially with short-acting medications which
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Emergent
procedure?

No

Yes How much pain is

Consider holding

postoperatively expected

postoperatively?

Severe
Is patient high risk
for relapse?

Mild-moderate
Is patient high risk
for relapse?

No
Hold
buprenorphine

Yes
Consider holding
buprenorphine

No
Consider holding
buprenorphine

Yes
Continue
buprenorphine

Fig. 13.5 Algorithm for the management of perioperative buprenorphine perioperatively

can cause periods of euphoria and craving. According to data from 2015, 80% of
patients with OUD started with prescription opioids [40]. If converting the patient
to methadone, the typical conversion from buprenorphine to methadone is 1:5 [40].
For example, a patient on 16 mg of oral buprenorphine should be started on 80 mg
of oral methadone. Transitioning the patient back after surgery exposes the patient
to risks associated with undergoing another buprenorphine induction.

Perioperative Continuation

This strategy will allow patients to continue their OUD treatment uninterrupted.
Even with high buprenorphine doses, there will still be some unoccupied mu recep-
tors that can be targeted with opioids. In addition, buprenorphine will provide some
analgesic effect as that was its original indication when introduced into clinical
practice in the 1980s [48]. With the increasing emphasis and knowledge on multi-
modal analgesia, there is increasing evidence to suggest that perioperative pain can
be adequately controlled despite continuation of buprenorphine [46]. Strategies for
multimodal analgesia will be discussed later in this chapter. Despite this, the inpa-
tient provider should be prepared to use higher dose opioids with aggressive titra-
tion to overcome the buprenorphine blockade, ideally with other high-affinity
opioids such as sufentanil and fentanyl.

There is no consensus approach and the strategy must be individualized to each
patient. The stress of surgery, uncontrolled pain, and the fear of uncontrolled pain can
all trigger relapse. At the same time, access to short-acting opioids and undergoing
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repeat buprenorphine induction can also do the same. The ideal approach for any
patient thus needs to be made with careful discussion with the outpatient provider,
patient, and the inpatient provider to determine what is best for the patient.

13.11.2.3 Special Scenarios
Injectable/Depot Formulations

These formulations are great options in patients who are unable to reliably take their
medications daily. However, because of their duration of action, holding these medi-
cations in advance of procedures is impractical without exposing the patient to sig-
nificant risk of relapse. Elective procedures should be scheduled just prior to the
subsequent dosing if possible.

Emergent Surgery or Pain

In these situations, the inpatient provider will need to implement multimodal anal-
gesia as well as using higher dose opioids than usual to adequately control the acute
pain. The inpatient provider will need to decide on whether subsequent doses of
buprenorphine should be held to facilitate analgesic needs. This decision should
ideally be made with the input from both the patient and the outpatient provider.

If the buprenorphine is held, the patient will need to be closely monitored for
signs of respiratory depression. As the remaining buprenorphine is excreted from
the circulatory system, the patient will be increasingly susceptible to the effects of
the full opioid agonist due to a loss of competitive inhibition for the mu receptors.
Patient controlled analgesia are an ideal option to minimize risk of such
complications.

Pregnancy
The American Society of Addiction Medicine recommends continuation of

buprenorphine before elective cesarean deliveries to avoid risk of fetal opioid with-
drawal [46].

13.11.3 Naltrexone
13.11.3.1 Pharmacology

Naltrexone is a semi-synthetic opioid antagonist used in the treatment of alcohol-
dependence and opioid-dependence [40]. Naltrexone is available as a daily-dosed
oral formulation and a monthly-dosed injectable formulation. Half-life of the oral
formulation is about 10 h in patients with continuous use [48].



182 O. Mainkar et al.

Patients on naltrexone need to be monitored closely when being administered
opioids. While mu receptors are occupied by naltrexone, other opioids will have
little analgesic effects [46]. However, during this time, the mu receptors are upregu-
lated due to the lack of stimulation. Thus, once naltrexone is no longer occupying
the receptors, patient will have increased sensitivity to opioids.

13.11.3.2 Perioperative Management
Elective Cases

There is a consensus among the medical community that naltrexone should be held
prior to elective procedures [40, 46, 48]. With the oral formulations, it is recom-
mended to hold the medication for 72 h prior to surgery. With the injectable formu-
lation, cases should be scheduled at least 4 weeks after the previous injection.

Time-Sensitive Procedures

For emergent and urgent procedures, naltrexone dosing should be held as soon as
possible. An analgesic plan with a heavy emphasis on non-opioid analgesia should
be developed [40, 46, 48]. In some animal studies 6-20 times greater doses of opi-
oids were needed to achieve analgesia during full mu antagonism. These patients
will need to remain in a monitored setting due to their rapidly changing sensitivity
to opioids.

The peak effect of the injectable formulation occurs after 1 week. Opioid based
analgesia will have minimal effect during the first 2 weeks after injection. If a case
cannot be delayed 28 days, one can consider scheduling it during the fourth week
after injection [48].

Of the three OUD-controlling medications, naltrexone is the highest risk for
causing withdrawal with induction. The FDA-approved prescribing information
advises patients to be abstinent from opioids for 7-10 days prior to induction, which
is especially difficult after a surgical procedure. The inpatient provider needs to
communicate with the outpatient provider to develop a plan for re-induction back
onto naltrexone.

13.11.4 Multimodal Analgesia
13.11.4.1 Ketamine

Ketamine is a phencyclidine analog that was first used to as a general anesthetic in
the 1960s. It is known for its dissociative anesthesia associated with psychomimetic
side effects. However, recently, it has also been used for treatment of chronic pain
via its hypothesized ability to reverse the effects of central sensitization and for
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severe depression. More recently, ketamine has also drawn interest as a component
of multimodal analgesia [49].

Ketamine exudes its anesthetic properties through its antagonism at the NMDA
receptor and agonism at mu-receptors. Thus far there have only been four randomized-
control trials examining the benefits of perioperative ketamine in patients with opi-
oid-dependence. The largest of these trials by Loftus et al. enrolled 102 patients
undergoing spine surgery. The findings revealed a reduction in opioid consumption
at 48-h and 6-weeks postoperative. The other three studies had equivocal results but
may have been limited due to being underpowered and using smaller ketamine doses
[50]. The largest of the three studies had a sample size of 60 patients; and maximum
doses used were a 0.2 mg/kg bolus and an infusion of 0.2 mg/kg/h [49].

Based on this data, the American Society of Regional Anesthesia and Pain
Medicine (ASRA) recently published guidelines recommending perioperative ket-
amine use in this population. The benefit of ketamine is likely to be greater in
patients undergoing surgeries with severe postoperative pain, such as abdominal,
thoracic, and orthopedic procedures, and in patients at higher risk of opioid-related
side effects such as obstructive sleep apnea. Data behind use in non-surgical acute
pain exacerbations is limited to case series and reports. However, it has been used
successfully as an analgesic in many pathologies ranging from sickle cell disease to
renal colic to pancreatitis [49].

A majority of acute pain studies have used boluses less than 0.5 mg/kg and infu-
sions at less than 0.5 mg/kg/h. The Loftus study focusing on opioid dependent
patients used an initial bolus of 0.5 mg/kg followed by an infusion at 0.6 mg/kg/h.
However, based on an analysis of all of these studies ASRA has recommended that
initial boluses remain less than 0.35 mg/kg followed by an infusion less than 1 mg/
kg/h. Higher doses may be given on case-by-case basis, but will likely require ICU
monitoring. In addition, regardless of these guidelines, providers need to always be
cognizant of side effects including risk of aspiration, cardiovascular side effects, and
psychomimetic side effects. Risk of these side effects can be mitigated by addition of
ketamine with an opioid-based PCA. Typical demand doses of ketamine have ranged
from 1 to 5 mg/bolus. Although PCA administration is not yet as common as infu-
sions, it demonstrated a reduction in pain, opioid requirements, and decreased PONV
without an increased in psychomimetic side effects. Relative contraindications to
ketamine use include poorly controlled cardiovascular disease, active psychosis,
pregnancy, cirrhosis, elevated intracranial pressure, and elevated intraocular pressure.

There is current ongoing research looking into potential oral and intranasal for-
mulations for ketamine. These are both currently off-label uses of the drug, but have
been used in a handful of studies. Preliminary studies suggest intranasal ketamine
may be an ideal option for procedural sedation in pediatrics [49].

13.11.4.2 Lidocaine Infusions

Intraoperative and postoperative intravenous lidocaine has been shown to reduce
postoperative pain and opioid requirements. Data demonstrates that the benefit of
lidocaine lasts more than 8 h after discontinuation of the infusion, despite lidocaine
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having a half-life of about 90 min. The mechanism of lidocaine’s analgesic effect
is felt to be through anti-inflammatory effects through blocking the priming of
neutrophils preventing the release of additional inflammatory cytokines and reac-
tive oxygen species. However, data thus far suggests that the benefit of lidocaine
may be significantly greater in certain types of surgeries, notably abdominal proce-
dures [51].

Studies looking at abdominal procedures have used an initial bolus dosing rang-
ing from no bolus to 2 mg/kg followed by an infusion ranging from 1.5 to 5 mg/kg/h.
The infusions were continued until the end of surgery or up to 48 h postoperative.
Infusion doses greater than or equal to 2 mg/kg/h were associated with decreased
pain scores and opioid consumption within the first 24 h. Doses less than that showed
no benefit. Infusion extending up to 8 h postoperative showed a reduction in opioid
requirements [51]. Furthermore, the effects of lidocaine are more prominent in lapa-
roscopic procedures compared to open. According to a systematic review looking at
45 randomized-control trials, lidocaine reduced NRS pain scores by 1.1 points (CI
—1.5 to —0.8) in laparoscopic procedures and by 0.7 points (CI —1 to —0.5) in open
procedures [51, 52]. Additional benefits include reduction in PONV and time until
return of bowel function. These effects may be mediated through lidocaine’s opioid
reduction [51, 52].

Perioperative lidocaine infusions have been successfully used as part of an ERAS
protocol for colorectal surgery. Details of the protocol are shared in Fig. 13.6. It
included a 1 mg/kg bolus at induction, an intraoperative infusion at 2.4 mg/kg/h,
and a postoperative infusion at 30—-60 mg/h that was discontinued on POD2. This
protocol demonstrated improved pain scores, reduced opioid consumption, and
decreased length of hospital stay.

Risk of local anesthetic systemic toxicity is exceedingly rare at the infusion
doses discussed above. Plasma serum concentrations remain well below the toxic
level of 5 mg/cc [51]. However, it must always be considered when patients endorse
suggestive signs and symptoms such as tinnitus, perioral numbness, and arrhythmias.

Significantly fewer studies have been performed on the use of lidocaine in other
types of surgeries. Albeit few, these studies have shown benefits in prostatectomies,
mastectomies, thoracic surgeries, and major spine surgeries. To further validate
these initial findings, more research is needed to corroborate these findings before
supporting routine use of lidocaine infusions in these patients [51].

Intraoperative Postoperative

* 1 mg/kg bolus with
induction

* 40 mcg/kg/min during
surgery with reduction
to 0.5-1 mg/min

nearing emergence

* Continue 30-60 mg/h
infusion

« Transitioned to oral
analgesic regimen on
POD1

* Lidocaine infusion

discontinued on POD2

Fig. 13.6 Perioperative lidocaine infusion have been used successfully for analgesia in ERAS
protocols. This pathway describes a regimen used at one particular institution [22]
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13.11.4.3 Dexamethasone

Dexamethasone is widely used for its antiemetic effects with administered doses
typically ranging from 4 to 8 mg. Yet, its effects on pain is less well understood. A
systematic review from 2011 looked at the effect of a one-time bolus of dexametha-
sone on the postoperative pain scores and opioids requirements. The results from 24
randomized-control trials were stratified into three groups: low dose (<0.1 mg/kg),
intermediate dose (0.11-0.2 mg/kg), and high-dose (>0.21 mg/kg). The findings
showed that that intermediate and large doses by had an equivalent analgesic effect
compared to placebo and low doses. Thus, it may be advantageous for providers to
administer intermediate dose dexamethasone as part of multimodal analgesia [53].

However, the analgesic benefits will need to consider the risks associated with
higher-doses of dexamethasone such as impaired wound healing, systemic and
wound infections, and hyperglycemia. A meta-analysis published in 2019 looked at
a total of 37 studies to identify risks associated with a one-time dose of dexametha-
sone. They found no change in the risk of wound or systemic infection, or delayed
wound healing regardless of dexamethasone dose. However, both of these are
uncommon events and a larger sample size may be needed to detect an effect. The
study did find an increase in postoperative glucose levels. The mean difference
between those receiving dexamethasone and control groups was 13.3 mg/dL in the
first 12 h after surgery and 21.2 mg/dL at 24 h after surgery. The study did not sepa-
rate hyperglycemia results according to steroid dose. The authors of this meta-
analysis note that a majority of the studies excluded diabetic patients, who are at
greatest risk for infection, impaired wound healing, and hyperglycemia. Thus, these
results should not be extrapolated to that population [54].

One retrospective study specifically focused on the effect of low (4 mg) and
moderate dose (8—10 mg) dexamethasone in diabetic patients on postoperative
hyperglycemia. The study showed that the glucose increased by 9 mg/dL more in
the moderate dose group compared to the low dose group in PACU and by 25 mg/
dL over the first 24 h. A significantly higher percent of moderate dose patients had
a blood glucose >180 mg/dL (74% versus 54%) and a higher percent needed to be
dosed sliding scale insulin in PACU (36% versus 25%). Although these findings are
statistically significant, the clinical significance of these findings are unclear and
will need to be considered with the analgesic benefits [55].

13.11.4.4 Dexmedetomidine

Dexmedetomidine is an alpha-2 adrenergic agonist that targets the large number of
receptors in the dorsal horn to provide sedation, anxiolysis, and analgesia. Studies
have shown that a continuous intraoperative infusion of dexmedetomidine at
0.5 mecg/kg/h reduced 48-h opioid consumption without worsening of pain scores.
Other studies have suggested that it reduced length of stay in the PACU and opioid
consumption in the PACU. Thus far, there have not been any studies specifically
looking at the effects of dexmedetomidine in the chronic opioid user population [56].
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13.11.4.5 Esmolol

Esmolol is an ultrashort-acting beta-1 receptor antagonist. For many years, its pri-
mary use has been for the treatment of supraventricular tachycardias. In the past
5 years, many studies have drawn interest to esmolol’s ability to modulate pain
sensation and reduce opioid requirements perioperatively. A systematic review pub-
lished in 2018 looked at 23 studies looking at the effect of intraoperative esmolol on
opioid requirements and pain [57].

The results demonstrated that patients receiving intraoperative esmolol required
less opioids both intraoperatively and postoperatively without having a negative
effect on pain scores. The effect size of esmolol was similar to other commonly used
opioid-sparing agents such as gabapentin, acetaminophen, and dexamethasone. As
this is a relatively new area of research, the studies lacked homogeneity. Thus, a
definitive conclusion cannot yet be drawn about the ideal dose of esmolol. The dos-
ing varied widely from 0.5 to 2 mg/kg boluses followed by continuous infusions
ranging from 5 to 500 mcg/kg/min [57].

13.11.4.6 Other Modalities

Tylenol, NSAIDs and gabapentin continue to be widely used as part of multimodal
analgesia. Benefits of these will not be discussed in detail here.

13.12 Inpatient Management and Initiating OUD
Pharmacologic Treatment

Inpatients with acute or chronic pain conditions and OUD are in a unique setting
where MOUD can be initiated. Transition to opioid agonist treatment can help man-
age pain and OUD. Whereas patients with acute and chronic pain conditions are
tapered from opioids given concerns about long-term efficacy and risk for compli-
cations, patients with OUD should be transitioned to MOUD to reduce risk of
relapse, misuse of opioids, and provide needed stability and treatment.

Currently there are three FDA-approved medications for OUD: methadone,
buprenorphine, and extended-release injectable naltrexone. All patients with OUD
not on pharmacologic management should be recommended one of these treat-
ment options and connected with outpatient substance use treatment [58, 59]. The
choice of treatment should be a shared decision between the clinician and patient.
Inpatient psychiatric and substance use disorder specialists can assist in this pro-
cess with careful consideration to the patient’s preferences, previous treatment,
and setting of treatment (supervised opioid treatment program versus outpatient
office setting for buprenorphine or naltrexone). Individuals with a history of diver-
sion, failed outpatient buprenorphine management, and high-risk comorbid sub-
stance use might benefit more from a supervised opioid treatment program with
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daily monitoring [58]. Patients declining pharmacotherapy for OUD should be
provided with outpatient referrals for substance use treatment and an intranasal
naloxone kit upon discharge. Although all effective treatments, there are specific
considerations and limitations in the inpatient setting surrounding each OUD
medication discussed below. Clinicians should reference Figs. 13.7 and 13.8 to
guide in their decision-making when starting an inpatient on MOUD. Figure 13.7
is for the patient on a non-opioid pain regimen and Fig. 13.8 is for the patient on
an opioid-based pain regimen.

13.12.1 Methadone

Patients who are interested in initiating methadone for MOUD may benefit from
methadone as an opioid analgesic for pain conditions, although there are limita-
tions. Dosing will be more frequent every 68 h for analgesic effects and will need
to be reduced to once daily dosing as opioid agonist treatment in the outpatient
setting, which can be a challenging transition [58]. Prior to discharge, patients must
be connected with a federally certified opioid treatment program that will provide
methadone, which can also be a barrier if treatment spots are unavailable at the time
of discharge. Additionally, these programs often request collaboration in dosing
protocols to assure seamless transition to starting doses at the methadone clinic.
Opioid treatment programs dispense opioid agonist treatments (more commonly
methadone) and provide daily supervised dosing. It is often easier to transition to
buprenorphine while inpatient if patient is amenable and then refer to outpatient
buprenorphine prescriber.

13.12.2 Buprenorphine

Buprenorphine is an effective treatment for OUD and pain management. In settings
where pain cannot be adequately controlled then a full agonist therapy may be indi-
cated. The inpatient setting provides a unique opportunity for rapid induction on
buprenorphine. If pain management is not severe, initiation of buprenorphine as the
initial pain regimen is ideal for those interested in initiating MOUD. Individuals on
a different opioid pain regimen will need to enter a state of mild to moderate with-
drawal before undergoing buprenorphine induction. Given buprenorphine’s higher
affinity for mu-opioid receptors, patients will experience precipitated withdrawal if
insufficient time has elapsed since their last dose of opioids. Patient should be in
mild to moderate withdrawal or a COWS score of 11-12 or greater [60]. Withdrawal
symptoms can be managed with alpha-2 adrenergic agonists (clonidine, lofexidine),
antidiarrheal medications, anxiolytics, and sleep aids. It is crucial to symptomati-
cally manage opioid withdrawal as subjective pain might increase and limit comfort
in transition to buprenorphine.
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Buprenorphine initiation should occur at least 612 h after last use of short-
acting opioids, or 24—72 h after last dose of long-acting opioids. Once patient is in
mild to moderate withdrawal, an induction dose of 4 mg can be initiated and then
the patient is observed for 60—90 min. If the patient does not experience worsening
withdrawal symptoms, then additional dosing can be done in 2-4 mg increments.
The buprenorphine dose can then be increased rapidly to a dose that provides stable
effects for 24 h and is clinically effective [58]. While most hospital formularies
only have buprenorphine product, patients should be discharged on the combination
product (buprenorphine-naloxone or Suboxone®). The naloxone component deters
injection and prevents misuse. All patients undergoing buprenorphine induction
need immediate follow-up with a buprenorphine provider. Providers may be lim-
ited, as prescribers must have a special waiver to prescribe buprenorphine for OUD.

Limitations in buprenorphine induction while inpatient include intolerance of
withdrawal symptoms, abbreviated length of stay, medical comorbidities needing
further acute management, and need for ongoing acute pain management. Adequate
pain relief should always be prioritized, and if unable to initiate buprenorphine inpa-
tient then patients should be connected with outpatient treatment.

13.12.3 Naltrexone

Extended-release injectable naltrexone in the inpatient setting is limited to those
whose pain is managed with non-opioid analgesics and individuals not on opioids for
7-14 days. There are current studies looking at more rapid induction methods
although not yet widely practiced [61, 62]. This timeline is often a barrier to initiat-
ing extended-release injectable naltrexone, and it is not widely available on hospital
formularies. For those who have been off opioids for this timeline, an oral naloxone
challenge can be useful before initiating naltrexone treatment. A dose of 0.4-0.8 mg
of naloxone is administered and the patient is observed for precipitated withdrawal
[58]. Careful consideration should be given to those interested in outpatient follow-
up for extended-release injectable naltrexone as individuals will need to abstain from
opioid use for an extended period of time and are at high risk for relapse and overdose.

13.13 Managing the Patient in the Emergency Department

Patients with OUD frequently present to the emergency department for general
medical conditions or complications related to opioid use. Managing a patient with
chronic opioid use or OUD in the emergency department can be challenging. Initial
workup should be done to diagnose the underlying etiology for the patient’s pain.
Some considerations in this patient population include soft-tissue infections, opioid
overdose, opioid withdrawal, and trauma [63]. The two most common indications
for admitting intravenous drug-users to the hospital are pneumonia and soft-tissue
infections [63], both of which can both present with sepsis.
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If the diagnostic workup rules out any other indications for admission, the pain
provider will need to determine if the patient needs to be admitted for pain manage-
ment. This should be done in close communication with the patient’s outpatient pro-
vider and their comfort with managing the patient’s pain in the outpatient setting.
Often times these patients will be sent to the ED directly by their outpatient pain
provider for evaluation for inpatient pain management. This can be in the setting of an
acute exacerbation or potentially a device-malfunction. If the outpatient provider and
patient are comfortable with outpatient management, the patient may be discharged
with a short-term opioid regimen. Additionally, ED presentations are another oppor-
tunity for pain providers to connect patients with appropriate outpatient providers.

Patients with OUD should be engaged in substance use treatment in the
ED. Buprenorphine induction in the ED setting has been shown to effective in
increasing patient engagement in treatment compared to brief intervention and refer-
ral alone [34]. Initiation of buprenorphine in acute settings can decrease emergency
room visits, increase completion of medical treatments, and improve engagement in
outpatient substance use treatment [64, 65]. Other MOUD (methadone and extended-
release injectable naltrexone) are less feasible in acute ED presentations. Methadone
requires linkage to an outpatient federally certified opioid treatment program with
immediate follow-up. Extended-release injectable naltrexone is an option in patients
who have not received opioids for pain management or used otherwise for 7-14 days.
This timeline is often a barrier to implementing in the acute setting. Patients declin-
ing MOUD while in the ED need early follow-up with outpatient substance use
treatment and should be discharged with an intranasal naloxone rescue kit.

13.14 Naloxone and Discharge Planning

All patients discharged on daily opioid dosing greater than 90-mg morphine equiv-
alents, those on longer-acting opioids (methadone or extended-release oxycodone),
and those with a history of OUD or substance misuse should be discharged with an
intranasal naloxone kit [24]. Patients at high risk for opioid overdose and those
with OUD also need early follow-up with substance use treatment. Substance use
treatment includes MOUD, counseling and other supportive services, and is offered
by treatment programs or providers in the outpatient setting. It is encouraged to
involve family members and significant others in education and training in nalox-
one administration prior to discharge.

13.15 Summary

* Opioid prescriptions have increased dramatically over the past 20 years contrib-
uting to the opioid epidemic. Currently, opioid analgesics are the most com-
monly prescribed medication in the United States and greater than 2.4 million
individuals have OUD.
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Opioid use leads to many physiologic changes that lead to tolerance, depen-
dence, and opioid use disorder.

The three FDA-approved medications for treatment of OUD are methadone,
buprenorphine, and extended-release injectable naltrexone (Vivitrol®).
Methadone should be continued and naltrexone should be discontinued in the
setting of acute pain.

Literature is still unclear on best management of buprenorphine in the setting of
acute pain.

Multimodal analgesic strategies should be optimized in this patient population
due to their increased opioid tolerance and increased perception of pain.
Ketamine and lidocaine infusions can safely be used as non-opioid analgesics,
even in non-monitored settings.

Only about 20% of OUD patients are on MOUD.

The inpatient setting may be an ideal time to transition these patients onto
MOUD.

The choice of treatment should be a shared decision between the clinician and
patient.

Close planning and coordinating follow up is vital to preventing risk of relapse
after discharge from the hospital.
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Chapter 14
Patient in Rehab and on Buprenorphine/
Methadone/Naltrexone/Naloxone

Check for
updates

Andrew J. Wendahl and Keth Pride

14.1 Introduction

With the admission of any patient using opioid agonist therapy (OAT), there exists
the dynamic challenge of managing pain control. This challenge amplifies in the
context of a surgical or trauma-related patient and is one that inpatient and emer-
gency department providers are faced with on a daily basis. Acute pain management
in patients receiving opioid agonist or maintenance therapy is therefore best
achieved utilizing a multimodal treatment plan that is individualized to each patient.
The majority of the available literature in this area comes from the perioperative
management of opioid-tolerant patients.

14.2 Pathophysiology

Prior to effectively treating this patient population, it is important to understand
the reason and pathophysiology behind OAT. Proper opioid agonist treatment can
allow patients to return to a productive and satisfying lifestyle that was previously
unattainable. Although patients treated with opioid agonists are physically depen-
dent, they typically do not have the problematic behaviors and patterns often asso-
ciated with addiction [1]. Opioid agonists suppress cravings and withdrawal
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symptoms by blocking the acute effects of other opioids. Oftentimes, in order to
achieve success with OAT, a slow taper is required sometimes lasting many
months. Treatment plans can be optimized by utilizing a clear tapering schedule,
providing access to withdrawal medications, and emphasizing the importance of
patient engagement.

There are both biological and clinical reasons for difficulty in treating pain in
opioid tolerant patients. Central sensitization, tolerance, and opioid induced hyper-
algesia are well known reasons for this challenge. The mechanism behind central
sensitization is thought to occur by amplified synaptic firing of pain signals from
the nociceptor terminal to the dorsal horn neurons; the NMDA receptor is thought
to be integral to this process. Chronic stimulation of opioid receptors producing
increased sensitivity to pain has been described through mechanisms other than the
NMDA receptor including upregulation of spinal dynorphin, activation of protein
kinase C, and apoptosis of spinal dorsal horn neurons [2]. Central sensitization has
been found to be implicated in both opioid tolerance as well as opioid-induced
hyperalgesia.

14.3 Assessment/Evaluation and Identification
of Population at Risk

The first step in evaluating a patient with uncontrolled pain receiving chronic OAT
is to obtain a careful history and physical examination, and then consider diagnostic
studies. Is this pain an exacerbation of the baseline pain or a different pain? The
differential diagnosis should remain broad and must also include new drug interac-
tions that decrease the efficacy of current pain medications and also the possibility
of an increasing tolerance to current medications.

It should also be noted that an exacerbation of a psychiatric disorder has the
potential of increasing the patient’s pain experience. Due to the increased preva-
lence of psychiatric disorders in the chronic pain patient population, a psychologi-
cal assessment should also be included in the initial evaluation [3, 4].

14.4 Misconceptions That Limit Treatment of Acute Pain
in Opioid-Tolerant Patients and Patients on OAT

There are misconceptions surrounding opioid and opioid agonist therapy that may
lead to prejudice toward patients. The opioid prescribing climate has changed drasti-
cally over the last decade as the ‘opioid epidemic’ has been publicized and politi-
cized. Consequently, patients that fall into the category of opioid tolerance, addiction,
and previous addiction are often viewed under suspicion and perceived as drug-
seeking. It is understandable that this population would be more demanding of pain
medication, given their fear of being under-treated or that discontinuation could lead
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to withdrawal. It is therefore even more important that patients on opioids and opioid
agonist therapy receive careful clinical assessment for objective evidence of pain [5].

Four common misconceptions resulting in under-treated postoperative pain were
identified by Coluzzi et al. and are quoted below. These misconceptions are wide-
spread and can be extremely deleterious to the effective treatment of inpatients on
OAT. Therefore, they are extremely important to consider whenever treating any
patient or inpatient on OAT [6].

1. “Maintenance therapy with buprenorphine or methadone provides
analgesia.
Additional opioid dose is required in patients on maintenance therapy with an
opioid agonist for the following reasons:

(a) Methadone and buprenorphine effect on pain suppression is shorter (4-8 h)
than the duration of their effect on opioid withdrawal (24—48 h) [7].

(b) Due to opioid cross-tolerance, patients require higher and more frequent
doses of opioid analgesics to achieve adequate analgesia [8].

(c) OIH may counteract the analgesic effects of opioids [9].

(d) These patients display increased sensitivity to natural and experimental
pain. Consequently, pain scores are usually higher and decrease more
slowly [10].

2. Additional opioids for analgesia may cause addiction relapse.
There is no evidence that analgesic opioids will exacerbate addictive disease.
Two small studies suggest that patients on maintenance methadone programs
receiving opioids, either for cancer pain or for post-surgical pain, showed no
relapse when matched with patients receiving maintenance methadone therapy
only [11, 12]. Conversely, due to the potential stress induced, unrelieved pain is
arisk factor for relapse among the addicted patients [13].

3. Additional opioids for analgesia may cause respiratory and CNS
depression.

Clinical experience does not support this concern. Conversely, there is evi-
dence that tolerance to opioid-related respiratory and CNS depression is protec-
tive in acute or worsening chronic pain. Typically, cancer patients who require
additional opioids do not exhibit drug toxicity when the dose is escalated.
Moreover, inpatients’ response to opioids can be monitored [14].

4. PCA is inadequate for post-surgery analgesia in opioid-tolerant patients.

There are no specific guidelines available to address pain-relief interventions
in this specific population. Nonetheless, a multimodal approach is recommended
[15]. When regional analgesia is not applicable, a PCA system can be considered
especially for those who are unable to maintain their oral opioids in the periop-
erative period [16]. Pain scores in opioid-tolerant patients are higher and decrease
more slowly. Opioid tolerance significantly affects analgesic requirements.
Unrelieved pain is a risk factor for relapse among patients recovering from
abuse. PCA is the only system which allows to provide patients with the right
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dose of opioid, according to their effective needs [17]. However, the appropriate
setting of bolus size and lockout interval may be challenging, despite the risk of
opioid-related respiratory depression being low in opioid-tolerant patients [18].”

14.5 General Recommendations for Pain Management
in Patients Using OAT

Whether the patient is taking buprenorphine, methadone, naltrexone or bup/nal, cer-
tain treatment options should be considered in order to optimize pain control in this
patient population. With such limited research, the following guidelines are based
on the available literature, pharmacologic principles, and published
recommendations.

e Discuss pain management plan with patient in nonjudgmental manner so as to
minimize and prevent consternation and pain-related anxiety.

e Reassure patient that their addiction history will not prevent sufficient pain
management.

e Continue the usual (or equivalent) dose of OAT [19].

* Use conventional analgesics, including opioids, to aggressively treat pain.

— Inall cases, because of variable interpatient opioid metabolism and unpredict-
able buprenorphine dissociation from the mu receptor, naloxone should be
available and level of consciousness and respiration should be frequently
monitored [20].

e Opioid cross-tolerance and an increase in pain sensitivity often necessitate higher
opioid doses administered at shorter intervals [19].

e Write continuous scheduled dosing orders rather than as-needed dosing.

e Avoid using mixed agonist and antagonist opioids because they can precipitate
acute withdrawal syndrome [20].

e Whether the patient is opioid tolerant or naive, on buprenorphine or methadone,
multimodal treatment modalities should be utilized that simultaneously target
pain pathways at different sites using different mechanisms. This approach to
pain management is associated with superior pain relief and decreased opioid
consumption [21].

14.6 Buprenorphine

Mechanism—Buprenorphine is a semisynthetic opioid derivative of thebaine, a
naturally occurring alkaloid of Papaver somniferum, or opium poppy. It has a high
binding affinity for the mu-opioid receptor, effectively competing with other opioids
that bind to the same receptor. It functions as a partial mu-opioid agonist such that
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when it binds to the receptor, it mimics the pharmacological effect of an opioid but
to a much lesser extent, thus preventing opioid withdrawal symptoms. Another
unique characteristic of this drug is that it has a slow rate of dissociation from the
receptor, producing a prolonged duration of action compared to other opioids [22].
It is also a full kappa-opioid receptor antagonist contributing to its dysphoric and
psychotomimetic effects.

Additional Characteristics—Buprenorphine has also been shown to reverse
opioid-induced hyperalgesia (OIH) through “buprenorphine-induced antinocicep-
tion.” [23] Normally, opioid exposure increases spinal dynorphin, an endogenous
kappa-receptor agonist, which can contribute to OIH. Buprenorphine, as previously
stated, is a kappa-receptor antagonist that can compete with the effects of spinal
dynorphin resulting in decreased OIH [24].

Maintenance Therapy/Dosing regimens—Recommended starting doses of the
approved formulations for opioid naive patients with chronic pain are 75 mcg buc-
cal buprenorphine once daily or every 12 h, or 5 mcg/h via transdermal patch. As is
recommended with all opioids, it should be titrated slowly and incrementally so as
to avoid side effects. In one study on low back pain, opioid naive patients required
150-450 mcg buccal twice daily to provide adequate analgesia [25]. Maximal doses
are 900 mcg buccal and 20 mcg/h transdermal.

14.7 Managing Acute Pain, Inpatient

The treatment of acute pain in patients taking buprenorphine is particularly chal-
lenging. Its high receptor-binding affinity, long half-life, and partial mu-receptor
agonism may inhibit the effects of traditional opioids potentially resulting in poorly
controlled postoperative pain and serious adverse events [26, 27]. With such limited
empirical data, the following treatment approaches for patients on buprenorphine
requiring opioid analgesics are based on the available literature and pharmacologic
principles, specifically those published by Alford et al. in their 2006 article pub-
lished in the Annals of Internal Medicine.

In this patient population, four different options exist and should be chosen based
on the patient’s anticipated duration of pain, the current treatment setting, and the
patient’s response to chosen treatment.

1. If short duration of pain expected, continue usual dose of buprenorphine and
titrate short-acting opioids for breakthrough pain [28].

2. Divide buprenorphine dose to every 68 h to optimize its analgesic properties. For
example, the available literature suggests that acute pain can be effectively man-
aged with as little as 0.4 mg sublingually every 8 h in opioid-naive patients [29].

3. Discontinue buprenorphine maintenance therapy and treat pain with full opioid
analgesic therapy by titrating to effect and then to achieve analgesia. Convert
back to buprenorphine only when acute pain no longer requires additional opioid
therapy [28, 30].
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4. If longer duration of pain expected, discontinue buprenorphine therapy and treat
opioid dependence with methadone 20-40 mg/day, a dose that will prevent acute
withdrawal in most patients [31]. Due to the decreased binding affinity of
buprenorphine for the mu receptor, responses to additional opioid agonist anal-
gesics should be more predictable and effective. Manage additional pain by
titrating short-acting opioids. When acute pain has resolved, discontinue metha-
done and convert back to buprenorphine prior to hospital discharge [32].

14.8 Managing Acute Pain, Perioperative

Given the limited data regarding the clinical outcomes of patients taking periopera-
tive buprenorphine, TA Anderson et al. at the University of Michigan Health System
created a protocol published in Anesthesiology titled “To Stop or Not, That is the
Question: Acute Pain Management for the Patient on Chronic Buprenorphine.”
Based on pharmacology, published reports, and clinical experience, this author
agrees with its findings and endorses its recommendations which are illustrated
below (The buprenorphine patch was not included in this protocol) [33]. Of note,
this algorithm may also be used as a guideline when treating acute pain in the non-
surgical inpatient.

e In the protocol created by TA Anderson et al., perioperative management of a
patient taking buprenorphine is largely split up into two treatment arms: elective
or emergent surgery. Under the elective surgery arm, postoperative pain and opi-
oid requirements should be anticipated as being either minimal or significant. If
minimal postoperative pain is expected, then the patient should stay on their cur-
rent dose and supplement with non-opiate adjuncts. If the patient has recently
stopped their buprenorphine, then the surgical team should identify the daily
dose, confirm time since discontinuation, and consider postponing surgery until
buprenorphine has been completely metabolized and its effects minimized. If the
following time-interval criteria can be met, then treat with traditional opioids
using opioid-tolerant dosing.

0—4 mg per day—stop x24 h before surgery

— 4-8 mg per day—stop x48 h before surgery

— 8-12 mg per day—stop x72 h before surgery

>12 mg—preoperative management plan per buprenorphine provider

* If moderate or severe postoperative pain is anticipated and the patient is still tak-
ing buprenorphine, then the surgery should be canceled or postponed until the
aforementioned time-interval criteria have been met allowing for the complete
metabolism of buprenorphine. Communicate with the patient’s buprenorphine
provider to develop a plan to wean the patient off buprenorphine prior to surgery.
This should include the institution of a short-acting opioid to bridge pain control
in the preoperative period. A plan for follow-up and reinstitution should also be
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confirmed. If buprenorphine is successfully stopped prior to surgery, then expect
opioid requirements to be similar to opioid-tolerant patients. Ensure appropriate
outpatient follow-up and consider additional non-opiate adjuncts.

e Under the urgent/emergent surgery arm, the surgical team should again assess
anticipated postoperative pain and opioid requirements. If minimal pain is
expected then the surgical team should alert the prescriber, continue the buprenor-
phine for postoperative pain, consider adjuncts, and minimize supplemental opi-
oids. If the patient has stopped their buprenorphine, then assess time since
discontinuation. If greater than or equal to 5 days off, then treat with traditional
opioids and expect tolerance.

o If the surgery is expected to elicit moderate to severe pain, then buprenorphine
should be discontinued. A PCA should be initiated which will likely require
high-dose opioid infusion—preference should be given to high dose PCA over
high-dose basal rate. Consult the acute pain service as well because this man-
agement will require close monitoring. Additionally, schedule acetaminophen,
consider gabapentin or pregabalin, continuous regional catheter, and dexme-
detomidine for ICU patients, and continue traditional opioid therapy for post-
operative pain upon discharge. Coordinate follow-up with buprenorphine
provider for planned opioid wean and reinstitution of buprenorphine therapy. If
patient was off buprenorphine prior to urgent/emergent surgery then anticipate
the patient’s course to be similar to a tolerant patient.

Communication with prescribing physician—When an acute pain episode arises,
it is imperative to have an early discussion with the patient’s buprenorphine provider
to ensure that appropriate support is in place. Creating a clear analgesic care plan for
after discharge can help to prevent confusion, reassure the patient, and avoid the psy-
chological stress of poorly treated pain. If a new opioid agonist is indicated for pain,
a plan for its safe use should be developed with the outpatient provider in order to
ensure adequate pain control and avoid complications. In the surgical setting, devis-
ing a pain management plan should begin in the preoperative assessment and should
include a collaborative multidisciplinary approach incorporating a pain management
specialist, mental health professionals, and, again the opioid agonist prescriber.

Evidence—Currently, there is no consensus or high-level evidence describing
acute pain management techniques for inpatients on buprenorphine.

Risk—Concerns while taking this medication include CNS depression impair-
ing physical or mental abilities and caution should be taken while operating any
machinery or performing tasks requiring alertness. In patients at higher risk of
hepatotoxicity transaminases should be monitored prior to and during therapy. As
with other opioid agonists, the patient should be closely monitored upon drug ini-
tiation or dosage escalation for risk of respiratory depression. Misuse via self-injec-
tion, CNS depressant co-administration (i.e. ETOH or benzodiazepines) may
exacerbate respiratory and CNS depressant effects. Hypersensitivity and hypoten-
sive episodes have been reported [34]. Buprenoprhine has also been observed to
cause QTc prolongation and should be avoided in patients with personal or family
history of prolonged QTc or those taking other medications known to prolong the
QTc interval [34].
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The risks and benefits of continuing buprenorphine or any of the following opi-
oid agonists in the perioperative period should be explicitly discussed with patient.
Again, an individualized treatment plan, preferably developed in cooperation with
the patient, is essential to providing optimal pain control.

14.9 Methadone

Mechanism—Methadone is a racemic mixture of two stereoisomers (L- and D-
methadone) with L-methadone being 8—50 times more potent than D-methadone and
pharmacologically more active [9]. It is an antagonist at the glutamatergic N-methyl-
D-aspartate receptor as well as a full agonist at the mu-opioid receptor [35]. Its
action at the NMDA receptor is likely responsible for its benefit in the treatment of
neuropathic pain. Lastly, it also inhibits reuptake of serotonin and norepinephrine.

Characteristics—Methadone has a long and unpredictable half-life (13-58 h).
After oral administration, it can be detected in the bloodstream after 30 minutes and
has a bioavailability ranging from 41 to 95% such that serum levels vary greatly [36].

Maintenance Therapy/Dosing regimens—Methadone is dosed daily in metha-
done maintenance treatment (MMT) because of its average half-life of 15-40 h. The
maintenance dose of oral methadone begins with initial oral doses of 15-30 mg,
usually increased to the most effective dose between 80 and 120 mg daily [37].

Managing Acute Pain—HCPs managing acute pain in patients on MMT should
refer to the aforementioned general recommendations for pain management for
patients using OATs. Additional inpatient and perioperative recommendations for
patients in MMT are included below [32]:

1. If the patient is able to tolerate oral medications, oral methadone should be con-
tinued on the morning of surgery and through perioperative period.

2. If oral medication is not tolerated, then the methadone dose can be given paren-
terally (intramuscular or subcutaneous) at a dose half to two thirds the mainte-
nance dose divided into two to four equal doses a day. The relative analgesic
potency ratio of oral to parenteral methadone is 2:1, with wide variability due to
its pharmacodynamic and pharmacokinetic properties.

(a) An example: In a patient taking 80 mg oral methadone daily, the IM dose
would be 10-13 mg every 6 h or its equivalent every 12 h.

3. Practical rules to convert methadone to morphine

(a) Unfortunately, methadone conversion is challenging because conversion cal-
culations are bidirectional.

(1) Most studies have investigated the conversion dose ratio in patients
going from morphine to oral methadone, showing that methadone is
more potent in patients on high-dose opiates (i.e. when going from high
dose opiates to methadone, less methadone is required).
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(i) The estimated dose ratio for IV methadone to oral morphine equivalent
daily dose (MEDD) is 13.5. The estimated dose ratio for oral metha-
done to oral MEDD is 4.7.

(iii) When oral methadone is converted to IV morphine sulfate, estimated
dose ratio is 2:1.

(iv) The ratios may vary largely depending on patient metabolism, includ-
ing the effect of CYP inducers and inhibitors.

(v) Usually 2-3 days are required to achieve a stable dose.

(b) Example

(1) Inapatient taking oral methadone at 80 mg daily, the equivalent IV dose
of morphine would be 40 mg daily.

(i1) In opioid naive patients, the IV morphine dose can be reduced to
20-30 mg daily (i.e. continuous infusion of 1 mg/h or 24 mg per 24 h),
only for maintenance therapy [38].

Communication with prescribing physician—The patient’s methadone mainte-
nance program should be notified at both the time of admission and discharge in
order to verify methadone dose, inform program clinical staff of any controlled
substances given to the patient are detectable by urine drug screen, and lastly to
coordinate follow-up for eventual reinstitution and management of methadone
therapy.

Evidence—Currently, there is no high-level evidence describing acute pain man-
agement techniques for inpatients on methadone.

Risk—Methadone interacts with other medications frequently and, like buprenor-
phine, is known for causing QTc interval prolongation, resulting in possible signifi-
cant cardiac toxicity and life-threatening arrhythmia. At higher levels, it can also
cause hypoxia and severe pulmonary edema, particularly when mixed with benzo-
diazepines [39].

14.10 Naltrexone

Mechanism—Naltrexone is a pure opioid antagonist, used in patients with opioid
and alcohol dependence. It is a cyclopropyl derivative of oxymorphone similar in
structure to naloxone and nalorphine (a morphine derivative). It has its highest affin-
ity for mu receptors. Its efficacy is mediated through interactions between dopamine
and endogenous opioid neuropeptide systems, also involved in the expression of
reinforcing effects of alcohol [40].

Maintenance Therapy/Dosing regimens—The new once-monthly extended-
release formulation of injectable naltrexone prevents the relapse to opioid depen-
dence following detoxification [41]. Per Up to Date dosing guidelines:

e Oral: Initial: 25 mg; if no withdrawal signs occur, administer 50 mg/day there-
after; alternative maintenance regimens may be used and include: 50 mg on
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weekdays with a 100 mg dose on Saturday; 100 mg every other day; or 150 mg
every 3 days (degree of blockade may be reduced with extended dosing interval
regimens and doses >50 mg may increase risk of hepatocellular injury).

e IM: 380 mg once every 4 weeks.

Managing Acute Pain—These patients present a challenge for practitioners treat-
ing patients with acute pain. Naltrexone may cause reduced sensitivity to opioids or
precipitate withdrawal symptoms when naltrexone is re-dosed soon after opioid use
[42]. Patients may remain refractory to or more sensitive to opioids. A patient may
remain refractory to opioid-induced analgesia within the first 2 weeks. By the fourth
week the receptor antagonism may be overcome by high dose opioids. This occurs
because chronic opioid antagonism results in increased density of opioid receptors
in the brain.

It has been recommended that treatment in these patients be non-opioid focused
to include NSAIDs and acetaminophen, corticosteroids, ketamine, and regional
analgesia. Oral naltrexone should be discontinued at least 24—72 h prior to opioid
based care [43]. For the above reason, if possible, elective surgery should be sched-
uled during the fourth week following naltrexone initiation. In the case of emer-
gency, consider high dose opioid analgesic treatment, appropriately titrated.

Perioperative management [44]:

* Discontinue oral naltrexone at least 72 h before scheduled elective surgery if
opioid use is anticipated.

e Extended-release IM naltrexone should be discontinued at least 30 days prior to
scheduled surgery (oral naltrexone may be used temporarily).

Communication with prescribing physician—It is pertinent to communicate with
the prescriber for regarding patients on suspected naltrexone therapy with a ques-
tionable history. If naloxone therapy is considered, a challenge test may be helpful
to confirm that the patient is opioid-free as a urine drug screen may not be sufficient
proof. Patients in transition from buprenorphine or methadone may be vulnerable to
withdrawal symptoms for up to 2 weeks. For acute and emergent pain management,
it is prudent to consider alternatives to opioids. If opioid therapy is required, patient
care should be provided under the direct supervision of a trained anesthesia provider.

Evidence—There is limited evidence available on perioperative management of
patients undergoing treatment with naltrexone. Most of the literature is in case
reports noting pain refractory to the effects of opioid agonists. It has been recorded
that there may potentially be hypersensitivity due to receptor up-regulation.

Risk—Risk of accidental opioid overdose with high dose opioid management is
present, primarily due to the increased density of opioid receptors in the brain as
previously described. This type of patient may also respond to lower opioid doses
than expected. It is important for the patient to be aware that this increased sensitiv-
ity still exists after treatment is discontinued, after a missed dose, and near the end
of the dosing interval. Naltrexone may also precipitate symptoms of acute with-
drawal in opioid-dependency. This could present as pain, hypertension, sweating,
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agitation, and irritability. Dose-related hepatocellular injury has also been reported
with the margin of safety between appropriate dosing and hepatotoxic doses being
approximately five-fold. Therefore, transaminases should be also monitored for
elevation. Abrupt discontinuation could also lead to acute liver injury. Lastly, sui-
cidality and depression have been reported necessitating close patient monitoring
and awareness throughout the therapeutic period [34].

14.11 Buprenorphine-Naloxone (Bup/Nal 4:1 Ratio, Suboxone)

Mechanism—See buprenorphine mechanism above. Naloxone is a short-acting,
broad opioid receptor antagonist. It binds to opioid receptors with high affinity and
becomes a competitive antagonist of opioid receptors. When administered at low
doses, naloxone can reverse opioid side effects such as respiratory depression, seda-
tion, and hypotension without fully reversing analgesia. At high doses, naloxone
can precipitate opioid withdrawal [45]. It is 45% protein bound, rapidly metabo-
lized by glucuronidation to naloxone-3-glucuronide in the liver, and excreted pri-
marily in the urine.

Maintenance Therapy/Dosing regimens—It remains unclear as to whether bup/
nal maintenance therapy is superior to methadone maintenance therapy, which has
been the standard of care for opioid addicted patients. The studies are mixed in
terms of superiority. One study suggests bup/nal might be even more effective than
methadone in reducing opioid consumption and preserving cognitive function [46].
Other studies suggest that methadone is more effective at reducing opioid use and
retaining patients in the maintenance therapy [47].

Managing Acute Pain—Limited data exist on the optimal acute pain manage-
ment strategy in these patients. The concern with agonist/antagonist therapy is the
drug’s high affinity for mu-opioid receptors, potentially blocking other opioids from
activating the receptor. Patients on bup/nal therapy are expected to require a higher
dose of opioids during the acute pain period, therefore, a standard opioid-based plan
may not be sufficient [48]. Ongoing bup/nal therapy may need to be replaced with
other opioids as soon as possible during the acute pain period. If the choice is made
to replace bup/nal preoperatively with other opioids, then its postoperative reinstate-
ment should be managed carefully and in cooperation with the drug’s original pre-
scriber. The presence of buprenorphine in the drug and its effect on the mu-receptor
create an elevated but indeterminate opioid requirement for pain control [49]. We
therefore refer the provider to the aforementioned summarized recommendations by
Alford et al. and Anderson et al. that describe the respective inpatient and periopera-
tive management of a patient on baseline buprenorphine therapy.

Communication with prescribing physician—Except for urgent and emergent
situations, buprenorphine transitions should be handled by a specialist in the field.
Abrupt discontinuation in a highly stressful, and emotionally charged scenario, such
as the perioperative period, risks precipitation of opioid use disorder relapse [50].
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Evidence—A randomized clinical trial comparing bup/nal to methadone in opi-
oid dependent patients found that treatment retention rate and analgesic effect did
not differ between drugs. It also found that while methadone was more effective at
reducing illicit opioid use, bup/nal showed a greater improvement in mood, energy,
personality, and the psychological component of chronic pain [47].

Risk—See risks associated with buprenorphine medication as stated above.
Additional risks associated with the administration of naloxone include acute opioid
withdrawal and all its associated symptoms including increased pain, tachycardia,
hypertension, and irritability [34].

14.12 Special Considerations: Indications for Use Opioid
Agonists Outside of Opioid Use Disorder

There is minimal published data or studies showing the efficacy of buprenor-
phine/naloxone (bup/nal) for pain relief in non-opioid dependent patients with
chronic pain [22]. The weak analgesic effect of buprenorphine in the form of bup/
nal is unlikely to provide adequate pain relief for patients without opioid depen-
dence or addiction. In low doses, buprenorphine can only partially activate the
mu-opioid receptor. In moderate doses, its opioid agonist effect reaches a plateau
or ceiling such that any further dose increase is unlikely to enhance analgesia.
There exists a similar ceiling effect, however, for opioid-induced ventilatory
impairment. In high doses, it actually functions as an opioid antagonist thus limit-
ing its analgesic effect [51]. Given its low addictive potential and favorable safety
profile, the role of bup/nal as both an analgesic and addiction management tool
continues to grow [52].

Methadone has been studied for its use in the perioperative setting due to its
unique pharmacokinetic profile. Randomized clinical trials have shown that when
compared to shorter-acting intraoperative opioids, methadone is associated with
greater reductions in postoperative analgesic requirements. Risk of opioid-related
side effects were also not increased in the methadone groups in any of the investiga-
tions [44]. In the summary below, per the 2009 Opioid Treatment Guidelines, the
following recommendations were given for Methadone use as chronic opioid ther-
apy in chronic non-cancer pain:

Clinicians who prescribe methadone should be familiar with its complex clinical
pharmacology and associated risks (ie. QTc prolongation and cardiac arrhythmias).
Use of methadone for chronic non-cancer pain (CNCP) has increased dramatically,
however, few trials have evaluated the benefits and harms. Based on panel consensus,
a safe starting dose in opioid-naive patients is 2.5 mg every 8 h, with no more fre-
quent than weekly dose increases. More cautious and slow dose titrations are rec-
ommended for older patients or those with renal or hepatic comorbidities. In
opioid-tolerant patients, convert to methadone cautiously. Equianalgesic dose ratios
are variable and can range from 0.1 to 10% morphine equivalents (lower at higher
doses). It is recommended that patients on low dose opioids to be treated as opioid
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naive patients while initiating methadone. In patients on higher dose opioids, meth-
adone should not exceed 30—40 mg a day. Multiple methods have been described for
dose titration, however, given its complex pharmacokinetics none are strongly rec-
ommended with evidence. Methadone is not recommended for breakthrough pain or
prn use for the above reasons [53].

14.13 Summary

Managing patients on opioid agonist therapy can represent a dynamic challenge
for any health care provider.

In order to optimize pain control in the inpatient setting in this patient popula-
tion, please recall the four misconceptions and refer closely to general guidelines
as listed in prior sections.

Optimizing acute pain management in opioid tolerant individuals using OAT
requires diligence, careful monitoring, and appropriate use of multimodal
analgesia.

Fortunately, we can look to perioperative literature on guidance in treating new
onset pain, but additional studies are required to better understand the most
effective treatment course for individuals using opioid agonist therapy in an
inpatient setting.
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Chapter 15
The Elderly with Dementia

Sook Kyung Yoon and Peggy Y. Kim

15.1 Introduction

Globally, our population is increasingly aging. Population aging is defined as a mass
shift in the distribution of a country’s population towards older ages. The year 2015 was
a monumental year, when the number of people aged 65 or older outnumbered children
under age 5 [1]. The World Health Organization (WHO) has predicted that the number
of elderly people (conventionally defined as >65 years of age) worldwide will reach 1.5
billion by 2050, up from 900 million in 2015 [1, 2]. With the burst in growth of older
adult patients, the need to manage acute and chronic pain in older patients in the inpa-
tient setting is becoming more common. As the population ages, the number of older
people who experience dementia will also increase [3]. Dementia is a progressive,
neurological disease that leads to a permanent loss of cognitive abilities. Approximately
4.5-8% of people over 70 and 15-64% of people over 80 will experience dementia [3].

Pain is equally prevalent in the elderly with dementia as it is in the cognitively
intact elderly population [4]. Although there are wide variations in estimates, a
recent systematic review found that 46-56% of older people with dementia experi-
ence pain [5]. It has also been shown that regardless of the type of dementia (i.e.,
Alzheimer’s, vascular dementia, frontotemporal dementia, etc.), reported pain lev-
els appear to be similarly affected. Despite widespread pain in this population, stud-
ies have shown that those with dementia are less likely to be treated with analgesic
medications than their cognitively intact counterparts [6—8]. This phenomenon is
partly due to difficulties in assessing pain as well as clinicians’ false assumptions
that pain is part of the natural course of aging [4].
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There are several challenges in treating pain in the elderly with dementia. First
of all, the effective treatment of chronic pain in any patient requires a thorough and
accurate assessment of pain. Assessment of a patient’s functional status, including
mobility, sleep, weight changes, mood, and cognitive impairment is also necessary.
If the patient is able to respond appropriately verbally and has mild to moderate
cognitive impairment, assessing pain via simple questioning is possible [9].
However, if the patient has severe cognitive impairment, he or she may not be verbal
and it may be impossible to make these inquiries. Second, the elderly population has
associated complex biopsychosocial, environmental, and economic factors that cli-
nicians must consider when treating their pain. As people age, they experience com-
mon age-associated psychosocial phenomena, such as the loss of family and friends
and the loss of independence, which can contribute to pain and suffering [4].
Noticing such nonuniform, nonlinear, and heterogeneous changes across different
facets of a patient’s life can provide valuable insight when assessing pain as well as
assist in better informing the provider or caregiver in choosing nonpharmacologic
and pharmacologic treatments [4]. Third, age-related physiologic changes may have
potential pharmacokinetic consequences. With aging, various organ systems
undergo tremendous changes in their composition and function, affecting the bio-
availability of medications. In general, it is crucial to hold true to the old adage of
“start low and go slow” in this population. Finally, the average elderly person has
multiple comorbidities, and the risk of significant polypharmacy (defined as greater
than five medications) is elevated [10]. As it is well documented in the literature and
well-known among geriatricians, polypharmacy correlates with increased morbidity
(e.g., falls, delirium, loss of function), as well as mortality [10-13].

The treatment of pain in this fragile population should always begin with non-
pharmacologic strategies to attempt to reduce polypharmacy. Engaging different
disciplines such as physical therapy, occupational therapy, and social work will also
help address the multidimensional aspects of pain, even in an inpatient setting.
Topical pharmacologic agents should be considered prior to systemic medications.
Interventional methods for the treatment of pain should be discussed, potentially to
be performed either in the inpatient setting or in an outpatient setting subsequent to
discharge, after exhausting all conservative management. Most importantly, improv-
ing the quality of life, optimizing functional independence, and minimizing disabil-
ity in older adults should be the goal of all treatments [14].

15.2 Pathophysiology

15.2.1 Age-Related Changes Relevant to Pain

The perception of pain among the elderly is affected by physiologic changes at
multiple levels. In the peripheral nervous system, the impaired function of nocicep-
tive nerves may result from a loss of integrity or decreased density of cellular
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elements. Substance P and calcitonin gene-related peptide concentrations diminish
over time. In the central nervous system, there is a reduction in several critical ele-
ments of neurotransmission (e.g., endorphins, gamma-aminobutyric acid, serotonin,
norepinephrine, opioids, and acetylcholine) [15], which results in improper pain
signal transmission and neuromodulation [14]. Evidence also suggests that there is
a decrease in the number of dopaminergic neurons and receptors with aging [14].
This results in dysfunction of the descending modulatory pathways of the spinal
dorsal column, which normally serves as an endogenous pain inhibitory system [14].
A large meta-analysis by Gibson et al. suggests that among older adults, pain
thresholds increase and pain tolerance decreases [14]. The pain threshold may vary
based on the type, duration, and location of the stimulus. Older adults experience
increased pain with the application of heat stimuli at shorter durations at peripheral
or visceral sites, as compared with adults in general. On the other hand, older adults
experience less pain with mechanical pressure and ischemia [14]. In conclusion, pain
may not serve as a reliable warning sign of tissue damage due to more atypical clini-
cal presentations in conditions such as cardiac ischemic pain and abdominal pain.

15.2.2 Age-Related Physiologic Changes and Potential
Pharmacokinetic Consequences

As we age, we develop physiologic changes that likely result in altered pharmaco-
kinetic consequences. Pharmacotherapy for older adults is vastly different than in
the younger population. The reasons for this include but are not limited to: physi-
ologic changes due to aging, including limited medication clearance; multiple
comorbidities; reduced physiological reserve; polypharmacy; and dementia [16].

People’s body compositions undergo changes as they age. The aging process leads
to a relatively catabolic state with reduced anabolic influences, which is thought to
cause sarcopenia. Sarcopenia is the loss of muscle mass and strength with age, and is
often accompanied by an increase in fat mass and abdominal girth. Adipogenicity
increases and serum albumin decreases in the elderly, which lead to the higher accu-
mulation and longer half-lives of fat-soluble drugs, decreases in water-soluble drug
distribution, and increases in insulin resistance and metabolic dysfunction [16].

Medications that have a high hepatic extraction ratio may undergo decreased
clearance and increased half-life in older adults because of diminished liver size and
decreased blood flow [9]. In addition, the number of functional glomeruli decreases
over time, resulting in a decrease in renal clearance at a rate of 6.3 mL/min/1.73 m?
per decade. The remaining nephrons develop age-related nephrosclerosis, which
leads to less kidney function reserve [9].

Opioid sensitivity increases with the associated decline in mu opioid receptor
density and increase in opioid affinity in the elderly. This explains why older adults
tend to respond to opioid doses that are significantly smaller than those used in
younger individuals [16] (Table 15.1).



216

S. K. Yoon and P. Y. Kim

Table 15.1 Age-related physiologic changes and their implications

Categories

Age related physiologic changes

Implications

Body composition
[16]

1 in adipogenicity

| in muscle mass

| in body water content

| in serum albumin (20%)

Accumulation and longer
half-lives of fat-soluble drugs
| distribution of water-soluble
drugs

Altered protein binding and
increased risk for drug
interactions

1 insulin resistance, metabolic
dysfunction

Liver function
[16]

| in size by 25-35%
| in hepatic blood flow of more than
40%

| metabolism of hepatically
cleared drugs, lower extraction
ratio

| first-pass metabolism of some
drugs

Kidney function

[5]

| number of functional glomeruli

| in GFR at a rate of 6.3 mL/min/1.73 m?
per decade

1 age-related nephrosclerosis

1 susceptibility to acute kidney
injury

| in water-soluble drug excretion
| kidney function reserve

Central nervous
system [15]

| number of myelinated and
unmyelinated fibers

| in nerve conduction velocity

1 in blood-brain barrier permeability

1 susceptibility for
extrapyramidal effects of
antipsychotics

| proprioception

1 postural instability, balance
deficits, and falls

1 vulnerability to central side
effects

Pain modulation
system [15]

1 sensitization of pain with | pain
inhibitory system activity

1 sensation of pain

Peripheral pain
fibers [15]

Deterioration of structural, functional,
and biochemical changes of peripheral
nerves

Altered pain perception

15.3 Diagnosis

When assessing pain, obtaining a comprehensive history and performing a thor-
ough physical exam is essential. Pain is an unpleasant sensory and emotional
experience, well defined by Melzack and Wall and subsequent researchers [17,
18]. Thus, assessment should address both the physical and psychological aspects
of pain. Before interviewing the patient and assessing his or her cognitive abili-
ties, there are several neurologic changes in the elderly that clinicians should con-
sider. Aging is associated with decreased brain volume, frontal gray matter loss,
and decreased cerebral blood flow. Brain activity shifts from the posterior to the
anterior regions, and cortical thinning develops, as well [19]. With age, there is a
decline in episodic memory, and people have more difficulty recalling the “what,”
“where” and “when” of various events. Retention of new information, processing
speed, multitasking ability, task shifting capabilities, and executive functioning
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may also decline with age [19]. In contrast, procedural and semantic memory is
usually stable with aging, but declines in people with dementia. This significant
difference distinguishes pathologic dementia from the normal aging process.

First, a careful assessment of the patient and removal of elements that may limit
pain assessment is crucial. The elderly population commonly experiences dimin-
ished sensory perception, including losses of hearing, eyesight, and taste. With
aging, senses such as vision become increasingly impaired due to retinal aging,
optic nerve damage, and lens aging, leading to non-correctable decreases in visual
clarity and acuity, haloes, and poor night vision. In addition, eyesight in the elderly
is more likely to be affected by medical conditions such as macular degeneration or
glaucoma, and to be diminished by the consequences of their other comorbid condi-
tions, such as diabetes. Age-related hearing loss is another common condition that
occurs in the elderly, with intrinsic (cochlear aging) and extrinsic (noise exposure,
ototoxic drugs) factors that influence the incidence and prevalence of such deficits
[20]. Without hearing aids and glasses or other appropriate assistive devices, patients
cannot function at their maximal capabilities, and may appear to be more cogni-
tively impaired than they actually are [21] (Fig. 15.1).

Prior to assessing pain in the elderly with dementia, it is important to assess their
cognitive ability and function. Ensuring that the elderly patient has appropriate
assistive devices such as hearing aids and glasses will help minimize errors in pain
assessment. As patients with dementia may have limited semantic (often pathologi-
cal due to dementia) or episodic (decreased as a part of normal aging) memory, it is
a good idea to involve the patient’s healthcare power of attorney (POA) and/or fam-
ily members when acquiring details regarding the patient’s history and when plan-
ning treatment. Involving various disciplines such as physical therapy, occupational
therapy, social workers, speech therapy, psychologists, and spiritual leaders of a
patient’s religion, if applicable, are likely to provide additional helpful dimensions
to consider in assessing and treating pain in this vulnerable population.

Clinicians should always assess other modifiable factors that can exacerbate pain
and appropriately address them when they can. These factors may include, but are
not limited to poor sleep quality, smoking, bowel and bladder incontinence, and
depression [14]. Poor oral intake from eating hospital food that is unpalatable or
unfamiliar to the patient, such as strict low sodium and/or low fat diets, or dyspha-
gia/lack of coordination which often accompanies the later stages of dementia, can
also heighten the experience of pain.

The assessment and treatment of comorbid conditions are also important in the
diagnosis and treatment planning of pain in the elderly. Other comorbidities should
be addressed in parallel, as their optimization can often improve pain control.
Depression screening is important, as this comorbidity is common in patients with
pain and can go unrecognized and remain undertreated in older patients. In addition,
the psychomotor manifestations of depression can make the diagnosis of dementia
more challenging. The Patient Health Questionnaire 9 (PHQ 9) is one quick, easy
depression assessment tool, but there are many others that can be used.

Diagnostic imaging and ancillary