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Introduction
The use of spinal cord stimulation (SCS) for the management of chronic pain involves the application of electrical stimulus to
the dorsal aspect of the spinal cord. SCS carries FDA approval for several indications, including intractable low back and leg
pain. The application of SCS involves the surgical placement of an insulated wire with multiple electrodes (known as leads),
typically in the dorsal aspect of the epidural space, which are then connected to an implantable pulse generator (IPG), which is
surgically implanted subcutaneously in the gluteal region. A permanent implant is generally performed subsequent to
a successful “trial”, in which a SCS lead is placed percutaneously in the epidural space and connected to an external pulse
generator, which is adhered to the patient’s back and worn for a trial period. Substantial pain relief, certainly greater than 50%,
is generally considered necessary for a trial to be deemed successful.'~

There are several commercially available SCS systems and a multitude of studies, including clinical trials, generally
supporting the efficacy of SCS." However, the use of spinal cord stimulation for the management of chronic pain in the

elderly is very poorly studied. Persons over the age of 80 are sometimes referred to as the “extreme elderly.”

This population
is expected to triple in size by 2050.* Yet, clinical trials for SCS tend to focus on a much younger population, as a 2023
Cochrane review of 13 SCS clinical trials determined the average age of subjects in these trials to range from 47 to 59 years
old.” In some cases, the extreme elderly are explicitly excluded from clinical trials.®” Here, we describe a case of a patient who
underwent an SCS trial and permanent SCS system implantation, both without complication, at age 96, continued analgesia

reported nearly 7 years later.

Case Report
Note: The patient described in this report provided written consent prior to the initiation of the writing of the
manuscript to have the details of his treatment and accompanying images published.

A 95-year-old male, VV, with a past medical history notable for prostate cancer managed with leuprolide as well as
osteoporosis, initially presented to the Massachusetts General Hospital Center for Pain Medicine for evaluation of bilateral
low back pain, which was worse on the right. His back pain had been present for approximately 1 year and reportedly began
consequent to a compression fracture of the L2 vertebral body. The pain worsened in the setting of two additional compression
fractures at L1 and L4 in the year prior to the initial pain clinic visit. Associated symptoms included bilateral hip pain, left
buttock pain, and left anterolateral thigh numbness. He reported that his pain, which becomes quite severe with any activity,
was having a significant impact on his ability to perform even basic activities of daily living. Eighteen months prior to the
initial visit, he was able to ambulate independently without a walker and was also driving independently. By the time of the
initial evaluation at our clinic, he required a walker to ambulate and was walking a maximum of 100 feet, and this only a few
days per week. Additionally, he was leaving the house only for medical appointments, was no longer driving a car, and was
sleeping in a hospital bed located in his living room as he could not ascend a flight of stairs to his bedroom. The patient stated
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that he had essentially no quality of life. His physical examination was notable for paraspinal and gluteal muscle tenderness to
palpation, as well as exacerbation of his reported baseline pain with lumbar extension and rotation bilaterally. Neurologic
examination of his lower extremities was unremarkable. MRI prior to initial visit, which had been obtained before the L4
compression fracture, was indicative of chronic compression fractures at L1 and L2, as well as multilevel degenerative
changes in the lumbar spine and a grade 1 anterolisthesis at L4/L5 (Figure 1).

Prior to his initial visit, VV had been previously evaluated for back pain by primary care, physiatry, spine surgery,
rheumatology, and another pain management clinic. His pain was being managed with acetaminophen, a low dosage of
gabapentin, a low dosage of tramadol, and topical lidocaine patches. Oxycodone had previously been prescribed but was
discontinued due to side effects. He had previously completed physical therapy with reportedly limited benefit. Initial
procedural interventions included right lumbar L3-L4, L4-L5, and L5-S1 medial branch blocks, as well as trigger point
injections to the gluteal muscles. Initial diagnostic medial branch blocks were positive in that they provided greater than
80% relief of his right-sided low back pain. However, the patient later developed a deep venous thrombosis and
pulmonary embolism, which required systemic anticoagulation with enoxaparin. It was thought that the risk of bleeding
during the medial branch radiofrequency ablation (RFA) if anticoagulation was not held, as well as the risk of
a cardioembolic event if anticoagulation were stopped, outweighed the potential benefit of this procedure. During this
time, he presented to the emergency department for severe pain on multiple occasions and continued to experience
functional decline at home despite additional medication trials, including pregabalin and duloxetine. Several months later
when it became medically permissible to hold enoxaparin, he underwent right lumbar L3-L4, L4-L5, and L5-S1 medial
branch radiofrequency ablations. Unfortunately, these were reportedly not effective in relieving his pain.

During this time (following the medial branch RFAs), VV again presented to the emergency department for pain
control and was referred to palliative care for help with symptom management given his worsening pain. By this time,
VV was spending essentially all his time in bed. Consequent to this pain-associated major decline in functional status and
quality of life, the idea of palliative sedation was discussed, and additional opioid treatments were utilized, including
tapentadol and another trial of oxycodone. Additional trigger point injections (VV had found the initial set to be helpful,
albeit transiently) and muscle relaxants were trialed as well. As somewhat of a last resort prior to further considering
palliative sedation, the possibility of spinal cord stimulation was discussed with VV and his family. They expressed
interest in moving forward with this therapy, and he subsequently underwent a psychological evaluation prior to a SCS

Figure | Sagittal T2-weighted MRI of the lumbar spine, demonstrating compression fractures at LI and L2, grade | anterolisthesis of L4 on L5, and multilevel disc
desiccation and degenerative changes.
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trial. During this consultation, he was diagnosed with an adjustment disorder, although no psychological contraindication
to spinal cord stimulation was identified.

At the subsequent appointment, which was nine months after VV’s initial pain clinic visit, a spinal cord stimulator
trial lead was placed percutaneously. The epidural space was accessed at the L1-L2 interlaminar space. A single lead was
placed in the left paramedian aspect of the dorsal epidural space, with the active component of the lead spanning from the
top of the T7 vertebral body to the bottom of the T8 vertebral body (Figure 2). At follow-up one week later, VV reported
80% relief of his pain during the trial rating his pain as 1/10 according to the numeric rating scale (NRS). During the
period just prior to the SCS trial, VV had rated his maximum pain as 9-10/10 on the NRS, and scored his global
impression of change during the trial as “much improved.” Based on these results, a decision was made to proceed with
a permanent SCS implant.

Three weeks later, at age 96, and approximately 10 months following the initial pain clinic visit, VV underwent
surgical implantation of a SCS system. A decision was made to place only a single SCS lead to mitigate the risk of
clinically significant bleeding associated with lead placement. The epidural space was again accessed via the L1-L2
interlaminar space. The SCS lead was placed in the midline of the dorsal epidural space spanning from the bottom of the
T6 vertebral body to the T8 vertebral bodies (Figure 3). The IPG was implanted in the left gluteal region. There were no
complications during or subsequent to the surgery.

At one to two weeks post-implant, NRS pain scores ranged from 1-3/10. By one-month post-implant, he was able to
ascend and descend stairs despite having developed a new compression fracture at L5, which was managed with
kyphoplasty. At 2 months post-implant, his walking tolerance had improved to 800 feet, and he was able to discard
his home hospital bed and resume sleeping in his upstairs bedroom full-time. At 4 months, he was able to walk around
the block and had been tapered off pregabalin. By 18 months post-implant, his walking tolerance had improved to
5 minutes, which he was doing several days per week. He also had resumed activities he enjoyed such as going to
restaurants and staying in hotels. At 22 months post-implant, his walking tolerance was up to 15 minutes, and he began
using a stationary bike. He continues to follow with our pain clinic for intermittent SCS re-programming, as well as
undergoing trigger point injections of the thoracic and lumbosacral musculature — the latter at VV’s request and his good
response to the intervention.

Approximately 2 years post-SCS implant, his internal pulse generator (IPG) displayed an “end of life message”, and
required replacement. He underwent IPG replacement without complication. VV experienced mild IPG site discomfort
shortly after initial replacement, but this resolved over time. Otherwise, he has reportedly not experienced issues related
to the SCS system.

Figure 2 (A) AP fluoroscopic view of SCS trial lead placed in the epidural space spanning from the level of the top of the T7 vertebral body through the level of the bottom
of the T8 vertebral body. (B) Lateral fluoroscopic view of SCS trial lead placed in the dorsal aspect of the epidural space.
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Figure 3 Intra-operative fluoroscopic image showing SCS permanent lead in the epidural space, spanning from the level of the middle of the T6é vertebral body through the
level of the bottom of the T8 vertebral bodies.

Currently, VV is nearly 103 years old and close to 7 years removed from SCS implantation. He continues to undergo
regular trigger point injections. The patient has been tapered off duloxetine, and is walking up to 1 mile, which he
reportedly does frequently. He continues to reside at his home and sleep in his upstairs bedroom, as it is now much easier
for him to ascend and descend stairs. Further, the patient continues to enjoy going to restaurants, working in his home
office, doing repairs around his house, and spending time with family.

Discussion

For a multitude of reasons, SCS may not be offered as therapy for patients beyond an arbitrary age. We posit that while
there are perhaps myriad reasons for this nonfeasance, the role of ageism in pain medicine® ' and in society, broadly,
cannot be understated. Some studies have demonstrated lower likelihood of a successful trial'"*'? and greater likelihood
of explanation'® in older patients, although others have not identified any difference in outcomes in those over 65 years

14 1
of age,'* or even over 75 years,"”

compared to younger patients. Chronic neck and back pain are prevalent in the extreme
elderly, even in those in their 10th and 11th decades of life.'® Management strategies for these patients are often limited.
There are strong recommendations against the use of a number of pain medications, such as certain skeletal muscle
relaxants and tricyclic antidepressants, in elderly patients,'” while other classes of analgesics, including opioids,

gabapentinoids, NSAIDs, and SNRIs must be used with caution in the elderly due to side effects, drug—drug interactions,
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and the presence of co-morbid conditions.'”'* The elderly population, particularly the extreme elderly, historically have
been determined to have elevated complication rates when undergoing back surgery, and thus operative options for pain
may not be offered. However, as in all populations, nonsurgical management may not be effective for these patients.”* >
The lack of options for these patients can have a major effect on quality of life. Chronic pain in the elderly is associated
with both anxiety and depression,* and functional limitations and pain in the elderly have been identified as predictive of
suicidal ideation and suicide attempts.** Despite a paucity of studies, SCS has been used increasingly in the extreme
elderly population, as there was a 115% increase in SCS trials and a 324% increase in trial-to-permanent SCS placement
rate in patients 85 years of age and greater between 2009 and 2018.>* That being said, the rate of SCS trials in the 85 and
over population in 2018 was just 23 per 100,000 Medicare recipients, with the rate of trial-to-permanent SCS placement
of only 15 per 100,000. Both rates are numerically lower than the rates for the <65, 65-74, and 75—-84 populations, which
were each at a minimum of 51 per 100,000 Medicare patients for trials and at least 32 per 100,000 receiving Medicare for
trial-to-permanent.**

There are several reasons that clinicians may be hesitant regarding use of SCS in the extreme elderly, though the
validity of these concerns can certainly be questioned. One such concern for many likely relates to an increased risk of
complications, including post-operative infection. Advanced age is considered a risk factor for spine infections of all
etiologies, and likewise, advanced age is associated with poor prognosis associated with spinal infection.>> However, one
large retrospective study of over 6000 patients who underwent SCS used regression analysis to determined that
increasing age was associated with a lower risk of SCS-related infection.”® It has also been opined that there is an
increased risk of epidural hematoma as a complication of SCS surgery in the elderly, although there is a paucity of data to
support this claim.?” Incidental dural puncture, which can lead to post-dural puncture headache among other complica-
tions, is a potential complication of SCS, although one investigation also identified an association between older age and
decreased risk of a payer-claim for incidental dural puncture.?®

Other possible factors that may impede the broader use of SCS in the elderly and advanced elderly include concerns
regarding general risks of undergoing anesthesia and surgery. One such concern that must be assessed as an aspect of the
patient selection process prior to SCS surgery is overall anesthetic risk.”’ Aging is associated with several physiological
changes such as reduced beta-receptor responsiveness, reduced cardiac compliance, decline in lung function, and
decrease in renal function, among others. With aging also comes increased sensitivity to medications, including
anesthetics. Post-operative delirium and cognitive dysfunction are also more common in elderly patients.*® Frailty,
which is most common in the elderly, is associated with post-operative morbidity and mortality' and elderly patients are
at increased risk for critical respiratory events during recovery from general anesthesia.*> However, general anesthesia is
not typically required for SCS trial lead placement or permanent system implantation. Furthermore, one study determined
no association between age and unplanned readmission within 30 days post-SCS surgery.”*

Lastly, an additional concern in this population is the higher prevalence of cognitive impairment compared to younger
individuals, as some publications advise against implanting those with cognitive impairment.** Some groups have also
proposed a life expectancy of greater than 12 months as one of the selection criteria for SCS.?> These factors may lead to
advanced elderly patients not being selected for this therapy, as predicting life expectancy becomes challenging in
extreme elderly populations and cognitive impairment can be prevalent, although it is certainly not ubiquitous in this
group and should not be assumed.

As we discussed, pain management options can be limited by side effects and risk profile for the elderly, particularly
the extreme elderly. Our patient had already been evaluated by several specialists, including a spine surgeon, and had
failed conservative management including physical therapy, opioid and non-opioid pain medications, and percutaneous
interventions prior to presenting to our clinic for a second opinion at age 95. By the time he reached age 96, he was
debilitated to the point that he spent most of his time in bed. Pain was preventing him from completing basic daily tasks,
participating in activities that he enjoyed, and maintaining his quality of life.

Choosing to proceed with SCS surgery in an extreme elderly patient is a complicated decision. In this case, the four
pillars of medical ethics*® were utilized to help guide this decision. Certainly, there is risk involved with any surgical
intervention, naturally including implanted devices, and this had to be weighed against the potential benefits of SCS for
our patient. The balance of non-maleficence and beneficence must be sought for every medical decision. In our case, it
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was important to consider justice as well to ensure that any potential bias against the use of SCS in the elderly did not
affect decision making. Approaching the case with ageist biases, as mentioned earlier, would certainly have been
a violation of the principle of justice. The ethical pillar of autonomy was also of particular importance in this case. As
this was a complex situation, it was vital that VV and his family members understood all aspects of the choice at hand so
that a shared decision with informed consent could be made between patients, family, and medical providers.

We surmise that many providers, including perhaps some of VV’s previous providers, may be hesitant to place an
SCS or perform other surgical intervention on a patient of such advanced age with medical comorbidities and would cite
the principles of nonmaleficence and justice in doing so. While we recognize that it is certainly our job as physicians to
first do no harm, we argue that there is harm in allowing an extreme elderly patient to live out what time he has remaining
with essentially no quality of life, particularly if there is still a potential treatment option available. In this case, SCS was
VV’s remaining option, and we believed that the potential benefit in terms of improving his quality of life and helping
him regain the independence and functionality that was so vital to him outweighed both any potential risks related to the
surgery and implant itself and the risk of allowing him to continue in a state of pain so severe and disabling that palliative
care had been seriously considered. This thought process was extensively shared with the patient and his family to guide
shared decision-making and to ensure that there was clear informed consent prior to proceeding with these interventions.
We would encourage others reading this analysis to use a similar ethics-guided decision-making process when consider-
ing the use of spinal cord stimulation in their extreme elderly patients.

Conclusion

Today, at age 102, with the aid of a spinal cord stimulator, VV’s level of pain, functional status, and quality of life have all
substantially improved. He underwent a SCS trial, permanent SCS implant, and later IPG replacement surgery without
complication. This is not to suggest that all advanced elderly with appropriate pain-related indications for SCS should be
offered the treatment modality. There are risks involved associated with SCS that must be considered, particularly in patients
of advanced age who tend to have more comorbidities compared to younger individuals as well as a shorter life expectancy. As
with any procedure, a risk-benefit approach must be utilized and thoroughly discussed with the patient. In this case,
maintaining some degree of mobility and independence was of high importance to the patient, and this priority aided in the
decision to proceed with SCS, which was made via shared decision making between the patient and his providers.

This case illustrates an excellent outcome with SCS in an extreme elderly patient. In the future, more studies on SCS
outcomes will be required in both the elderly and extreme elderly populations to strengthen the evidence that can be included
in these risk-benefit discussions with patients. We also advocate for the inclusion of extreme elderly patients in SCS clinical
trials to better understand the efficacy and risk profile of SCS in this population. Lastly, we advocate for an ethical approach to
treating pain and utilizing SCS in the extreme elderly. Such an approach should be free of bias against the extreme elderly,
should extensively consider the potential improvement in overall quality of life that can be associated with SCS as well as the
risk to quality of life that can be associated with not offering the therapy, and should respect patient autonomy by utilizing
shared decision making. What we are strongly advocating is a patient-centered approach to care that does not disenfranchise
individuals from consideration of spinal cord stimulation (or other pain-related therapies) based solely on age.

Disclosure
Michael E Schatman is a senior medical advisor for Apurano Pharma. The authors report no other conflicts of interest in
this work.
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