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ABSTRACT

Neurosurgical operations treat involuntary movement disorders (MvDs), spasticity, cranial neuralgias, cancer
pain, and other selected disorders, and implantable neurostimulation or drug delivery devices relieve MvDs,
epilepsy, cancer pain, and spasticity. In contrast, studies of surgery or device implantations to treat chronic
noncancer pain or mental conditions have not shown consistent evidence of efficacy and safety in formal,
randomized, controlled trials. The success of particular operations in a finite set of disorders remains at odds with
disconfirming results in others. Despite expectations that surgery or device implants would benefit particular
patients, the normalization of unproven procedures could jeopardize the perceived legitimacy of functional
neurosurgery in general. An unacknowledged challenge in functional neurosurgery is the limitation of biological
determinism, wherein network activity is presumed to exclusively or predominantly mediate nociception, affect,
and behavior. That notion regards certain pain states and mental conditions as disorders or dysregulation of
networks, which, by implication, make them amenable to surgery. Moreover, implantable devices can now detect
and analyze neural activity for observation outside the body, described as the extrinsic or micro perspective. This
fosters a belief that automated analyses of physiological and imaging data can unburden the treatment of selected
mental conditions and pain states from psychological subjectivity and complexity and the inherent sematic
ambiguity of self-reporting. That idea is appealing; however, it discounts all other influences. Attempts to sway
public opinion and regulators to approve deep brain stimulation for unproven indications could, if successful,
harm the public interest, making demands for regulatory approval beside the point.

Keywords: Deep brain stimulation, Depression, Neurostimulation, Obsessive compulsive disorder, Pain,
Psychiatric surgery

INTRODUCTION

Advances in the science and technology of diagnostic imaging, molecular genetics, surgery,
pharmacology, and immunotherapy have accelerated at a pace unimaginable just a few decades
ago. Accordingly, one sees investigative efforts to extend procedures that are effective in one
condition to others. This is especially true for certain mental conditions and chronic noncancer
pain. We and others previously have analyzed the neurostimulation, cerebrospinal fluid drug
delivery, and surgical pain literature over the past 30 years; we cite that work here without
repeating the analyses.[s254555839195,196.248:343-3451 Oq the other hand, historical overviews of psychiatric
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surgery in the functional and general neurosurgery literature
predominantly reproduce case reports, series, and claims
without critical analysis, often omitting material from outside the
Specialty. [3-5,15,36,34,35,37,38,41,47,46,50,51,60,53,76,95,106,127,146,193,212,237,240,333,349,369)]
Herein, the authors examine influential contributions from the
pain and psychiatric surgery literature in the context of archival
sources from outside those specialties as a framework to critique

broadening surgical indications to treat noncancer pain and
mental COnditiOnS [4,5,81,109,183,202,237,244,245,255,259,283-293,308,309,338,340,350,354]

CHALLENGES IN THE STUDY OF TREATMENT
EFFICACY FOR PAIN AND MENTAL
DISORDERS

Effectiveness of functional neurosurgery in selected
disorders

Thesuccess of neurosurgicallesions, neurostimulation devices,
and cerebrospinal fluid drug administration in movement
disorders (MvDs), epilepsy, spasticity, and cancer pain are
well-established and will be alluded to but not explored
111 depth here.[24,30,7l,99,128,129,147,176,177,232—234,315,320,367] Surglcal
candidates with those disorders have neurological disabilities
for which the benefits of intervention justify the associated
risks. Although some physicians and specialty societies
recommend similar operations for chronic noncancer pain
(pain) and psychiatric conditions, efficacy in those indications
remains unproven, while adverse events (AEs) remain
troublesome.[45,46,52,53,56,57,58,59,60,77,165,166,195,196,2087210,237,248,270,2797
281,343-345,363364375] Ty contrast to treatments for pain and mental
conditions, ineffective investigational therapies for other
medical and neurological disorders were abandoned on the
basis of clinical trial evidence. Principled disagreements
lingered, but adrenal autografts, fetal transplants, viral
transfection, and intracerebral growth factors, all of which
were based upon bonafide effects at the cellular and neural
network level in experimental models, are no longer
performed./104108.114180.188239318326  Gpinal  cord  stimulation
(SCS) for angina pectoris was abandoned in the US but not in
the Europe Union (EU) after a controlled, multi-center trial
revealed no benefits.*”” Support groups and physicians who
advocated bone marrow transplantation for advanced breast
cancer stopped doing so once clinical trials showed that it
was ineffective and higher risk than they had believed.251#!

Advances in the treatment of Parkinson’s disease (PD) also
followed a postenlightenment scientific trajectory that began
two centuries ago with the identification of paralysis agitans
as a distinct disorder, followed by correlation with structural
pathology.*"#2! After observations that a stroke or other brain
injury diminished adventitious movements on the opposite
side of the body, a century of research and debate ensued
before surgeons commenced to section the pyramidal motor
pathways to relieve parkinsonian tremor. Many felt certain
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that only operations that caused partial paralysis could reduce
involuntary movements. Once evidence revealed that the idea
was mistaken, surgeons stopped operating on the pyramidal
tracts and directed their attention to the extrapyramidal
system. 1396768205356 After unpredictable results and serious
complications from open operations, surgeons conceived
safer and more effective stereotactic techniques.**¢”) Decades
passed before incremental discoveries suggested levodopa
therapy and better surgical targets.!*>13213164]

Biological determinism confounds neurosurgery for
subjective conditions

Operations for pain and psychiatric surgery are the focus
of this article and have benefited from the same technical
advances as surgery for PD, other MvDs, and epilepsy.
However, the reasoning behind surgery for pain and mental
conditions did not benefit as much from empirical methods,
serial hypothesis testing, and impartial analyses. In addition,
the limitations of patient insight, subjectivity, self-reporting,
and language that leave pain and mental symptoms open
to unintentionally incomplete representations by patients
or misinterpretation by doctors are surmountable only
using methods of inquiry developed by generations of
physicians.[70:203:235:278.322324325] Byt now, much neuroscience
research has moved away from investigating symptom
origins toward a focus on quantifiable phenomena - namely,
a biologically deterministic micro or extrinsic perspective.!'®!
These refer to detection, recording, and analysis of neural
signals from outside the organism.[>1913136.168314348349,36] Ty
this view, activity within and among interconnected neuronal
clusters or nodes determines what a person perceives, thinks,
feels, and does - including moods, attractions, and intimate
attachments. Consequently, unproven operations for mental
conditions and chronic pain are compared to effective
stereotactic surgery and deep brain stimulation (DBS) for
objectively defined MvDs. In contrast to their effectiveness
in MvDs, lesion surgery or neurostimulation predicated on
extrinsic, quantifiable network dysregulation theories of
pain and mental processes has performed poorly, or at best,
inCOHSiStently in practice‘[53-55,58,59,60,83,84,269,271,310,349,350]

One embodiment of the extrinsic model is the human
connectome project: a computer-optimized representation
of merged physiological and imaging data in living
humans. (88189260~ Granting that connectomic models
are anatomically and physiologically accurate, it does
not necessarily follow that model-inspired surgical
operations must be effective. While the surgical risks of
operations for pain and mental conditions have been
underreported, the efficacy of such operations remains
to be proven.[15,50,53,62-65,76,183,202,237,259,281,283-291,340J ’l'hat makes
the contemporary literature on surgery for psychiatric
conditions an echo of the neurostimulation pain literature
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wherein electrophysiological, imaging, pharmacological, or
psychological factors believed to predict efficacy were not
supported because efficacy could not be proven in the first
place [Table 1]'[73,107,142,143,312,313,316]

The importance of a broad biological, psychological, and
social approach to diagnosis

Clinical research in pain and mental conditions relies
primarily on subjective complaints or statements that
suggest but do not by themselves establish a particular
diagnosis. Words with affective connotations versus those
that describe intrusive thoughts suggest a depressive disorder
versus obsessive-compulsive disorder (OCD), respectively.
Moreover, pain descriptors such as aching versus
burning suggest nociceptive versus deafferentation pain.
However, absent deeper critical analysis, diagnostic codes,
guidelines, rating scales and language-based algorithms

that depend upon patient self-reporting are susceptible to
error‘[9,70,150,203,235,238,278,322,324,325,332]

Vigilant psychological assessment and insightful back-
checking of medical histories and records to clarify and
verify the plausibility and accuracy of self-reports are time-
consuming but necessary to assess subjective complaints.
Accepting imprecise or ambiguous narratives and complaints
at face value risks erroneous diagnostic conclusions that
compromise individual patient treatment and muddle the
results of clinical research.7!7:203:329331]

The design and conduct of clinical trials to gather high-
level evidence of efficacy for surgery in mental conditions
are especially fraught, given the likelihood that at least some
operated conditions wherein diagnoses are based on self-
reports have an as-yet undefined biological basis.****1 We use
conditions as a neutral term to describe thoughts, feelings, and
behaviors that are susceptible to or mediated by socio-cultural
or psychological influences.*0322357371 Contributors to the
first Diagnostic and Statistical Manual [of] Mental Disorders
(DSM) used similar reasoning when they settled on the word
“disorders” instead of disease or illness. Use of conditions
now, as disorders did then, leaves room for future advances
while avoiding terms that imply greater certainty than may be
justified at present.!%!71%! In that context, we believe that it
is useful to draw parallels between portrayals of psychiatric
surgery and the history of surgery for chronic noncancer pain.

Multiple factors have abbreviated the medical history
and examination to the point that physicians, at times,
elicit insufficient information to notice contradictions
or complexities in patient stories.* Chief among the
distractions are time-constrained patient contact and
administrative pressures. Tasks mandated by third party
payers and computerized data collection often are relegated
to nonphysicians in place of the listening, questioning, and

concentration that ideally should characterize doctor-patient
interactions. Anxieties, inner distress, and psychological
turmoil can outstrip some patients abilities to cope and
elicit physiological reactions that exacerbate their troubled
feelings or simulate genuine medical or biological conditions
- especially when omnipresent media augment anxieties
and fears with medical misinformation and biased or
Sensationahzed meSSages.[70’133’140’149’250’319’357’372]

Because speech and behavior entail self-awareness and
insight to a variable degree, at least some cases of subjective,
self-reported somatic or mental symptoms arise from
preoccupation with minor physical sensations. In other cases,
symptoms represent a patient’s efforts to provide rational
somatic explanations for their inner distress. Attempts to
resolve internal psychological conflicts often align with
media exposure and other socio-cultural influences.”*!
Sometimes symptoms are encouraged and solidified by social
media that provide group affirmation of popular, although
unproven, theories of disease, including mental conditions.

Doctors and patients naturally default to their concepts
of disease, each according to their training, lay knowledge,
and cultural background. Thus, one sees unflattering
portrayals of doctors in times gone by who performed
unnecessary surgery or committed other errors when faced
with nonorganic complaints.[819612621428230835091  Then  and
now, worried, fearful, and troubled patients who believe
that they have a certain illness may adopt, identify with,
or overinterpret behaviors they think or have learned that
people with their suspected disorder ought to exhibit. For
example, patients with nonorganic low back and leg pain
wince during the straight leg raise maneuver when supine
but do not react when seated.’ In patients worried or
convinced they have dementia, depression, anxiety states,
MvDs, tics, or other conditions, they may assume, adopt,
or overinterpret symptoms they have read about, seen, or
imagined."0140149321 Whether conscious or unconscious,
deliberate or unintentional, some patients find resolution
or comfort by expressing psychological distress in somatic
terms. These are powerful defense mechanisms that provide
socially acceptable explanations without having to confront
their inner or interpersonal conflicts. Somatic defenses also
have positive reinforcement value in terms of secondary
gain. Thus, the uncritical acceptance of subjective complaints
operates to the detriment of all individuals.

Several studies of DBS for mental conditions employed
single- or double-blinding that was limited to
treatment parameters: stimulation on or off, voltage
setting, or stimulation site when multiple targets were
implanted.l780138.201206.231346362) Qply one group in Montreal
used deliberate misdirection to quantify the nontreatment-
related effects of neurostimulation for pain.?*2' In their
DBS pain study, subjects were shown fake oscilloscope
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Table 1: Summary of efficacy, safety, and level of evidence for operations to treat chronic noncancer pain and mental conditions. 2404249297361

Noncancer pain: Lesion procedures!>195248:363.364]

Disorder or Surgical site/target  Surgical Treatment Efficacy Adverse events Evidence
condition approach modality level/strength
Trigeminal Trigeminal root, Open surgery, Surgical, Effective Corneal numbness, ~ Level II/
Neuralgia, Classic ganglion, division, percutaneous, RFL, alcohol, paresis, anesthesia Strong
(Tic douloureux) branch stereotactic, radiosurgery dolorosa
freehand,
radiosurgery
Atypical, nonclassic, Trigeminal root, Open surgery, Surgical, Not effective Corneal numbness, Level IV-V/
deafferentation, ganglion, division, percutaneous, RFL, alcohol, paresis, anesthesia Weak
postherpetic branch stereotactic, radiosurgery dolorosa
freehand
Glossopharyngeal ~ Glossopharyngeal ~ Open surgery, Surgical, RFL Effective Dysphagia Level 11/
Neuralgia roots, extracranial percutaneous Strong
nerve
Sphenopalatine Sphenopalatine Open surgery, Surgical, RFL, Not effective Mucosal atrophy Level IV-V/
(Sluder’s) neuralgia  ganglion percutaneous  alcohol Weak
Occipital neuralgia, Occipital nerves Open surgery, Surgical, RFL Not effective Anesthesia dolorosa ~ Level IV-V/
chronic or percutaneous, Weak
nonclassic migraine freehand
Classic migraine Trigeminal nerve, Open surgery, Surgical, RFL Effective Corneal numbness, ~ Level IV/
ophthalmic division percutaneous anesthesia dolorosa ~ Moderate
Brachial or Dorsal root entry Open surgery  Surgical, RFL Effective Ataxia, paresis Level IV/
lumbosacral plexus  zone Moderate
avulsion
Somatic etiology: Cordotomy, midline Open surgery, Surgical, RFL Not effective Anesthesia dolorosa, Level IV-V/
spinal, trunk, limb myelotomy, roots, percutaneous, paresis, numbness, Weak
ganglia, nerves, stereotactic frontal lobe deficits
cingulum, frontal
lobes
Central, Spinal cord, roots, Open surgery, Surgical, RFL, Not effective Paresis, numbness, Level IV-V/
deafferentation, ganglia; peripheral ~ percutaneous, radiosurgery frontal lobe deficit Weak
phantom nerves thalamus, stereotactic,
internal capsule, radiosurgery
cingulum
Noncancer pain: Neurostimulation and intrathecal drug delivery!**5%55:5%119.187,344,345]
Somatic-etiology: Thalamus, Open, DBS, SCS, DRG,  Not effective Spinal cord injury, Level IV-V/
face, head, neck, periaqueductal/ percutaneous, PNS, intrathecal infection, overdose, ~ Weak
trunk or limbs periventricular stereotactic, drugs death
gray matter, freehand
internal capsule,
cortex, spinal cord,
peripheral nerves
Central, Thalamus, Open, DBS, SCS, DRG, Not effective Spinal cord injury, Level IV-V/
deafferentation, periaqueductal/ percutaneous, PNS, intrathecal infection, overdose, Weak
phantom periventricular gray  stereotactic, drugs death
matter, internal freehand
capsule, cortex,
spinal cord
Mental conditions: Stereotactic and historical open lesion procedures!237-21:2831
Depression Internal capsule, Stereotactic, RFL, surgical Not effective Frontal lobe deficit, Level IV-V/
cingulum, frontal freehand, seizure disorder, Weak
lobes, subcaudate open surgery hemorrhage, death
(Contd...
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Table 1: (Continued)
Mental conditions: Stereotactic and historical open lesion procedures!>72:2
tract, limbic
leukotomy
OCD, other tics, Internal capsule, Stereotactic, RFL, surgical Not effective Frontal lobe deficit, ~ Level IV-V/
Tourette syndrome  cingulum, frontal freehand, seizure disorder, Weak
lobes, subcaudate open surgery, hemorrhage, death
tract, limbic radiosurgery
leukotomy
Drug, alcohol, Internal capsule, Stereotactic, RFL, surgical Not effective Frontal lobe deficit, ~ Level IV-V/
nicotine abuse/ cingulum, frontal freehand, seizure disorder, Weak
addiction lobes, subcaudate open surgery hemorrhage, death
tract, limbic
leukotomy
Anorexia, obesity Hypothalamus, Stereotactic, ~ RFL, surgical Not effective Frontal lobe deficit, ~ Level IV-V/
frontal lobes, freehand, seizure disorder, Weak
open surgery hemorrhage, death
Violence, aggression Amygdala, Stereotactic, RFL, surgical Not effective Frontal lobe Level IV-V/
hypothalamus freehand, deficit, seizure Weak
open surgery disorder, amnesia,
hemorrhage, death
Mental conditions: Neurostimulation!®*626%80.138.237]
Depression Thalamus, internal ~ Stereotactic, DBS, cortical Not effective Mania/hypomania, Level I/Strong
capsule, Cg25, image-guided  stimulation infection
cortex open surgery
Depression Vagus nerve, Open surgery ~ *Vagus nerve Effective Mania/hypomania, Level I/Strong
extracranial stimulation (FDA- infection
approved)
OCD, Tourette’s, Thalamus, internal ~ Stereotactic DBS "Not effective, =~ Mania/hypomania, Level II-V/
other tics capsule, Cg25, HDE approved infection Weak
cortex for OCD
Addiction, Thalamus, internal Stereotactic DBS, cortical Not effective Mania/hypomania, Level IV-V/
substance abuse capsule, Cg25, cortex stimulation infection Weak
Anorexia, obesity Hypothalamus Stereotactic DBS Not effective Mania/hypomania, Level IV-V/
infection Weak
Violence, aggression Amygdala, Stereotactic DBS Not effective Mania/hypomania, Level IV-V/
temporal lobes, infection Weak
hypothalamus
Evidence Level/Strength refers to evidentiary quality (e.g., randomized trial, case series) and has no bearing on assessments of efficacy. Efficacy assessments are
based on reviews and meta-analyses cited in the table, and on other references in the text. "HDE approval for DBS to treat OCD was based upon weak evidence
without a robust efficacy signal, as discussed in the text. “PMA approval of Vagus nerve stimulation for depression indicates therapeutic efficacy based on Level I
evidence in a formal sense; longer-term experience has raised efficacy questions.*** Abbreviations: Cg25: Subgenual cingulate, Brodmann area 25, DRG: Dorsal
root ganglia, DBS: Deep brain stimulation, HDE: Humanitarian device exemption, OCD: Obsessive-compulsive disorder, RFL: Radiofrequency-thermal lesion,
FDA: Food and Drug Administration, SCS: Spinal cord stimulation, DRG: Dorsal root ganglion, PNS: Peripheral nerve stimulator

tracings and told that their stimulators were on when, in fact,
their devices were turned off. To our knowledge, misdirection
similar to the Montreal group’s was not employed to verify
diagnoses or the veracity of subject responses in any other
pain or psychiatric surgery trials. Given the multiplicity of
factors that influence nontreatment-related effects, deceptive
methods would have revealed subject emulations of mental
disorders or expectation bias during subject selection and
also would have strengthened end-of-study surveys on the
effectiveness of blinding,[8138350:352]

A TIMELINE OF NEUROSURGICAL
TREATMENTS AND TRIALS FOR PAIN AND
MENTAL CONDITIONS

Operations to relieve pain transmitted over anatomic
pathways came of age in the late 19" and early 20™ centuries.
Painful industrial injuries were common when a predominantly
male workforce engaged in manual labor.***! Workers became
worried when discomfort at rest worsened during exertion,
especially if previous injuries had required surgery or unpaid
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leave.[172246247272] What most pain surgery histories overlook
is that surgical pioneers found their operations ineffective
against pain that did not conform to anatomic distributions:
so-called neuropathic, central, postamputation, or pains
from other unclear etiologies [Table 1].1144199:227:234248365,364]
Although pejorative caricatures influenced physician trainee
impressions of patients with low back pain, better informed
contemporaneous literature provided more nuanced and
insightful explanations for the expression of subjective
symptoms in the absence of detectable pathology.[”*!8223¢]
Even after the exclusion of malingering, delusions, anxiety,
depression, and other disorders listed in the then-current
DSM-III, a majority of nonphysiological pain complaints
turned out to be heavily influenced, not by monetary gain,
but by psychological factors that made such complaints
unlikely to benefit from any kind of somatic intervention,
including surgery.96144227]

Today, the practice of pain medicine dovetails with insurance
coverage that incentivizes reimbursable procedures
supported by no clear evidence of efficacy: injections,
radiofrequency nerve lesions, implantations of SCS or
peripheral nerve stimulators (PNS), or intraspinal drug
delivery devices. Insurance guidelines pose few barriers,
and patients express global satisfaction even when their
pain scores remain little changed.**”77¢l In turn, patients
acquiesce to reimbursable treatments or implantation

procedures of questionable efficacy but that carry risks
[Table 1] .[20,45,52,56,57,96,151,172,187,279-281,302,306]

In retrospect, after mechanical failures of prosthetic heart
valves led the Food and Drug Administration (FDA) to
assert authority over implantable medical devices, the
grandfathered-in approval of already marketed analgesic
devices (SCS, PNS, intraspinal drug delivery) unintentionally
created conditions for adverse public health consequences.”*?
Those approvals in the 1970s and 1980s were supported by
expert physician testimony in the absence of clinical trial
evidence or FDA analyses, similar to recent demands for FDA
approval and insurance coverage of DBS to treat psychiatric
conditions.®  Another similarity is the phenomenon
of diagnostic inflation whereby face-value acceptance of
nonfalsifiable, subjective, self-reported complaints inflates the
number of psychiatric treatment candidates, as occurred for
chronic noncancer pain.[#72122150238.30230 Tpy g third similarity
between interventional pain medicine and psychiatric
indications, US registries and trials of neurostimulation or
intraspinal drug delivery revealed no efficacy, while separate
studies revealed higher than anticipated risks of death or
paralysis [Table 1].14552565710010115L1721871 - Regardless, “The
Neurostimulation Devices Market stood at US $11.1 billion
in 2022 and the global market is projected to reach US
$36.5 billion by 2032 and “North America is expected
to witness the largest market share during the forecast
period with a value of USD 4,858 million [$4.8 billion] in
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2021 and will grow [to] an estimated value of USD 10,027
million [$10 billion] in 2030”1213 The largest market
share comes from grandfathered-in SCS implants for pain,
plus a minor share from US and global markets for DBS
devices approved for MvDs, including Humanitarian Device
Exemptions (HDEs) for dystonia in 2009 and for DBS in one
psychiatric condition, OCD, also in 2009.*! Notably, several
critical analyses of neurostimulation for pain have had no
adverse market impact on the number of devices implanted
annuallY[119,196,343—345]

Historical portrayals of psychiatric surgery are incomplete

The tenor of psychiatric surgery histories from
within ~ the  specialty®#>12719%321236  (djffers  from
reports by patients, families, and independent

hiStOrianS [4,5,34-36,41,50,69,76,87-89,109,135,186,219,237,255,292,298,308,309,340,350]

Inside histories relate a timeline of progress, improving
ethical safeguards, and conservative surgical practices
that other research reveals to be inaccurate. Most inside
specialty accounts assure readers that psychiatric surgery
was aligned with the state of medical knowledge and
social mores at the time.95100127:193212311369] Apother theme
is that interdisciplinary teams obviated the perils of
surgeons operating on their own. Surgeons always were
active participants, but tens of thousands of psychiatric
operations took place only after psychiatric referrals. James
Watts, the neurosurgeon who worked with Walter Freeman
for approximately 10 years, ended their collaboration
when Freeman commenced an office-based transorbital
leukotomy practice in 1946. Freeman, a neurologist
by training, is best known among the thousands of

practitioners who recommended or performed lobotomies
and leukotomies [19,26,33-36,50,85,148,204,244,277,281,330,338,340-342]

Approximately 40,000-50,000 lobotomy or leukotomy
operations were performed in the US between 1936 and 1959,
including 3500-4000 by Freeman alone. Lobotomy, leukotomy;,
topectomy, orbital undercutting, and related operations
were so well-integrated into general neurosurgery that many
prominent surgeons made contributions, [3575102103,110.120,124137,169-
171,178,200,216,217,256,260,261,296,301,307,330,333,341,347,355,371] Reporting at the
time read much like today’s, except that major complication
rates for postoperative hemorrhage and infection are lower
now using stereotactic techniques. Approximately 20%
of lobotomy or leukotomy patients improved sufficiently
for discharge from asylums, whereas 15% in some
series experienced an intracranial hemorrhage or death.
The medical community and lay public accepted the
complications and low threshold for success because patients
appeared resistant to less invasive somatic therapies, such
as insulin coma or electroconvulsive therapy (ECT), in
the prepharmacological era. Recent authors have tried to
rehabilitate Freeman on the grounds that “psychiatric care
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in the mid-twentieth-century USA must be considered. [L]
obotomy was considered revolutionary and quickly gained
widespread acceptance. No other alternative treatment at
the time demonstrated comparable efficacy. [P]sychosurgery
was sometimes applied inappropriately, but records across
the USA demonstrate that these were exceptional cases,
whereas, as a rule, selection of surgical candidates was based
on very strict criteria”%! That glosses over the criteria in
actual practice during the lobotomy-leukotomy era. What
most would call arbitrary, capricious, or social convention-
driven criteria were strict only in the sense that physicians
adhered to them. But from the 1930s to 1970s, pregnancy
out of wedlock, homosexual desires, or defiance of authority
within the asylum system were common surgical criteria,
with defiance among the indications considered to have
been treated most effectively. As none of those are medical
diagnoses or indications, “very strict criteria’ cover a lot of
socially determined surgical decisions that had no medical
or scientific basis. Other researchers have mined institutional
archives physician records and interviewed surviving
patients to reach conclusions indicative of abuse, e.g., surgery
performed for reasons other than a patient’s benefit.

An estimated 10,000 lobotomies or leukotomies were
performed in Europe, predominantly in Scandinavia, where
hospital psychiatrists prescribed surgery at a per-capita rate
approximately three times higher than in the US. Between
1944 and 1966, Swedish surgeons performed approximately
4500 operations, the majority on women (61.2% at Umea),
similar to other Nordic and European countries (84%
women in France, Switzerland, and Belgium).[18175:240244.245.338)
Sweden accounted for almost half of the operations in
Europe, with a surgery rate slightly >6/10° population. In
the peak surgical years of 1936-1960 in the US, an estimated
40,000-50,000 lobotomy or leukotomy operations amounted
to a per-capita rate of only 2.0-2.5/10° population.[242%]

Serial retrospectives on psychiatric surgery in Sweden
highlight the differences between inside-specialty and
independent assessments. Lars Leksell, the neurosurgical
polymath and inventor, performed the first anterior
capsulotomy operations in Sweden shortly after Talairach’s
1949 report from France.??¥ Leksell et al. published
results over three epochs, first with Herner (1952-1957),
then with Bingley (1970-1976), and then with Rylander
(1979).129134224291] - Gtereotactic surgery at the Karolinska
Institute relied on ventriculography until approximately
1976, computed tomography (CT) until 1988, and magnetic
resonance imaging (MRI) thereafter. The goal by all methods
was to create bilateral, oblong vertical lesions within the
anterior limb of the internal capsule (ALIC) having their
inferior margin at the level of the Foramen of Monro. As
with lobotomy and leukotomy series at the time, a majority
of capsulotomy patients in the first (Herner et al.) series
were schizophrenic, with 9/64 (14%) reportedly having a

satisfactory outcome where “satisfactory” was not defined
further.** No additional psychotic patients were operated on
after 1957. Nine of the 18 (50%) Herner et al.'* patients with
what was then called obsessional neurosis had satisfactory
results (also not defined), while 3/15 (20%) with anxiety
neurosis had a satisfactory outcome. In the next (Bingley
et al.) series of 35 OCD patients operated between 1970 and
1976, 70% had a satisfactory result (not described in detail),
and four of 35 (11%) were incapacitated by surgery.” In
Leksell’s final series, treated using the °CO Gamma Unit with
Rylander, 10/14 patients (71%) with expanded indications of
OCD plus other anxiety disorders had satisfactory results
(also not described in detail).4

During the 1970s-1990s, Per Mindus et al. described the
long-term results of the Karolinska OCD and anxiety
surgical series in a limited, qualitative fashion.[192218220-226]
They acknowledged that it was impossible to compare
results among patients diagnosed, treated, and followed-up
differently in retrospective series where uniform data were
not recorded. Consequently, their graphical depictions of
aggregate results communicated general impressions, few
hard data, and sample numbers that did not correspond
to the original publications.?*13+22¢24 Mindus' reports
focused on 22 available patients among 24 who underwent
radiofrequency-thermal lesion capsulotomy for OCD
(n = 10) or other anxiety disorders (n = 14) between 1979
and 1990, spanning portions of the CT and MRI eras.*! In
their assessment, six of 10 (60%) with OCD had satisfactory
long-term results, with 5/10 (50%) reportedly in complete
remission; thirteen of 14 (93%) with other anxiety disorders
had satisfactory outcomes, with 7/14 (50%) in complete
remission. They further acknowledged that their data and
analyses provided inconclusive evidence on the long-term
safety and efficacy of capsulotomy. Like others before and
after, they suggested that an international registry or formal
clinical trials should be undertaken.*2772%!

Years later, Ruck re-interviewed Mindus’ cohort of surviving
Karolinska capsulotomy patients and their families reported
the results after Mindus passed away and reached opposite
conclusions, especially regarding safety.?®**!l They included
Mindus as a posthumous author in one report on the results
of capsulotomy for non-OCD anxiety disorders wherein they
noted: “To some extent, our data contradict other reports
indicating that the risk of adverse symptoms is small. One
possible explanation might be that few of the earlier studies
used systematic examinations of symptoms attributable to
frontal lobe dysfunction, and some studies of neurosurgery
for mental disorders might, therefore have underestimated
the risks”*¥ Ruck’s work revealed frontal lobe dysfunction
on a Karolinska in-house Execution, Apathy, Disinhibition
(EAD) Scale in which the highest possible (best) single
component score = 3; the best aggregate score = 9; the worst
single component or aggregate score = 0; and a significant
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frontal lobe deficit was a three-component aggregate <3.0%
Nineteen of 26 patients tested (73%) exhibited significant
frontal lobe deficits (aggregate score <3) that were severe
in 18 of them (aggregate score = 0 or 1), meaning that
18 patients scored 0 in at least two of the three domains
tested.”* Viewed in the most positive light, seven of the
19 patients with detectable deficits had frontal lobe EAD
scores >3 out of a possible 9 points. One patient scored 9,
which indicated no detectable frontal lobe dysfunction.
Among the cohort with OCD restudied by Ruck, “About
every third patient experienced apathy, executive problems,
or disinhibition at long-term follow-up. Therefore, we
conclude that capsulotomy is not a safe procedure”>*! To
our knowledge, the Ruck studies were the first at Karolinska
(or anywhere) conducted “by psychiatrists not involved in
patient selection or postoperative treatment.”?*! Reappraisal
of inside-specialty histories in light of later independent work
suggests that Mindus’ nonascertainment bias of not finding
what he was not looking for continues to shape selectively-
referenced reports, reviews, and histories.!127192230276:369,373]

Major tranquilizers were introduced, and older drugs
were repurposed for psychiatric use in the 1950s and
1960s. Most historical accounts convey the impression
that effective medications spelled the end of lobotomy,
leukotomy, orbital undercutting, and other open
operations. However, contemporaneous publications
and historical records reveal that the impression was
mistaken, especially in the UK and former Commonwealth
countries.[17:163:211:203307:330.3343361 Dyring that transitional era,
medications were administered as an alternative to surgery,
as supplements to surgery, in multi-drug combinations, or
combination with ECT or psychotherapy. Hepatic toxicity
and epileptogenicity associated with phenothiazines, the
most effective drugs, were cited by surgical proponents
as reasons not to rely on medication and not to abandon
SurgerY[22’23’25’61'74’111’167'190’191'199’317'323’328'353] HOWeVer, concerns
over epileptogenicity conflated association with causality
because seizure disorder was the most frequent AE after
lobotomy or leukotomy, regardless of whether or not a
patient was administered phenothiazines.

Successful results for lobotomy, leukotomy, and later,
stereotactic lesion surgery were also the subject of case
reports and small series on miscellaneous mental conditions.
Most described surgical goals in terms of managerial
expedience, not patient benefit. Operations were successful
when difficult or unruly inmates were rendered more docile
within the asylum system or less commonly when families
could manage them at home. Collective institutional
and societal considerations outweighed individual
concerns. 411063581

Lobotomy and leukotomy for psychiatric indications
and intractable pain did not so much go away as become
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displaced by stereotactic surgery.'* Targets included thalamic
nuclei, the cingulum bundle (replacing open cingulectomy),
the ALIC (capsulotomy), the amygdala (for pathological
aggression), hypothalamic nuclei (for aggression, sexual
offenses, or eating disorders), the subcaudate region, and
limbic leukotomy. Like today, different countries or regions
have preferred targets and operations. For psychiatric
indications and mostly cancer pain, cingulotomy - first
open, then stereotactic — was popular in New England,
Seattle, and the Great Lakes region.[2!:62-65102103,131.257370 Tpy the
1990s, a debate ensued regarding whether or not stereotactic
cingulotomy was psychosurgery when performed on
pain patients.[131183202299368370] Tpy  the UK, Ireland, British
Commonwealth, and New England, subcaudate tractotomy
was a popular operation either alone, combined with
capsulotomy, cingulotomy (limbic leukotomy), or ad hoc
aftel‘ a falled Cingulotomy'[23,48,146,160-163,228,230,274,276,295,311,373]
Anterior capsulotomy was popular in Scandinavia before
its adoption elsewhere, and similar preferences continue
today. Limbic leukotomy, a bilateral two-target operation
(subcaudate tractotomy plus anterior cingulotomy), was
introduced in the UK in the early 1970s, well into the era
of effective psychopharmacology, and is practiced there and
elsewhere to this day.?”*% Moreover, for noncancer pain as
well as for better established cancer pain indications, a few
surgeons still perform open, percutaneous, or image-guided
cordotomies and lower brainstem lesions,[!52156.174233,234.339]

NEUROSURGICAL TREATMENT OF MENTAL
CONDITIONS AS THE NEW CHRONIC PAIN

Major depression versus melancholia

The diagnosis of mental conditions using the most recent
edition of the DSM became easier as DSM entries expanded,
analogous to International Classification of Disease (ICD)
codes for noncancer pain.[®!11023830 Dijagnostic validation
provides patients with rational and socially conventional
explanations for their perceived discomfort and ill-health.
In addition to general medical and neurologic examinations,
psychiatric diagnosis relies on mental status examinations
to ascertain an individual’s objective syndromal signs and
subjective psychological formulations. However, owing to
the lack of validated, confirmatory imaging or laboratory
biomarkers, contemporary psychiatric diagnosis in clinical
practice and research settings is often limited to listing
subjective symptoms and/or completing standardized
rating scales that are self-rated by patients or para-
professionals with little medical or psychiatric training.[11%
With the benefit of hindsight, studies, and trials of DBS
in treatment-resistant depression (TRD) appear to have
implanted individuals with complex mental conditions
other than endogenous melancholia or a primary depressive
disorder. 5801381
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While case reports and testimonials uncritically affirm
the efficacy of DBS in behavioral disorders,?”*72%*32 other
plausible explanations for perceived efficacy include features
of the clinical trial setting: intensive emotional support,
concurrent psychotherapy and medications, expectation bias,
and unintentional or surreptitious coaching, conditioning,
and positive reinforcement by the investigative team, 532753223321
When customarily effective medications, ECT, or transcranial
magnetic stimulation fail to relieve depression, prudence
dictates revisiting the diagnosis before escalating treatment to
surgery, especially in patients with long-term emotional and
diagnostic instability. To our knowledge, the entry criteria in
case series and trials for TRD did not probe the possibility
(and neither did chronic pain publications) that some
subjects, while apparently depressed and hopeless, expressed
psychologically complex or ambiguous complaints and
behaviors that contributed to their past treatment failures.

The semantics of treatment resistance to justify the
escalation of therapy in psychiatric conditions is as circular
as the historical semantics of intractability in chronic pain.
Patients are treatment resistant or intractable because they
do not respond to noninvasive treatments, and patients do
not respond to conventional treatments because they are
resistant or intractable. While some DBS trial subjects with
depression truly may have been treatment resistant, it is
worth considering that some other patients failed to respond
because treatments were being administered for a disorder
they did not have. Moreover, in retrospect again, trial subjects
turned out to have more complicated psychiatric and/or
medical co-morbidities than anticipated. In small studies and
trials of fewer than 150-200 subjects, a few aberrant cases
can skew analyses one way or another. In one example, two
high-responding outliers drove the mean outcome measure
to statistical significance in a 14-subject trial of DBS for
Tourette syndrome wherein greater than half of the evaluable
cohort had their Yale Global Tic Severity Scale scores drop
substantially before DBS was administered.!'**!

A separate matter is that candidates for DBS or lesion
surgery are diagnosed using DSM criteria, with trial or
cohort enrollment based on quantitative severity thresholds
on rating scales. Dysfunctional responses to stress used to
be called “nonpsychotic depressive reaction[s]” in the first
DSM when the subconscious or unconscious mind was said
to defend itself by expressing a depressed mood.™ Mild,
often psychologically-determined dysthymic reactions
were distinguished from “depressive, psychotic reactions”
by the “absence of malignant symptoms (hypochondriacal
preoccupation, agitation, delusions [particularly somatic],
hallucinations, severe guilt feelings, intractable insomnia,
and weight changes, anhedonia, suicidal
ruminations, severe psychomotor retardation, profound
retardation of thought, stupor)” and other features that

anorexia

historically defined genuine melancholia. In that era,
depression was primarily diagnosed in older adults under
the now discarded (we believe, mistakenly) category of
involutional melancholia." Many patients diagnosed
with major depressive disorder or TRD today do not have
malignant symptoms and, in earlier days, would not have been
administered antidepressant medication ECT or have been
hospitalized. Moreover, clinicians and researchers sometimes
devote insufficient attention to the differential specificity
between and among multiple underlying causes for a patient’s
depressed mood. That created a conundrum in the DBS
depression trials, which only appeared obvious afterward.
To qualify, candidates had to be treated with (and failed)
medications and ECT and had to have been hospitalized as
if they suffered from the malignant melancholic symptoms
of a bygone era. However, candidates did not need to have
a history of malignant melancholic symptoms to qualify for
trial entry.®!*¥ Recruiting an adequate number of patients
who were sufficiently depressed to justify surgery but not so
depressed that their mood dial could never budge turned
out to be impossible.? Both industry sponsors shut down
their programs for lack of efficacy, although the companies
continued to support small investigator-sponsored studies.®!

Depression was the indication from which manufacturers
anticipated recovering program costs and making a profit.
The large estimated TRD demographic required them to
pursue a premarket approval route (PMA) that entailed
FDA-approved safety and efficacy trials in approximately 200
subjects.’** By contrast, because the estimated number of
patients with medically refractory OCD anticipated to qualify
for DBS was fewer than 2000 per year in the US population,
Medtronic, Inc. (Dublin, Ireland, formerly Minneapolis, MN)
applied for and obtained HDE approval of DBS in 2009.5*!

OCD and the US-HDE

The sponsor’s HDE submission contained data on 26 DBS
subjects: 15 subjects (five each) from three US academic centers
implanted under separate FDA-approved Investigational
Device Exemption research protocols and 11 subjects from
Leuven, Belgium.”*? Implantations in the US began with
the ALIC target reported by Nuttin et al. in 1999, after which
investigators revised their targets on a case-by-case basis until
they settled on the ventral capsule/ventral striatum location
(VC/VS) 121241 Parenthetically, VC/VS was also the target
in the reclaim DBS depression trial.*® The 11 Belgian subjects
were implanted with EU commercial leads that had the same
configuration as the investigational HDE lead used in the
US: 4 x 3.0 mm contacts spaced 4.0 mm apart; total spread =
24.0 mm. It can stimulate greater than twice the brain volume
as the leads approved for MvDs like tremor, PD, and dystonia.

DBS leads marketed under the OCD-HDE include a
“Summary of Safety and Probable Benefit”!'**! Some US
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centers were not included in the FDA submission because
they used the smaller commercial leads marketed for MvDs,
enrolled no subjects, or had only a single subject who was
referred elsewhere for lesion surgery after DBS failed.>!"
Other centers in the US and abroad also received industry
support for OCD projects outside the HDE program.
Those data were not audited, monitored, or adjudicated
independently for AEs. The same applies to lesion surgery
(which is not investigational in a US regulatory sense) and
to DBS-OCD cases implanted after the HDE approval in
2009. From an evidentiary standpoint, this makes the OCD
lesion and DBS surgical literature equivalent to case series
wherein the same physicians diagnosed, selected, operated,
and evaluated the patients and reported the results — weak
Level II evidence, at best.l**! In short, every publication
said to support the efficacy and safety of DBS or stereotactic
lesions in OCD is subject to limitations that, in the case of
DBS, disqualify the data from consideration by the US FDA.

Outside of industry trials and published reports, AEs that
occurred after the US HDE and EU (CE-mark) approvals
were reported through relatively inaccessible regulatory
databases. CE-mark grants marketing approval based on a
manufacturer’s declaration that products comply with EU
directives. Unlike PMA or HDE submissions in the US, the
CE-mark does not require EU regulatory agency analyses of
safety, efficacy, or probable benefit. In the US, patients with
depression have been implanted oft-label using OCD-HDE
devices, which constitute diversion to an unapproved
indication. Moreover, OCD patients implanted under HDE
(US) or CE-Mark (EU) who experience therapeutic failure
need not be reported to the manufacturer or regulatory
agencies because lack of efficacy is not, technically speaking,
a device-related AE.

Regulatory and reimbursement response to inconclusive
surgical trials

The current consensus on surgery for pain and mental
conditions goes only so far as agreement that surgery is a good
option. Reference citations in consensus guidelines indicate
that no agreement exists on where to operate (anatomic
targets) or what to do there (stimulation or lesions). As in the
past 60 years of publications on neurostimulation for chronic
pain, the positive appraisal and degree of certainty expressed
in consensus and guideline statements for psychiatric surgery,
especially DBS for OCD, escalated from urging cautious
research at first to later calls for carte blanche regulatory and
insurance approval. 2431

In brief, a US-FDA PMA approval establishes the
marketability of drugs and medical devices in the US. FDA
does not regulate or control the practice of medicine and
has no authority over what physicians can prescribe or what
operations they may perform.**** Neither do medical boards
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or any government entity, with abortion being an exception
beyond the scope of the present discussion. Although FDA-
approved drugs and devices are labeled for indications listed
in package inserts, a majority of drug prescriptions and many
device implants are for off-label indications not evaluated or
approved by FDA. Again, no laws or regulations prevent US
surgeons from implanting any device to treat any diagnosis
in a patient who consents to surgery. Moreover, surgery that
does not involve implantable devices is unregulated in the US.
In the case of psychiatric surgery, compliance with the 1977
National Commission Report is voluntary and subject to no
preoperative restraint and no postoperative regulation.?

Another question is the supposed crisis of access for
DBS in psychiatric indications.****! Notably, all of the
case series cited to justify bypassing FDA and insurance
processes originated outside the US, while at the same
time, no regulatory barriers exist in the US or EU that limit
the use of DBS for any indication, including psychiatric
conditions.[5379201:206231,346351362] A principal concern for
US physicians is payment because insurance carriers are
obligated to make sure, certain, or safe that they are paying
for things that work. As a consequence, insurance generally
does not cover off-label device usage. Thus, the FDA and
insurers have not failed to acknowledge convincing evidence,
nor have they singled out DBS or psychiatric indications for
adverse decisions. Agency and insurance reviewers observe
the same scatter-plot of materials, methods, and results as
other readers who have no bias in favor of psychiatric surgery,
including DBS. A recent publication stated, “Action is needed
by psychologists, psychiatrists, and insurers so that patients
with otherwise intractable cases can receive this therapy to
improve their mental health”**" The real issues are not therapy
availability and patient access but public and private insurance
nonpayment for unproven indications and mental health
professionals’ perceived lack of need for psychiatric DBS.

FDA regulations do impose financial constraints on
manufacturers. HDE devices must sell at a discount that
permits recuperation of costs but without profit. Because
humanitarian approvals only apply to low-incidence
conditions, an Annual Distribution Number limits the number
of devices allowed to be sold in the US to approximately 8000.

Recent functional surgery society policy suggestions also
reverse earlier recommendations [italics added]: “... The US
FDA granted a so-called HDE to allow patients to access this
intervention, thereby removing the requirement for a clinical
trial of the appropriate size and statistical power. Bypassing
the rigors of such trials puts patients at risk, limits opportunities
for scientific discovery, and gives device manufacturers unique
marketing opportunities. We argue that Congress and federal
regulators should revisit the HDE to ensure that it is not used
to sidestep careful research that can offer valuable data with
appropriate patient safeguards.”’®!
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Regional target preferences for DBS and lesion surgery
make it impossible to compare the results from one center to
another — much less to analyze aggregate results in support
of regulatory or insurance decisions. Investigators in France
targeted the subthalamic nucleus (STN) after they observed
mood elevation in PD patients at Grenoble, where STN DBS
was introduced. Investigators in Belgium and the Netherlands
initially targeted the ALIC, Leksell's early capsulotomy
target.?*182241 They and their US counterparts modified the
target over time to VC/VS.*) Moreover, German investigators
targeted the nucleus accumbens.!"***7 Efforts to sort things
out led a few centers to implant four DBS leads per subject
to test single- and multiple target combinations.?***? The
variety of DBS targets for mental conditions corresponds to
past and present regional preferences in stereotactic lesion
surgery and the earlier history of lobotomy or leukotomy
methods. A further irony is that the OCD HDE approval was
based exclusively on data provided by the same investigators
who have objected to it ever since.?>!1>121.242]

In short, to state that “Deep brain stimulation is an
effective treatment for obsessive-compulsive disorder”
on the basis of a few publications from outside the US is
unwarranted." The list of features that disqualify those data
from FDA consideration include nonuniform methods and
subject selection; different devices, targets, and stimulation
parameters; small or unbalanced N numbers between centers;
variable outcome measures and durations of treatment;
absence of independent AE review; and noncompliant
database integrity and personnel oversight.’*?** Regardless
of whether or not a new indication receives FDA approval,
recent trials of DBS in epilepsy and depression required
comparisons between parallel cohorts of active- and sham-
treatment control groups in approximately 200 subjects.
Non-US data are rarely considered in Class-III “significant
risk device” submissions.”**?*! A more realistic appraisal is
that small and medium-sized investigator-sponsored studies
still generate hypotheses that remain to be tested. In this
regard, the announcement of an “FDA Breakthrough Device
Designation” for DBS in depression misled conference
attendees to believe that FDA approval was imminent,
whereas FDA Breakthrough refers only to manufacturer-paid
access for expedited administrative communications.®®

The nonequivalence of lesion surgery and DBS

Rhetorically, one might ask, if one target or method, such
as DBS versus lesion surgery, carries lower risks or is more
effective than another, why do practice guidelines and
consensus publications treat both categories of operations
as if they were equivalent? More to the point, why do some
surgeons exclusively perform lesion surgery instead of
DBS? The consensus within the functional neurosurgery
community appears unanimous only insofar as practitioners

are in favor of it - meaning psychiatric and pain surgery -
although what it differs from one surgeon or institution to
another. Publications shy away from addressing how factors
such as payment, administrative effort, operating room tasks,
and postoperative care affect surgical decisions.

Once a US patient consents to surgery, leaving aside those
who self-pay, reimbursement dominates preoperative
concerns. DBS for depression and pain are oft-label, and
the HDE for OCD makes payment unlikely. Prior approval
by insurance carriers often fails, and hospitals discourage
or prohibit elective surgery without a payment guarantee.
Moreover, expenses for neurostimulation or targeted drug
infusion therapies do not end with hospitalization, surgical
fees, and implant costs. Patient control units, battery chargers
or replacements, and other items carry downstream costs.
Insurance, regulatory, and administrative difficulties added to
uncertain payment are strikes against DBS that do not apply
to lesion surgery, which is covered by longstanding Current
Procedural Terminology insurance and billing codes.

DBS also requires more work in the operating room: two sterile
fields, different anesthesia for cranial and neurostimulator
stages, plus device-related instruments, accessories, and
supplies. Stimulation leads are fragile, and any device can
malfunction or become a nidus for infection. Those are
additional strikes against DBS compared to lesion surgery.

Follow-up after a device implant requires labor-intensive
device interrogation and recordkeeping. Moreover, requests
for unscheduled programming visits are inevitable because
the capability to fine-tune stimulation or drug delivery
parameters elevates patient expectations. Surgical versus
nonsurgical aftercare responsibilities also must be managed
so that patients know whom to call for what kinds of care or
troubleshooting. In the best case, lesion surgery is a one-and-
done proposition, marking another strike against DBS.

Device heating during MRI and therapy interruption from
interference by metal detectors, electric motors, or generators
has been reduced, but not to zero.”” That is another strike
against DBS that does not apply to lesion surgery. On
the other hand, although lesion surgery customarily has
immediate results, initial efficacy can decay after weeks or
months. Repeat surgery to enlarge or extend a therapeutic
lesion requires a second operation. Delayed loss of efficacy
in device-based therapies can sometimes be recaptured by
noninvasive programming - a plus for stimulation. 227!

Most important, and regardless of the workload and
administrative strikes against DBS, neurostimulation is
safer than lesion surgery for every indication. The common,
permanent neuropsychological sequelae of lesion surgery for
psychiatric indications have not been observed in DBS series,
clinical trials, or FDA audits. Nothing that compares to the
“apathy, executive problems or disinhibition at long-term
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follow up” described by Ruck, and by Cohen et al., others has
occurred outside of lesion operations — nor have the painful
numbness, ataxia, incoordination, and other potential
sequelae of aberrant lesion surgery for pain. (6365264290285
Whether or not they are effective, device-based therapies
are safer than lesions. The lack of clarity and absence of
pertinent comparative data have frustrated independent
systematic reviewers efforts to address the issue.?*'*?!l The
most plausible reasons we can find for why lesion procedures
of questionable value in mental conditions and noncancer
pain have not been abandoned boil down to administrative
expedience, insurance payment, and because some surgeons
prefer it to DBS.

The connectome versus a biological, psychological, and
social model: Are we there yet?

Whether they speak about nociceptive sensations or
unwanted thoughts, patients use language to communicate.
Physicians then must interpret what they hear to grasp
what the patient is trying to convey. Language occupies
the space between what a person feels or thinks, what they
express to others, and what others understand. Vocabulary,
grammar, dialect, and perceptions evoke inferences about
education, temperament, and credibility on both sides of the
conversation. Persistent or pointed questioning is required
to clarify ambiguities, even when the patient and physician
share common backgrounds. However, time consuming
interviews are anathema to the extrinsic perspective of
current clinical neuroscience research — not to mention the
accelerated pace of medical practice.!*"

Given those limitations, and in spite of how large the
DSM and ICD have grown, some investigators view them
as antiquated, subjective, language-burdened catalogues
subject to psychological, social, political, and commercial
considerations.[10162%1 A gsolution under study by
researchers who share the extrinsic perspective is to implant
devices that record, stimulate, and map neural networks in
projects funded by government, military, and venture-capital
sources.”>31 Although details differ between institutions
and whether pain or mental conditions are under study, the
projects use implantable devices to record neural activity
for weeks at a time between data downloads from device
memory. The goal is to replace language-based patient
reports with multi-source data profiles that theoretically
should correspond to pathological states. #3033

An implantable closed loop epilepsy device approved in
2014 was among the first neurological applications to have
sensing, stimulation, and recording capabilities (Neuropace,
Inc., Mountain View, CA). It records seizure-associated
intracranial electroencephalographic (EEG) events during
a postoperative trial period, and when seizure-associated
waveforms recur, the system administers stimulation to
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override and extinguish the impending seizure. After
success in cardiac pacing and defibrillation, epilepsy was the
most practical episodic neurological disorder to introduce
closed-loop technology. Electrical or convulsive episodes
(or their absence) are objective evidence that a seizure did
or did not occur after a previously defined trigger event.
While recognizing that modeling mental conditions and
pain is more complicated than epilepsy, investigators
believe that they already possess implantable systems that,
in different research programs, can sense pain, mood- and
other symptom-associated network activity. Presumably,
pathological waveforms are identified through correlation
with patient diaries during a postimplant test-period.
Detection of those signals triggers a stimulation output
intended to extinguish the incipient symptoms - analogous
to closed-loop epilepsy therapy.[4-30033¢]

Claims to have created autonomous digital psychiatry and
pain medicine detached from subjectivity and language
deserve closer examination. The absence of unambiguous,
involuntary convulsions (as in epilepsy) poses a dilemma
in pain and mental conditions wherein subjectivity,
psychology, and language are inescapable. For example,
when an implanted patient experiences symptoms, feelings,
or emotions, they must decide to act to record the onset and
termination of those symptoms or sensations.!**'*l Unlike
the 1:1 correlation between an EEG signal and seizures, no
physician or investigator, much less an electronic device, can
know for certain whether or not a diary entry corresponds
to something the subject felt or why they felt it. Moreover,
when diary data do not correlate with divergent neural
activity (compared to background), neither the device nor
the investigator can know for certain whether the patient
was mistaken, flustered, or confused. Many people under
psychiatric care lack sufficient insight and awareness of the
motives that underlie their feelings and behaviors, especially
unconscious motives. However, if the network dysregulation
hypothesis is correct and the patient really experienced
symptoms, pathological neural activity must have occurred.
Hence, in a scenario of genuine symptoms without a
corresponding recorded signal, disordered network activity
must have gone undetected by the implant. Such interpretive
dilemmas appear inevitable. Deep brain and cortical surface
electrode recordings are more sophisticated and in tune with
an extrinsic, micro perspective of neuroscience than the
scalp EEG. However, given these and other limitations, to
use of intracranial electrodes as the sensing limb of a closed-
loop therapy for subjective disorders harks back to the mid-
20" Century when the EEG was believed to have relevance in
psychiatry. That became subject to “Considerable difference
of opinion” before being discarded by the mid-1970s.010>158]
At present, the hypothesis that electrical waveforms in a few
brain regions reveal or predict emotions, memories, mood
states, or nociceptive experiences, respectively, remains to be
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tested before adoption as the sensing limb of an implantable,
closed-loop psychiatric or pain therapy device.

Neuroscientists who are not involved in closed-loop projects
note that for subjective conditions like pain and mental
conditions, the technology struggles to answer the kind of
multiple-choice question where the correct answer is “true,
true, and unrelated” They observe that the extrinsic or micro
perspective can provide accurate and detailed insights into
the activities of neural networks; period. Signal recordings
do not appear to explain or predict much else.[!3>13635]
Related impediments arise during candidate selection when
initial diagnoses rely upon subjective, language-based self-
reports and the ICD for pain or DSM for mental conditions.
The present studies also employ language-based follow-up
measures such as the Yale-Brown Obsessive Compulsive
Scale, Montgomery-Asberg Depression Rating Scale,
Hamilton-D scale, and various pain scales to determine
whether signals correlate with symptoms.16117125229] after
that, diagnoses and assessments remain entangled with
subjectivity, language, and self-reporting. Even if a patient
reports feeling depressed and a replicable neural signal
pattern could be identified, that reveals practically nothing
about whether the cause of the feeling or emotional state was
biological, psychological, or situational. That determination
is essential to select among a host of very different treatment
modalities. However, a closed loop system administers only
one electrical stimulation, for which efficacy in TRD arguably
has been disproven and remains to be proven in OCD and
other conditions even when used continuously as an open-
loop therapy. The complexities and pitfalls in correlating
extrinsic data with subjective self-reported feeling states are
captured in one observer’s description of a closed-loop pilot
research subject’s experience.!

In other work, closed-loop pain therapy investigators
addressed the limitations of subjectivity by administering
nociceptive thermal stimuli to elicit pain-related signals
recorded by intracranial electrodes.”? However, the
correlation between the stimuli and recordings still required
subjective language and voluntary action for the implanted
person to sense, report, and record the onset and termination
of their nociceptive experience. Researchers believe those
are unavoidable but surmountable limitations in the early
stages of a long-term project. To check the validity of
subject responses, closed-loop pain researchers should
consider a similar approach to the Montreal group’s use of
misdirection to trick patients into believing their stimulators
were on when the devices were turned off.?! If closed-loop
hypotheses are correct, and network activity is determinative,
what an implanted subject believes should not affect neural
recordings or therapeutic effects. For the time being, and
unless proven otherwise, ordinary human traits constrain
both arms of closed-loop systems with the same ambiguities

they aim to eliminate: interpretation of afferent inputs and a
requirement for complete, accurate, and voluntary reporting.
Finally, it has been straightforward to collect normative
scalp EEG recordings, CT or MR images, and other
relatively noninvasive diagnostic data from large population
samples. That is not the case for intracranial recordings
where normative population data are scarce to nonexistent.
Moreover, the implant data are collected from a few brain
deep brain and cortical surface regions selected on the basis
of unproven functional imaging-based extrinsic hypotheses
in patients who, arguably, might be diagnosed with DSM or
ICD codes that do not represent genuine biological disorders.

COMMERCIAL INTEREST

Curiosity drives scientists to increase their knowledge, and
post enlightenment Western methods of inquiry provide
confidence in their discoveries.”! Neutral methods are
essential to acquire verifiable, reproducible, and factual data
as input for unbiased analyses.#1214282319372l Equipoise requires
that initial hypotheses remain open to revision or rejection
based on new information. Replication by independent teams
provides but does not guarantee, validation if they find the
same results. One difference between technology and science
is that real or perceived necessity, not natural curiosity,
drives technology when manufacturers seek to identify and
fill an unmet medical need with a new product or with a
new application for an existing product - for example, DBS.
Pertinent scientific knowledge increases the likelihood of
technical success; however, new scientific discoveries are not
required to achieve technical goals. We perceive the unmet
needs driving investment in closed-loop neurostimulation
for pain and mental conditions as predominantly commercial
and medical practice-related. Apart from the disappointing
results of the DBS depression trials, industry executives
realized that there was no feasible business model there
and no rewarding or manageable medical practice model
there either. Before the trials commenced, investigators and
consulting groups were certain that subjects would benefit
and, consequently, consume fewer healthcare resources than
beforehand. Scheduling study visits at three-month intervals
reflected that belief. However, as investigators struggled
to achieve efficacy and as device programming and lead
implant revisions proved futile, psychiatric AEs and device
complications required substantially more unscheduled visits
and hospitalizations than anticipated. Elusive efficacy and
numerous AEs consumed so much time and effort that some
investigators requested additional payments, and one center
abandoned the trial.®** The combination of physician
dissatisfaction with a heavier than expected workload, no
efficacy signal, and escalating trial expenses forced difficult
decisions. In light of results from FDA-mandated interim
analyses, program closure was the only sensible, regulatory-
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compliant, and ethical decision available — notwithstanding
the criticism that ensued.*!

Those experiences make commercial and practice-related
considerations the main drivers of closed-loop technology
investment. The goal is to unburden physicians and office
staff - and, if successful, to make closed-loop analgesic
and psychiatric devices as valuable as comparable products
for epilepsy, cardiac rhythm disorders, and diabetes. The
nonquantifiable nature of subjective conditions has not
deterred investors, investigators, or manufacturers. Neither
has the lack of demonstrable efficacy for continuous, open-
loop stimulation as the treatment limb for closed-loop
therapy. Just as the market for arguably ineffective pain
devices continues to grow, logical barriers and evidence gaps
will not deter investment in closed-loop therapies or their
eventual market acceptance in mental conditions.

ETHICS AND INEVITABILITY

Some may find it disturbing to contemplate a future where
neuropsychiatric diagnosis and treatment devolve into a
machine-reading task similar to automated electrocardiogram
reports. After emotional language is excised from diagnosis,
and if experts agree that machines do a better job than
doctors, one can imagine that doctors would no longer be
involved. Some have expressed concerns over the specter of
mind control or brainwashing.'”***! Such predictions are
scary only if one believes the technology actually works, that
extrinsic model-derived data are useful in patient care, and
that terabytes of data not only correlate with one’s interior
life and behavior but also that the data determine one’s inner
life and actions. On the other hand, substantial evidence
points toward the therapeutic value of closed-loop network
modulation being an illusion. Even so, the ideas that underlie
the extrinsic micro perspective are so internally consistent,
coherent, and attractive to researchers and investors that
regulatory approval outside the US (as a first step), successful
marketing, and profits eventually will ensue.

As human research continues toward such goals, the medical
ethics principles of beneficence, nonmaleficence, autonomy, and
justice remain sufficiently malleable to bend in one direction or
another from case to case.'””2*¥ Consider the repercussions of
human experimentation for its own sake — meaning, for the
sake of the experiment itself, to increase the sum of human
knowledge, or potentially to benefit future patients. Those
appear to be sound rationales for clinical research. However,
none hold up under the means versus ends test of conventional
Western ethics. That places ethicists' endorsement of- and
participation in advocacy for social policies that encourage the
practice of psychiatric surgery in conflict with the categorical
imperatives of Kant and Popper.[**15726231]

Ethical conflicts arise because impartial analyses of recent
and historical trials and case series indicate that no realistic
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expectation of clinically meaningful benefit exists for
individual research subjects, especially when weighed against
risks in closed-loop programs or other experimental uses of
neurostimulation for pain and psychiatric indications. That
also makes our recent observation “that study participation
is largely an altruistic endeavor for research purposes” fall
short of Kant’s and Popper’s standards and violates the means
versus ends principle.’® With no realistic expectation or
prospect of benefit, repeated investigations to implant devices
(or create lesions that carry risks of cognitive or neurological
harm) reduce a person to laboratory substrate — the very
definition of a means to an end.!**323%!

Scientifically curious investigators naturally foresee benefits
from research into somatic (connectomic) causes and cures
for subjective conditions. However, it is past time for those
who recognize logical flaws in the theories and who observe
contradictory evidence in the reported results to find space
in the indexed medical literature apart from independent
websites.[34303223%0) Qther examples of flawed and misleading
theories include DBS or SCS for coma;!213303304 DBS
for obesity,®* drug addiction®?%3262731  or  cluster
headache;[1841852072583053271 and occipital nerve stimulation for
chronic migraine - migraine being a prototypical episodic
disorder.?3%3¢0  All revealed no efficacy during trials
designed to replicate initial positive reports, yet the original
false-positive reports remain uncorrected.

DISCUSSION

Functional neurosurgery was an integral part of general
neurosurgery before it became a distinct subspecialty.
Neurologists, surgeons, pathologists, and their collaborators
introduced effective operations for cranial neuralgias,
epilepsy, spasticity, involuntary MvDs, and selected painful
COIlditiOIlS.[24’30’71‘99‘128’129‘147’176‘177’233‘234’315‘347’367] Numerous
studies have sought Level I evidence of reproducible,
clinically meaningful, or statistically significant efficacy for
conventional open, or microsurgical, stereotactic or image-
guided lesions, neurostimulation, or targeted drug delivery
to treat chronic noncancer pain and mental conditions.
However, whenever controlled conditions and unbiased
analyses were undertaken, efficacy was limited in the best case
and nonexistent in others.!#1133214282372 Yet most published
reviews still tabulate anecdotal, uncontrolled, or inadequately
controlled series as evidence of efficacy.">**% However,
even White and Sweet’s seminal pain surgery texts revealed
that operations for noncancer pain provided few long-term
benefits.?***¢* Unbiased assessments of neurostimulation or
drug delivery techniques by independent reviewers arrive at
similar conclusions.714419519266343-3451 - Ag discussed earlier,
the same applies to open, stereotactic, or neurostimulation
surgery for psychiatric conditions. Independent reviewers
found insufficient evidence to support efficacy claims, while
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others reported unacceptable risks, including for stereotactic
lesion Surgery [76,146,148,204,281,338,340]

On a positive note, other applications of functional
neurosurgery experienced a boost between the late 1970s and
mid 2000s when CT and MR imaging expanded anatomic
stereotaxis to diagnose, treat, and remove deep-seated
lesions safely. Then, as a new generation of neurologists and
surgeons took up MvD surgery, modern imaging did away
with imprecise targeting dependent on ventriculography.
Regulatory approvals were required only after investigators
substituted DBS devices for lesions. Straightforward clinical
trials led to approvals in objectively-defined disorders such
as essential tremor, PD, dystonia (under HDE), and epilepsy.
Anatomic and physiological knowledge and experience
guided the selection of objective biological disorders, suitable
patients, safe and effective targets, and low voltage — high
frequency stimulation parameters.

However, investigators have been unable to extrapolate
success from objectively defined neurological disorders to
more complex subjective conditions. Accurate psychiatric
diagnosis remains clinically based while the search continues
for reproducible, validated biomarkers and underlying
biological mechanisms. To-date, those have remained elusive.
Meanwhile, recent practice trends have lowered the bar for
diagnosis and treatment such that many individuals are
diagnosed and treated as if they have a biological disorder.
That makes apparent treatment-resistance or treatment failure
inevitable, leading to escalation of therapy to ECT, repetitive
transcranial magnetic stimulation, DBS, or lesion surgery.
Moreover, symptoms that were used to suggest a biological
disorder and justify treatment were not required for DBS
trials or lesion surgery. Consequently, at least some treatment-
resistant surgical patients, including subjects in formal trials,
likely were assigned incomplete or erroneous diagnoses, and
others probably had no biological disorder at all.

OCD, originally classified as a psychoneurotic disorder or
reaction of psychogenic origin, is now suggested to arise from
“[d]ysfunction in the orbitofrontal cortex, anterior cingulate
cortex, and striatum” in the DSM - which is cited to justify drug
treatment or escalation of therapy to DBS or lesion surgery.***!
However, the positive conclusions of influential and frequently
cited surgical series subsequently were contradicted by later
investigations, especially with respect to safety, but only after
the original surgical proponents had passed away.[2162192218.220-
262832912941 Ag with older series, the level of evidence attached
to the past 25 years of publications on DBS and lesion surgery
for OCD remains weak to very weak, below Level II, and with
no consistent or reliable efficacy signal.[2!:424460.53,83.208,269.281,329.361]

CONCLUSION

Historical coincidence, overlapping surgical methods, and
reasoning by analogy foster confidence in re-expanding

functional neurosurgery into long-practiced pain and
psychiatric indications where, historically, surgery has
not proven safe or effective. However, the extrinsic micro
perspective of neuroscience research embodied in the human
connectome project now provides an attractive theoretical
foundation. Because the phenotype of psychologically
or situationally determined mental conditions is
indistinguishable on the surface from intrinsic biological
disorders in many individuals, detailed inquiry beyond
disorder-specific questionnaires and functional imaging is
required to uncover what underlies self-reported feelings
or behavior. To-date, clinical trials based on DSM criteria
and disorder-specific rating scales for subject recruitment,
including closed-loop studies, have not done so successfully.

Moreover, connectomic images within which are embedded
the nodes and circuits targeted by DBS and lesion surgery
can distract attention from the underlying sameness of
psychiatric surgery’s theoretical underpinnings over the
past century. However, surgical methods evolved from blind
leukotomy to open lobotomy and thence to stereotactic
surgery and DBS - all intended to disrupt or alter the
function of thalamo-cortical and/or limbic circuits.>*>%
95:127,193.212.230269.369] 'The difference now is that MRI provides
images and coordinates of the surgical targets in each patient
in place of the atlas photographs of preserved specimens in
the preimaging era. However, the imputation of causality
from connectomic data differs little from inferential notions
of causality derived from preserved specimens or animal
experiments.[>217087-8995.148163] John Fulton performed ablative
cingulate gyrus surgery as well as frontal lobe surgery in
chimpanzees. Those experiments influenced his former
pupil, Watts, as well as Moniz, Freeman, Ballantine, and
others to undertake frontal lobe surgery followed (on the
part of Ballantine) by cingulate gyrus operations in humans.
However, despite his endorsement of psychosurgery, Fulton
subsequently expressed doubts about the scientific validity of
extrapolating findings in a few caged chimpanzees to human
psychiatric patients.**’® We view the connectomic psychiatric
surgical treatment hypothesis as analogous to a now disfavored
Type-K examination question of causality wherein the model is
internally valid, as is an individuals inner life. However, no law
of nature dictates that extrinsically observable network activity
determines a person’s perceptions, emotions, or behavior.

Therapeutic hypotheses based on coherent, internally
consistent, and accurate physiological models are unlikely
to change direction. Capital investment enables human
experiments to continue toward regulatory approval of
open- and closed-loop surgical technology in mental
conditions and pain - most likely outside the US at first.
Moreover, for the foreseeable future, psychiatric surgery
that includes lesion surgery will continue. Accordingly,
physicians must exercise critical judgment and counsel their
patients with noncancer pain or selected mental conditions
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to withhold their consent if other physicians propose futile
and risky surgery.
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