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Hematogenous Septic
Spondylodiscitis: Current Concepts

Panagiotis G. Korrovessis, Synopsis

MD, PhD Hematogenous septic spondylodiscitis (HSD) is a rare but serious infectious disease. The
Orthopedic Department, most frequent causative agent is Staphylococcus aureus with gram-negative bacteria be-
General Hospital “Agios Andreas” ing the second most common. The most common clinical symptom in HSD is a constant
Patras, Greece and increasing axial spine pain, along with varying degrees of neurological symptoms

from nerve roots and/or spinal cord. Because the disease course can be chronic and lacks
specific symptoms, surgeons should be aware of potential delays between its onset and
diagnosis.

MRI is most commonly used for early diagnosis for HSD; however, F-18 FDG PET has
recently been shown to be more accurate than MRI in detection of HSD. A delay in diag-
nosis of HSD can potentially result in high morbidity and mortality. The diagnosis is mainly
made on the basis of biopsy and blood culture results.

Conservative treatment is the mainstay in cases without neurological symptoms, and
consists of antibiotic therapy and immobilization. Surgical treatment comprises conven-
tional approaches (anterior, posterior or combined), and minimally invasive surgery (MIS)
is necessary in patients with neurological deficit, spinal instability or is resistant to antibi-
otic treatment.

The overall mortality rate ranges between 1.5% and 38%. Rates of disability of up to 31%
have been reported with residual spinal dysfunction or persistent pain after recovery fol-
lowing spondylodiscitis. The outcome of treatment is influenced by the type of infection,
age and comorbidities and by the degree of neurologic compromise before treatment.

Introduction

Hematogenous septic spinal infection includes several pathologies (spondylodiscitis, pri-
mary epidural abscess and pyogenic facet arthropathy) with characteristic clinical presen-
tations and courses." It is an uncommon disease with an estimated incidence of 0.2 to 2.4
cases per 100,000 population per year.'

Structural localization of primary spinal pyogenic infection has been identified as hema-
togenous septic spondylodiscitis (95%), discitis (1%), pyogenic facet arthropathy (6%) and
primary epidural abscess (2%)." The incidence of HSD, however, has increased in recent
years mainly because of the aging population, malnutrition, immunosuppression (AIDS,
chemotherapy, diabetes mellitus, chronic renal failure, etc).2 Nosocomial infection is con-
sidered a common source of HSD, with up to one-third of these infections being catheter-
related and when present, are associated with higher mortality and relapse rates.3

Causes of HSD

The main causative microorganisms are gram-positive bacteria, especially Staphylococcus
aureus, which account for 40%-60% of total cases, followed by gram-negative bacilli that
account for approximately 15-23% of cases of HSD.! Staphylococcus aureus was reported
to be the main causative agent that promotes abscess formation'411 and methicillin-
sensitive Staphylococcus aureus (MSSA) is more likely than gram-negative bacilli to be as-
sociated with epidural abscess in patients suffering from HSD.6.7.10 Enterococcal HSD is
frequently (26%) associated with endocarditis and therefore, patients with enterococcal
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HSD should have an appropriate cardiac work-up and evalu-
ation. In countries with increased frequency of brucellosis,
Brucella varies from 33-44% of HSD cases."12

Despite the significant incidence of HSD caused by gram-
negative bacteria, very few studies have reported clini-
cal characteristics and outcomes of HSD caused by gram-
negative bacilli. Gram-negative bacteremia was much more
common in the elderly than in younger patients mainly be-
cause of increased urinary tract infections in the elderly.!
Although most of the HSD are caused by a single organism,
polymicrobial infection was reported in 1%-10% of the pa-
tients.'3

Clinical Picture of HSD
The clinical symptoms of HSD are nonspecific and include
axial spine pain and paravertebral muscle spasm. The rate
of patients with neurological involvement on presentation
ranges from 10%-50%. The reported delay between the onset
of initial symptoms of HSD and the diagnosis ranges from 2-6
months,313

Clinical manifestations of HSD in elderly or immunocom-
promised patients may be associated with absence of local-
izing symptoms.’* Therefore, these patients, who are more
likely to have the early warning signs of drowsiness and fever,
should seek immediate medical attention. Diabetes mellitus
is a well-recognized risk factor for sepsis, mainly due to sus-
tained hyperglycemia retarding neutrophil chemotaxis. Pa-
tients of chronic renal failure are well-recognized to be at an
increased risk of bacteremia due to their uremia-induced im-
munosuppression and possible dialysis and hospitalizations.

Imaging for HSD Diagnosis
Hadjipavlou et al® reported that the most frequent anatomi-
cal location of spondylodiscitis is the lumbar spine (49.7%)
followed by the thoracic (25.7%) and cervical spine (11.6%).13
Plain radiographs have low sensitivity in the early stages
of HSD, as abnormalities usually develop later on. Computed
tomography scans (CT scans) are sensitive in detecting signs
of HSD but do not demonstrate the soft tissue accurately. Ab-
normalities in CT scans are visible in the first two weeks in
about 50% of the patients. Magnetic resonance imaging (MRI)
is the most sensitive imaging modality for confirming an early
diagnosis for HSD. With 96% sensitivity, 94% specificity and
92% accuracy, MRI shows detailed anatomically pathological
alterations.’>1® However, disadvantages of MRI are artifacts
due to metallic implants, occasional similarities between
spondylodiscitis and degenerative disease, and reduced sen-
sitivity in patients with short duration of symptoms.'>-17 A re-
cent meta-analysis concluded that F-18 FDG PET has better
diagnostic accuracy than MRI for the detection of HSD and
may be recommended in difficult diagnosis cases.'®

Laboratory Findings and Biopsy in HSD
Increased ESR and CRP are common findings and seen in
>90% of HSD cases. Leukocytosis occurs in <50% of the cas-

es. CRP is superior to ESR in the evaluation of HSD as it rises
more quickly and is less influenced by other plasma factors.3
Blood culture can be very useful in the diagnosis of HSD and
positive identification in about 50% of the cases.3

Open and needle biopsy provide positive cultures in >75%
of the cases,3'3 however, the proportion of HSD with negative
culture result ranges from 21%-34 %.'3 False-negative blood
culture or biopsy results are frequently found in patients who
are treated with empirical antibiotics before microbiological
diagnosis; therefore, a second biopsy should be performed
when the initial culture results are negative.'3 If polymicro-
bial infection is suspected in immunocompromised patients
with positive blood cultures in more than one bacteria, or in
emergency surgery, biopsy is mandatory for diagnosis estab-
lishment.313

Possible complications of HSD are axial pain, instability,
segmental kyphotic deformity, neurological impairment (ra-
diculopathy and paraplegia), paravertebral or epidural (pri-
mary, secondary) abscess associated with significant morbid-
ity, and mortality.313

Treatment Algorithm for HSD

To date, there are no evidence-based guidelines address-
ing the best treatment methods in the management of HSD.
Current management of HSD begins with identification of
the causative agent and antibiotics administration.'?20 Ear-
ly treatment of HSD may decrease morbidity and mortality.
Most of the uncomplicated HSD cases can be treated with
immobilization and intravenous antibiotics. Most guidelines
recommend 6-12 weeks of parenteral antibiotic treatment for
HSD.20-21 Optimal duration of parenteral antibiotic therapy
and of subsequent oral therapy remains unclear,20.22-24

Surgical Treatment of HSD
Surgical indications include failure of medical treatment,
intractable axial pain, instability, neurological deficit, spi-
nal deformity and abscess formation. Anterior, posterior or
combined approaches for debridement, decompression and
stabilization in single- or two-staged procedures have been
described.2>-30
The most important advantages of the anterior procedure
are that it allows radical resection of the infectious focus (disc,
endplates, abscess evacuation, etc) and enables satisfactory
interbody fusion. Subsequently, patients had rapid infection
resolution and early and frequent bony fusions. Laminecto-
my has a limited role in the decompression of HSD because
the pathology is located anteriorly in the vertebral body and
accessing the lesion is difficult with a posterior decompres-
sion. In fact, laminectomy without stabilization in presence
of significant vertebral body involvement form infection may
cause instability following removal of the posterior elements
and should preferentially be avoided.13:25-30

The anterior approach decreases postoperative pain, al-
lows early ambulation and protects posterior ligamentous
structures. Thoracotomy provides a good exposure from
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T5 to T12. A contralateral side approach would generally be
chosen in patients who had previous chest operations to pre-
vent approach-related complications (bleeding, atelectasis
and pneumothorax).2> However, some authors reported a
55.5%-87% fusion rate via posterior approach and posterior
approach including debridement and posterior-only instru-
mentation.’3

Restoration of the anterior spinal column with fusion is
paramount for restoring stability and healing infection. Most
authors recommend a double approach including anterior
debridement with vertebrectomy supplemented with posteri-
or instrumentation and fusion. This combined surgery seems
to be well tolerated by HSD patients with comorbidities and
results in pain reduction, faster spinal fusion, reduction of as-
sociated segmental kyphotic deformity and maintenance of
correction, and early patient mobilization.3

A recent systematic review3! including 50 articles and
4,173 patients showed that medical management remains
first-line treatment of HSD justifying previous case series.
Decompression with instrumented fusion was the most com-
monly performed intervention reported (79%), compared to
decompression alone (22%). Combined anterior and poste-
rior approach was performed in 33% and staged surgery was
performed in 26% of surgical patients. Repeat surgery was
necessary in 13% of patients among the surgery-specific se-
ries. This review concluded that surgery may be indicated for
progressive pain, persistent infection on imaging, deformity
or neurologic deficits. If surgery is required, reported litera-
ture shows potential for significant pain reduction, improved
neurologic function and a high number of patients returning
to a normal functional/work status.3

Biological Grafts Used in Spinal Surgery for
HSD
Various biological (autograft, allograft) have been used to re-
construct the anterior column. Because of the complications
and morbidity associated with harvesting iliac bone autograft
and the recent enthusiastic outcomes with metallic implants,
vertebral body replacement with titanium mesh cages with
autogenous bone graft has emerged as a viable option for
reconstructing a deficient anterior spinal column contributing
to infection healing.13:28:30

Although spine surgeons were previously reluctant to use
instrumentation in presence of an active spine infection due
to concerns for hindering the antimicrobial treatment, sig-
nificant clinical data and evidence from a number of studies
have established the usefulness, stability and safety of spinal
instrumentation especially with titanium implants patients
undergoing surgery for spinal infection.13:28.30

Furthermore, rhBMP-2, in conjunction with circumferential
instrumented fusion and appropriate antibiotics, has been
successfully used without reported infection recurrences and
complications.’3

Minimally Invasive Surgery in HSD

Minimally invasive surgical techniques are also becoming an
attractive option for both decompression and stabilization in
patients requiring surgery for spinal infection.26 These tech-
niques diminish the major surgical stress and provide early
and safe mobilization avoiding complications related to im-
mobilization of sick and elderly patients.

A recent retrospective study?’ concluded that mini-open
anterior debridement and lumbar interbody fusion in com-
bination with posterior percutaneous fixation via a modified
ALIF approach results in little surgical trauma and intraopera-
tive blood loss, acceptable postoperative complications, and
is effective and safe for the treatment of single-level lumbar
pyogenic spondylodiscitis and could be an alternative to con-
ventional open surgery.

Mortality and Functional Outcome
The overall mortality rate of HSD patients ranged from 1.5-
38%.7332 The large variance in these reported mortality rates
may be attributed to different follow-up periods, varying in-
hospital 6-month or 1-year mortality rates, and different caus-
ative microorganisms such as drug-resistant bacteria.!333-36
Published data regarding the long-term neurologic and
functional outcome or quality of life in patients with HSD
managed operatively or nonoperatively are scarce. Rates of
disability of up to 31% have been reported for residual spinal
dysfunction or persistent pain after recovery following spinal
infection, with diagnostic delay associated with poor prog-
nostic outcome. Poor functional outcome following HSD is
common at long-term follow-up, even in patients with appar-
ent full neurologic recovery. This suggests under-reporting
of poor outcomes in series using neurologic deficit alone to
qualify as a poor outcome.33-36

Conclusion

The incidence of HSD is rising due to frequency and increased
availability of imaging and an increase in patient population
susceptible to development of HSD (elderly, immunocom-
promised, etc). Ideal treatment for HSD remains somewhat
controversial. Although the mainstay of treatment for HSD is
long-term antibiotic therapy and bracing, surgical interven-
tion is recommended in cases of complicated HSD (spinal in-
stability with vertebral destruction, paravertebral and/or epi-
dural abscess formation, spinal deformity and/or associated
neurologic deficits). Minimally invasive surgical techniques
have been successfully used to provide debridement of in-
fection and stabilization in some cases in elderly and immu-
nosuppressed patients who cannot withstand an open major
surgery. Spinal decompression and instrumentation via an-
terior, posterior or combined approach when indicated can
often be performed without any significant risk of worsening
of infection even with use of titanium instrumentation. High
rates of mortality and disability have been reported in HSD
patients with increased comorbidity and preoperatively ex-
isted neurologic impairment.
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Cannabinoid Use in the
Perioperative Period

Ken Finn, MD Introduction
Springs Rehabiliation, PC Pre- and postoperative pain control in the surgical patient is an important aspect of effec-
Colorado Springs, CO tive patient care and has a direct bearing on outcome. In patients with noncancer (benign)

pain, surgery is typically not emergent, unless associated with trauma. In the midst of the
opioid epidemic, effective pain management is challenging.

Pain management before surgery may impact preoperative assessment and care. Pa-
tients on chronic or high dose opioids may not be good surgical candidates, due not only
to issues with pain control and dosing, but to inactivity-related deconditioning. On the
contrary, patients with adequate pain control may be able to participate in a rehabilitative
program pre- and postoperatively. Prior to surgery, non-opioid medications such as non-
steroidal anti-inflammatory medications and acetaminophen, and non-pharmacologic
interventions, such as physical therapy, chiropractic and alternative treatments may be
helpful in avoiding opioid-related issues.

Discussion

Approximately one-third of patients use opioids chronically before lumbar arthrodesis
and nearly half of preop opioid users will continue to take opioids at one year postsur-
gery.! Other studies have demonstrated similar findings for pre- and postsurgical opi-
oid use. For instance, people who took prescription opioid medications for six months
or longer before undergoing lumbar spine surgery were more likely to continue taking
opioids after surgery. The primary risk factor for continued opioid use after surgery was
the duration of opioid use presurgery of six months or longer.2 A recent literature review
concluded that preoperative opioid use in patients with spinal pain is overwhelmingly as-
sociated with negative surgical and functional outcomes, including postoperative opioid
use, hospitalization duration, health care costs, risk of surgical revision and several other
negative outcomes.3 Other studies have also concluded the use of opioid medications to
control pain before patients underwent lumbar fusion for degenerative lumbar condi-
tions was associated with less favorable clinical outcomes postoperatively.4

Data related to the use of cannabis-based medicines for pain management has evolved
over the past several years. In 2015, Whiting reported moderate-quality evidence sup-
porting the use of cannabinoids for the treatment of chronic pain; however, cannabi-
noids were associated with an increased risk of short-term adverse effects.> In 2017, the
National Academies of Science, Engineering, and Medicine reviewed the health effects of
cannabis and cannabinoids and reported substantial evidence for cannabis as an effec-
tive treatment for chronic pain in adults.® It is critical to understand that the data evalu-
ated for these papers included products not available in the United States (nabiximols)
or synthetic cannabis-based medications (dronabinol) and in less common pain condi-
tions (neuropathic and cancer pain). The products from domestic dispensaries have not
been evaluated thoroughly or proven efficacious. As an example, nabiximols, which are
natural, purified and regulated cannabinoids, have failed Phase Ill clinical trials in cancer
patients who have maximized opioid use and have persistent severe pain.”

A significant amount of data refutes the usefulness of cannabinoids in chronic noncan-
cer pain. In 2018, a four-year, prospective cohort Australian study noted that cannabis use
is common in people with chronic non-cancer pain who had been prescribed opioids.®
The study showed no evidence that patient outcomes were improved in this population
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and no evidence that cannabis use reduced

pain severity or exerted an opioid-sparing v
effect.

Patients who use cannabis have an in- -
creased likelihood of developing opioid use =

disorder and nonmedical prescription opi-
oid use based on a large study by Olfson et
al. The authors followed >30,000 cannabis
users in two separate waves between 2001 I
and 2005 (wave 1) and 2004-2005 (wave 2).° -
Among adults with nonmedical opioid use
in wave 1, cannabis use was associated with |
an increase in nonmedical opioid use. Fur- i
ther meta-analysis and review of controlled
and observational studies concluded that
the effectiveness of cannabis-based medi-
cine in chronic noncancer pain is limited.'0
The number to treat benefit ratio is high
and the number needed to harm is low.
These data suggest that cannabinoids are not effective medi-
cines for chronic noncancer pain. The European Pain Federa-
tion position paper on cannabis-based medicine did not rec-
ommend use of cannabis-based medicine in patients utilizing
opioids or benzodiazepines.'” They also cautioned use while
driving and in the elderly, recommended screening for anxi-
ety and depression and did not recommend use of cannabis
flower >12.5% tetrahydrocannabinol (THC) content to avoid
intoxication and cognitive impairment.

Potencies in the US can reach 100% THC and there is large-
scale evidence that first episode psychosis (FEP) patients with
a history of daily use of high-potency cannabis (defined as
>10% THC) present with more positive symptoms of psycho-
sis compared with those who never used cannabis or used
low-potency types.'213 The availability of high potency can-
nabis resulted in a greater proportion of FEP cases being at-
tributed to cannabis use.

In patientswho may be using medical cannabis or acannabis-
based medication, drug interactions should be discussed. For
instance, cannabidiol (CBD), a nonpsychoactive cannabinoid
isolated from the marijuana plant, has over 500 drug interac-
tions. Buprenorphine, the medication used to treat opioid use
disorder, has a major drug interaction with ingested CBD and
interacts with dozens of common prescribed and over-the-
counter medications.’ CBD has been shown to cause hepatic
impairment; patients utilizing CBD should have transami-
nases followed." It can cause suicidal ideation and behavior,
somnolence, sedation, irritability and agitation. Recently, the
US FDA issued a warning regarding the use of CBD while driv-
ing due to possible sedative side effects.'® Compared with
drivers testing negative for marijuana, those testing positive
were 28% more likely to test positive for prescription opioids
based on Fatality Analysis Reporting System data. In a Nation-
al Road Survey of Alcohol and Drug Use by Drivers, those test-
ing positive for marijuana were twice as likely to test positive
for prescription opioids.!”

Number of deaths

Number of drug overdose deaths by substances mentioned:
Colorado residents, 2000-2020 (provisional)
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Fig 1. Number of drug overdose deaths by substances mentioned: Colorado
residents, 2000-2020 (provisional). Source: Vital Statistics Program, Colorado
Department of Public Health and Environment.

Given this information, the concept of substituting opioids
with cannabinoids is attractive but questions remain as to ef-
ficacy. Cannabis and its constituents are considered by the
general public and many in health care to be benign, harm-
less and a reasonable alternative to opioids for pain control.
Opioids are powerful analgesics which carry serious, some-
times fatal, risks related to addiction and overdose. Respira-
tory depression is generally less likely with cannabis than with
opioids. This, however, does not include the pediatric popula-
tion, where children exposed to marijuana may have respira-
tory impairment, occasionally to the point of requiring venti-
latory support including intubation.'8 According to one study,
naloxone, the opioid overdose reversal agent, also interacts
with the cannabinoid system.'®

Current evidence does not support the substitution of opi-
oids with marijuana. Recent data reviews suggest that enact-
ment of medical marijuana laws was not associated with a
reduction in nonmedical prescription opioid use.20

In those states with medical marijuana programs, pain is
the most frequent reason for use (not otherwise specified).
In Colorado, 93% of medical marijuana cards are used to ob-
tain cannabis for pain.2’ Colorado has had a medical mari-
juana program since 2001, and in 2019, had a record number
of opioid overdose deaths. Between 2018 and 2019 alone,
prescription opioid overdose deaths increased by 24% and
fentanyl-related deaths increased by 115%.22 (Figure 1).
Cannabinoid-related deaths have also been noted to be in-
creasing in Colorado as well. However, the state health de-
partment has been unable to verify whether or not these
deaths were attributed to synthetic cannabinoids, regulated
market products, or marijuana use as a co-drug.

In Colorado, other drug-related deaths have continued to
climb over the past 20 years, with overall upward trends in
multiple drug categories, despite having medical marijuana
which recommended for pain relief.

Similar patterns can be seen in other states such as Califor-
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Fig 2. California Opioid Overdose Surveillance, Source: California Department of Public Health

nia (Figure 2) where there has been significant push back on
the opioid epidemic with fewer overall prescriptions, decreas-
ing daily morphine equivalents, less co-prescribing of opioids
and benzodiazepines, and increases in the use of buprenor-
phine which is used for treatment of opioid use disorder.23
For patients who have failed nonsurgical care and are sur-
gical candidates, anesthesia factors need to be considered.
Due to lipid solubility, cannabinoids can be rapidly accumu-
lated in fatty tissue which can prolong elimination up to sev-
eral days or more after use. The systemic effects as well as
interactions with anesthetic agents may have significant con-
sequences. It may be challenging to determine cannabinoid
exposure in the pre-anesthesia assessment. For example,
researchers found that compared with people who did not
regularly use cannabis, people who regularly used cannabis
required an amount of sedation for endoscopic procedures
that was significantly higher than those who did not (P=.05).
The statistical significance persisted when adjusted for age,
sex, and use of alcohol, benzodiazepines and opiates.2*
Echeverria-Villalobo et al?> reviewed pharmacologic and
anesthetic considerations in the perioperative care of can-
nabis users. Identifying baseline cannabinoid use may have
implications in presurgical anesthesia planning. Identifying
exposures to synthetic cannabinoid should also be part of the
anesthesia assessment. Recreational versus medicinal use of
cannabis, frequency of use, potency of products used and last
time of exposure should be part of anesthesia planning. Elec-
tive surgeries should be avoided for at least 72 hours from
last exposure due to accumulation in fatty tissue and long

elimination time.

New users may experience tachycardia, systolic hyperten-
sion within two hours of consumption, malignant arrhythmias
(atrial fibrillation, ventricular fibrillation, ventricular tachycar-
dia), coronary spasm and airway hyper-reactivity (uvulitis).
Chronic users may show bradycardia followed by tachycar-
dia, orthostatic hypotension, sinus arrest, hyper-reactive
airway, intraoperative hypothermia, coronary vasospasm or
myocardial infarction. Patients with a history of cannabinoid
hyperemesis syndrome (CHS) may need to be addressed by
anesthesia due to possible postoperative nausea and vomit-
ing (PONV). Chronic users may develop cannabis withdrawal
syndrome in the immediate to short-term postoperative pe-
riod and anesthesia should be aware of the patient's use pat-
terns. Risk factors for cannabis withdrawal syndrome include
amount and potency of cannabis used, female gender and
environmental and genetic factors.26

History of CHS, hyperactive airway or severe shivering with
prior surgeries should be obtained as well. Ingestion route,
such as vaping, smoking or ingestion. Ingested cannabinoids
will likely have a longer onset and duration of action, and
there may be high interpatient variability?” effect. There may
be serious pulmonary sequelae related to the vaping of mari-
juana products. E-cigarette or vaping product use-associated
lung injury (EVALI) is a known outcome of the vaping of legal
and illegal marijuana products, and there is some association
with these lung injuries.2® There is evidence that there was a
significant effect on the bispectral index (BIS) after controlling
for minimum alveolar concentration (MAC).2° The average BIS
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values, measured during steady state anesthesia, were sig-
nificantly higher in the high dose cannabis treatment group.
In patients who use cannabis prior to general anesthesia in-
duction, BIS monitoring in determining the patient's sedative
state may not be reliable.

Patients using cannabis may experience serious cardiovas-
cular effects. Regular cannabis use was associated with larger
indexed left ventricular end diastolic volume, end systolic vol-
ume, and impaired global circumferential strain compared
with rare/no cannabis use, even after adjustment for poten-
tial confounders (age, sex, body mass index, systolic blood
pressure, use of cholesterol medication, diabetes, smoking,
and alcohol consumption).3° It is important to consider epi-
sodic marijuana use as a significant risk factor for acute coro-
nary syndromes, particularly in individuals with no cardiac
risk factors, as delay in management can result in fatal out-
comes.3! Cannabis consumption has been shown to cause
arrhythmia including ventricular tachycardia and potentially
sudden death, and to increase the risk of MI. Acute cannabis
consumption has been shown to cause an increase in blood
pressure, specifically systolic blood pressure (SBP), and or-
thostatic hypotension. Cannabis use has been reported to
increase risk of ischemic stroke, particularly in healthy young
patients.3233 Patients with reversible cerebral vasoconstric-
tion syndrome (RCVS) secondary to marijuana were more of-
ten male (p = 0.05) and younger (p = 0.02) compared to those
who did not use marijuana; no differences were observed in
the outcomes. These findings were consistent when examin-
ing marijuana versus other vasoactive substances.34

Pulmonary concerns also need to be taken into consider-
ation. Some evidence in large studies indicates that inhaled
marijuana has adverse effects on the respiratory system and,
conversely, bronchodilatory effects.3® The data indicate a risk
of lung cancer from inhaled marijuana as well as an associa-
tion with spontaneous pneumothorax, bullous emphysema
and COPD. A variety of symptoms have been reported by in-
halation marijuana smokers, including wheezing, shortness
of breath, altered pulmonary function tests, cough, phlegm
production, bronchodilation and other symptoms.

Interactions between cannabinoids and anesthetics have
not been thoroughly investigated, but there are enough
data to cause concern. For instance, THC has been shown to
prolong the action of some intravenous anesthetics such as
ketamine, pentobarbital, thiopental and others.36-38 The en-
docannabinoid, anandamide, may be associated with severe
hypotension via inhibition of the sympathetic response medi-
ated by the CB1 and vanilloid receptor-type 1 in animal mod-
els.3940 Cannabis smokers required significantly higher doses
of propofol during the induction of general anesthesia when
compared to non-cannabis users, likely due to the overlap of
general anesthetics and endocannabinoids via modulation of
gamma-aminobutyric acid (GABA).4" Similar higher tolerance
to inhaled anesthetics such as isoflurane and sevoflurane
was linked to cannabis users.*? The effects of neuromuscular
blockers have not been well studied in the human population,

but based on animal models, cannabinoids may potentiate or
prolong the effects of non-depolarizing neuromuscular block-
ers.

Chronic cannabis users may have higher opioid require-
ments post vehicular trauma. Salottolo et al*3 report that
marijuana users who did not use other drugs consumed
significantly more opioids (7.6 mg vs 5.6 mg, p <0.001) and
reported higher pain scores (4.9 vs 4.2, p <0.001) than non-
marijuana users. There is also evidence there may be an in-
creased risk of perioperative Ml in patients with active can-
nabis use disorder.44

More recent data demonstrated higher anesthetic require-
ments for patients who used marijuana undergoing surgery
for tibial fracture, compared to those who did not.> These
patients also had higher pain scores while in recovery and
received 58% more opioids per day while in the hospital.

Patients on preoperative cannabinoids had significantly
higher pain scores and poorer quality of sleep in the early
postoperative period compared to patients who did not have
a history of cannabinoid use.*® Medical marijuana users are
also more likely to use prescription drugs, including opioids,
medically and nonmedically.4”

Conclusion

Patients who are using cannabinoids, either medicinally or
recreationally, need to be thoroughly evaluated prior to sur-
gery. Anesthesia considerations are paramount, due to mul-
tiple physiologic effects, depending on the patient, products
used and method of delivery. Knowledge of potential drug-
drug interactions pre- and postoperatively with cannabinoids
and commonly prescribed medications and anesthetic agents
is vital in the comprehensive care of the patient. Current evi-
dence does not show dispensary cannabis to be effective for
chronic non-cancer pain, or for marijuana as an opioid sub-
stitute. Medical providers should support FDA drug develop-
ment protocols of cannabinoids for use in particular medical
conditions guided by scientific rigor.
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ASK! Preoperative Safety Checklist Protocol
in Interventional Spine Procedures:

A Quality Improvement Study

Synopsis

Human error is inevitable, even in medicine. Performing a surgical procedure on the in-
correct side or leaving a surgical instrument inside a wound can have dire consequences
and cause substantial harm. One way to avoid mistakes is to use rigorous checklists that
are carefully designed to target areas with higher probabilities of human error, keeping
in mind that each procedure type has its specific set of error probabilities. In 2003, The
Joint Commission implemented the Universal Protocol and in 2008, the World Health Or-
ganization (WHO) developed the Surgical Safety Checklist. Both of these checklists were
developed to help prevent wrong-site surgeries, near misses and other surgical never
events. Multiple studies have shown that time-outs and checklists help prevent some of
the human errors. The purpose of this quality improvement (Ql) study is to assess the ef-
ficacy of newly implemented preoperative safety checklist that is specific to interventional
spine procedures. Our preliminary six-month results showed a statistically significant de-
crease in the number of incidents and near misses after the implementation of this new
protocol.

Introduction

Mistakes are inevitable. However, in medicine, doing a surgical procedure on the incor-
rect side or leaving a piece of equipment in a wound has potentially dire consequences
for both the patient and the physician. The Joint Commission implemented the Universal
Protocol in 2003, which consists of three key steps: conducting a preprocedure verifica-
tion process, marking the procedure site and performing a time-out." The World Health
Organization (WHO) Surgical Safety Checklist (Figure 1) developed in 2008 is also intend-
ed to improve patient safety, preventing wrong site surgeries, near misses, and other
surgical never events.2

Using a systematic time-out has greatly reduced these rates. Yoon et al® collected data
on 12,215 cases where 6,126 were “pre-education” and 6,089 were “post-education.”
They found that the monthly rate of incorrectly booked cases was 0.75% before the in-
tervention and 0.41% after the intervention. They also found that improperly performed
time-out procedures decreased from 18.7% to 5.9% after the educational interventions.
Another study done by Neily et al* created a unique surgical checklist with the goal of
including the patient and family members or caregivers in the preoperative time-out pro-
cess to reduce near misses and wrong-site surgeries. They found that after implementing
a total surgical checklist, there were zero discrepancies between team members and zero
wrong-site, wrong-side, or wrong-patient surgeries.

Furthermore, Henshaw et al® collected data on the incidence of wrong-site nerve block-
ade over eight years. The first two years included a retrospective review to compare the
incidence of wrong-side nerve blockade to the following six years after implementation of
a preprocedural checklist. They found that four events occurred before checklist imple-
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mentation during 10,123 procedures and that zero occurred
after checklist implementation during 35,890 procedures.
This appears to be true across specialties. Robert et al® mea-
sured the effects of a WHO presurgical checklist for laser vi-
sion correction. They found that two serious errors occurred
in the pre-checklist cohort and none occurred following a
safety checklist protocol.

A time-out does not require any qualifications and can be
done by any member of the surgical team, is easily performed,
and costs nothing. However, despite the effectiveness, com-
pliance issues remain a problem. According to Neily et al” and
Rydenfélt et al,® time-out related issues are shown to be the
most common root cause of adverse events, whether it was
conducted incorrectly or incomplete in some way. Papadakis
et al? suggested educational strategies to help with compli-
ance, as the most important reason for low compliance rates
was the lack of awareness of the importance of time-outs
among health care professionals. Nelson et al'? found that
compliance with time-outs required considerable educa-
tion as staff can easily revert to “old ways.” They developed
ongoing monitoring, training modules and yearly education

Surgical Safety Checklist

Before induction of anaesthesia

(with at least nurse and anaesthetist)

Before skin incision

(with nurse, anaesthetist and surgeon)

[J Confirm all team members have
introduced themselves by name and role.

for staff members. Since implementing these changes, they
had no incidents of wrong-site, wrong-procedure or wrong-
patient surgery in the OR. Interestingly, Freundlich et al'’
found that at least one member of the OR team was actively
distracted in 10% of time-out procedures observed and de-
spite distractions, no wrong-site or wrong-person surgeries
were reported during this study period during which a time-
out was done in 100% of the cases.

To our knowledge, no study has been done on interven-
tional spine procedures. Therefore, our study was introduced
as a Ql project in interventional spine procedures at Johns
Hopkins Greenspring Station ASC and Johns Hopkins Knoll
North ASC from August 2020 through August 2021. The re-
sults discussed here are from August 1, 2020 through Feb-
ruary 28, 2021. The aim of this study was to implement a
30-second time-out performed by the attending physician,
interventional spine fellow, radiologist technician, nurse and
anesthesiologist, if present, and collect data on wrong-site,
wrong-procedure, and/or wrong-patient surgeries.

Patient Safety

‘A World Alllance for Safer Health Care

&’@\@ World Health
& 4 Organization

Before patient leaves operating room

(with nurse, anaesthetist and surgeon)

Nurse Verbally Confirms:
[J The name of the procedure

[J Confirm the patient’s name, procedure,
and where the incision will be made.

[J Completion of instrument, sponge and needle
counts

the last 60 minutes?
U Yes
L] Not applicable

Has antibiotic prophylaxis been given within

[ Specimen labelling (read specimen labels aloud,
including patient name)

[ Whether there are any equipment problems to be
addressed

To Surgeon:

To Anaesthetist:

To Nursing Team:

been confirmed?

Anticipated Critical Events

To Surgeon, Anaesthetist and Nurse:

[J What are the key concerns for recovery and
management of this patient?

[] What are the critical or non-routine steps?
[J How long will the case take?
[J Whatis the anticipated blood loss?

[ Are there any patient-specific concerns?

[J Has sterility (including indicator results)

[ Are there equipment issues or any concerns?

L] Yes
[ Not applicable

This checklist is not intended to be comprehensive. Additions and modifications to fit local practice are encouraged.

Is essential imaging displayed?

Revised 1 /2009 © WHO, 2009

Figure 1. World Health Organization (WHO) Surgical Safety Checklist. Reprinted with permission from WHO Safe Surgery: Tools and Resourc-
es: https://www.who.int/teams/integrated-health-services/patient-safety/research/safe-surgery/tool-and-resources. Accessed 8 June 2021.
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Methods

This is a prospective QI study assessing every interventional
spine procedure done by a PM&R spine specialist at Johns
Hopkins Greenspring Station ASC and Johns Hopkins Knoll
North ASC from August 1, 2020 through February 28, 2021.
The sign-in process began with obtaining patient demograph-
ics and medical and surgical history by the medical assistant.
Once the procedure details were posted, members of the
different interdisciplinary team—the charge nurse, radiol-
ogy technician, interventional spine fellow and the anesthe-
siologist—created separate checklists. The patient's laterality
was marked by the attending physician. The patients were
then brought back to the procedure room and prepped on
the exam table. A standard time-out was performed by the
nurse. Immediately prior to the start of the procedure, the
attending performed an ASK (Ascertain Site Knowledge). He
stated the laterality and pointed at the marking on the patient
and asked every team member if they are in agreement. After
affirmation from each team member, the procedure can be
started. The number of incorrect markings of laterality or in-
correct procedures site was documented into two categories
as near miss or incident, depending on the situation. A near
miss is defined as an error, which does not have the poten-
tial to cause harm, while an incident is an error which causes
potential harm.

Results

From August 1, 2020 through February 28, 2021, 1,106 inter-
ventional spine procedures were completed. During this time
period, the different interdisciplinary team checklists were
done, the laterality marked by the attending, a standard time-
out took place, as well as the ASK as described in the methods
section. These actions were done in all the cases, and there
were zero near misses or incidents.

Discussion
Procedure checklists are an integral part of efforts to do no
harm to the patient. The WHO procedural checklist was cre-
ated as a general guide and is not meant to be used without
procedure-specific modifications. Studies have shown cen-
ters that relied solely on the WHO checklist had more inci-
dents of errors compared to those that implemented a sec-
ondary checklist that was specific to their practice.'2
Procedural errors can occur at any part between the sign-
in and sign-out; however, some procedures can carry dis-
proportionate risks of error at different parts of the safety
checklist. For example, the possibility for an error to occur
during the time-out part of an epidural injection procedure is
higher simply because of the three different possibilities for
how this procedure may be done based on the patient’s diag-
nosis (right side, left side, or bilateral injection). Conversely,
procedures like open-heart surgery can carry increased risk
of error during the sign-out part when counting the fine in-
strumentation and surgical gauze before incision closure re-
quires close attention. A carefully tailored checklist specific

Technology

Local
Environment

Factors

Leading to
Errors

Skill /
Knowledge

Figure 2. Factors leading to surgical errors.

to the task performed has been shown to reduce chances of
errors.'3

Multiple factors could contribute to error, as demonstrated
in Figure 2, with team dynamic and skill’/knowledge being
the highest source of errors.’ A 2019 retrospective study of
videos of 24 procedures found the incision site was checked
in only 25% of the time.> In a cohort of 72 subjects, surgi-
cal site was confirmed by one member of the team in 91%
of the cases and only validated by another member in 37%
of the cases.' Based on previous data, we modelled this QI
project around creating parallel checklists that require team
members to include the side of procedure, as well as having
the attending perform a mandatory 30-second time-out with
laterality check to compare against those of the other team
members. This model resulted in a statistically significant re-
duction of incidents, especially wrong-side procedures.

Conclusion

In summary, our results showed a decreased rate of error in
interventional spine procedures when the procedural safety
checklist was carried out as a team effort with parallel check-
lists along with an attending-led time-out. This preliminary
data is not designed to draw conclusions, rather to raise the
need for a more comprehensive randomized controlled trial
to create a standardized protocol specific to interventional
spine procedures checklists.

References

1. TheJoint Commission. The Universal Protocol for prevent-
ing wrong site, wrong procedure, wrong person surgery.
2003. Available at: https://www.jointcommission.org/
standards/universal-protocol/. Acessed: Feb 20, 2021.

2. WHO Surgical Safety Checklist. 2008. Available at: https://

www.who.int/teams/integrated-health-services/pa-



tient-safety/research/safe-surgery/tool-and-resources.
Acessed: Feb 20, 2021.

Yoon RS, Alais MJ, Hutzler LH, et al. Using “near misses”
analysis to prevent wrong-site surgery. / Healthc Qual.
2015;37(2):126-132.

Neily SD, Elkwood L, Gaynor D, et al. An innovative ap-
proach to the surgical time out: a patient-focused model.
AORN J. 2016;103(6): 617-622.

Henshaw DS, Turner JD, Dobson SW, et al. Preprocedural
checklist for regional anesthesia: impact on the incidence
of wrong site nerve blockade (an 8-year perspective). Reg
Anesth Pain Med. Jan 13, 2019. DOI: 10.1136/rapm-2018-
000033.

Robert MC, Choi CJ, Shapiro FE, et al. Avoidance of serious
medical errors in refractive surgery using a custom pre-
operative checklist. J Cataract Refract Surg. 2015;41(10):
2171-2178.

Neily J, Soncrant C, Mills PD, et al. Assessment of incor-
rect surgical procedures within and outside the operat-
ing room: a follow-up study from US Veterans Health
Administration Medical Centers. JAMA New Open, 2018;
1(7):e185147.

Rydenfalt C, Johansson G, Odenrick P, et al. Compli-
ance with the WHO Surgical Safety Checklist: devia-
tions and possible improvements. Int / Qual Health Care.
2013;25(2):182-187.

9.

10.

11.

12.

13.

14.

15.

m Best of NASS 2021 | SpineLine 17

Papadakis M, Meiwandi A, Grzybowski A. The WHO safer
surgery checklist time out procedure revisited: Strategies
to optimise compliance and safety. Int J Surg. 2019;69:19-
22.

Nelson PE. Enhanced time out: an improved communica-
tion process. AORNJ. 2017;105(6): 564-570.

Freundlich RE, Bulka CM, Wanderer JP, et al. Prospective
investigation of the operating room time-out process.
Anesth Analg. 2020;130(3)725-729.

Saxena S, Krombach JW, Nahrworld DA, et al. Anaesthe-
sia-specific checklists: a systematic review of impact. An-
aesth Crit Care Pain Med. 2020;39(1):65-73.

Raman J, Leveson N, Samost AL, et al. When a checklist is
not enough: How to improve them and what else is need-
ed.J Thorac Cardiovasc Surg. 2016;152(2)585-592.
Elbardissi AW, Wiegmann DA, Dearani JA, et al. Applica-
tion of the human factors analysis and classification sys-
tem methodology to the cardiovascular surgery operating
room. Ann Thorac Surg. 2007;83(4):1412-1418; discussion
1418-1419.

Cullati S, Le Du S, Raé AC, et al. Is the surgical safety check-
list successfully conducted? An observational study of so-
cial interactions in the operating rooms of a tertiary hos-
pital. BMJ Qual Saf. 22013;2(8):639-646.

Author Disclosures

A Chhatre: Nothing to disclose
A Amir: Nothing to disclose

L Richards: Nothing to disclose



m Best of NASS 2021 | SpineLine 18

Hip-Spine Syndrome: Avoiding
the Pitfalls

Rhett MacNeille, MD, Synopsis

Omar Ramos, MD, Hip-spine syndrome is a common but challenging clinical condition involving the overlap-
Thomas Donaldson, MD, ping presentation of groin, hip, buttock and thigh pain in patients with both hip and spine
Olumide Danisa, MD pathologies. Increased costs have been associated with delayed or incorrect diagnosis.
Department of Orthopedic History, physical findings and appropriate workup are critical. Understanding the frame-
Surgery, Loma Linda University work for managing the various presentations of hip-spine syndrome will help to avoid
Medical Center misdiagnosis or delayed diagnosis and improve outcomes.

Loma Linda, CA
Introduction
Hip and lumbar spine pathologies are often present in combination and can lead to signifi-
cant disability." (Figure 1) Complaints of pain in the hip, lower back, buttock and thigh are
common in patients with degenerative changes of the hip and/or the lumbar spine.24 Such
symptomology can also lead to presentation or referral to various health care providers: pri-
mary care, emergency room physicians, physical therapists, chiropractors, orthopedic sur-
geons (general, spine, joint reconstruction), neurological surgeons, pain management spe-
cialists and physiatrists. Within each specialty, there may be biases which can affect workup
and treatment focus. Osteoarthritis (OA) is the most common musculoskeletal disease associ-
ated with aging and patients often present with imaging showing degenerative changes con-
sistent with hip OA, lum-
bar spine degeneration
and/or stenosis.> Imaging
findings do not always
correlate with symptom-
atology.® This overlapping
clinical picture has been
recognized for decades
and continues to chal-
lenge providers.
Hip-spine  syndrome
was first described in
1983 by Offierski and
MacNab.* They described
four different clinical
presentations of hip-
spine syndrome. Simple
hip-spine syndrome is

present when there are Figure 1. Patient with coexisting hip and spine pathology.
pathologic changes in

both the hip and the lumbar spine, but one is the clear source of pain and/or disability.
In complex hip-spine syndrome, there are pathologic changes in both the hip and the
lumbar spine, but the primary source of disability is not clear. In secondary hip-spine
syndrome, the pathologic changes in the hip and the lumbar spine are interrelated, with
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one exacerbating the other. Lastly, hip-spine syndrome can
be misdiagnosed when the source of pain is mistakenly at-
tributed solely to the hip or the lumbar spine.

Failure to recognize and appropriately treat hip-spine syn-
drome and its subtypes can result in excessive imaging, inter-
ventions and unnecessary surgery.’”# Understanding how to
recognize and differentiate hip and spine pathology through
a complete evaluation is key to managing these patients.?

History

Obtaining a detailed and thorough history is extremely im-
portant when trying to differentiate hip pathology from lum-
bar spine pathology.

Pain from hip OA is most commonly localized to the groin
and is associated with a limp, referred knee pain, and pain
with range of motion of the hip.1'% Other frequently reported
locations of pain in patients with hip OA include the buttock,
anterior thigh, posterior thigh, anterior knee, anterior leg and
calf (Table 1).79 The presence of a limp, groin pain or limited
internal rotation of the hip has been shown to be predictive
of a primary hip pathology or hip and spine pathology rather
than a spine pathology only. Brown et al'" reported that pa-
tients with a limp and groin pain were 7 times more likely to
have a hip disorder only, or a hip and spine disorder than a
spine-only disorder. Patients with groin pain and limited in-
ternal rotation were 7 and 14 times, respectively, more likely
to have a hip disorder only, or a hip and spine disorder than
a spine-only disorder. Pain, clicking and popping symptoms
during hip movement are also indicative of hip pathology.

Pain secondary to lumbar stenosis commonly presents
with lower extremity pain and/or neurogenic claudication, an
achy, cramping pain with leg heaviness or weakness. Symp-
toms are worse standing and/or during ambulation, and
are relieved by sitting down and a forward-bending posture
(shopping cart sign).?'2 Patients with lumbar stenosis have
higher relative frequencies of calf and leg pain, and lower
relative frequencies of groin pain and gluteal pain when com-
pared to hip osteoarthritis.’® Burning or radicular pain are
also associated with lumbar central or neuroforaminal ste-
nosis, particularly when concomitant dermatomal sensory
changes are present. Facet mediated pain will primarily pres-
ent with insidious axial pain but can also radiate to the flank,
buttock, groin and/or thigh in a non-dermatomal fashion.'3

Sacroiliac (Sl) pathology localizes to the axial spine (SI re-
gion) with radiation to the buttocks 90%-94% of the time,
rarely localizing above the L5 spinous process.'*'> Greater
trochanteric bursitis presents with pain localized over the lat-
eral hip (greater trochanter) and complaints of pain with lying
on the side.'®

The timing and frequency are also important consider-
ations of a complete history. Degenerative pathologies of
both the hip and spine typically worsen with activity. Lack of
symptom relief and/or night pain should increase suspicion
for infectious and pathologic etiologies.

While this review focuses primarily on the most common

Table 1. Location of Pain in Hip Osteoarthritis

Pain Location Sensitivity (%) Specificity (%)
Groin 84% 70%
Buttock 76% 61%
Anterior Thigh 59% 26%
Posterior Thigh 44% 48%
Anterior Knee 69% 44%
Anterior leg 51% 35%
Calf 30% 41%

Data source: Khan AM, et al. Hip osteoarthritis: where is the pain?
Annals of The Royal College of Surgeons of England, 2004;86(2):119-
121.1

causes of hip and back pain, having a broad initial differen-
tial diagnosis is critical for any physician. Spinal pathologies
to consider include lumbar stenosis, lumbar disc herniation,
foraminal stenosis, facet cysts, nerve-root sheath tumor,
spondylolysis/spondylolisthesis, sagittal malalignment, spinal
malignancy (primary versus metastatic) and psoas pathology
(abscess, hematoma, etc.). Intra-articular hip pathologies
include osteoarthritis, inflammatory arthritis, septic arthritis,
osteonecrosis, stress fracture (intracapsular), labral tear, fem-
oroacetabular impingement, loose body and chondral dam-
age/lesion. Extra-articular hip pathologies include greater
trochanteric bursitis, iliotibial (IT) band tendonitis, stress frac-
ture (extracapsular), gluteus medius/minimus tear, iliopsoas
tendonitis, coxa saltans (snapping hip), piriformis syndrome,
adductor strain, hamstring pathology and subgluteal space
syndromes. Other pathologies that should be considered
include sacroiliac (SI) joint arthritis, peripheral vascular dis-
ease, peripheral neuropathy, sciatic nerve tumor, intrapelvic
tumor, sacral insufficiency fracture, osteitis pubis, sports her-
nia, Paget disease, shingles and meralgia paresthetica.’

Evaluation

Physical examination can quickly provide information includ-
ing previous surgical scars, posture, coronal/sagittal align-
ment (aided by forward bend test), leg-length discrepancy,
pelvic obliquity, lower extremity hair loss and skin discolor-
ation (peripheral vascular disease) and gait abnormalities.
Observation of the gait is also essential. The Trendelenburg
gait was originally described for and is commonly observed
in hip pathology, but this finding can also be seen in spine
pathologies. A Trendelenburg gait from hip pathology is typi-
cally associated with pain with an antalgic component, while
a Trendelenburg gait from spine pathology (L5 radiculopa-
thy) is secondary to painless abductor weakness. Palpation
may help identify the source of pain (eg, greater trochanter,
Sl joint, groin and paraspinal vs midline lumbar spine). Hip
range of motion (ROM) should be assessed with attention to
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loss of internal ROM and pain at terminal motion as these
findings have a strong association with hip pathology.'7

Motor and sensory findings of myotomal and/or dermato-
mal deficits suggest lumbar spine pathology. Tables 2 and
3 describe important physical exam maneuvers for hip and
spine pathologies which are particularly important when dis-
tinguishing between less obvious sources of pain about the
spine and hip. In most patients with lumbar stenosis, the
physical exam is normal.'®

Imaging and Other Diagnostic Tests
Plain radiography is the first line of testing that should be ob-
tained. Dunn or frog leg lateral views are the most helpful
to assess asphericity of the femoral head as seen in femoro-
acetabular impingement (FAI). Standing AP and lateral radio-
graphs of the lumbar spine are also the first line for evalu-
ation of back pain and can show degenerative change, disc
space narrowing, neuroforaminal stenosis, pars defects, lis-
thesis, etc. Flexion-extension views are particularly helpful to
assess sagittal stability. Full-length standing X-ray imaging of
the spine should be obtained if evaluation of spinal deformi-
ty/malalignment is required. Spinopelvic parameters can also
be measured on these radiographs. It is important to note
that degenerative findings and OA of the lumbar spine are
present in more than 50% of adult patients.'® Similarly, 27%
of adults 245 years have radiographic findings of hip OA but
only 9.2% have symptomatic hip OA.®

MRI of the lumbar spine may be obtained to diagnose lum-
bar stenosis, infection and malignancy. CT scan is most help-
ful for close evaluation of bony anatomy as in subtle fractures,
spondylolysis, evaluation of prior fusion and assessment of

Table 2. Spine Exam

bony destruction related to malignancy. CT myelogram is also
an option in patients where MRI is contraindicated. MRI of the
hip, in combination with history and exam findings, has util-
ity to assess for labral tears, tendonitis, early osteonecrosis,
infection and malignancy. Arthrogram can improve the evalu-
ation of labral tears.

Electrophysiologic studies are important in differentiating
radiculopathy from peripheral neuropathy but cannot be
used to reliably exclude radiculopathy when the findings are
within normal limits.2® Ankle-brachial index (ABI) and ultra-
sound duplex studies can help to evaluate for the presence
of peripheral vascular disease.

Fluoroscopically guided anesthetic injections can be very
useful in differentiating the source of pain. Intra-articular hip
injections, selective nerve-root injections, and epidural injec-
tions can be used not only as a diagnosis tool but can also
be therapeutic. Intra-articular hip injections have an 87% sen-
sitivity and 100% specificity for hip pathology.2-24 Injections
in the lumbar spine as a diagnostic test in patients with hip-
spine syndrome are neither as sensitive nor specific. Saito et
al’” reported on four patients with lumbar stenosis and hip
osteoarthritis in whom the anatomic source of pain was un-
clear. In all patients, the symptoms resolved after an L5 spinal
nerve lock, but remained after an intra-articular hip injection.
The patients then underwent a lumbar decompression but
had unresolved leg pain and all had a total hip arthroplasty,
which resolved their pain.

Management
Management should be directed at the primary source of
pain. It is important, however, to appropriately counsel pa-

Table 3. Hip Exam

when raised 30°-
60° with the knee

Exam Description Associated Exam Description Associated

Maneuver Pathology Maneuver Pathology

Straight Leg Raise | Radicular pain in Lumbar Thomas Test | Lack of full hip extension when Hip flexion
the ipsilateral leg radiculopathy contralateral hip is brought into full contracture

flexion with patient supine (lumbar
spine must remain flat on the exami-

one-legged on the
ipsilateral leg

radiculopathy)

in extension nation table)

Contralateral Radicular pain the Lumbar radicu- Ober Test Lack of hip adduction with the lliotibial (IT) band

Straight Leg Raise | ipsilateral leg when lopathy patient laying on the unaffected side | tightness (associated
the contralateral (knee held in 90 degrees of flexion) with greater trochan-
leg is raised 30-60 teric bursitis)
Segrges with the Anterior Hip Flexion to 90 degrees with hip FAl, Hip labral tears,

neein extension Impingement | internal rotation and adduction Hip OA

Femoral Nerve Hip extended and Upper Lumbar Test (FADIR)

Stretch Test knee flexed with radiculopathy Posterior Hip Flexion to 90 degrees with hip Sl joint pathology
patient in supine Impingement | external rotation and abduction with posterior/but-
position Test (FABER) tock pain

Hip pathology/FAl

Trendelenburg Contralateral dfop Abductor weak- with groin pain

Test in the hemipelvis ness
when standing (often L5 Piriformis Posterior pain at piriformis upon Piriformis Syndrome

Stretch Test

flexion, adduction and internal rota-
tion with patient in seated position

(sciatic nerve im-
pingement)
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tients with hip-spine syndrome that complete resolution of
pain is not always possible due to multiple etiologies that may
be contributing to the pain in various degrees. Nonsurgical
and surgical management strategies will be discussed based
on the four described categories/presentations of hip-spine
syndrome.

Simple Hip-Spine Syndrome: Hip Pathology

In younger patients, FAl and/or labral tears are more com-
mon than symptomatic OA.2> These can be more accurately
diagnosed with MRI arthrogram. Nonsurgical treatment in-
volves a multimodal approach consisting of patient educa-
tion, activity modification, oral anti-inflammatories, physical
therapy and intra-articular injection(s).2° If nonsurgical treat-
ment fails, then surgery (often arthroscopic) is indicated to
correct any morphological changes and address any underly-
ing soft tissue injuries.2%

For symptomatic OA, treatment guidelines from multiple
professional organizations suggest an initial core set of non-
pharmacological interventions including education, weight
loss (if overweight) and exercises.2’30 Nonsteroidal anti-
inflammatory drugs (NSAIDs) are the first line pharmacologic
treatment for OA.28 There is strong evidence supporting the
use of intra-articular corticosteroids to improve function in
the short term.28 Hip corticosteroid injections have at least an
87% sensitivity and 100% specificity for hip pathology and can
predict success of total hip arthroplasty.2'23 Total hip arthro-
plasty is an excellent option for patients with osteoarthritis
who are no longer tolerating nonoperative treatment.3' Mc-
Namara et al demonstrated that “simple” hip-spine syndrome
may not always be straightforward, reporting nine patients
who presented with isolated symptoms of hip/lower extrem-
ity pain and loss of range of motion but then subsequently
developed symptoms related to lumbar stenosis after total
hip arthroplasty was performed.3

In the case of greater trochanteric bursitis, corticosteroid
injection is both diagnostic and therapeutic. Surgical inter-
vention in these patients is rarely required.

Simple Hip-Spine Syndrome: Spine Pathology

Nonoperative treatment is attempted first in the absence of
progressive neurologic deficits. Physical therapy or chiroprac-
tic manipulation and epidural steroid injections have been
shown to provide short- to medium-term pain relief in the
setting of lumbar stenosis.32 Decompression with or without
fusion as indicated can be offered to patients who have failed
nonoperative management.33 Mokhtar et al3* showed signifi-
cant quality-of-life improvement after lumbar decompression
and fusion comparable to total hip arthroplasty.

Complex Hip-Spine Syndrome

Managing complex hip-spine syndrome requires clear com-
munication with the patient as well as between the spine sur-
geon and orthopedic hip specialist. The aforementioned hip
and epidural corticosteroid injections can be valuable tools in

this setting to help provide clinical clarity as to which pathol-
ogy is the most significant source of pain. Surgical interven-
tion can be pursued based on the worst pain generator with
cautionary discussion with the patient that complete pain re-
lief cannot be reliably predicted.

In 1979, Bohl and Steffee3> reported their case series of
eight patients who had resolution of the groin pain but wors-
ening of the posterior thigh pain after total hip arthroplasty,
six of the eight subsequently requiring decompression. Mc-
Namara et al® reported five patients with concomitant symp-
toms of hip OA and lumbar stenosis undergoing total hip
arthroplasty first, two of which required subsequent lumbar
decompression. Worsening hip pain and OA has also been
reported after a lumbar decompression and fusion resulted
in improved activity levels.! Conversely, the secondary pain
source often improves after the primary source is treated.
Parvizi et al?® reported 170 of 344 patients undergoing total
hip arthroplasty with back pain preoperatively, 113 of which
had resolution of their back pain following arthroplasty sur-

gery.

Secondary Hip-Spine Syndrome

Patients with secondary hip-spine syndrome have both hip
and spine pathology that are inter-related and exacerbating
one another. Offierski and MacNab# described two classic
examples. The first is the development of a hip flexion con-
tracture which is common in hip pathologies such as OA. The
flexion contracture leads to increased pelvic tilt and subse-
quent hyperlordosis which results in increased stress and
subluxation of the facet joints causing foraminal stenosis.
This may resolve with resolution of the flexion contracture
by osteotomy or total hip arthroplasty. The other example is
scoliosis which can cause pelvic tilt, uncovering of the femo-
ral head, and increase contact forces that result in acceler-
ated OA of the joint. Hip flexion contractures are common
in patients with sagittal spine deformities. In most cases, the
hip pathology and hip flexion contracture can be addressed
first with total hip arthroplasty in order to improve sagittal
alignment. Failure to restore sagittal alignment is associated
with poor outcomes after lumbar fusion.3’ Rates of disloca-
tion after total hip arthroplasty have been shown to be sig-
nificantly higher in patients with spinal fusions.383% For hip
surgeons considering total hip arthroplasty in patients with
sagittal spine deformity, it is important to consider the pelvic
tilt when planning acetabular component version to prevent
excessive component anteversion.4%4 (Figure 2)

Should total hip arthroplasty or deformity correction and
spinal fusion be done first? Ultimately, joint decision-making
and surgical management of the more severe pain genera-
tor and/or deformity should be the primary determinant. In
cases where significant spinal deformity corrections will be
required, resulting in a significant change in acetabular posi-
tioning, spinal correction should be considered prior to total
hip arthroplasty.49.42



Conclusion

Hip-spine syndrome can be a challenging condition for pa-
tients and physicians. Specialists such as spine surgeons,
joint reconstruction surgeons or pain specialists may have
treatment biases related to training.

Regardless of the specialty, however, proper identification
of both hip and spine pathologies is critical to avoiding de-
layed diagnosis or worse, misdiagnosis. Thorough history,
physical examination and workup can optimize the identifi-
cation of the primary pain generator, which, in turn, guides
appropriate counsel and treatment. Surgical management
should focus on treating the primary source of pain with the
understanding that a second surgery may eventually be re-
quired in the case of incomplete pain resolution. Preemptive-
ly recognizing and establishing expectations for treatment
will put these patients on the smoothest road to pain relief
and function.
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Basivertebral Nerve Ablation:
Pearls and Pitfalls

Synopsis

Many potential pain generators can lead to chronic low back pain. Vertebrogenic pain—
pain originating from the vertebra itself—has been successfully treated by basivertebral
nerve ablation. This article reviews such a case treated with basivertebral nerve (BVN)
ablation. The background, current evidence and a description of the procedure are dis-
cussed below. We also highlight common pearls and pitfalls of the procedure.

Case Description

A 46-year-old female with a history of depression and asthma presented with 17 months
of axial low back pain. This pain began after a weightlifting injury and significantly wors-
ened after a golfing injury three months later. She described the pain as a stabbing, sharp
pain located along the lumbar spine at approximately the L5 spinous process, worse on
the left. The pain was a 6/10 on average, and was worse with activity, bending forward,
sneezing and coughing. The patient denied symptoms of radiculopathy or myelopathy.

Physical exam was remarkable for pain with lumbar flexion and rotation. Patient oth-
erwise had a full spine range of motion, normal strength, sensation, reflexes and gait.
Straight leg raise, SLUMP and Patrick’s test were negative.

She had been evaluated by nonoperative spine specialists about six months after symp-
tom onset. She had tried physical therapy, weight loss, Pilates, TENS, acupuncture, Tylenol
and NSAIDs. None of these treatment modalities provided adequate pain relief. Work-up
included lumbar X-ray and MRI remarkable for multilevel degenerative disc disease most
severe at L5-S1, facet arthropathy at L4-5 and L5-S1, L4-5 annular tear with small L5-S1
disc extrusion, and significant Modic changes at the L5-S1 endplates (Figure 1).

The patient underwent several procedures with the referring provider, including inter-
laminar epidural steroid injection (ILESI), transforaminal epidural steroid injection (TFESI),
medial branch blocks (MBB), intradiscal injections with platelet-rich plasma (PRP) and il-
iolumbar ligament injections. None of these procedures provided significant long-term
relief, though the L5-S1 ILESI and the L4-5, L5-S1 intradiscal PRP did provide some short-
term relief. At the time, the decision was made to proceed with an L5-S1 BVN ablation and
the patient was referred for the procedure.

The procedure was performed 22 months after the onset of her low back pain. There
were no procedure-related complications. The patient reported 80%-85% pain relief at
the two-week follow-up visit. She described near-resolution of the stabbing, sharp pain
two days after the procedure. Eighteen months after the procedure, she had over 90% im-
provement in her pain and is now actively training and participating in triathlons, moun-
tain biking and golfing.

Discussion

Chronic low back pain affects up to 13% of the US population. Determining a diagnosis or
etiology is difficult, leading to heterogeneity in treatment and outcomes." Vertebrogenic
pain appears to be mediated via the BVN. The BVN is a branch of the sinuvertebral nerve
that enters the vertebral body via the basivertebral foramen, bifurcates at the terminus
and arborizes at the endplates. The BVN is nociceptive, enervating the endplates of ver-
tebral bodies? (Figure 2A). The basivertebral foramen can commonly be seen on lateral
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directed at the midline of the vertebral body. 1B: Lateral fluoroscopic view of introducer cannulas at L5 and at S1, with radio-
frequency probe directed to 30%-50% from posterior margin of vertebral body.

lumbar MRI imaging (Figure 2B). Endplate damage can trig-
ger chronic inflammation and nerve proliferation, leading to
Modic changes seen on MRI and chronic low back pain.3

Modic changes are abnormal signals in vertebral bodies
adjacent to discs. Type 1 Modic changes are hypointense
on T1-weighted and hyperintense on T2-weighted MRI se-
quences. Type 1 Modic changes represent inflammation and
are a marker of endplate disruption. Type 2 Modic changes
are hyperintense on both T1 and T2 sequences. Type 2 Modic
changes represent fatty infiltration and occur after the acute
inflammatory process. Type 3 Modic changes are hypoin-
tense in both T1 and T2 sequences. Type 3 Modic changes
represent sclerosis of the vertebral body. Type 1 and 2 Modic
changes are a marker of back pain with a low sensitivity (0.24)
but high specificity (0.83). Furthermore, with a likelihood ratio
of 3.4 at identifying the source of pain, MRI offers 69% diag-
nostic confidence. MRI could offer an alternative to discogra-
phy, which carries risks such as discitis, disc herniation and
possible accelerated degeneration.*

The SMART study was a randomized controlled trial com-
paring BVN ablation to sham. After three months, there was
a statistically greater improvement in the primary outcome of
Oswestry Disability Index (ODI) in the BVN arm (20.5 points)
compared to sham arm (15.2 point) in the per treatment pro-
tocol. There was a statistically significant difference in VAS
between the two groups at six and 12 months, but not at
three months. There was no difference in ODI between the
two groups at six and 12 months.> On two-year follow-up
of the treatment arm, 76.4% of BVN ablation patients had a
>10-point ODI improvement, 57.5% had a >20-point ODI im-
provement, and 70.2% had a 21.5 cm VAS improvement. On
five-year follow-up of the treatment arm, 77% had >15-point
ODI improvement; 88% had >2-point VAS improvement.®

The Intracept trial was a prospective, randomized, con-
trolled, open-label trial examining BVN ablation versus con-
tinuation of standard care. At three months, there was a
statistically significant difference in the primary outcome of
mean ODI (-25.3 vs -4.4), with 74.5% achieving >10-point im-
provement in ODI compared to 32.7% in the standard care
arm. There was also statistically significant reduction in VAS
(-3.46 vs -1.02). Given the large difference in treatment re-
sponse, this study offered crossover to the standard of care
group at three months.”

Patient Selection

Patient selection for BVN ablation can be challenging due to
a lack of specific physical exam findings that can differenti-
ate vertebrogenic pain from other causes of chronic low back
pain. However, the SMART and Intracept trials support prior
research that Modic changes act as a marker for vertebrogen-
ic pain. A “typical” BVN ablation candidate may present with
unexplained chronic discogenic-like low back pain in addition
to Type 1 or 2 Modic changes on MRI.

While the trial of other interventions often occurs prior to
BVN ablation, failure of these methods is not required to di-
agnose and treat vertebrogenic back pain. Patients with Type
1 or 2 Modic changes at L3-S1 and =6 months of chronic low
back pain who have failed conservative management are
candidates for the procedure. Notably, the studies had ex-
tensive exclusion criteria, including but not limited to BMI>40,
component of radicular pain, previous lumbar spine surgery
(discectomy/laminectomy allowed in later studies), symptom-
atic spinal stenosis, diagnosed osteoporosis, disc extrusion
or protrusion >5 mm, spondylolisthesis, significant depres-
sion, infection, addiction behaviors, compensated injury and
litigation.>”
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Figure 2A. Anatomy of
basivertebral nerve (BVN).
Note the bifurcation of
the nerve at the terminus.
The terminus is located

in the posterior one-third
of the vertebral body and
is the target for ablation
proximal to the sprout-
ing of nerves that supply
the endplates. Figure

2B. Lateral MRI, view of
basivertebral nerve fora-
men (circles). Figure 2C.
Introducer trocar shown
being advanced through
the pedicle until it breach-
es the posterior vertebral
wall. Figure 2D. Replace-
ment of the introducer trocar shown being replaced with a
smaller curved cannula to facilitate a path to the basiverte-
bral nerve ablation.

Technique

This procedure is performed with the patient prone under
general anesthesia or conscious sedation. Using a unilateral
approach, the introducer cannula is advanced through the
pedicle under fluoroscopic guidance until the introducer tro-
car breaches the posterior vertebral wall (Figure 2C). The tro-
car is then replaced with the smaller curved cannula/nitinol
stylet to facilitate a curved path to the BVN terminus (Figure
2D). Once the BVN terminus is reached, the stylet is removed
and replaced with the radiofrequency (RF) probe. This posi-
tion is confirmed under AP and lateral views (Figure 3). Abla-
tion is performed for 15 minutes at a constant 85°C creating
a 1cm spherical lesion within the vertebral body.

Some procedural pearls worth noting:

B A more lateral approach to arrive more medially may pro-
vide greater ease of access to the posterior one-third of
the vertebral body rather than trying to manipulate the

curved cannula to make an early trajectory change to
reach the same point. However, an excessively lateral ap-
proach may increase the rare risk of a psoas hematoma,
as noted in the SMART trial.

B Once inside the pedicle, instead of entering the cortex en-
tirely with the trocar, breach the posterior wall of the cor-
tex and remove the stylet. There is a 10mm safety margin
profile for the device.

B Consider variations in bone density between patients
when advancing and manipulating the cannula. Maintain-
ing the cannula position can often be more challenging in
patients with decreased bone density. Careful consider-
ations are prudent for this population as these were ex-
cluded from the SMART and Intracept trials.

B Ablation prior to reaching the BVN terminus may be more
beneficial as this will result in a larger nerve bundle eradi-
cation.

B When performing BVN ablation on multiple levels, move
caudad to cephalad, while transitioning to the contralat-
eral side at ascending levels to avoid fighting against the
RF probes already placed, and improve efficiency of the
procedure. This is demonstrated in Figure 2.

Logistics
BVN ablation does not have a dedicated Current Procedural
Terminology (CPT) code and thus requires the use of an
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“unlisted procedure, spine” code for billing. The use of Reliev-
ant's Patient Access Program can be helpful for getting pa-
tients covered.

When performing BVN ablation under general anesthesia,
plan for a total procedural time of 45 to 90 minutes depend-
ing on the number of levels being treated. Intravenous anti-
biotics are administered within 30 minutes of the procedure.

Adverse Events

Reported adverse events of BVN ablation have generally been
mild and transient in nature. More common events include
limited new-onset leg or back pain and transient sensory
or motor deficits. Less common events include one case of
retroperitoneal hemorrhage and procedure-related compli-
cations including incisional pain, urinary retention, corneal
abrasion, incisional infection and lateral femoral cutaneous
neurapraxia. One compression fracture was reported in the
SMART trial in a sham-controlled patient who was later diag-
nosed with osteopenia on high-dose estrogen therapy. The
fracture resolved spontaneously in eight weeks. Otherwise,
no serious adverse events were reported at 12-month or five-
year follow-up in the Intracept and SMART trials, respectively.®

Conclusions

BVN ablation offers a promising and effective treatment for
some patients with lumbar vertebrogenic pain with Modic
Type 1 or 2 endplate changes. Trials have proven its efficacy
and durability for pain relief with improved function and safe-
ty up to five years post-procedure. We have described a pa-
tient case successfully treated with BVN ablation after failing
multiple other treatment modalities and injections. Careful
patient selection can improve the chance of therapeutic suc-
cess. We have provided tips and considerations to optimize
care for these individuals.
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Achieving Value and Effectiveness

through a-Multidiseiptinary an_
Interdisciplinary Approach to Spine

Care

One of the highlights of being involved
in NASS has been exposure to a
myriad of approaches to diagnose and
treat spine-related problems.

Although predominantly populated by
surgeons, one of NASS' main strengths
is the multidisciplinary nature of our
membership and leadership. This diversity
is important in many ways. For example,
NASS has considerable credibility with
government regulatory agencies and
third-party payors because of this breadth
of interest, advocating for high-quality
patient care that is not limited to a single
approach or specialty, but inclusive of
many different approaches to spine care.

Indeed, our
mission statement
includes the term
“multidisciplinary.”
What exactly does
that term imply?

Interestingly,
there is an entire field of study focused
on understanding how specialists with
different educational backgrounds and
expertise can best work together. It turns
out that optimal patient care may best be
achieved through an interdisciplinary or
even transdisciplinary approach, as op-
posed to a multidisciplinary approach.

Per the experts in this field, the term
multidisciplinary refers to team mem-
bers from different specialties working
together, but in a manner where each
subspecialist only conceptualizes within
his/her discipline, really a rather siloed
approach. An example would be recom-
mending patient care solutions based
on each individual's expertise, and then
comparing solutions and choosing the
specialty-specific solution as a team; for
example, the next step in care being physi-

NASS Mission Statement
NASS is a global multidisciplinary medical
organization dedicated to fostering the
highest quality, ethical, value-based
and evidence-based spine care through
education, research and advocacy.

cal therapy (PT) vs injections vs surgery,
etc. “Each rock star tries to convince every-
one else what the team should do.” (Sean
Newman Maroni, 2015)

The term interdisciplinary refers to
team members integrating their expertise
and perspectives into a unified plan, tak-
ing into account feedback loops between
different specialties. An example: discuss-
ing individual patient cases and creating
a multipronged algorithmic diagnosis and
treatment plan for each patient, which
might include two or more specialties
providing care at once, eg, simultaneous
medication and PT and patient educa-
tion, incorporating injections and cogni-
tive behavioral therapy
as needed. In the event
that a particular patient
remains symptomatic
after the initial treatment
and goes onto surgery,
an integrated postop
regimen then follows.

The term transdisciplinary implies the
inclusion of extra-academic perspectives
into patient care, emphasizing the expe-
riential knowledge and values/interests
of each individual patient. An example:
formally involving the individual patient's
work, life goals and cultural expectations
in all treatment decision-making.

The experts in this field take things even
further as shown in Figure 1.

Within spine care, any integration of
subspecialties is of great benefit to our
patients, and our goal should always be to
take into account patient-specific values
and needs. The reality of spine care, how-
ever, is that true transdisciplinary or even
interdisciplinary care is uncommon.

Most surgical and nonsurgical spine
and pain specialists traditionally work



Best of NASS 2021 | SpineLine

in silos: neurosurgeons, orthopedic
spine surgeons, anesthesiologists and
physiatrists/pain physicians, neurolo-
gists, PTs, chiropractors and psycholo-
gists all work separately, speaking their
own languages, and making diagnoses
and treatment choices wholly within
their specialty. In some communities,
specialists are even business competi-
tors. As specialists, we are largely the
product of our subspecialty training
and experience, and often do not
truly understand other approaches to
patient care.

This leads to a profession-centric
instead of a patient-centric approach
to care. Under this silo model, patient
care often depends completely on the
background of whichever provider
they saw first. This approach has many
disadvantages, especially if used to
diagnose and treat pain emanating
from the spine, which can be caused by
anatomical, mechanical, physiological
factors, and psychosocial factors. With
this silo model, cross-referral primar-
ily occurs when a specific subspecial-
ity approach has little to offer, or the
treatment has failed.

No one likes poor outcomes. An
awareness of the disadvantages of this
“silo” approach has led to the creation
of multidisciplinary spine clinics with al-
gorithmic care models, such as a clinic
in Italy (Figure 2).

Unfortunately, evidence-based stud-
ies of interdisciplinary care to guide us
toward the best spine care outcomes
with the greatest value are scarce.
There is quite a bit of research on inter-
disciplinary models of care for chronic
pain and for return-to-work after
episodes of surgical and nonsurgical
treatment for spine pain, but very little
assessment of spine care itself.

Indeed, most multidisciplinary spine
care papers only look at sequential
unidisciplinary models of care. These
papers do show that integrated
sequential unidisciplinary care mod-
els—indistinguishable from what is
commonly referred to as multidisci-
plinary care—speed up referrals to
appropriate specialists, hasten appro-
priate diagnostic studies and treat-

0

Intradisciplinary —  Mullidisciplinary —— Crossdisciplinary —  Interdisciglinary ——  Transdisciplinary
. H

Figure 1. Disciplinarities: Intra, Multi, Cross, Inter, Trans

Source: Alexander Refsum Jensenius. Disciplinarities: intra, cross, multi, inter, trans. March
12, 2012. Available at: https://www.arj.n0/2012/03/12/disciplinarities-2/. Adapted from Zei-
gler 1990.
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Figure 2. Flowchart for multidisciplinary pain management in a spine center.
Source: Sindaco G, et al. Letter to the editor: The development of a multidisciplinary spine center:
a new shared approach for pain care. Pain Practice. 2017;17(2):281-283. (CC By-NA-ND 4.0)
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ments, reduce the number of nonsurgi-
cal patients evaluated by surgeons (a
nice benefit!) and reduce the number
of surgeries performed, and thus the
number of failed spine surgeries. How-
ever, this model does not harness the
true potential of an interdisciplinary
care team.

A few papers have looked at what the
experts would call an interdisciplinary
approach, and the results are intrigu-
ing. Clinical care in the interdisciplin-
ary models usually decreases surgical
rates, by as much as 50%, with simulta-
neous increase in treatment by PT and
injections, resulting in fewer failed sur-
geries and an overall reduction in costs
of care. Perhaps even more intriguing,
a few studies have looked at incorpo-
rating cognitive behavioral therapy into
pre- and postoperative care protocols,
with distinct improvements in surgical
outcomes.

Government and private payors
are attracted to predictable patient
outcomes and costs for care, especially
expensive surgical care. The result:
new payment models using “clinical
outcome report cards” (vetting perfor-
mance), and introducing outcomes-
based financial risk for health care
providers are being introduced.

The future of spine care will depend
more and more on optimizing value
and on minimizing financial risk. These
improvements will be achieved by
replacing “silo” cross-referral multi-
disciplinary models in favor of inter-
disciplinary team models: surgeons,
interventionalists, physiatrists (PMR),
neurologists, PTs/DCs and psycholo-
gists working together to optimize
treatment decision-making to avoid
poor outcomes and to provide patients
with tools to optimize their personally-
valued outcome.

Bringing different specialists together
improves the patient experience and
creates value: it encourages commu-
nication and collaboration between
health care professionals to achieve
the best outcomes possible, at the
lowest cost. And it reduces the burden
on patients because they don't need
to make multiple trips to multiple ap-

pointments weeks apart to see various
specialists and obtain different spe-
cialty opinions.

Hopefully, we will see the creation of
more pilot models of interdisciplinary
spine care and more funding directed
toward interdisciplinary spine care
outcome studies.

What specialist wouldn't want to see
fewer patients who have failed their
intervention?

What specialist wouldn't want to
have a clinic full of satisfied patients?

The future is in our hands.
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Abstract BACKGROUND CONTEXT: Postoperative pain control following posterior lumbar fusion con-
tinues to be challenging and often requires high doses of opioids for pain relief. The use of ketoro-
lac in spinal fusion is limited due to the risk of pseudarthrosis. However, recent literature suggests
it may not affect fusion rates with short-term use and low doses.

PURPOSE: We sought to demonstrate noninferiority regarding fusion rates in patients who
received ketorolac after undergoing minimally invasive (MIS) posterior lumbar interbody fusion.
Additionally, we sought to demonstrate ketorolac’s opioid-sparing effect on analgesia in the imme-
diate postoperative period.

STUDY DESIGN/SETTING: This is a prospective, randomized, double-blinded, placebo-con-
trolled trial. We are reporting our interim analysis.

PATIENT SAMPLE: Adults with degenerative spinal conditions eligible to undergo a one to
three-level MIS transforaminal lumbar interbody fusion (TLIF).

OUTCOME MEASURES: Six-month and 1-year radiographic fusion as determined by Suk crite-
ria, postoperative opioid consumption as measured by intravenous milligram morphine equivalent,
length of stay, and drug-related complications. Self-reported and functional measures include vali-
dated visual analog scale, short-form 12, and Oswestry Disability Index.

METHODS: A double-blinded, randomized placebo-controlled, noninferiority trial of patients
undergoing 1- to 3-level MIS TLIF was performed with bone morphogenetic protein (BMP).
Patients were randomized to receive a 48-hour scheduled treatment of either intravenous ketorolac
(15 mg every 6 hours) or saline in addition to a standardized pain regimen. The primary outcome
was fusion. Secondary outcomes included 48-hour and total postoperative opioid use demonstrated
as milligram morphine equivalence, pain scores, length of stay (LOS), and quality-of-life
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outcomes. Univariate analyses were performed. The present study provides results from a planned
interim analysis.

RESULTS: Two hundred and forty-six patients were analyzed per protocol. Patient characteristics
were comparable between the groups. There was no significant difference in 1-year fusion rates
between the two treatments (p=.53). The difference in proportion of solid fusion between the ketor-
olac and placebo groups did not reach inferiority (p=.072, 95% confidence interval, -.07 to .21).
There was a significant reduction in total/48-hour mean opioid consumption (p<.001) and LOS
(p=.001) for the ketorolac group while demonstrating equivalent mean pain scores in 48 hours post-
operative (p=.20). There was no significant difference in rates of perioperative complications.
CONCLUSIONS: Short-term use of low-dose ketorolac in patients who have undergone MIS
TLIF with BMP demonstrated noninferior fusion rates. Ketorolac safely demonstrated a significant
reduction in postoperative opioid use and LOS while maintaining equivalent postoperative pain
control.  © 2021 Elsevier Inc. All rights reserved.

Keywords: Ketorolac; Lumbar fusion; Minimally invasive surgery; NSAIDs; Opioids; Patient-reported outcomes; Pseu-

darthrosis; Transforaminal lumbar interbody fusion

Introduction

Posterior lumbar fusion remains one of the most com-
mon spinal procedures performed today [1]. Postoperative
pain control following posterior lumbar fusion continues to
be challenging and often requires high doses of opioids for
pain relief. However, opioid analgesia is associated with
significant adverse effects such as nausea, vomiting, urinary
retention, and respiratory depression. Additionally, patients
remain at high risk for continued postoperative opioid use
[2]. Studies have demonstrated the use of opioids for acute
postoperative pain as an unintended gateway to long-term
opioid addiction [3]. As the opioid epidemic continues
throughout the United States, strategies to combat and limit
opioid use following spinal surgery remain a tremendous
public health priority. Ketorolac, a nonsteroidal anti-inflam-
matory (NSAID) with a well-described opioid-sparing
effect, has been used as an effective analgesic for postoper-
ative pain control [4—8]. Yet, historically, NSAID use has
been avoided due to concerns related to intraoperative and
postoperative bleeding, as well as platelet aggregation inhi-
bition [9]. More importantly, ketorolac has been shown to
decrease osteogenesis and inhibit spinal fusion in adults [10
—16]. However, these adverse effects may be type-specific,
dose, or duration-dependent [12—19]. A recent meta-analy-
sis of retrospective studies demonstrated that ketorolac was
associated with pseudarthrosis in adults only when adminis-
tered for >2 days and/or at a dose of >120 mg/d [20]. To
date, there has been no randomized controlled trial to evalu-
ate the safety and efficacy of the use of ketorolac following
posterior spinal fusion. As spine surgery practice adopts a
more patient-centric approach involving patient-reported
outcomes, treatment paradigms such as enhanced recovery
after surgery (ERAS) protocols have, in large part, contin-
ued to limit the use of NSAIDs despite their ostensible ben-
efit [21]. The option to include NSAIDs such as ketorolac
in these protocols would prove valuable in the continuing
improvement of such protocols. In this randomized, dou-
ble-blind, noninferiority trial, we aimed to evaluate the
early and long-term effects of ketorolac on patients

undergoing minimally invasive (MIS) transforaminal lum-
bar interbody fusion (TLIF) with bone morphogenetic pro-
tein (BMP), namely its opioid-sparing effect on
postoperative analgesia and effect on fusion, respectively.

Here, we describe the results of our interim 1-year analy-
sis involving 292 patients.

Methods

This is a randomized, double-blind, placebo-controlled,
noninferiority trial involving the use of ketorolac for post-
operative analgesia for patients who have undergone elec-
tive, minimally invasive TLIF with BMP. The study is
continuing enrollment. The interim analysis described here
involved the first 292 patients enrolled and was conducted
to assess ketorolac's safety and efficacy as our recruitment
reaches its 50% benchmark. The trial's prespecified end-
points are planned to be reported at trial completion. The
data cutoff for this interim analysis was July 2020.

Patients

Following Institutional Review Board approval, conse-
cutive patients scheduled to undergo elective lumbar spinal
fusion using a minimally invasive TLIF technique between
October 2017 and July 2020 were screened for eligibility.
Inclusion criteria were as follows: age 18 and above, elec-
tive posterior minimally invasive lumbar fusion, three or
fewer levels, use of BMP for the interbody fusion, and con-
sent to participate in the study. The exclusion criteria were:
patients with a history of drug-seeking behavior or chemical
addiction currently dependent requiring treatment or use,
creatinine level greater than 1.5 mg/dL, history of coagul-
opathy, active tobacco smoker or history in the past 6
weeks, revision of fusion at operative level(s), history of
autoimmune/rheumatological condition, oral-systemic ste-
roid use for greater than or equal to 1 week in the last 1
month, auto/workers’ compensation-related injury, trau-
matic pathology at operative level, infection at operative
level(s), tumor at operative level(s), patients on
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chemotherapeutic agents in the last 6 months, patients who
have a history of allergy to ketorolac, history of liver
impairment/failure, or uncontrolled cardiovascular disease.
All patients included in the study gave written informed
consent.

Study design, intervention, randomization, and blinding

This was a randomized, double-blinded, placebo-con-
trolled, noninferiority trial drafted in accordance with
Standard Protocol Items: Recommendations for Interven-
tional Trials guidelines. The study was carried out in
secondary and tertiary care settings. The study was
funded by the institution's research department and con-
ducted according to the declaration of Helsinki [22], the
NIH human subjects guidelines, and the International
Conference on Harmonization E6 Guideline for Good
Clinical Practice [23], and registered at http://www.clini
caltrials.gov  (Identifier NCT03278691). CONSORT
2017 guidelines, including the noninferiority extension
[24], were used in reporting. The complete study proto-
col was previously published [25].

This study implemented a two-arm parallel design with-
out crossover with equal randomization per arm. On the
day of surgery, patients were randomized with a centralized
treatment allocation mechanism and block randomization
to ensure the two arms achieve an equal proportion of
patients over time.

All patients, treatment providers, investigators, and
statisticians were blinded to the allocation. Blinding was
achieved by concealment of allocation sequence to per-
sonnel involved in the enrollment, care, and evaluation
of the patient. Each patient received a standardized gen-
eral anesthesia protocol. Using a standardized surgical
technique, the patients underwent a minimally invasive
lumbar instrumented interbody fusion using a tubular
retractor system for the facetectomy, discectomy, and
interbody cage placement. The interbody cage was aug-
mented with locally harvested autograft, cancellous chip
allograft, and the minimally effective dose of rhBMP-2
(1.05 mg/level) [26]. The interbody fusion was further
supported by percutaneous pedicle screw fixation. Post-
operatively, each patient received a standardized analge-
sic regimen, in addition to their treatment allocation in
which the treatment patients received 15 mg (1 mL) of
intravenous ketorolac while the control patients received
1 mL of normal saline every 6 hours for 48 hours post-
operative (see Supplementary Appendix). While in the
hospital, the patients were evaluated daily at 4-hour
intervals for any major adverse events, specifically gas-
trointestinal bleeding, postoperative wound or spinal
hematoma, and acute kidney injury (AKI), as defined as
an increase in Cr >50% from baseline. Strict trial moni-
toring and quality control were followed. A data safety
monitoring board was established.

Outcome assessment

Our prior protocol mandated that all patients were evalu-
ated at 6-month and 1-year postoperative follow-up visits
for the primary fusion outcome by a combination of clinical
symptoms and radiographic images, and for secondary out-
comes by standardized and validated questionnaires. We
evaluated radiographic fusion independently at each inter-
space. Fusion was determined by two blinded independent
neuroradiologists using a combination of static and
dynamic anterior-posterior and lateral x-rays (XRs). The
Suk diagnostic criteria were used to establish fusion
[27,28]. In symptomatic patients with inconclusive or posi-
tive XR images, computed tomography (CT) was then used
to evaluate fusion using the Christensen criteria and guide
clinical management [28]. Those patients assessed at 1 year
who were determined to have nonunion had additional fol-
low-up to further evaluate fusion status up to 2 years fol-
lowing their surgery date. The COVID-19 pandemic
presented a unique challenge in collecting timely radio-
graphic follow-up. To minimize “lost to follow-up” due to
the impact of COVID-19, the follow-up period was
extended to 2 years for all patients whose 6-month follow-
up dates were supposed to occur after March 2020.

Secondary outcomes included 48-hour and total opioid
use during hospitalization recorded as intravenous milli-
gram morphine equivalence (MME), length of stay, pain
intensity measured through the visual analog scale (VAS),
and patient-reported outcomes (PROs). Pain was assessed
every 6 hours following surgery until the discontinuation of
the study medication/placebo. PROs were collected via the
12-item short-form, Oswestry Disability Index, at baseline
and postoperative intervals (6-months, 1-year, and 2-year).

Statistical analysis

Using clinically and statistically important differences in
fusion rate, a noninferiority margin was determined as
-0.15. Noninferiority was considered to have been demon-
strated if the lower bound of the 95% confidence interval
(CD) for the difference in fusion rate exceeded -0.15. The
sample size of 300 fusion levels per arm was estimated to
be sufficient (with a two-sided 95% CI and 95% power) to
detect inferiority.

The comparability of the two groups baseline character-
istics (age, sex, body-mass index, diabetes mellitus, specific
lumbar level, number of operative levels, total dose of Fen-
tanyl during surgery, duration of surgery, estimated blood
loss, and opioid tolerance [as defined as any use of opioids
for 14 or more days in the 3 months immediately preceding
the lumbar fusion]) was evaluated by univariate analyses.
The primary outcome, fusion, was analyzed by univariate
analysis. Parametric quantitative data were compared using
t test, whereas nonparametric quantitative data were
compared using the Mann-Whitney U test. A p value <.05
was considered significant. Outcomes were analyzed per
protocol.
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Results Table 1
Patient demographics

Farticipants N=246 Ketorolac(n=119) Control(n=127) p value

A total of 994 patients were assessed for eligibility, with Age 61.0+10.8 61.4+11.3 63
292 patients randomized to receive either ketorolac or pla- Sex (male) 55 (46.2) 56 (44.1) 74
cebo after meeting eligibility and consented to participate thI, . ?;-?1?61'(; ;;(2565 Z

. . . 1abetes mellitus . . .
(Fig. 1). A total qf 140 pat}ents were gsmgned to_ the ketoro- Opioid tolerant* 48 (40.3) 50 (39.4) P
lac group, of which ten did not receive the assigned treat- Disposition _ _ 79
ment (Fig. 1). The placebo group comprised 152 patients, Home 106 (89.1) 113 (89.0) —
of which 14 did not receive the assigned treatment. Eleven SAR 119.2) 13.(10.2) —

IPR 2(1.7) 1(0.8) —

patients in each group withdrew their consent after random-
ization. At the time of this interim analysis, 165 patients
and 194 fusion levels were assessed for the primary out-
come at l-year. The per-protocol analysis for secondary
outcomes included 246 patients (119 in the ketorolac group
and 127 in the placebo group) (Fig. 1).

The baseline characteristics of the patients are shown in
Table 1. There were no significant differences between the
two treatment groups in any preoperative or perioperative
variables (Table 2).

Fusion

A total of 247 levels and 194 levels were assessed for the
primary outcome at 6-months and 1-year, respectively.

Continuous data presented as mean+SD. Categorical data presented as
n (%). p<.05 considered significant. BMI, body mass index; SAR, sub-
acute rehabilitation; IPR, inpatient rehabilitation.

* Opioid tolerant defined as any opioid use for >14 days in the last 3
months.

There was no significant difference between the two groups
in the primary outcome; the proportion of radiographic non-
union was 9.3% in each treatment group at 1-year (Table 3).
The difference in proportion for solid fusion between the
ketorolac group and the placebo group was .026 (95% CI,
-.010 to .15) and .072 (95% ClI, -.07 to .21) at 6-months and
1-year, respectively, which did not cross the specified infe-
riority margin of -0.15 (Fig. 2). Of the radiographic nonun-
ions, the ketorolac group observed 2 (1.7%) patients who

Assessed for eligibility

Randomized (n=292)

Excluded (n=702)
« Failed inclusion criteria
(n=491)
« Refused (n =124)
« Other reasons (n=88)

Secondary |
Analysis

Patients analyzed
(n=127)

Allocated to control (n=152) Allocated to Ketorolac (n=140)
Received allocation (n=138) Received allocation (n=130)
Did not receive allocation (n=14) Allocation Did not receive allocation (n=10)
Protocol violation (n=13) Protocol violation (n=10)
Surgery cancelled (n=1)

Withdrew consent (n=11) Follow Up
b,

I Secondary
Analysis
Withdrew consent (n=11)
Patients analyzed
(n=119)

Patients analyzed per protocol* (n=77)

Primary Analysis

« Levels (n=97)

Patients analyzed per protocol* (n=88)
(Interim) + Levels (n=97)

*1 year primary outcome

Fig. 1. CONSORT flow diagram of trial profile.
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Table 2
Patient operative data
N=246 Ketorolac(n=119) Control(n=127) p value
Estimated blood loss (mL) 201.7£167.8 247.1£264.9 11
Surgery time (min) 139.7+£54.3 146.7£52.6 31
Intraoperative opioids (mcg) 231.5£107.5 247.4+116.3 27
Durotomy 8(6.7) 7(5.5) .69
Number of operative levels — — 21
One 89 (74.8) 84 (66.1) —
Two 24 (20.2) 37(29.1) —
Three 6(5.0) 6(4.7) —

Continuous data presented as mean+SD. Categorical data presented as n (%). p<.05 considered significant. mL, milliliters; min, minutes; mcg, micro-
grams of Fentanyl.

Table 3
Fusion outcomes
Ketorolac Control A 95% CI p value
6-Month (N=247) n=119 n=128 79
Solid fusion 58 (48.7) 59 (46.1) 2.6 -0.10t0 0.15 —
Probable fusion 49 (41.2) 58 (45.3) -4.1 -0.17 to 0.08 —
Nonunion 12 (10.1) 11 (8.6) 1.5 -0.06 to 0.09 —
1-Year (N=194) n=97 n=97 .53
Solid fusion 63 (64.9) 56 (57.7) 7.2 -0.07 to 0.21 —
Probable fusion 25(25.8) 32(33.0) -7.2 -0.20 to 0.06 —
Nonunion 9(9.3) 9(9.3) 0 -0.08 to 0.08 —

6-month and 1-year fusion outcomes as evaluated by Suk criteria. Values presented as number of levels (%). p<.05 considered significant.

- Placebo | Ketorolac >
- Superior! Superior
12 Marth
w §
> i
= '
3 :
£ !
& Month
0 -10 o A0 a0 a0

Difference in Proportion for Fusion/Total

Fig. 2. Comparing solid fusion rates at 6 months and 1 year between the ketorolac and placebo groups. Red dashed line at -0.15 represents the noninferiority
margin; the zone left of the noninferiority margin (red dashed line) represents the zone of inferiority. The horizontal black lines represent the confidence inter-
vals (95%) of the difference in fusion rates between the two arms. The black dot in the middle of each horizontal line represents the difference in the fusion
rates between the ketorolac vs. placebo group (black vertical line—no difference) for the 6-month and 1-year follow-up intervals.



Best of NASS 2021 | The Spine Journal

C.F. Claus et al. / The Spine Journal 22 (2022) 8—18 13
Table 4
Secondary outcomes
N=246 Ketorolac (n=119) Control(n=127) A Mean 95% C1 p value
Total MME 52.54+39.5 84.7+£55.4 -32.2 -44.3t0-20.2 <.001
48-hour MME 46.9+32.1 71.1+£42.1 -24.2 -33.6t0-14.9 <.001
Postoperative VAS 6.0+£1.4 6.2+1.5 -0.2 -0.6t0 0.1 .20
Length of Stay (d) 2.1+1.4 2.7£1.7 -0.7 -1.0t0-0.3 001
Complications — — — — —
Epidural hematoma 0 3(2.4) — — —
Wound hematoma 1(0.8) 0 — — —
AKI 2.7 2 (1.6) — — .95
Bleeding episode 0 0 — — —
Gastrointestinal 0 0 — — —
Surgical revisions — — — — —
Pseudarthrosis 2(1.7) 5(3.9) — — 52
Misplaced hardware 1(0.8) 2(1.6) — — .60

Continuous data presented as mean+SD. Categorical data presented as n (%).

Total MME represents the total MME consumption during the entire hospitalization.

48-hour MME represents the total MME consumption within the first postoperative 48 hours.

Postoperative VAS represents the mean of all VAS collected over the first postoperative 48 hours.

p<.05 considered significant. Boldfaced p value indicates significance. MME, milligram morphine equivalence; VAS, visual analog scale; d, days; AKI,

acute kidney injury.

demonstrated clinical pseudarthrosis requiring revision sur-
gery (Table 4). Within the placebo arm, five (3.9%) patients
demonstrated clinical pseudarthrosis requiring revision sur-

gery.

Opioid consumption

Total milligram intravenous morphine equivalence
was recorded during the patients’ entire hospitalization
and the first 48-hours following surgery. Total mean
MME (A=32.2, 95% CI, 20.2—44.3, p<.001) and 48-
hour mean MME (A=24.2, 95% CI, 14.9—-33.6, p<.001)

was significantly reduced in the ketorolac group when
compared with the placebo group (Table 4). Ketorolac
patients achieved a significant reduction in mean MME
consumption on postoperative day 0, 1, and 2 (Fig. 3).

Pain severity and length of stay

When compared with the controls in the first postop-
erative 48 hours, patients who received ketorolac did
not have a significant reduction in their average pain
scores during the first 48 hours postoperatively (Table 4);
did not have a significant difference in their mean VAS

Mean MME by Postoperative Day

40

MME

I Ketorolac
I Placebo

Day 1
Postoperative Day

Fig. 3. Mean milligram morphine equivalents (MME) by postoperative day between the ketorolac group (blue) and the placebo group (red). * represents p
value <.05. ** represents p value <.001. Error bars represent 95% confidence intervals.
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Mean VAS vs. Postoperative Interval

- m=m Ketorolac
16 = Placebo

VAS

0Hr  6Hr 12-Hr I8Hr 24Hr 30Hr 36-Hr 42Hr 48Hr
Postoperative Interval

Fig. 4. Mean pain scores using the visual analog scale (VAS) at 6-hour
intervals following surgery through 48 hours postoperatively. p value = .11.
Error bars represent 95% confidence intervals.

over time as collected every 6 hours (p=.11) (Fig. 4).
Patients who received ketorolac had a significant reduc-
tion in length of stay (A=0.80 days, 95% CI, 0.19—1.17,
p=.001)

Adverse events

There was no significant difference in drug-related
adverse outcomes between the two groups. Adverse events
were rare. Epidural hematoma that required surgical evacu-
ation occurred in three patients (2.3%) in the placebo group
and one (0.8%) superficial hematoma which did not extend
subfascial was observed in the ketorolac group. AKI was
observed in two patients (1.6%) in the placebo group and
two patients (1.7%) in the ketorolac group. No patients in

the ketorolac group experienced an epidural hematoma,
major bleeding episode, or gastrointestinal complication
(Table 4).

Patient-reported outcomes

Change in patient-reported outcomes at 6-month and
1-year follow-up demonstrated no significant difference
between the ketorolac and control groups (Table 5).
Similarly, VAS scores and quality-of-life assessments
demonstrated postoperative improvement without signifi-
cant difference between groups at 6-month and 1-year.

Discussion

This randomized, placebo-controlled trial, analyzing
the effect of ketorolac on 246 patients who underwent
minimally invasive TLIF with BMP, demonstrated that
short-term use of low-dose ketorolac led to a significant
reduction in total MME during the hospitalization and
the first 48-hour postoperative while maintaining equiva-
lent pain control. We demonstrated comparable fusion
rates between the two arms at 6-month and 1-year fol-
low-up. We did not observe significant increased rates
of ketorolac-related risks of major bleeding episodes,
including epidural hematoma, AKI, or gastrointestinal
complications.

NSAIDs remain one the most frequently used medica-
tions for the treatment of musculoskeletal pain. By inhibit-
ing prostaglandin synthesis and leukotriene production to
achieve anti-inflammatory properties, NSAIDs are highly
effective analgesics [29,30]. Thus, the use of NSAIDs, such
as ketorolac, has been widely successful in the treatment of
postoperative pain following abdominal, gynecologic, and
orthopedic surgical procedures [4,9,31]. However, its utili-
zation in patients undergoing spinal fusion remains limited
due to the heightened concern for pseudarthrosis
[8,11,13,32]. More recently, questions have been raised

Table 5
Patient reported outcomes
Ketorolac Control A Mean 95% C1 p value
6-Month (N=217) n=100 n=117
A ODI -22.5420.1 -22.5422.3 -0.01 -5.7t05.7 .99
A SF-12 PCS 12.4£11.6 10.6£11.9 -1.76 -49to0 1.4 .28
A SF-12 MCS 3.0+10.6 2.6+12.0 -0.39 -3.5t02.7 .80
A SF-12 Sum 15.6+12.4 13.4+15.8 -2.20 -6.0to 1.6 25
A VAS -4.4+3.6 -44+35 -0.01 -1.0to 1.0 .99
1-Year (N=175) n=90 n=85
A ODI -24.3+19.7 -20.3£22.0 3.99 -2.3t010.2 21
A SF-12 PCS 12.7+12.0 11.8+12.8 -0.91 -4.7t02.8 .63
A SF-12 MCS 2.9+10.8 3.5+£10.7 0.54 -2.7t03.8 74
A SF-12 Sum 15.9+13.8 15.2+15.1 -0.70 -5.0t0 3.6 5
A VAS -4.8+3.5 -4.3+3.7 0.54 -0.5t0 1.6 33

Continuous data presented as mean+SD. Categorical data presented as n (%). A represents change from baseline score; p<.05 considered significant.
ODI, Oswestry Disability Index; SF-12, short form-12; PCS, physical component summary; MCS, mental component summary; VAS, visual analog pain

scale.
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regarding the effect of timing of NSAID administration and
dose on fusion rates [12,13,15,16].

Our study highlighted the opioid-sparing effect of
ketorolac as an adjunct to postoperative opioid adminis-
tration after MIS lumbar fusion surgery. Comparing
ketorolac patients with controls, the total cumulative
and first 48-hour postoperative opioid consumption were
significantly less. Moreover, we demonstrated that the
use of ketorolac not only significantly reduced opioid
consumption but also maintained equivalent or maybe
better postoperative pain scores. Ketorolac significantly
reduced the length of stay compared with the placebo
cohort which further supported an improved recovery
profile in ketorolac patients. Both groups achieved simi-
lar improvements without any significant difference in
all PRO measures over 6 months and 1 year, demon-
strating long-term clinical equipoise.

The significant benefits of ketorolac on opioid con-
sumption following lumber fusion remain overshadowed
by the concerns over its potential effect on fusion rates.
Many authors have reported significantly lower rates of
fusion in those who received ketorolac following spinal
fusions [8,10,32—36]. Glassman et al. reported a six
times higher relative risk of nonunion in those who
received ketorolac [32]. However, variability with regard
to ketorolac dose, duration and route of administration,
and the predominantly retrospective design of these
studies failed to provide a conclusion with rigorous evi-
dence [1,8,10,20,32,34,35,37]. Our interim analysis dem-
onstrated a low radiographic incidence of nonunion in
patients who received ketorolac with a rate comparable
to the placebo group. Moreover, our rate of clinical
pseudarthrosis (clinical presentation in conjunction with
imaging findings) in patients who received ketorolac
remained exceedingly low, with only 2 of the 119
patients evaluated at 1 year requiring revision surgery.

This study is the first to compare the effects of ketorolac
on spinal fusion in combination with the use of BMP. BMP
has been well described as a graft enhancer and graft substi-
tute [38]. Its use has even been shown to overcome the
inhibitory effects of nicotine and NSAIDs on bone forma-
tion in experimental animal models [39,40]. Thus, the use
of BMP in combination with ketorolac may confound the
true impact of ketorolac on fusion rates. Therefore, future
studies are required to confirm similar noninhibitory effects
of ketorolac in the absence of BMP use.

As with many other institutions, the COVID-19 pan-
demic presented unprecedented circumstances that
forced unconventional practices in hospitals with dimin-
ishing resources. As elective procedures were placed on
hold, recruitment and funds allocated to clinical trials
were also placed on hold. Additionally, the pandemic
created a difficult environment in which patients no lon-
ger felt safe to adhere to routine trial protocols such as
in-clinic and radiographic follow-up. Such circumstances
were discussed with the investigating team, all of which

who felt it prudent and necessary to publish our investi-
gation result in the interim, especially in light of the tre-
mendous impact on opioid consumption. Opioid use for
acute postoperative pain remains an ongoing challenge
following spinal surgery. Thus, opioid-sparing analgesic
techniques represent an opportunity to improve treat-
ment protocols aimed at enhancing and optimizing the
postoperative recovery process, such as ERAS. Multi-
modal analgesia strategies for pain control are often a
key component of most ERAS programs [41], and the
addition of an NSAID may offer superior analgesia [42].
However, major concerns of using NSAIDs in spine sur-
gery regarding nonunion and bleeding remain prevalent
[43]. Our interim data demonstrated that in patients who
have undergone minimally invasive lumbar fusion,
short-term, administration of low-dose ketorolac resulted
in fusion rates comparable to the controls and well
above the inferiority margin that was determined a pri-
ori.

Limitations

Although major sources of bias and confounding were
addressed in this study through randomization and alloca-
tion concealment, a number of limitations remain that war-
rant discussion in the interpretation of this randomized
controlled trial.

The COVID-19 pandemic has caused considerable bar-
riers in maintaining consistent recruitment and follow-up.
With a significant and unavoidable delay in obtaining our
long-term fusion outcome, compounded by the ongoing
opioid crisis, the authors felt compelled to share our signifi-
cant results regarding ketorolac’s opioid-sparing effect on
postoperative analgesia after MIS lumbar fusion. Therefore,
an important limitation is the interim nature of our analysis
regarding the primary outcome. Even though the entire
95% CI of the fusion rate difference between the two arms
was well above the noninferiority margin, the CIs at both 6-
month and 1-year follow-up spanned more than 25%. With
50% of our enrollment outstanding, our long-term fusion
outcome remains uncertain. Similarly, the lack of signifi-
cant difference regarding adverse events and long-term
patient-reported outcomes could be a function of the inade-
quate patient numbers at the time of interim analysis. One
example is our relatively high observed incidence of epidu-
ral hematoma in the placebo group which is likely due to
random error given the sample size required to show statis-
tical significance.

Preoperative opioid usage has consistently been demon-
strated as one of the strongest predictors of postoperative
opioid dependence [44—48] and is also clearly associated
with worse postoperative outcomes [49]. We followed our
state’s online prescription monitoring program (Michigan
Automated Prescription System) and defined chronic opioid
use as opioid use for >14 days in the last 3 months before
surgery. However, as a validated definition of opioid
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tolerance has not been established, the possibility of selec-
tion bias remains. The determination of chronic opioid use
before surgery heavily relies on patient self-reporting which
introduced reporting bias. Furthermore, granular informa-
tion regarding the quantity of opioids consumed was not
collected and would have ideally provided additional infor-
mation into establishing the degree of opioid tolerance
among participants.

CT has the strongest correlation with the assessment
of fusion status [50]. Therefore, the use of CT would
have been ideal for the assessment of our primary out-
come. However, given the size of the study and the bur-
den of radiation exposure with CT, XR was chosen as
our method of evaluation. The 2014 AANS guidelines
state a combination of static and lateral flexion/exten-
sion images is a valid and useful way of determining
fusion in posterior lumbar fusions with instrumentation,
as supported by Brodsky et al., who determined the cor-
relation of fusion rates with such images using surgical
exploration [51].

Finally, the nature of a randomized controlled trial
with its highly selective patient population may lend
certain challenges when generalized to the often-com-
plex clinical situation. Examples would be our exclusion
of smokers, our use of a standardized MIS TLIF tech-
nique and thBMP-2. As discussed previously, the detri-
mental effect of ketorolac on spinal fusion may be
overcome by the use of BMP. Therefore, our results
may not be generalizable to patients undergoing MIS
TLIF without BMP. Similarly, our use of a standardized
MIS TLIF technique may render our result not general-
izable to other fusion techniques. Further studies with
different fusion techniques without the use of BMP are
warranted. If our final results affirm our interim results,
the next step would be to track long-term fusion results
associated with the use of ketorolac in a large number
of patients in registry studies.

Conclusion

Short-term use of low-dose ketorolac in patients who
have undergone MIS TLIF with BMP significantly
reduced postoperative opioid use and length of stay
while maintaining equivalent postoperative pain control.
The use of ketorolac was not associated with an increase
in short-term perioperative adverse events. Our interim
results suggested noninferior fusion rates with the use of
ketorolac. However, confirmation of these results
remains ongoing.
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Modic changes are associated with activation of intense
inflammatory and host defense response pathways —
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ABSTRACT BACKGROUND CONTEXT: Patients with modic changes (MC) form a distinct clinical subset
with reports of higher intensity of pain, poor clinical and surgical outcomes and higher incidence
of recurrence. MC also is an independent risk factor for increased post-operative surgical site
infection.

PURPOSE: This study aimed fo investigate the biological changes at molecular level, in discs
with MCs. We also aim to identify biological biomarkers and potential targets for molecular
therapy.
STUDY DESIGN: Experimental analysis
MATERIALS AND METHODS: Nucleus pulposus (NP) from 24 patients undergoing microdis-
cectomy for disc herniation [14 discs with MC and 10 without modic changes (NMC)] were pro-
cured. The overall expression of proteins, biological processes, protein-protein and metabolite
interactions were analysed and compared. Host defense response proteins (HDRPs) and immuno-
logical pathways activated in patients with MC were documented and analysed.
RESULTS: Label-free proteomic approach with stringent filters revealed a total of 208 proteins in
MC and 193 in NMC groups. 45 proteins were specific to MC; 30 to NMC and 163 common to
both. Downregulated proteins in MC belonged to components of extracellular matrix such as colla-
gens (COL- 6A1, 6A2, 6A3, 11A1, 12A1, and 20A1), and proteoglycans (versican (VCAN), and
biglycan (BGN)). Inflammatory molecules [plasminogen (PLG), angiogenin (ANG), fibroblast
growth factor-binding protein 2 (FGFBP2), tetranectin (CLEC3B), cartilage acidic protein 1
(CRTACI), kininogen (KNG-1), chitinase-3-like protein 2 (CHI3L2), and ferritin (FTL) were
expressed only in the MC group. The significantly altered pathways in MC included Fc Fragment
of IgG Receptor I1la (FCGR3A)-mediated phagocytosis, regulation of Toll-like receptors (TLR) by
endogenous ligand, neutrophil and platelet degranulation.

50 HDRPs were identified in the study, 14 of which were specific to MC and included acute
phase reactants, antimicrobial peptides, complement cascade proteins, inflammatory molecule and
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stress response proteins. Metabolite-protein interaction analysis revealed a significant interaction
between 19 proteins, specifically involving ubiquitin mediating proteasome degradative pathway
and an association with the metabolite-glutamic acid in the MC group. Accumulation of glutamic
acid in MC discs was confirmed by quantitative amino acid analysis using High-performance liquid
chromatography.

CONCLUSION: Our study confirms that MC represents an intense inflammatory status and acti-
vation of host defense response and immunological pathways. Downstream effects leading to ubig-
uitin mediated proteasomal degradation of ECM proteins and the resulting metabolites such as
glutamic acid could cause excessive pain and needs further investigation.

CLINICAL SIGNIFICANCE: We have documented the expression of inflammatory molecules,
immune mechanisms and host defense response proteins which throw molecular insights into the
pathological mechanisms of MC. Further, ubiquitin mediated proteasomal degradation and accu-
mulation of glutamate in discs with MC might serve as targets for molecular therapy. © 2021
Elsevier Inc. All rights reserved.

Keywords: Bacterial infection; Host defense response; Intervertebral disc degeneration; Low Back Pain; Modic changes;

Proteomics

Introduction

There is mounting evidence that clinical and functional
outcomes of patients with chronic low back pain (LBP) are
inferior in those with MC compared to patients without MC
in both the lumbar and cervical spine [4—6]. MCs have been
variably correlated to aging, smoking, mechanical trauma,
inflammation, degeneration, genetic single nucleotide poly-
morphisms (SNPs), and infection [1—3], but the exact patho-
physiological mechanisms underlying these changes still
remain elusive. To date, no study has investigated why such
a difference occurs despite identical treatment modalities but
this knowledge is critical to overcome the poor clinical
results and surgical outcomes in lumbar disc disease.

We have performed a comparative proteomic analysis of
intervertebral discs with and without MC in the current
study. Further, we have investigated the underlying molecu-
lar mechanisms to identify candidate biomarkers and
molecular targets which may improve outcomes in patients
with MC.

Materials and methodology

This study was approved by Institutional Review Board
and was conducted according to the guidelines and ethical
norms laid by Indian Council of Medical Research (ICMR).
After obtaining informed consent, nucleus pulposus (NP)
from 24 patients undergoing microdiscectomy for disc her-
niation were procured. The demographic details and grades
of degeneration are mentioned in (Table 1). Tissue samples
were retrieved under aseptic conditions and immediately
snap-frozen at -196°C using liquid nitrogen and stored for
further proteomic analysis. Frozen samples were subjected
to in-gel based label-free mass spectrometric analysis, as
reported earlier. In order to unravel molecular mechanisms
in patients with modic changes, a comparative proteomic
analysis was performed between 14 discs with MC and 10
without modic changes (NMC).

Cryopreserved tissues were thawed on ice, aliquoted
and subjected to in-gel based tryptic digestion as
described earlier in our reports [7—9]. Purified tryptic
peptides were then subjected to label-free mass spectro-
metric analysis and the output (.raw/.msf) files were sub-
jected to identification of total proteins using Proteome
Discoverer vs 1.4 with in-built SequestHT and Mascot
search algorithms. The spectral counts of proteins were
relatively quantified by normalized spectral abundance
factor (NSAF) method [10]. Stringent filter (>5 PSM
and 30% sample positivity) were applied for further
analysis. To understand the biological process involved
in pathogenesis, pathway enrichment analysis was per-
formed using Reactome database v.3.7 followed by com-
parison using Funrich, functional enrichment annotation
tool with customized database ‘Reactome’ and their sta-
tistical significance was determined by Bonferroni test.

To unveil metabolic regulations, metabolite-protein
interaction (MPI) network analysis was made using
STITCH (Search Tool for Interactions of Chemicals) vs 5.0
[11]. MPI analysis of specific proteins were done by inte-
grating predictions from active sources ‘expression’
‘databases’ with confident network edges. The interaction
scores were imported into cytoscape vs 3.8.3 with installed
ANIMO (Analysis of Networks with Interactive Modeling)
plugin for analysis of incoming/ outgoing signals. All the
analysis were corrected using Bonferroni test for assessing
their significance and further validated using quantitative
amino acid analysis, for which around 200mg of interverte-
bral disc NP tissues were weighed, pulverized using liquid
nitrogen and suspended in 1ml of sterile double deionized
water. Subsequently, the mixture was subjected to incuba-
tion for 1 hour at room temperature with continuous mix-
ing, followed by centrifugation at RT @10,000 x g, for
15 min to remove interfering aggregates. To deproteinize
the samples, 2% acetonitrile (v/v) was added prior to quan-
titative analysis of extracted amino acids using Shimadzu
UHPLC N-Series with RF-20A. Following a brief spin, 2ul
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Table 1

Demographic and clinical phenotypes of study population considered for this study

Study group Age Sex Levels MODIC changes Pfirmann grade Mean age of the subjects + SD
MC 21 M L5S1 2 4 35+ 11.04
MC 29 F L5S1 2 3
MC 31 M L5S1 2 3
MC 32 F L4L5 2 4
MC 32 M L414 2 4
MC 34 F L4L5 1 4
MC 37 M L3L4 2 4
MC 37 M L4L5 2 4
MC 38 F L4L5 2 4
MC 38 M L4L5 2 4
MC 40 F L4L5 1 4
MC 43 M L5S1 2 4
MC 43 F L4L5 2 4
MC 34 M L4L5 2 4

NMC 15 M L4LS 2 36 +19.44
NMC 16 F L5S1 4
NMC 26 F L4ALS5 4
NMC 26 M L5S1 4
NMC 27 M L4L5 3
NMC 28 M L5S1 4
NMC 40 M L4LS5 3
NMC 45 M L4L5 3
NMC 67 F L5S1 3
NMC 70 F L4L5 5

++MC- Modic Changes; NMC- Non-Modic Changes.

of deproteinized sample extracts were loaded onto HPLC
column (Phenomenex Gemini 5 pum NX-C-18 110 A
(250 mm X 4.6 mm ID) (IICMS/LCC-266). Amino acids
were eluted with an increasing gradient of 25mM dipotas-
sium hydrogen phosphate anhydrous in sodium azide (A)
and methanol: acetonitrile: water (40:45:15) (B) solvents.
A constant flow of 1.0 mL/min was provided to separate
amino acids through gradient elution.

To identify specific host defense mechanisms, a compre-
hensive list of 263 well established host defense response
proteins (HDRP) (Supplementary-Table-1) was built and
their expression were compared between MC and NMC
groups. To visualize the concentration of HDRPs between
conditions, supervised hierarchical clustering was made by
using complete linkage method and distance metrics was
calculated by Euclidean distances with the help of R-pack-
ages. GOnet (https://tools.dice-database.org/GOnet/) with
its human ontology version 2019/07/01 was used to analyze
enriched biological processes.

Statistical difference between conditions was analyzed
using SPSS software vs.25.0 with the help of t-tests/ Mann-
Whitney U tests (in the case of normality violation) and
two-tailed alpha was set at 0.05 for all the tests.

Results

Label-free proteomic approach revealed a total of: 585
proteins in MC and 536 proteins in NMC group respec-
tively. By applying a stringent filter on peptide spectral

matches (PSMs) (>5) and sample positivity (>30%); this
list narrowed to 208 proteins in MC and 193 in NMC
groups respectively. Draw Venn tool, was used to depict a
comparative proteomic analysis (http://bioinformatics.psb.
ugent.be/webtools/Venn/) which showed 45 proteins spe-
cific to MC; 30 specific to NMC and 163 common to both
as shown in Fig. 1A. Among 163 differentially expressed
proteins (Supplementary-Table-2), 66 proteins were found
to have a log2FC=0.5 variation with 14 proteins showing
statistically significant differences (p <.05) as shown in
Fig. 1B.

Differentially expressed proteins

Among the 66 differentially expressed proteins
expressed with log2FC >=£0.5, 19 were upregulated and 47
were downregulated in MC group (Fig. 1B). Acute phase
reactants produced in response to trauma, or infection such
as apolipoprotein A1 (APOA1), serum amyloid P-compo-
nent (APCS), and ceruloplasmin (CP) were upregulated in
MC. Immune system responses to antigenic exposure viz
dermcidin (DCD) representing innate immunity and immu-
noglobulins [IGKC - immunoglobulin kappa constant
(IGKC) and immunoglobulin Lambda Constant 2 (IGLC2)]
representing adaptive immunity were upregulated in MC.
Cytoprotective proteins in response to inflammation such as
carbonic anhydrase (CA2), milk fat globule-epidermal
growth factor 8 (MFGES), serpin peptidase inhibitor clade
E member 2 (SERPINE2) were again upregulated in MC.
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Fig. 1. Comparative Proteomics- (A) Venn diagram representing total number of unique and common proteins between MC and NMC discs. About 163
were present in both the conditions with varying abundances. When compared with NMC, out of 163 proteins, 56 proteins (34%) were upregulated in MC
and 107 proteins (66%) were found to be downregulated in MC. Pie chart depicts the contribution of differentially expressed proteins (DEPs) between fold
changes (>1.0 and <1.0) in both up and downregulation. (B) Bar chart showing 66 differentially expressed proteins (DEPs) with 1og2FC >=+0.5 (Up and
Downregulation) in MC when compared to NMC considered in this study. *indicates statistical significance (p<0.05), using t-test/ MW-U test (in case of nor-

mality violation) using SPSS vs 25.0.

Most of the downregulated proteins in MC belonged to
components of extracellular matrix such as collagens
(COL- 6A1, 6A2, 6A3, 11A1, 12A1, and 20A1), proteogly-
cans (versican (VCAN), and biglycan (BGN)). Proteins
essential to control infection [tenascin C (TNC), lipopoly-
saccharide binding protein (LBP)] and inflammation [serine
protease inhibitors (SERPIN — Al, A3, D1, H1 and F1),
vimentin (VIM), and catalase (CAT)] were downregulated
in MC. Central component of the complement system (C3)
and a protein of the terminal membrane attack complex
(C9) were also downregulated.

Proteins specifically expressed in MC

Around 75 proteins were expressed specifically in either
of MC/NMC group. Out of these 75 proteins 45 were spe-
cific to MC group and 30 proteins to NMC group respec-
tively. Interestingly out of 45 MC specific proteins 14
mapped under host defense response mechanisms (Table 2)
in contrast to only two proteins mapped in NMC under this
category. The remaining 31 MC specific proteins include
mainly immunoglobulins [IGHV3-7, IGLC1, IGKV3-15,

IGKV3D-11, IGKV4-1, IGKV2-40, IGHV30R16-13), met-
abolic enzymes [adenylate kinase isoenzyme 1 (AKl1),
glyceraldehyde-3-phosphate dehydrogenase, testis-specific
(GAPDHS), ribonuclease 4 (RNASE4), flavin reductase
(NADPH) (BLVRB)], nucleosome components [Histone
H2A type 1-H (HIST1IH2AH), histone H4 (HIST1H4A and
purine nucleoside phosphorylase (PNP)], and inflammatory
proteins [plasminogen (PLG), angiogenin (ANG), fibroblast
growth factor-binding protein 2 (FGFBP2), tetranectin
(CLEC3B), cartilage acidic protein 1(CRTAC1), kininogen
(KNG-1), chitinase-3-like protein 2 (CHI3L2), ferritin
(FTL).

Pathway enrichment analysis to depict its biological role

To understand the significant biological basis underlying
MC and NMC, total proteins of MC- 208; NMC- 194 were
includ