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The Impact of COVID-19  
on Elective Surgery

The f irst case of the novel coronavirus, 
COVID-19, in the United States was con-
firmed on January 14, 2020.1 In 3 months, 
the spread exploded to the point that the 
United States now has nearly 4 times more 
cases of COVID-19 than any other country. 
By mid-April, more than 500,000 cases were 
reported in the United States, with more 
than 20,000 succumbing to the virus.1 Based 
on data from March 17, case-fatality rates 
indicated anywhere between a 2.3% fatality 
rate in China to a 7.2% fatality rate in Italy.2 

The pandemic has also resulted 
in a substantial economic crisis 
and potent ial ly an unprece-
dented unemployment rate of 
30%.3 Approximately 3.3 million 
people in the United States filed 
unemployment claims the week 
of March 21, and more than 65 
million people are working jobs that are 
likely in jeopardy.3 About a month ago, the 
Dow Jones Industrial Average dropped ap-
proximately 25%, which is the second worst 
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decline after the Great Depression.4 It is likely 
that more than 47 million jobs will be lost, 
ultimately leading to unemployment rates 
higher than that of the Great Depression.3 

Information is limited regarding how con-
tagious the disease is from asymptomatic 
infected individuals, but local and nation-
al government officials, hospital workers, 
and patients in the United States are doing 
whatever possible to slow the spread of the 
virus. However, much of the battle against 
COVID-19 has been hindered by the strug-
gle to find adequate personal protective 
equipment (PPE). Healthcare workers have 
not been spared from the PPE shortage, 
with workers facing significant supply chain 
concerns with a shortage of N95 masks.5 
In fact, some healthcare workers are being 
given a single mask to wear for indefinite 
periods, putting themselves, their families, 
and patients at risk.6

Elective surgeries are being cancelled or 
drastically reduced as a result of the pan-
demic.7 England’s National Health Service 
hospital system has suspended all nonur-
gent elective surgeries for a minimum of 3 
months starting April 15.8 Stateside, we are 
observing similar trends to halt elective 
surgeries among health groups in an effort 
to slow the spread of COVID-19. In a recent 
report, National Coronavirus Response: 
A Roadmap to Reopening, Gottlieb et al 
recommend a 4-phase response, initially 
slowing the spread, moving to state-by-state 
reopening, reducing physical distancing once 
immune protection has been established, 
and finally rebuilding our readiness for the 
next pandemic.9 

Currently we are in Phase I: slowing the 
transmission of COVID-19 to ensure the 
healthcare system can handle the patient 
burden. Protecting the functioning of our 
healthcare system requires that hospitals 
be able to rapidly respond to surges in de-
mand. The reassignment of discretionary 
resources such as elective procedures is 
one of those requirements. Secondary to 
infection control, limited resources also 
require a revaluation of what is essential 
in the hospital. Unexpected postoperative 
patient stays, ventilation requirements, or 
intensive care unit visits all might come at 
the cost of removing capabilities to offer 
care for COVID-19 patients. The phrase “life 
over limb” has become ever more applica-
ble. Chronic low back pain with radicular 
symptoms will now need to undergo more 
extensive empirical treatment with conser-
vative therapy than before. Those complain-
ing of saddle anesthesia, bladder and bowel 
incontinence, or trauma will consequently 
require emergent evaluation and surgery. 

Once the initial spread of this disease is 
brought to a halt for roughly 2 weeks, we will 
move to Phase II, which will be characterized 
as the precautionary reopening of schools, 
businesses, and universities.9 Even during 
this time, significant discretion will be ex-
ercised with vulnerable populations, such as 
those older than 60 years and patients with 
compromised heart and lung function. Apart 
from the detrimental economic effects that 
we will have endured by this point, a major 
part of our precautionary management will 
likely entail a significant reduction in the 
number of elective procedures performed.

http://www.isass.org
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One possible silver lining of this delay in 
elective surgery could be the opportunity 
to optimize patients. Given the stressors of 
increasing unemployment, a global pan-
demic, and the corresponding uncertain-
ty, a patient’s mental health will become 
critical to quality outcomes. Treatments 
such as cognitive behavioral therapy can 
be modified for telehealth and have been 
shown to reduce preoperative symptoms 
of anxiety and depression. Unfortunately, 
people will continue to require orthopedic 
surgery during this pandemic, and they 
may experience extended suffering given 
the current moratorium on elective surgery. 
How, then, do we best alleviate our patients’ 
pain and ensure quality outcomes while our 
operating room time is restricted?  

We now have to reach into our bag of tricks 
to find social-distancing-appropriate meth-

ods of treating patients. Telehealth may have 
been on the back burner for years, but now it 
is thrusted into the forefront as an essential 
modality to evaluate, diagnose, and treat 
patients. Now more than ever we need to 
empower our patients with the knowledge 
and skills to manage their symptoms. Over 
the coming months, as we progress through 
summer and fall, we can expect a waxing and 
waning of this pandemic. We will slowly start 
to awaken from this protective hibernation, 
although the world we will return to will be 
different. With high unemployment rates and 
signs of economic recession, people may not 
have the financial means to undergo elective 
surgeries. The contraction of the market will 
entail a compensatory reduction in practices 
until economies start to recover. Until that 
recovery occurs, we will need to adapt our 
practices to adjust to the COVID-19 world. n  
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The number of lumbar spinal 
fusions has increased in the Unit-
ed States over the past decade.1 
The number of elective lumbar 
fusions increased 62.3%, from 
122,679 cases in 2004 to 199,140 
in 2015.1 Hospital costs also in-
creased 177% during those 12 

years, exceeding $10 billion in 2015.1 The 
number of lumbar spinal fusions is expected 
to continue to increase with our aging pop-
ulation. Therefore, keeping hospital costs 
under control will be of growing importance. 

Spine surgeons have many choices avail-
able for treating patients with degenerative 
spinal conditions such as instruments, ap-
proaches, interbody devices, and bone grafts. 
Careful thought and surgical planning can 
improve patient outcomes and reduce costs. 
Several investigations have reported better 
outcomes with solid fusion than with pseu-
doarthrosis.2,3 One of the goals of surgery 
is to maximize the chances of achieving a 
solid fusion while making judicious use of 
instrumentation, interbody devices, and 
bone grafts. 

Spine surgeons have many choices for 
bone grafts, including autograft, allograft, 
and various synthetic materials. Autolo-
gous iliac crest bone graft (ICBG) is still 
considered the gold standard in lumbar 
spinal fusion. However, ICBG harvesting is 

associated with morbidities such as infec-
tion, hematoma, fracture, impaired wound 
healing, and donor site pain. One method of 
avoiding donor site morbidity is to use bone 
harvested from the laminectomy during the 
decompression. In addition, various allograft 
materials and bone morphogenetic protein 
have been used as substitutes for autologous 
ICBG. However, questions remain as to the 
comparative effectiveness and safety of the 
bone graft substitutes. Bone morphogenetic 
protein is costly and carries the risk of seroma 
formation and iatrogenic tumor formation. 
Allografts are less costly than bone mor-
phogenetic protein, but they still add to the 
cost burden of a case, and there is a risk of 
disease transmission. Exploring the use of 
laminectomy bone could be beneficial in 
terms of safety and cost. 

The use of local bone graft har vested 
during decompression for fusion has the 
potential to eliminate the morbidity of har-
vesting iliac crest bone graft while reducing 
the risk of disease transmission and costs. 
There is evidence that laminectomy bone 
is an effective substitute for iliac crest bone 
graft. In a prospective, randomized study 
by Ohtori et al, the authors evaluated 42 pa-
tients undergoing a single-level fusion with 
local bone vs 40 patients fused with ICBG. 
Visual analog scale (VAS) scores, Japanese 
Orthopaedics Association Score (JOAS), and 

BIOLOGICS

Laminectomy Bone as a Bone 
Graft Substitute
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Oswestry Disability Index (ODI) scores were 
not significantly different between the 2 
groups before and after surgery (P>0.05).4 

The fusion rate and average duration 
of bone union were 90% and 8.5 months, 
respectively, in the local bone graft group 
and 85% and 7.7 months in the ICBG group. 
Surprisingly, the local bone fusion rate was 
higher but not significantly different (P>0.05). 
The authors also noted longer surgical times 
and an increased rate of complications such 
as donor site pain (8 patients) and sensory 
disturbance (6 patients) in the ICBG group. 
In another investigation, Inage et al per-
formed randomized, prospective study 
evaluating laminectomy bone for fusion in 

1-, 2-, and 3- level fusions.5 The rate of bone 
union was 88% in the 1-level group, 85% in 
the 2-level group, and 62.5% in the 3-level 
group, which was significantly lower than 
in the 1- and 2-level groups (P<0.05). In an-
other study by Sengupta et al,6 the authors 
performed a retrospective review on patients 
undergoing single and multi-level lumbar 
fusions. There was no significant difference 
in overall clinical outcome between the 2 
groups. The overall fusion rate was higher 
in the ICBG group (75% [27 of 36 patients]) 
compared with the laminectomy bone group 
(65% [26 of 40 patients]), but the finding was 
not significantly different (P=0.391). The 
laminectomy bone group achieved a similar 

BIOLOGICS
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fusion rate (approximately 
80%) in single-level fusion but 
a much smaller fusion rate in 
multilevel fusion (20% vs 66%, 
P=0.029) compared with the 
ICBG group. One conclusion 
that can be drawn from these 
studies is that laminectomy 
bone has efficacy in 1- and 
2-level fusions, but it may not 
be effective for longer fusions. 

However, the fusion rates 
of laminectomy bone have 
not been universally good. 
In a study by Park et al, the 
authors performed a prospec-
tive, multi-center, random-

ized trial comparing laminectomy bone for a 
single-level posterolateral fusion.7 This study 
used computed tomography to evaluate the 
fusions. Posterolateral fusion was noted bi-
laterally in 18% and unilaterally in 28.8% of 

patients at 6 months and 35.7% and 50.3% of 
patients at 12 months, respectively. Closer 
evaluation with more stringent criteria for 
fusion and the use of advanced imaging re-
duces the fusion rates of laminectomy bone 
to approximately 50%. 

In conclusion, laminectomy bone has 
efficacy as a bone graft substitute for iliac 
crest bone graft. However, it is important 
to consider the limitations of laminectomy 
bone. The true fusion rate of laminectomy 
bone may only be as high as 50% when eval-
uated critically. It is less effective for fusions 
longer than 1 or 2 levels. These studies report 
statistically similar outcomes even though 
the fusion rates are different. In some cases, 
a “stable nonunion” may be good enough 
for patients to have as good of a clinical 
outcome as a solid, bony fusion. Further 
investigation is needed to learn more about 
the efficacy of laminectomy bone as a bone 
graft substitute.  n

BIOLOGICS
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Opioid epidemic. 
For many of us, these words may be associ-
ated with a sort of “alert fatigue,” a natural 
response to the inundation of opioid-related 
policy changes, presentations, and publi-
cations over the past few years. A recent 
PubMed search of “opioid” AND “spine” 
turned up 2,126 results, 588 of which were 
published since 2017. Sorting through this 
mountain of information can be overwhelm-
ing, especially considering that the use of 
opioids for pain relief is a complex issue 
colored by politics and personal sentiments. 

In this body of literature, however, are 
several salient messages for today’s spine 
surgeon. This article aims to distill these 
lessons as they relate to 2 important goals: 
(1) protection of the patient and (2) protec-
tion of society. Recognizing and achieving 
these goals can help providers responsibly 
manage pain while ensuring a functional, 
comfortable recovery for their patients.  

When prescribing opioids postoperatively, 
it is important to recognize patients with 
preoperative opioid use and remember that 
these patients are distinct from opioid-naïve 
patients. Data from the past few years sug-

gests that it is extremely import-
ant to consult a pain specialist 
when considering surgery in the 
opioid-dependent patient. Addi-
tionally, if surgery is indicated, 
the specialist should be involved 
in formulating the perioperative 
pain management plan through 
well into recovery.1

In opioid-naïve patients, one 
goal is to prevent acute postsur-
gical pain from becoming chronic 
pain. For opioid-naïve or inter-
mittent-use patients, the rate of 
transition from acute to chronic 
opioid use after spine surgery 
has varied depending on the 
population, the procedure, and 
the investigator’s chronological 
definition of chronic use (eg, 3 months vs 
1 year). Among opioid-naïve patients with 
military insurance who underwent fusion or 
decompression procedures, continued opioid 
use at 1 year was reported at 0.1%.2 Howev-
er, general population-based studies have 
shown much higher rates, from 4% to 20% for 
fusions or decompressions, reaching as high 

OPIOIDS

How to Prescribe Opioids 
Responsibly: A Summary of the 
Evidence and a Framework for 
Postoperative Narcotic Prescription

Francis Lovecchio, MD

Sravisht Iyer, MD
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as 52% after major spine surgery.3-7  Notably, 
preoperative opioid use is almost uniformly 
quoted as the most influential risk factor for 
the development of chronic opioid use, with 
a seemingly dose-dependent relationship.3,6 
However, this relationship appears to apply to 
the whole perioperative period—higher initial 
postoperative prescriptions are also associated 
with chronic use.8,9 Other traditionally quoted 
factors, such as psychiatric disorders, male 
gender, socioeconomic status, and younger 
age, have had weak and inconsistent relation-
ships with the development of chronic opioid 
use. Providers should hang their hat on one 
simple fact—opioids beget more opioids, at 
any point in the process. This makes sense 
from a pathophysiologic standpoint, as opioid 
tolerance and opioid-induced hyperalgesia 
are 2 phenomena that likely begin in the 
intra- and early postoperative period (ie, hos-
pitalization).8 Therefore, although insurance 
claims–based studies help us understand the 
rate of continued use at 3 months, it is likely 
well past the critical period for intervention. 

Instead, providers should focus on nor-
mative opioid use data that can help them 
ident i f y aber ra nt opioid consu mpt ion 
behaviors early, and they should consid-
er enl ist ing t hese pat ients in tapering 
schedules or referring them to specialists 
well before 3 months, if necessary. At our 
institution, we found that out of the 10% 
of patients who continued to take opioids 
2 weeks after anterior cervical discectomy 
and fusion or cervical disc arthroplasty (1 
or 2 levels), all of them continued to have 
nonspecific pain complaints 1 year after 
surgery. What drives patients to consume 
opioids in the first place is likely a complex 
combination of genetic, behavioral, and 
nuanced psychosocial factors that are dif-
ficult to define and may ultimately prove 
clinically unfeasible to measure in most 
spine surgery practices.4,10 Instead, identi-
fying aberrant behaviors and intervening 
early is likely a more effective strategy that 
surgeons can use to protect their patients 
from transitioning into chronic users. 

It is crucial, however, to avoid an unneces-
sarily painful recovery while limiting opioid 
use. Opioid research has inherently led to a 
deeper understanding of postoperative pain 
in general. Much of the pain experience is 
related to the patient’s views on pain itself, 
and not necessarily the nociceptive effects 
of surgery.11,12 Thus, preoperative patient ed-
ucation is a key element in helping patients 
manage postoperative pain. Components of 
an educational program (whether formal or 
informal) should include information on 
the postsurgical recovery, expectations for 
pain, nonpharmaceutical strategies for pain 

OPIOIDS
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relief, first-line use of adjunct analgesics, and 
guidelines for the appropriate use of opi-
oids.13 In line with these  recommendations, 
surgeons should re-evaluate the evidence on 
nonsteroidal anti-inflammatory medications 
(NSAIDs), as the effect of NSAIDs on fusion 
is most likely dependent on the dose, du-
ration, and drug.14 Additionally, studies on 
normative opioid use data can help surgeons 
decide on procedure-specific quantities for 
discharge prescriptions, as the “appropriate 
necessary quantity” of opioids to prescribe is 
certainly much lower than has been issued 
in the past.15,16 

The second goal of the spine care provider 
is to protect society from adverse sequelae 
related to the prescription of opioids. Re-
ducing the amount of leftover narcotic is 
the most effective way that surgeons can 
achieve this goal. Medications in the home 
are the number one way that opioids first 
become accessible to family or friends to 
experiment with recreational opioid use.17 
To this end, 2 strategies can be employed—
increased disposal or source control. Pre-
operative education on proper pill disposal, 
improving access to institutional disposal 
centers, or creative methods to dispose of 
unused opioids are all part of the former 
approach.18 However, the disposal of unused 
medications ultimately relies on the patient, 
who is preoccupied with his or her surgical 
recovery. Furthermore, while the costs of this 
approach are likely small on a case basis, 
they are likely greater on a national scale, 
considering the amount of leftover opioids 
generated by the healthcare system. On the 
other hand, reducing leftover pills through 

source control places responsibility back 
into the providers hands and decreases the 
demand for opioids. Normative use data can 
inform providers on the minimal discharge 
prescription quantity that will allow for pain 
relief for most patients while also minimiz-
ing the number of leftover pills.15 Of note, 
our own institutional findings have been 
corroborated by database research showing 
that approximately one third of patients may 
never take opioids after hospital discharge, 
supporting the practice of giving patients 
the option, rather than the instruction, to 
fill an opioid prescription.16

The final part of the provider’s role in 
protecting society is the responsibility to de-
bunk societal misconceptions about opioids 
for pain relief. General pain management 
practices are still mired in the idea that 
“pain is the fifth vital sign,” where differ-
ential opioid dosing is performed based on 
a pain scale that is often poorly understood 
by the patient. The connection between 
pain scores and opioid consumption is weak 
(ie, more opioid use does not consistently 
translate to increased pain relief). Rather, 
increased consumption has been linked to 
less satisfaction with pain relief.12,19 Inter-
national investigations have shown that 
many orthopedic surgeries are performed 
in developed countries using drastically dif-
ferent postoperative pain regimens.20 Spine 
care providers should inform their patients 
about these discrepancies between opioid 
use and pain relief, educating patients that 
opioids are not the end-all solution to pain 
but rather play a small role in a comprehen-
sive pain management plan. 

http://www.isass.org
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In conclusion, essential advances in our 
knowledge about the role opioids are to 
play in future pain management strategies 
have developed over the past few years. The 
opioid epidemic has taught us that providers 
must protect both their patients and society 
when prescribing opioids for pain relief. To 

this end, we hope this article provides a 
framework for how providers should think 
about opioid research. When presented with 
new research, providers should ask how the 
results can help them utilize opioids in an 
individually effective but socially responsible 
manner. n
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Lumbar spine surger y (LSS) has been 
traditionally performed under general en-
dotracheal anesthesia (GETA). However, 
regional anesthesia (RA) techniques utilizing 
local anesthetic are also available. Interest 
in RA for LSS has grown as providers strive 
to reduce or eliminate the need for opioid 
anesthesia and analgesia. In this article, 
we describe common regional blocks and 
review the existing literature on their use.   

Spinal-based regional anesthesia (SBRA) 
includes spinal and epidural anesthesia 
techniques. These can be used in isolation 
or in conjunction with GETA and are per-
formed by an anesthesiologist before, during, 
or after LSS. With spinal anesthesia, local 
anesthetic (LA) is placed directly into the 
intrathecal (subarachnoid) space via a sin-
gle injection and produces both motor and 
sensory blockade. It is only performed in the 
mid- to lower lumbar region to avoid damage 
to the spinal cord and prevent blockade in 
the cervical and thoracic regions.1 Isolated 
spinal anesthesia is recommended for pro-
cedures lasting less than 2 hours and for 
those performed below the T10 level, thus 
being most appropriate for 1- and 2-level 
lumbar decompression procedures.2 The use 
of different LAs has been shown to affect the 
duration of the blockade.3 

When epidural anesthesia is used for LSS, 
LA is placed into the epidural space via either 

single-injection4 or catheter5 2 
levels above the operative level. 
Care is taken to avoid intrathecal 
or intravascular injection of LA. 
The type, volume, and dosage 
of LA injected into the epidural 
space affects the duration, der-
matomal spread, and density of 
sensory/motor blockade. Spinal 
anesthesia is utilized more com-
monly than epidural anesthesia 
in LSS because it is more time 
efficient, requires less LA, is more 
reliable, and avoids the presence 
of foreign material (catheter) 
within the surgical field.2,6,7

Our focus is on the use of SBRA 
initiated before incision supple-
mented with intravenous seda-
tion rather than GETA. Hip and 
knee joint arthroplasty are almost universally 
performed in this manner due to the known 
advantages over GETA, including decreased 
pulmonary complications,8 intraoperative 
blood loss,9 thrombotic events,10 and post-
operative cognitive dysfunction. 

SBRA offers some potential benefits spe-
cific to LSS. Surgery performed in the prone 
position with SBRA avoids any potential 
intraoperative endotracheal tube loss and 
allows the patient to self-position, thus 
minimizing the risk of positioning-related 
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nerve injury and/or pressure necrosis. The 
barriers to wider adoption of SBRA for LSS 
include both patient- and physician-related 
factors. Certain patients are not candidates 
for SBRA. Contraindications include patient 
refusal, seizure history, severe spinal steno-
sis, intracranial hypertension, coagulopathy, 
infection at needle site, hypovolemia, and 
arachnoiditis.11 Unlike GETA, which can 
easily be extended if the procedure duration 
runs longer than expected, SBRA, particu-
larly via a single injection technique, has a 
finite duration and cannot be extended. In 
addition, establishing an emergency airway 
once the patient is in the prone position can 
be challenging. Surgeon concerns pertaining 
to SBRA include technique-related neurolog-
ic complications and the potential impact 
on neurological function in the immediate 
postoperative period. In addition, post-anes-
thesia care unit times may be elevated with 
SBRA because hemodynamic stability and 
recovery of motor/sensory block is regularly 
required for patient discharge.2 Despite these 

concerns, SBRA for LSS has been successfully 
employed in the clinical setting.12-14 

Individual studies comparing GETA and 
SBRA for LSS have produced disparate results. 
Zorrilla-Vaca et al15 performed a meta-analy-
sis of randomized studies that combined the 
findings of 15 clinical trials with a total of 961 
patients. The use of SBRA was associated with 
a significant reduction in intraoperative blood 
loss, length of stay, and postoperative nausea 
and vomiting at 24 hours. There were no signif-
icant differences in pain scores, surgical time, 
post-anesthesia care unit time, intraoperative 
hypotension, urinary retention, or analgesic 
requirement. However, other studies have 
demonstrated favorable results for SBRA in 
terms of analgesic requirements, cost, sur-
gical time, and urinary retention.16,17 SBRA 
may be beneficial for both healthy patients 
undergoing simple lumbar decompression 
procedures and elderly patients who are at 
high risk for complications with GETA.18  

Ultrasound-guided fascial plane blocks, 
such as t he erector spinae plane (ESP) 
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block, target ner ves located bet ween 2 
fascial layers. They are also used for LSS 
as a supplement to GETA. The ESP block 
was first described in 2016 by Forero et al19 
for the treatment of thoracic neuropathic 
pain. The erector spinae (ES) muscles are 
part of the posterior paraspinal muscle 
column that overlies the bony elements of 
the spine and are enveloped by a complex 
sheet of blended aponeuroses and fascia.20 
Local anest het ic injected into t he ESP 
(deep to the ES muscles and superficial 
to the transverse processes) can spread 
ventrally to the paravertebral and epidural 
space and block the spinal nerves as well 
as the ventral and dorsal rami.21,22 The ESP 
block therefore effectively anesthetizes the 
spine and paraspinal muscles. There is also 
potential for local anesthetic to spread lat-
erally to the lateral cutaneous nerves.23 A 
single point of injection within the ESP can 
cover multiple nerve territories. The ESP 
block can be utilized to anesthetize areas 
ranging from the shoulder girdle to the hip 
and proximal lower limb.24 For example, LA 
injection in the ESP at T10-11 can provide 
RA for lumbosacral spine surgery.25 

The ESP block can consist of a single in-
jection or continuous infusion via a cathe-
ter. It is performed by an anesthesiologist 
either before incision or after completion 
of surgery. Placement prior to incision may 
reduce intraoperative opioid administration 
and avoids any interference from surgical 
dressings and/or drains. Proponents of the 
ESP block cite its relative simplicity, effica-
cy, and wide range of application.24 Given 
the potential for blockade of the ventral 

rami and spinal nerves, some authors have 
expressed concern regarding the impact of 
the ESP block on intraoperative neuromon-
itoring.26 However, such an impact has not 
been observed in the literature.25 

Singh et al27 performed a randomized 
clinical trial to evaluate ultrasound-guided 
ESP blocks as an adjunct to GETA for LSS. 
Their study included 40 patients undergo-
ing lumbar decompressive procedures and 
focused on the first 24 hours after surgery. 
Patients in the experimental group received 
GETA with bilateral ESP blocks prior to 
intubation, and those in the control group 
had GETA alone. ESP was associated with 
significantly less morphine consumption in 
the first 24 hours after surgery; all patients 
in the control group required supplemental 
morphine, compared with 45% of patients 
in the block group. Furthermore, ESP block 
use was associated with significantly higher 
patient satisfaction as well as lower pain 
scores immediately after and 6 hours after 
the surgical procedure. There were no block 
failures or block-related complications. 

Despite the favorable evidence for ESP 
blocks, some authors feel that the ultra-
sound-guided thoracolumbar interfascial 
plane (TLIP) block may be a better option for 
patients undergoing LSS.26 The TLIP block 
is a peripheral nerve block in which a local 
anesthetic is injected into the fascial plane 
between the multifidus and longissimus 
muscles. Therefore, it exclusively targets the 
dorsal rami and their branches.28 By sparing 
the ventral rami, the TLIP block avoids any 
potential interference with neuromonitoring 
or the immediate postoperative neurologic 
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examination.29 Placing local anesthetic 
exclusively within the fascial plane avoids 
intraoperative washout and may provide 
longer lasting analgesia.26 A recent pro-
spective, randomized, double-blinded trial 
demonstrated that supplementing GETA 
with TLIP blocks placed before incision 
significantly reduced pain scores, analgesic 
requirements, and complications in the first 
48 hours after LSS.30 However, high-quality 
studies directly comparing the ESP and TLIP 
blocks are needed. 

Ultrasound-guided transversus abdominus 
plane (TAP) blocks may be used for LSS via an 
anterior approach. The TAP lies between the 
internal oblique and transversus abdominis 
muscles. This location is where the inter-
costal, subcostal, and L1 segmental nerves 
communicate to form the upper and lower 
TAP plexuses, which in turn innervate the 
anterolateral abdominal wall, including the 
parietal peritoneum. A TAP block delivers 
local anesthetic to these nerves and thus 
provides anesthetic coverage to the anterior 
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abdominal skin, subcutaneous tissue, and 
musculature. TAP blocks have been shown 
to reduce postoperative pain and narcotic 
requirements in the f irst 24 hours after 
anterior abdominal surgery.31-34 More rapid 
mobilization and less opioid intake may 
also be expected to be protective against 
postoperative ileus that can complicate the 
anterior approach. However, despite their 
use in LSS, there is a scarcity of literature 
investigating the impact of TAP blocks in 
this setting. 

Although a number of different RA tech-
niques exist for LSS, additional high-quality 
evidence is needed to better evaluate their 
safety, efficacy, and feasibility for routine 
clinical practice. Ultimately, the type of 
anesthetic used for LSS should be based 
on the comfort of the anesthesiologist, sur-
geon, and patient. Given the current opioid 
epidemic in the United States, we are obli-
gated to continue exploring methods that 
reduce the potential for opioid dependence 
after LSS. n
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Back pain is among the most 
common reasons for patients to 
seek healthcare, and it is estimat-
ed to affect about two thirds of 
individuals during their lifetime.1 
Worldwide, back and neck pain 
are the fourth-leading cause of 
disability, behind heart disease, 
cerebrovascular disease, and re-

spiratory infection.2 Despite the prevalence of 
back and neck pain, the initial treatment of 
spinal disorders tends to be fragmented and 
variable.3 While primary care providers are 
often the first point of contact for a patient with 
a spine-related complaint, care is increasingly 
carried out via specialist referral.4 Although 
procedural treatment is appropriate for only 
a small number of patients with spinal dis-
orders, procedural specialists (eg, surgeons, 
interventional spine providers) often direct 
care. In most healthcare systems, the avail-
ability of specialists has understandably not 
kept pace with the increasing prevalence of 
spine-related complaints, leading to delayed 
access to care, an increase in lost workdays, 
and reduced patient satisfaction.

Several healthcare systems have looked to 
clinical pathways to improve the appropriate-
ness and timeliness of care for spine-related 
complaints. In general, the goals of triage 
pathways in spine care are to reduce the 
proportion of nonsurgical candidates cared 

for by surgeons while reducing wait times for 
those patients who meet surgical indications. 
A variety of mechanisms for triage of referrals 
exist, including spine surgeon evaluation of 
referral information, in-person multidisci-
plinary evaluation by mid-level providers or 
physiotherapists, evaluation with advanced 
imaging, and/or use of patient questionnaires 
regarding their pain pattern.5-8

Protocol-based treatment for low back 
disorders has long been advocated for in the 
literature. The Pennsylvania Plan, described 
in 1979 by Holmes and Rothman, is one of the 
earliest published algorithmic approaches to 
spinal complaints.9 This approach describes 
an initial period of rest and oral medication 
followed by symptom-directed nonsurgical 
treatment with a combination of exercise, 
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education, and interventional treatments; 
selective diagnostic imaging is performed for 
those patients who fail to respond. 

Surgical treatment with laminectomy or 
fusion was considered only for those patients 
who had failed to respond to nonoperative 
modalities and who had clear imaging find-
ings that confirmed nerve compression or 
spinal instability. This approach continues to 
be taught in training programs and informs 
the way many spine surgeons think about 
surgical indications today. In 1988, Garfin 
et al5 described the experience of a nurse 
practitioner who used this protocol to man-
age new patients at a spinal disorders clinic. 
While objective outcome measurements were 
not standard in research studies of the time, 
the authors concluded that the program was 
cost effective, provided accurate diagnosis 
without missing serious conditions, and left 
patients satisfied.

Other systems in the United Kingdom, Ire-
land, Australia, and Canada have successfully 
utilized physiotherapists (PTs) in the triage 
of low back complaints.10-12 Robarts et al 
published an analysis of the first 102 patients 
seen by an advanced practice physiotherapist 
who had undergone training by 2 senior spine 
surgeons.7 Patients were assessed separately 
by both the therapist and spine surgeon. The 
authors found agreement as to the need for 
surgical consultation in 86% of patients. In 
this series, 70% of patients were deemed not 
to need a consultation with a surgeon. 

A similar study in Australia evaluated the 
outcomes of a PT-led triage clinic for 105 pa-
tients presenting with low back complaints.13 
Of these patients, 5% required only 1 visit prior 

to symptom resolution, 71% were successfully 
treated by the PT, and 16% were referred to 
a surgeon. Half of the patients referred to 
a surgeon went on to have spine surgery. 
Primary care providers were satisfied with 
management via the PT-led clinic for 87% of 
patients, compared with 58% of those patients 
referred to the general orthopedic clinic. 

Surgeons and patients alike have a favorable 
view of non-physician screening to assess 
lumbar spine complaints. Both groups were 
surveyed regarding their attitudes toward 
nonphysician triage in separate Canadian 
studies.14,15 In a survey of 85 members of the 
Canadian Spine Society, 78% indicated they 
would be willing to have a nonphysician 
provider screen patients with low back pain, 
while 14% were undecided and 8% were op-
posed. Of 80 patients responding, 89% were 
willing to be seen by a nonphysician for their 
complaint. Of these, 50% of patients indicated 
they would travel more than 50 kilometers 
for such a visit. 

The Canadian system is particularly chal-
lenged by a shortage of spine specialists and 
long waiting lists for care and is thus respon-
sible for much of the published literature on 
triage. The Saskatchewan Spine Pathway (SSP) 
is a first of its kind, province-wide care model 
that was launched in 2010 to improve quality 
and access to care for lumbar complaints.6 The 
program trained a majority of the province’s 
900+ primary care providers and included 
financial incentives and expedited referrals 
in exchange for compliance with the path-
way. The pathway begins with classification 
of symptoms into 4 syndromes described by 
Hall et al,16 with each syndrome receiving 
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pattern-specific exercise-based treatment. 
Patients with traditional red-flag symptoms 
are referred immediately for evaluation by 
a surgeon. Initial exercise-based treatment 
is directed by the primary care providers in 
the province, including family physicians, 
chiropractors, and nurse practitioners. Pa-
tients who do not respond are then referred 
to specialized SSP clinics staffed by PTs. 
Patients with back-dominant symptoms are 
reassessed and referred for additional me-
chanical treatment, whereas patients with 
leg-dominant pain are referred for advanced 
imaging and surgical consultation.

Kindrachuk and Fourney17 published an ear-
ly retrospective analysis of 87 patients triaged 
through the SSP and demonstrated promising 
results with regard to magnetic resonance 
imaging (MRI) utilization, surgical yield, and 
accurate identification of red-flag symptoms. 
Sixty-two of 87 patients (71%) were discharged 
without requiring surgeon evaluation. SSP 
clinics were able to identify all patients with 
red-flag symptoms, ultimately identified by 
the surgeon. The authors estimated that the 
SSP reduced the incidence of unnecessary 
MRI utilization by 53% in this early cohort. 
Although the overall percentage of patients 
in the cohort being offered surgery (13%) was 
in line with historical controls, the surgical 
yield among patients ultimately referred 
to a surgeon via the pathway was 44%. The 
Saskatchewan group published a follow-up 
study comparing patients presenting to a spine 
surgeon via the SSP versus the conventional 
referral process.18 Although the patients were 
similar demographically, patients referred via 
the SSP had a significantly higher likelihood 

of being a surgical candidate (59% vs 38%). 
Patients referred via the SSP had a dramati-
cally reduced wait time for consultation (70 
vs 130 days, P<0.0001), as well as shorter wait 
times for MRI (27 vs 64 days, P<0.0001).18

While the SSP demonstrates the ability of a 
large-scale regional effort to enhance patient 
access to care and surgical yield, it required 
significant governmental resources, time, and 
effort to implement. Other studies suggest 
that triage may be accomplished effectively 
with a simple patient questionnaire designed 
to differentiate patients with primarily leg 
symptoms from those with back-dominant 
symptoms. Published literature has shown 
this approach to be as effective as evaluation 
by pain specialists while more accurate than 
using imaging findings as a screening test.19 
Work from the same group also shows that 
this questionnaire can be used to repriori-
tize surgical referrals effectively to reduce 
wait times and increase the proportion of 
patients seen by a spine surgeon within 3 
months of referral.20 This simple intervention 
is deserving of further investigation in other 
health systems to determine its applicability 
to other practice environments.

Efficient and appropriate access to spine 
surgeons remains a challenge in nearly all 
healthcare systems worldwide. Effective triage 
of referrals has the potential to significantly 
reduce patient wait times, improve patient 
satisfaction, and limit wasteful care. Many 
methods exist to achieve these system-wide 
goals, with varying levels of resources required 
for implementation. The most successful triage 
endeavors have been carried out within large 
single-payer environments like the Canadian 
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system, where demand for spine care is high 
and the supply of spine specialists is insuffi-
cient. By contrast, in commercial healthcare 
systems increasingly focused on improving 
the value equation for spine care, triage has 

yet to be effectively implemented on a large 
scale. Future study of triage pathways outside 
of traditional single-payer systems could 
have a transformative impact on the cost and 
quality of modern spine care. n
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Implementation of evidence-based 
practices into perioperative care 
are often beset by obstinate lead-
ership, a fierce defense of tra-
ditional methodology, and the 
status quo. There is perhaps no 
more obvious example of this than 
the practice of making patients nil 
per os (NPO, or nothing by mouth) 
past midnight before a surgical 
procedure. This has remained 
a standard protocol for many 
institutions for three-quarters 
of a century despite extensive 
evidence to suggest it is not best 
practice. So, why do we continue 

to starve our patients the night before surgery?
Under general anesthesia, laryngeal reflex-

es are absent, allowing stomach contents to 
pass into the lungs if the patient vomits or 
has reflux of gastric contents. This concept 
of perioperative “aspiration pneumonitis” 
was first published by Mendelson in 1946 
after observing women in labor vomiting 
and aspirating their stomach contents; two 
of the women died as a result.1 Following his 
publication, it became standard of care to 
advise patients to fast before an operation. 
The purpose of this intervention was to limit 
the volume of gastric contents and to decrease 
acidity of those contents, thereby diminishing 
the risk of aspiration.

By the 1960s, the dictum shifted to the 
modern-day concept of NPO past midnight; 
this “rule” was set without any significant 
evidence to support the shift in clinical 
practice. It was not until nearly 40 years 
later—in 1999—that the American Society 
of Anesthesiologists (ASA) convened to re-
view the available evidence and reconsider 
this practice. After careful analysis of the 
available scientific data and expert opinion, 
they released new recommendations that 
patients have a light meal 6 hours before 
and clear f luids up to 2 hours before their 
procedure.2 Despite these recommendations 
and a significant growth in data to support 
these guidelines, most patients in the US 
today are st i l l subject to t he outdated, 
more draconian measures from the 1960s. 
For example, a report looking at hospitals 
in Michigan indicated that only 25% were 
compliant with the “modern” ASA recom-
mendations.3 

There are a variety of reasons changes in 
clinical practice have been nothing short 
of sluggish. First, “NPO past midnight” is 
the default position of comfort for most. 
Many providers and administrators elect 
to be on the “safe side” by following the 
most stringent precautions to get the risk 
of aspiration as close to zero as possible. 
Furthermore, there is a level of convenience 
and efficiency that goes along with main-
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taining the same protocol for all patients 
irrespective of surgical time. Additionally, 
if a patient’s surgical time were to move up 
significantly, he or she would still be ready 
for surgery and avoid any potential delays. 
Patient confusion and protocol disobedience 
may also be mitigated. Lastly, a refusal to 
accept available evidence and claims that 
the risks of prolonged fasting are overstated 
have contributed to slow adoption.

A lt hough many faci l it ies have eit her 
ignored, are resistant to, or are unaware 
of t he recommendat ions, t here are in-
numerable reasons why physicians and 
faci l it ies should make t he move. First, 
anesthesia practice has evolved dramat-
ically since Mendelson’s original report. 
Among other things, endotracheal tubes 
were not employed in the mid 1900s and 

anesthesiologists are no longer using “ether 
rags,” which had a known side effect of 
nausea. Furthermore, perioperative use of 
antacids and anti-emetics have been shown 
to improve gastric emptying and increase 
gastric pH.4 As the understanding of gastric 
emptying has advanced, researchers have 
shown that gastric volumes are no greater 
when consuming f luids up to 2 hours pre-
operatively when compared to prolonged 
fasting.5 Additionally, a host of deleterious 
effects are associated with prolonged fast-
ing, including dehydration, hypoglycemia, 
electrolyte imbalance, anxiety, irritability, 
headaches, and even nausea.6 Putting the 
human body through surgery is like a met-
abolic Ironman—would a trainer advise 
an athlete to undergo prolonged fasting 
in preparation? 

CLINICAL PRACTICE
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To say “the jury is still 
out” would be to ignore 
t h e  p r e p o n d e r a n c e  o f 
available evidence. A 2010 
Cochrane review article 
looked at 38 randomized 
controlled trials compar-
ing the effect on postoper-
ative complications of dif-
ferent preoperative fasting 
regimens on adults.7 They 
found that patients who 
were permitted a short-
ened preoperat ive f luid 
fast had no significant dif-
ference in gastric volume 
or pH when compared to 
t he sta nda rd N PO past 
midnig ht g roup. Fluids 
assessed in t hese t r ia ls 
i ncluded water,  cof fee, 
fruit juice, and clear f lu-
ids, as well as carbohy-
drate drinks. A group of 
resea rchers i n Sweden 
went a step further and 

allowed pediatric patients to have f luids 
up until the moment they were called to 
the operating room for surgery (approxi-
mately 30 minutes on average). They found 
that aspiration occurred in less than 1% of 
patients and none of them died as a result.8 
Moreover, new guidelines from the ASA 
in 2017 as well as recommendations from 
the European Society of Anesthesiologists 
both support a liberalized preoperative 
nutrition protocol over prolonged fasting.5,6 
The debate on the merits is clearly over.

It took the forward-thinking leaders inter-
ested in “fast-track surgery” and “enhanced 
recovery after surgery” programs to take 
perioperative nutritional considerations to 
the next level. It is well described that the 
stress of a surgical intervention prompts 
the human body to mount a massive cat-
abolic response that is associated w ith 
perioperative insulin insensitivity, among 
other significant deleterious effects. The net 
effect is prolonged hyperglycemia, which 
can be associated with significant mor-
bidity.6 The concept behind preoperative 
carbohydrate loading is simply to diminish 
the downstream effects—namely, insulin 
insensitivity—of the body in “starvation 
mode” during prolonged NPO. Commonly 
studied protocols have employed up to 400 
mL of clear beverages with 12.5 g carbo-
hydrates per 100 mL of f luid.9-11  

Robust animal studies and clinical trials 
have likewise shown reductions in post-
operative insulin resistance compared to 
overnight fasting with no significant in-
crease in residual gastric volume.6,12 A 2014 
Cochrane review article that examined 19 
trials and included more than 1300 patients 
concluded that preoperative carbohydrate 
treatment was associated with shortened 
length of stay compared with placebo or 
fasting.13 Additionally, an article in the Brit-
ish Journal of Anesthesia in 2017 showed a 
reduction in the length of hospital stays and 
improved postoperative muscle function.14 
Furthermore, a number of studies have 
shown significant improvement in key areas 
of patient comfort such as hunger, thirst, 
malaise, anxiety, and nausea without any 
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significant perioperative complications.6,7,15 
Patient satisfaction is an essential compo-
nent of achieving high quality outcomes, 
and, therefore, the value of these markers 
cannot be overstated.

Primum non nocere—first, do no harm—
remains a fundamental ethos in the pro-
vision of medical care. But, in the modern 
era, our patients deserve better and our 
aspirations should undoubtedly be higher. 
If putting the human body through sur-

gery is the ultimate stress test, shouldn’t 
we do more to optimize our patients for 
surgery? At a bare minimum, adherence to 
the American Society of Anesthesiologists’ 
guidelines on preoperative fasting should 
be ex pected. A nd, while perioperat ive 
interventional nutritional programs may 
warrant further investigation, when the 
evidence is sufficient, let’s hope it doesn’t 
take another 75 years for surgeons to get 
onboard. n
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Patient-Reported Outcomes Mea-
surement Information System 
(PROMIS), the development of 
which was sponsored by the Na-
tional Institutes of Health, is a 
relatively new patient-report-
ed outcome measure tool that 
is increasingly being utilized. 
PROMIS was designed to be a 
general health measure that can 
be used across diseases and pa-
tient populations, and it includes 
more than 300 domains relating 
to physical health and function, 
various symptomatology, behav-
ioral patterns and changes, and 
mental health. PROMIS domains 
are available as static short forms 
(SFs), computer adaptive tests, 
and profiles. 

Due to the large number of 
domains, as well as the various 
formats of administration, there 
is a wide variability in the lit-
erature on the type of PROMIS 

used. While this variability in the literature 
allows for customization in terms of select-

ing the most applicable domains and the 
most feasible methods of administration, 
it also makes it difficult to synthesize the 
current literature and understand how the 
utility and clinically important thresholds 
(eg, minimal clinically important difference; 
substantial clinical benefit) vary with changes 
in the above factors. Furthermore, published 
studies have used varying thresholds for the 
correlation coefficient (r) to determine the 
strength of correlation. Thus, when assessing 
studies that use PROMIS, it is imperative to 
note these details and interpret the findings 
in the appropriate context. 

To determine the clinical relevance and 
value of PROMIS in patients undergoing 
spine surgery, numerous studies have evalu-
ated the psychometric properties of PROMIS 
domains and assessed their correlation with 
legacy measures. A recent systematic review1 
found that physical function (PF) and pain 
interference (PI) are the most commonly used 
domains in spine literature, with an equal 
distribution between computer adaptive tests 
and SF instruments. 

Overall, the Oswestry Disability Index (ODI) 
has been shown to be highly correlated with 
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the PF and PI1-10 domains at various follow-up 
time points and in patients with diverse pa-
thology (eg, degenerative disease, deformity, 
tumors). The ODI has been observed to have 
strong correlations (r>0.7) in a majority of 
studies, regardless of the format or method 
of administration. The ODI also showed a 
strong correlation with Pain Intensity2 and 
a moderate to strong correlation with Pain 
Behavior.3-5 Similarly, the correlation between 
the Neck Disability Index and PROMIS-PF 
and PI was reported as strong in a majority 
of studies.4,6-11 One study did, however, find a 
moderate correlation,12 and another reported 
varying degrees of correlation depending on 
the time point of assessment.13

Correlation of PI and visual analog scale 
(VAS) pain scores is variable, with moderate 
to strong correlations reported between PI 
and back pain,2,14-16 but the correlations for 
neck pain range from weak to strong.2,8,11,16 
The values for radicular pain in the arm or 
leg varied from weak to moderate.2,7,11,15,16 The 
correlation between VAS and PF was generally 
moderate.10

While one study showed the revised Sco-
liosis Research Society 22-Item (SRS-22r) 
pain and activity scores were correlated with 
PROMIS-PI and PF, respectively, this study 
did not directly collect PROMIS responses 
and instead utilized PROsetta Stone cross-
walk tables to obtain PROMIS scores, thereby 
biasing the results.17 However, other studies 
evaluating the correlation between SRS-22r 
and PROMIS domains have found moderate18 
to strong19,20 correlations. Similar results were 
seen in pediatric patients using pediatric 
PROMIS domains.21

Other patient-reported outcomes such as 
the SF for physical health showed a mod-
erate to strong correlation with PF3,5,10,12,15,22 

and a moderate correlation with PI and 
Pain Behavior.3,12,22 Additionally, although 
evaluation of anxiety and depression is not 
routinely performed in spine patients, legacy 
measures such as the Generalized Anxiety 
Disorder 7-Item scale and the Patient Health 
Questionnaire-9 were found to be highly cor-
related with corresponding PROMIS domains 
in these patients.22,23 

Thus, PROMIS physical function appears 
to be highly correlated with the ODI and the 
Neck Disability Index in patients with lumbar 
and cervical pathology, respectively. Addi-
tionally, PROMIS pain domains show a mod-
erate-to-strong correlation with VAS back, but 
not with VAS neck or VAS extremities. While 
the correlation between SRS-22r domains and 
corresponding PROMIS domains was also 
moderate to strong, there are currently few 
studies on this topic, thus limiting the degree 
of confidence with which these results can 
be interpreted. Despite the SF and PROMIS 
being general health tools, both showed only 
a moderate correlation. In contrast, PROMIS 
anxiety and depression demonstrated a strong 
correlation with legacy measures. n

PATIENT OUTCOMES

“To determine the clinical relevance and 
value of PROMIS in patients undergoing 
spine surgery, numerous studies have 
evaluated the psychometric properties 
of PROMIS domains and assessed their 
correlation with legacy measures.“

http://www.isass.org


27

isass.orgSpring 2020 Vertebral Columns 

PATIENT OUTCOMES

References
1.  Haws BE, Khechen B, Bawa MS, et al. 

The Patient-Reported Outcomes Mea-
surement Information System in spine 
surgery: a systematic review. J Neuro-
surg Spine. 2019;30(3):405-413. https://
doi.org/10.3171/2018.8.SPINE18608

2.  Tishelman JC, Vasquez-Montes D, 
Jevotovsky DS, et al. Patient-Reported 
Outcomes Measurement Information 
System instruments: outperforming tradi-
tional quality of life measures in patients 
with back and neck pain. J Neurosurg 
Spine. 2019;30(4):545-550. https://doi.
org/10.3171/2018.10.SPINE18571

3.  Bhatt S, Boody BS, Savage JW, Hsu 
WK, Rothrock NE, Patel AA. Valida-
tion of Patient-reported Outcomes 
Measurement Information System 
computer adaptive tests in lumbar disk 
herniation surgery. J Am Acad Orthop 
Surg. 2019;27(3):95-103. https://doi.
org/10.5435/JAAOS-D-17-00300

4.		 Papuga	MO,	Mesfin	A,	Molinari	R,	Rubery	
PT. Correlation of PROMIS physical 
function and pain CAT instruments with 
Oswestry Disability Index and Neck Dis-
ability Index in spine patients. Spine (Phila 
Pa 1976). 2016;41(14):1153-1159. https://
doi.org/10.1097/BRS.0000000000001518

5.  Patel AA, Dodwad S-NM, Boody BS, 
et al. Validation of Patient Reported 
Outcomes Measurement Information 
System (PROMIS) Computer Adaptive 
Tests (CATs) in the surgical treatment of 
lumbar spinal stenosis. Spine (Phila Pa 
1976). 2018;43(21):1521-1528. https://doi.
org/10.1097/BRS.0000000000002648

6.  Bernstein DN, Bakhsh W, Papuga MO, 
Menga	EN,	Rubery	PT,	Mesfin	A.	An	evalu-
ation of PROMIS in patients with primary 
or metastatic spine tumors. Spine (Phila 
Pa 1976). 2019;44(10):747-752. https://
doi.org/10.1097/BRS.0000000000002934

7.  Hung M, Saltzman CL, Voss MW, et al. 
Responsiveness of the Patient-Reported 
Outcomes Measurement Information 
System (PROMIS), Neck Disability Index 
(NDI) and Oswestry Disability Index (ODI) 
instruments in patients with spinal disor-
ders. Spine J. 2019;19(1):34-40. https://
doi.org/10.1016/j.spinee.2018.06.355

8.  Owen RJ, Khan AZ, McAnany SJ, Peters 
C, Zebala LP. PROMIS correlation 
with NDI and VAS measurements of 
physical function and pain in surgical 
patients with cervical disc hernia-
tions and radiculopathy. J Neurosurg 
Spine. 2019;31(4):519-524. https://

doi.org/10.3171/2019.4.spine18422

9.  Owen RJ, Zebala LP, Peters C, McAnany S. 
PROMIS physical function correlation with 
NDI and mJOA in the surgical cervical my-
elopathy patient population. Spine (Phila 
Pa 1976). 2018;43(8):550-555. https://doi.
org/10.1097/BRS.0000000000002373

10.  Khechen B, Patel DV, Haws BE, et al. 
Evaluating the concurrent validity of 
PROMIS physical function in anterior 
cervical discectomy and fusion. Clin 
Spine Surg. 2019;32(10):449-453. https://
doi.org/10.1097/BSD.0000000000000786

11.  Moses MJ, Tishelman JC, Stekas N, 
et al. Comparison of Patient Reported 
Outcome Measurement Information 
System (PROMIS) with Neck Disability 
Index (NDI) and Visual Analog Scale (VAS) 
in patients with neck pain. Spine (Phila Pa 
1976). 2019;44(3):E162-E167. https://doi.
org/10.1097/BRS.0000000000002796

12.  Boody BS, Bhatt S, Mazmudar AS, Hsu 
WK, Rothrock NE, Patel AA. Valida-
tion of Patient-Reported Outcomes 
Measurement Information System 
(PROMIS) computerized adaptive tests 
in cervical spine surgery. J Neurosurg 
Spine. 2018;28(3):268-279. https://
doi.org/10.3171/2017.7.SPINE17661

13.  Vaishnav AS, Gang CH, Iyer S, McAna-
ny S, Albert T, Qureshi SA. Correlation 
between NDI, PROMIS and SF-12 
in cervical spine surgery. Spine J. 
2020;20(3):409-416. https://doi.
org/10.1016/j.spinee.2019.10.017

14.  Khechen B, Haws BE, Patel DV, et 
al. PROMIS Physical Function Score 
strongly correlates with legacy outcome 
measures in minimally invasive lum-
bar microdiscectomy. Spine (Phila Pa 
1976). 2019;44(6):442-446. https://doi.
org/10.1097/BRS.0000000000002841

15.  Haws BE, Khechen B, Guntin JA, 
Cardinal KL, Bohl DD, Singh K. Valid-
ity of PROMIS in minimally invasive 
transforaminal lumbar interbody fusion: 
a preliminary evaluation. J Neurosurg 
Spine. 2018;29(1):28-33. https://doi.
org/10.3171/2017.11.SPINE17989

16.  Sharma M, Ugiliweneza B, Beswick 
J, Boakye M. Concurrent validity 
and comparative responsiveness of 
PROMIS-SF versus legacy measures in 
the cervical and lumbar spine pop-
ulation: longitudinal analysis from 
baseline to postsurgery. World Neu-
rosurg. 2018;115:e664-e675. https://

doi.org/10.1016/j.wneu.2018.04.131

17.  Kelly MP, Kallen MA, Shaffrey CI, et al. Ex-
amining the Patient-Reported Outcomes 
Measurement Information System versus 
the Scoliosis Research Society–22r 
in adult spinal deformity. J Neurosurg 
Spine. 2019;30(6):801-806. https://doi.
org/10.3171/2018.11.SPINE181014

18.  Raad M, Jain A, Huang M, et al. Va-
lidity and responsiveness of PROMIS 
in adult spinal deformity: the need 
for a self-image domain. Spine 
J. 2019;19(1):50-55. https://doi.
org/10.1016/j.spinee.2018.07.014

19.  Ibaseta A, Rahman R, Skolasky RL, 
Reidler JS, Kebaish KM, Neuman BJ. 
SRS-22r legacy scores can be accu-
rately translated to PROMIS scores in 
adult spinal deformity patients. Spine 
J. 2020;20(2):234-240. https://doi.
org/10.1016/j.spinee.2019.09.006

20.  Bernstein DN, Papuga MO, Sanders JO, 
Rubery	PT,	Menga	EN,	Mesfin	A.	Evalu-
ating the correlation and performance of 
PROMIS to SRS questionnaires in adult 
and pediatric spinal deformity patients. 
Spine Deform. 2019;7(1):118-124. https://
doi.org/10.1016/j.jspd.2018.05.010

21.		Fedorak	GT,	Larkin	K,	Heflin	JA,	
Xu J, Hung M. Pediatric PROMIS is 
equivalent to SRS-22 in assessing 
health status in adolescent idiopath-
ic scoliosis. Spine (Phila Pa 1976). 
2019;44(20):E1206-E1210. https://doi.
org/10.1097/brs.0000000000003112

22.  Purvis TE, Neuman BJ, Riley LH 3rd, 
Skolasky RL. Discriminant ability, 
concurrent validity, and responsiveness 
of PROMIS health domains among 
patients with lumbar degenerative 
disease undergoing decompression with 
or without arthrodesis. Spine (Phila Pa 
1976). 2018;43(21):1512-1520. https://doi.
org/10.1097/BRS.0000000000002661

23.  Purvis TE, Neuman BJ, Riley LH III, 
Skolasky RL. Comparison of PROMIS 
anxiety and depression, PHQ-8, and 
GAD-7 to screen for anxiety and 
depression among patients present-
ing for spine surgery. J Neurosurg 
Spine. 2019;30(4):524-531. https://
doi.org/10.3171/2018.9.SPINE18521

http://www.isass.org

