UC Davis
UC Davis Previously Published Works

Title

Scoring System to Triage Patients for Spine Surgery in the Setting of Limited Resources:
Application to the Coronavirus Disease 2019 (COVID-19) Pandemic and Beyond

Permalink

https://escholarship.org/uc/item/9392k82§

Authors
Sciubba, Daniel M
Ehresman, Jeff
Pennington, Zach

Publication Date
2020-08-01

DOI
10.1016/j.wneu.2020.05.233

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9392k828
https://escholarship.org/uc/item/9392k828#author
https://escholarship.org
http://www.cdlib.org/

S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal Pre-proof %

Scoring system to triage patients for spine surgery in the setting of limited resources:
Application to the COVID-19 pandemic and beyond

Daniel M. Sciubba, MD, Jeff Ehresman, BS, Zach Pennington, BS, Daniel Lubelski,
MD, James Feghali, MD, Ali Bydon, MD, Dean Chou, MD, Benjamin D. Elder, MD
PhD, Aladine A. Elsamadicy, MD, C. Rory Goodwin, MD PhD, Matthew L. Goodwin,
MD PhD, James Harrop, MD, Eric O. Klineberg, MD, llya Laufer, MD, Sheng-Fu L.
Lo, MD, Brian J. Neuman, MD, Peter G. Passias, MD, Themistocles Protopsaltis,
MD, John H. Shin, MD, Nicholas Theodore, MD, Timothy F. Witham, MD, Edward C.
Benzel, MD

PII: S1878-8750(20)31204-3
DOI: https://doi.org/10.1016/j.wneu.2020.05.233
Reference: WNEU 15169

To appearin:  World Neurosurgery

Received Date: 7 May 2020
Revised Date: 18 May 2020
Accepted Date: 25 May 2020

Please cite this article as: Sciubba DM, Ehresman J, Pennington Z, Lubelski D, Feghali J, Bydon
A, Chou D, Elder BD, Elsamadicy AA, Goodwin CR, Goodwin ML, Harrop J, Klineberg EO, Laufer
I, Lo S-FL, Neuman BJ, Passias PG, Protopsaltis T, Shin JH, Theodore N, Witham TF, Benzel EC,
Scoring system to triage patients for spine surgery in the setting of limited resources: Application
to the COVID-19 pandemic and beyond, World Neurosurgery (2020), doi: https://doi.org/10.1016/
j-wneu.2020.05.233.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.wneu.2020.05.233
https://doi.org/10.1016/j.wneu.2020.05.233
https://doi.org/10.1016/j.wneu.2020.05.233

© 2020 Elsevier Inc. All rights reserved.



Credit Author Statement

Daniel M. Sciubba
0 Conceptuaization, Data curation, Reviewing and Editing

Jeff Ehresman
0 Conceptudization, Data curation, Formal anaysis, Writing

Zach Pennington
0 Conceptudization, Data curation, Writing

Daniel Lubelski
o0 Conceptuaization, Data curation, Writing

James Feghdli
0 Conceptualization, Data curation, Writing

Ali Bydon
o Datacuration, Reviewing and Editing

Dean Chou
o Datacuration, Reviewing and Editing

Benjamin Elder
o Datacuration, Reviewing and Editing

Aladine Elsamadicy
o Datacuration, Reviewing and Editing

C. Rory Goodwin
o Datacuration, Reviewing and Editing

Matthew L. Goodwin
o Datacuration, Reviewing and Editing

James Harrop
o Datacuration, Reviewing and Editing

Eric Klineberg
o Datacuration, Reviewing and Editing

Ilya Laufer
o Datacuration, Reviewing and Editing

Sheng-Fu Lo
o Datacuration, Reviewing and Editing



Brian J. Neuman
o Datacuration, Reviewing and Editing

Peter G. Passiaas
o Datacuration, Reviewing and Editing

Themistocles Protopsaltis
o Datacuration, Reviewing and Editing

John H. Shin
o Datacuration, Reviewing and Editing

Nicholas Theodore
o Datacuration, Reviewing and Editing

Timothy F. Witham
o Datacuration, Reviewing and Editing

Edward C. Benzel
o Datacuration, Reviewing and Editing



OCoOoO~NOYOITRWNPE

Spine Urgency Score Sciubba et al

Title: Scoring system to triage patients for spine swyrgn the setting of
limited resources: Application to the COVID-19 pandc and
beyond

Short Title: Spine Urgency Score

Authors: Daniel M. Sciubba MD?, Jeff Ehresman BS?, Zachrifegton

BS?, Daniel Lubelski MD?, James Feghali MD?, Alid&n MD?,
Dean Chou MD?, Benjamin D. Elder MD PhD3, Aladine A
Elsamadicy MDJ, C. Rory Goodwin MD PhD, Matthew L.
Goodwin MD PhD7, James Harrop MD, Eric O. Klineberg
MD 7, llya Laufer MDJ, Sheng-Fu L. Lo MD?, Brian J. Neuman
MD1[], Peter G Passias MD*1, Themistocles Protopsa$tM
John H. Shin MD?*2, Nicholas Theodore MD?, TimothywWtham
MD?, Edward C. Benzel MD%

Affiliations:
1Department of Neurosurgery, Johns Hopkins Unitxe&chool of Medicine, Baltimore,
MD USA
2Department of Neurological Surgery, UniversityQalifornia San Francisco School of
Medicine, San Francisco, CA, USA
3Department of Neurosurgery, Mayo Clinic, Roches#N, USA
"IDepartment of Neurosurgery, Yale University Schafdledicine, New Haven, CT,
USA
"IDepartment of Neurosurgery, Duke University Schafd{ledicine, Durham, NC, USA
"IDepartment of Orthopaedic Surgery, Washington Usitye School of Medicine, St.
Louis, MO, USA
"IDepartment of Neurosurgery, Thomas Jefferson UsityeHospitals, Philadelphia, PA
USA
"IDepartment of Orthopaedic Surgery, University ofifdmia Davis School of
Medicine, Davis, CA, USA
"IDepartment of Neurosurgery, Memorial Sloan Ketg@ancer Center, New York,
NY, USA
1 1Department of Orthopaedic Surgery, Johns Hopkinséisity School of Medicine,
Baltimore, MD USA 21287
1Department of Orthopedic Surgery, New York Unsity Grossman School of
Medicine, New York University Langone Health, Newr¥, NY, USA
12 Department of Neurosurgery, Massachusetts @eHesspital, Harvard Medical
School, Boston, MA, USA.
13Department of Neurological Surgery, ClevelanohiC] Cleveland, OH, USA
171Cleveland Clinic Center for Spine Health, Clevel&iohic, Cleveland, OH, USA

Correspondence
Author: Daniel M. Sciubba
Address: 600 N. Wolfe St.

Meyer 5-185A



47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

Spine Urgency Score

Phone:
Fax:
Email:

Funding:
Devices:
Previous Presentations:
Disclosures:
Daniel M. Sciubba

Jeff Ehresman
Zach Pennington
Daniel Lubelski
James Feghali
Ali Bydon

Dean Chou

Benjamin D. Elder

Aladine A. Elsamadicy
C. Rory Goodwin

Matthew L. Goodwin
James Harrop

Eric O. Klineberg
llya Laufer

Sheng-Fu L. Lo
Brian J. Neuman

Peter G. Passias
Themistocles Protopsaltis

John H. Shin

Nicholas Theodore

Sciubba et al

Baltimore, MD 21287
(410) 502-5077
(410) 502-0001
dsciubbl@jhmi.edu

None
None
None

Consultant for Baxter, DePuy48gs, Globus Medical,
K2M, Medtronic, NuVasive, Stryker. Unrelated grant
support from Baxter Medical, North American Spine
Society, and Stryker

None

None

None

None
Consultant for K2M.

Consultant for Globus Medical and MedtrdReceives
unrelated royalties from Globus Medical.

None

None

Unrelated grants support from NNHNDS K12 NRCDP

Physician Scientist Award (2K12NS080223-06) anddtbb

Wood Johnson Harold Amos Medical Faculty
Development Program (RWJ 76238)

Consultant for ROM3 and AugnesdiUnrelated grant
support from Children’s Discovery Institute and /ASpine.

None

Consultant to DePuy and Strylkzceives fellowship
support from AOSpine. Paid speaker for AOSpine and
K2M

Consultant for SpineWave, Depuy/Systhdedtronic,
Globus, and Brainlab

None

Consultant for Medtronic. Reseatgiport from DePuy
Synthes (unrelated)

Consultant to Zimmer Biomet, dtedj and Spinewave
Royalties from Altusn€dtant to Globus, Stryker K2,

Medicrea, NuVasive, Innovasis

Consultant for Carbofix, DePuy Systhdedtronic,
Nuvasive

Royalties from Globus MedicaPDy Synthes. Stock
Ownership in Globus Medical. Consultant for Globus
Medical. On Scientific Advisory Board/Other Offiéar
Globus Medical.



93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Spine Urgency Score

Timothy F. Witham

Edward C. Benzel

ORCID
Daniel M. Sciubba
Jeff Ehresman
Zach Pennington
Daniel Lubelski
James Feghali
Ali Bydon
Dean Chou
Benjamin D. Elder

Aladine A. Elsamadicy

C. Rory Goodwin

Matthew L. Goodwin

James Harrop
Eric O. Klineberg
llya Laufer
Sheng-Fu L. Lo
Brian J. Neuman
Peter G. Passias

Themistocles Protopsaltis

John Shin
Nicholas Theodore
Timothy F. Witham
Edward C. Benzel

Details
Words
Abstract Words
Figure + Tables
References
Supplementals

IRB Approval:

Sciubba et al

Grants from Ely Lilly and MargliMacklin Foundation

(unrelated)

None

0000-0001-7604-434X
0000-0002-8900-8935
0000-0001-8012-860X
0000-0002-9403-9509
0000-0001-7168-4751
0000-0002-3058-1470
0000-0003-0310-8263
0000-0002-7782-7829
None
0000-0002-6540-2751
0000-0002-8248-8112
0000-0002-0943-3406
0000-0003-1408-106X
0000-0003-0092-5030
0000-0001-7262-2544
0000-0001-9467-613X
0000-0002-1479-4070
0000-0002-4978-2600
0000-0001-7490-8108
0000-0001-5355-2683
0000-0002-9397-8344
None

2861
249
2

33

0

The present manuscript did not qualify as humdnjests research

per NIH guidelines and did not require IRB approval



OCOoO~NOOOIRAWNE

Spine Urgency Score Sciubba et al

Abstract

Background

As of May 04, 2020, the COVID-19 pandemic has aééwover 3.5 million people and touched
every inhabited continent. Accordingly, it has ssed health systems the world over leading to
the cancellation of elective surgical cases andudsions regarding healthcare resource
rationing. It is expected that rationing of surdiesources will continue even after the pandemic
peak, and may recur with future pandemics, creatinged for a means of triaging emergent and
elective spine surgery patients.

M ethods

Using a modified Delphi technique, a cohort of @Boiwship-trained spine surgeons from 10
academic medical centers constructed a scoringrayitr the triage and prioritization of
emergent and elective spine surgeries. Three depanands of videoconferencing and written
correspondence were used to reach a final scoystgra. Sixteen test cases were used to
optimize the scoring system so that it could categaases as requiring emergent, urgent, high-
priority elective, or low-priority elective schedtug.

Results

The devised scoring system included 8 independenponents: neurological status, underlying
spine stability, presentation of a high-risk pogexative complication, patient medical
comorbidities, expected hospital course, expecisthdrge disposition, facility resource
limitations, and local disease burden. The resultaltulator was deployed as a freely-available
web-based calculator (https://jhuspine3.shinyap{fSpineUrgencyCalculator/).

Conclusion

Here we present the first quantitative urgencyisgmsystem for the triage and prioritizing of
spine surgery cases in resource-limited settingsb®lieve that our scoring system, while not
all-encompassing, has potential value as a guid&i&ging spine surgical cases during the
COVID pandemic and post-COVID period.

Key Words: COVID-19; resource allocation; medical ethicsage; spine surgery; pandemic;
rationing; triage



OCOoO~NOOOITPAWNE

Spine Urgency Score Sciubba et al

Backaround
On December 27, 2019 the first case of the noveb@virus, COVID-19 (SARS-CoV-2) was

reported in Wuhan, China as the cause of a newpieumonia with the potential to culminate
in acute respiratory distress syndrome (ARDS) andiath’? Since that time it has spread
rapidly to affect nearly every country, placingrsficant stresses on the global healthcare
systent In order to mobilize resources to combat this jeanid, the Centers for Medicare and
Medicaid Services (CMS)the Centers for Disease Control and PreventionQand multiple
professional organizatiofiSrecommended the cancellation of elective surgiatedures. In
spite of this, it was recognized that there wemesamany of them neurosurgical, which required
urgent or emergent intervention to minimize patmorbidity and maximize the chances of an
optimal outcomé&.In response, several centers have presented frarkefor the management
of neurosurgical patients presenting during the @YO pandemié** Additionally, a triage
scoring system has been previously developed attampt to guide spine surgery constits’
However, to date, there has not been a systematiiti-institutional scoring system that
includes resource availability and disease burdexd in triaging spine surgery patients during
this crisis. Though certain symptoms referablehimuoic spinal conditions may not necessarily
be life threatening, these can cause significaimt @ad disability prompting the challenge of
determining who and when to operate in times cfexi

It is recognized that effective triaging of thesses in the post-COVID era will be essential to
prevent the healthcare system from being overwhelnyethe backlog of elective spinal cases
that have been deferred because of the COVID-18gmit’**°Recently, a scoring system
aimed at triaging such cases has been publishtbe igeneral surgery literatutehowever no
comparable system has been described for spirenpatHere we present an applicable example
of such a system assembled based upon input bytiimstitutional collaboration. This scoring
system is designed to assist in two ways. Firshaiy assist spine surgeons and administrators
with triaging surgical patients during the COVID-fg@ndemic. Second, the scoring system may
help health systems triage elective cases in tese@OVID crisis, which is likely to also see a
relative shortage of surgical resources and has #escribed by some as a potential collateral
pandemic?

M ethods

Scoring System Development

To generate this scoring system, the first authopg@sed am priori scale highlighting those
elements thought to be pertinent to the triagingrobperative spine patient in the setting of
limited resources. The elements applicable to piespatient included the patient’s current
neurological status (rapidity of progressive, sgygrthe presence of underlying spinal
instability, and radiographic evidence of neurahe¢nt compression. Several general elements
were added that could be used to triage any sunggteent, including general patient
health/comorbidities, expected resource utilizgtmnrent resource availability, and local
disease burden. Medical comorbidities were pultethfthe Charlson Comorbidity Ind&and
from previously published series describing comtitigis associated with increased symptom
severity in patients infected with the SARS-CoVitig?**?*After identifying these elements,
weights were initially assigned based on input feanmgeons at the lead institution using a
modified Delphi approach that included both neurgmal and orthopaedic spine surgeons.
Component weighting of the preliminary scale wasetg using ten example spine patients,
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testing the assessed urgency of the patient asydatsl by the scoring system against the
consensus opinion of the group of surgeons.

After identifying a preliminary scoring system, altirinstitutional group was convened,
including neurosurgical and orthopaedic spine samgdrom multiple institutions with varying
levels of experience. A modified Delphi approactswagain used to alter the weights assigned to
the categories to refine the preliminary scoree€&mounds of written communication, polling,
and electronic teleconferencing sessions were tassalicit input. Example cases were again
devised to test the degree of agreement betweesttnmg system and the consensus opinions
regarding the urgency of the hypothetical patieisssie (Supplemental Data). The final scoring
system was then deployed as a freely available;lvaskd calculator (Figure 1;
https://jhuspine3.shinyapps.io/SpineUrgencyCaloulat

Details of the multi-institutional panel

The study group was comprised of 16 spine surgegpresenting 12 institutions in 11
municipalities distributed over the Northeast, Mitlantic, Midwest, South, and West Coast
regions, including New York, Baltimore, Boston, €dwjo, and San Francisco. All surgeons were
fellowship trained and a mean of 12.8+9.3 yearsobuesidency. Eleven surgeons were
neurosurgeons and 5 were orthopaedic surgeons.

Results

Our modified Delphi approach demonstrated ovegkament with the scoring system in
example cases to be 66.3% and 71.5% in the ficstaemt survey rounds, respectively, resulting
in the scoring system shownTrable 1. The score is composed of 8 domains: neurological
status, spinal stability, presentation of a higikpost-operative complication, medical
comorbidities, predicted hospital course, postithsge placement, resource availability
concerns, and local disease burden. Within neuidbgtatus, patients are categorized by their
deficit progression, the presence of a radiograpbicelate to their neurological symptoms, and
the degree of impairment that their deficit causesmbulation or the ability to perform
activities of daily living (ADL).

The scoring system runs from -19 (lowest priorigcéve case) to 91 (highest priority emergent
case) and classifies cases as “emergent,” “urgémgh-priority elective,” or “low-priority
elective” as identified i able 2. Additionally, inTable 2 we surgical timeframes for each
category. However, these timeframes are meantgggestions and should be no means replace
an individual surgeon’s clinical judgement.

Within the scoring system, higher points are assigio patients with more pressing surgical
needs, including more severe neurological defiaislerlying spinal instability, and the presence
of a high-risk post-operative complication. Patsewith more extensive comorbidities, longer
expected hospitalizations, and a need for postidige placement to an inpatient rehabilitation
facility or skilled nursing facility are assigneaaiter points because they are believed to be at
highest risk for adverse outcomes when hospitalitgthg the current pandemic. Additionally,
points are subtracted for patients being treatdédcdtties in regions with high disease burden
and those with shortages of intensive care unitfiBeds or personal protective equipment
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(PPE). We found that this scoring system was abjeedict the optimal surgical timing
identified by >70% of the surgeon cohort for eatthe sample cases.

Discussion

Since the peak of the COVID-19 pandemic, therebeas immense pressure placed upon
healthcare systems worldwide. Various resourcefjdimg personal protective equipment
(PPE), ventilators, intensive care unit (ICU) beats] medical staff had been significantly
limited and stretched thiht”?*%°In many cases, resources had been stretchechsihahihealth
systems were required to consider how best toattotheir limited resourcésTo address this,
many hospital systems have curtailed non-urgemficairprocedures, allowing crucial resources
to be redeployed for the treatment of COVID-19 grats'*> Nevertheless, some spinal
pathologies require urgent or emergent interven(@g. cauda equina syndrome) to prevent
severe adverse patient outcomes (e.g. death, penindisability)> Though prior publications
have highlighted which surgical patients qualify fiogent or emergent interventiohS,%*3
they have not provided an algorithm for the primation of such cases in the setting of potential
resource shortages. Here we present a scoringisygeised by a multi-institutional
collaboration that aims to assist with these trisgaes. The ability to assist with both
populations is a strength of this scoring systefmicivwe feel may be a useful tool for health
systems both during the COVID pandemic and in the-prisis period, as they struggle to
accommodate the large volume of non-emergent aalrgises. Additionally, though we hope
such a need does not arise, the present scoritensgsuld also have value in the triaging of
patients if a “second wave” of the coronavirus panit occurs, which may lead to further
resource limitation$® Such a wave occurred during the 1918 Spanisheinfla pandemf¢ and
many experts have speculated that a similar phenomeould occur during the present
pandemic®?® Furthermore, the framework of the proposed scasirsgem could apply to future
pandemics where healthcare resources are sim#mdiched as the current COVID-19
pandemic.

Prior examinations of triaging in neurosurgery

There have been several broad descriptions oktsargtegies presented in the neurosurgical
literature?**°and guidelines from the American College of Sunge@CS) currently divide
surgeries into five levels based upon apparentyatuiHowever a large proportion of spinal
cases require emergent or urgent addrésaatl fall within the same category of the ACS
system. Consequently, it is not clear that sucystesn possesses the granularity necessary to
triage patients with surgical issues of grosslyilsimacuity. Similar limitations are noted for
other published triaging systems from the traumgesy literaturé®>*and for the prior schema

in the neurosurgical and orthopedic literattiré.

In addition to a perceived lack of granularity, resurgical triage systems published in the pre-
COVID era have predominately focused on emergengical issues. Triage amongst non-
emergent cases has been largely overlooked. Ompigxe to this is the “Accountability for
Reasonableness (A4R)” framework described by Ibmadrid colleaguééto emphasize
scheduling fairness and minimize operating roomrdone at an academic center seeing a
mixture of emergent and elective cases. Unlikeptiesent scoring system however, their
framework was purely qualitative — triaging wasfpaned by a single stakeholder without an
obvious means by which surgical cases were rarkeather exception is the Calgary Spine
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Severity Score proposed by Lwu etathat assessed spine referrals based on the tlinica
pathological, and radiological aspects. Similathe A4R framework, however, this score was
not intended for implementation in the setting afigis or the acute resource shortages that are
expected in the post-COVID efa®

Identifying surgical priority in the setting of COVID

Several institutions have reported their experismeigh triaging neurosurgical patients during
the COVID-19 pandemit® Burke et af described a multilevel algorithm devised by a
multidisciplinary team using a modified Delphi sst Their system included three tiers: case
urgency, operating room availability, and post-apige bed availability. Assuming adequate
surgical resources were available, patients witergemt surgical issues (e.g. epidural
hematoma) were prioritized for operative managemegdrdless of local disease burden. Urgent
cases were scheduled if sufficient resources waiadle and local disease burden was low
enough to be managed without assistance from auitsgtitutions. Lastly, elective cases were to
be deferred unless local disease burden was nagli@imilar to the present system, certain
indications were flagged as emergent surgical ssug intracranial hemorrhage, shunt
obstruction, cauda equina syndrome. However, ttigoasionly generally identified what
constituted an urgent case, namely a surgical isepuering treatment within 2 weeks that was
not identified in the emergency list. Elective cageere similarly identified as all cases that did
not fall into the above two categories. Unlike flystem presented here, however, no formalized
system was identified for the prioritization of easwithin the urgent or elective categories.

Eichberg et &P similarly recommended that non-urgent cases beraef. They additionally
suggested that surgeons consider alterations itostivgjical practice (e.g. the use of dissolvable
suture) to decrease the likelihood that patientslevbave to return for in-person follow-up,
which would increase their COVID-19 exposure riSktegorizations of surgical emergencies
similar to those of Burke et®#nd Eichberg et Hlhave also been reached by groups at
Harvard! and abroad? Additionally, a joint publication by the Americassociation of
Neurological Surgeons (AANS), Congress of NeuraabSurgeons (CNS), and Society for
Neuro-Oncology (SNO) made recommendations to pizeradjuvant therapies (e.g.
chemotherapy and radiotherapy) over earlier surgitarvention for spinal and intracranial
malignancies, as this will decrease the risks pbgdubspitalizing oncologic patients in the
same facility as COVID-19-positive patieritsHowever, the groups acknowledge that this is not
always possible, and that care deferral may cause &lective cases to progress to the point of
requiring urgent operative management. The Europaanciation for Neurosurgical Societies
has attempted to address the question of how doifire elective neurosurgical cases through an
“Adapted Elective Surgery Acuity Scale.” Unfortuelgt while this scale provides some
guidance, the three tiers it employs are quitedeovad there are no guidelines for prioritizing
cases within a category or a given diagnosis tdegenerative spinal pathology*).
Consequently, we feel the need for a means ofitigelgoth emergent and elective spine cases
remains unmet.

While there have been several general framewoidighting those cranial pathologies
requiring emergent managemént;**there has only been one description of a frameviark
triaging emergent spine surgerféDerived from the experiences at a single Italienter tasked
with treating cord compression and spinal instghithe framework of Giorgi and colleagues is
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a care pathway intended to expedite the identiboatreatment, and safe discharge of patients
with spine emergencies. Priority within the systeas based upon American Spinal Injury
Association (ASIA) grade and radiographic evideotmstability. Though good results were
described for the 19 patients treated under thdveork, the pathway is non-quantitative and
seemingly lacks the granularity to prioritize betweéwo or more emergent patients. Similarly, it
is not equipped to triage non-emergent cases.

A more quantitative approach was described by dedrcolleagués based upon nearly 500
respondents to an internet survey, asking respasidemssign an urgency score to each of nine
hypothetical cases. The authors found mild-to-maideagreement regarding the extent of
surgical urgency for each case (range 22.8-37.0&%)yever, their “acuity index” was simplistic
in that it was based solely upon the perceived dakend case urgency assigned to it by
respondents. Case risk was graded on a 1 to 4(Snaleisk” and “cannot postpone”) and case
urgency on a 1 to 5 scale (“leave until after thd ef the pandemic” and “case already done”).
The scale itself did not incorporate neurologitatiss, patient comorbidities, or local resource
limitations, all of which are likely to influencée timing of operative management. Because of
this lack of granularity, it is unclear that thiscuity index” can be generalized to other case
scenarios, thus limiting its potential utility rélee to the multidimensional scoring system
described here.

Limitations

As with scoring systems published in other domainseurosurgery, the present scoring system
is not intended to be prescriptive in its guidariRather, we present it as a potential tool to aid
surgeons and healthcare systems when triagingnpatietimes of national crisis or global
resource shortages. As with the triage framewor&sgnted to date, the present scoring system
is derived from expert opinions. Consequently,dbaring system is limited by the biases of the
surgeons recruited and their respective institgtidde attempted to address this by recruiting
surgeons at multiple levels of training, at acadetenters spread across a large geographic
region subjected to varying COVID-19 burdens. Femtiore, by only including surgeons into
the decision-making process of the urgency of spatents, there is potential that additional
points from the non-surgical and administrativespanel could have altered the final scoring
system. Additionally, in an effort to maximize thsability of the scoring system, it was
necessarily simplified and is consequently noeatompassing. For example, the broad term of
“new neurologic deficit” was included under the gHiRisk Postoperative Complication”
category, however, this leaves it up to the trgesurgeon whether this new deficit is “high-
risk”. Therefore, while it can assist in determupisurgical priority, final disposition should be
based upon the clinical judgment of the treatinggsan and institution. Nevertheless, we believe
that it can be an effective tool for informing atial stakeholders as to how each patient’s case
may be triaged at peer institutions. Our scorirggeay is also limited by the fact that it operates
on the assumption that the patient desires sugehe same time recommended by the treating
surgeon. This is not always the case and the ukitnaing of surgery must therefore rely on an
in-depth discussion between provider and patiantlly, the present scoring system was
devised with the COVID-19 pandemic in mind. Congadly, it could be argued that it may not
be applicable to other resource challenging sibnatiand future pandemics may limit resources
in a manner not assessed in the current work. Hexyexe feel that the modular structure
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employed could easily be adapted to other crissschiuse a shortage of medical resources.
Therefore, the present system may have utility beytbe present crisis and any “second wave”
that may arise.

Conclusion

Here we present a scoring system for the triagfrgpime surgery patients during times of crisis
and severe resource scarcity. Our system was gmabloy a multi-institutional panel using a
modified Delphi technique and has the potentiadsist surgeons, hospital administrators, and
other clinical stakeholders in assigning prioriybbth emergent and non-emergent spine surgery
patients. While not intended to be prescriptives fitoring system may prove useful as a guide
during both the COVID crisis and the post-COVIDipdrto help prioritize patients with the
greatest surgical needs, though determining thenangof an individual procedure should be left
to the operating surgeon. Additionally, we beli¢tve modular structure of the scoring system
implies that it may potentially be adapted to ottréses resulting in an acute shortage of medical
resources.
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Table 1. Spine surgery urgency scoring system

Neurological status
Progression of symptoms
Progressive symptoms See “rapidity of progressi
Stable symptoms 0
Rapidity of progression
<48hr 14
48hr-7d 10
1wk-1mo 8
>1mo 4
Myel opathy 4
With radiographic cord compression 2
With signal change 1
Radiographic cord compression without myelopathy 2
With signal change 1
Degree of impairment in ADLs or ambulation
Baseline ambulation/ADLs 0
Newly impaired ambulation/ADLs 14
New inability to ambulate/perform ADLs 20
Spinal stability
Stable 0
Potentially unstable 6
Chronic instability 10
Acute instability 20
High-risk post-oper ative complications
Deep wound infection requiring surgéry 30
CSF leak requiring surgery 30
New neurologic deficit 30
Malpositioned hardware with threat to vital struetu 30
M edical comor bidities’
0-2 0
3-4 -2
>5 -4
Expected hospital cour se/discharge
Current inpatient requiring operation for safe Hage 5
Patient will need ICU bed -1
Expected stay
Surgery can be performed in ASC or as outpatient 5
surgery
Expected stay <2d 0
Expected stay 2-5d -1
Expected stay >5d -2
Will patient require post-op placement to SNF or
inpatient rehab
Yes -4
Possibly/unknown -2

Onn




No 0
Resource Limitations

No resource limitations 0
ICU resources limited -2
PPE shortage -2
L ocal disease burden

High -4
Moderate -2
Low 0

Key: ADL — activity of daily living; ASC — ambulatoryusgery center; d — day; hr —
hour; mo — month; SNF — skilled nursing facilityk w week

tWhether the complication requires surgical intatia or can be treated with
nonoperative management is made at the discretitre @attending surgeon

tVital structures include spinal cord, esophagaghtea, aorta, lung,

8Medical comorbidities included: active malignanage >65, congestive heart failure,
chronic kidney disease, chronic obstructive pulmgmiisease, current cigarette or vape
use, diabetes mellitus, history of myocardial iofian, interstitial lung disease,
moderate-to-severe liver disease.
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Table 1: Proposed timeframes for surgical treatment baped urgency score

Points Proposed Surgical Timeframe
22+ Emergent (e.g: 48 hours)

15-21 Urgent (e.g. within 2 weeks)
10-14 High-priority elective (e.g. within 6 weeks)

<10 Low-priority elective (e.g. delay until afteO¥ID-19 crisis)
Key: COVID-19 — Coronavirus disease 2019
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Spine Surgery Urgency Score

Neurological Status

Myelopathy Radiographic Cord Compression Degree of Impairment in ADL/ambulation
| No v || None ~ | | Baseine ambuiation/ADLs -

| s - | e -

Presenting with High-Risk Postoperative Complication

[ e % |

Medical Comorbidities
) Age>65years [ COPD [ CHF () PriorMi [ Diabetes (' CKD [ Curentcigaretie/vapeuse ( ILD ([ Active DVT/PE [ Ongoing malignancy [ Moderate-to-severe liver disease [ Immunocompromised

Likely Hospital Course
ing Operation for Safe Di: Expected Length of Stay

e -] [ |
Needs ICU Bed Pati Postop SNF or
| o v | [ - |
Resource Availability Local Disease Burden
[ ICU resources limited 1 PPE shortage Tk =
Points  Result Timing Points  Timeframe

0 The timing of surgical is  Low-priority elective (e.g. delay until after crisis) 2+ Emergent (e.g. within 48 hours)

16-21 Urgent (e.g. within 2 weeks)
10-15  High-priority elective (.g. within 6 weeks)
<10 Low-priority elective (e.g. delay until after crisis)
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Abbreviations

AANS
ACS
ADL
ARDS
ASIA
CDC
CMS
CNS
CovID-19
ICU
PPE
SNO

American Association of Neurological Surgeons
American College of Surgeons

Activities of daily living

Acute Respiratory Distress Syndrome
American Spina Injury Association
Centersfor Disease Control and Prevention
Centersfor Medicare and Medicaid Services
Congress of Neurological Surgeons
Coronavirus disease 2019

Intensive Care Unit

Personal protective equipment

Society for Neuro-Oncology
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