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Consensus-based perioperative protocols during the 
COVID-19 pandemic
Praveen V. Mummaneni, MD, MBA,1 John F. Burke, MD, PhD,1 Andrew K. Chan, MD,1  
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and Endovascular Surgery, 7Infectious Diseases, 10Interventional Neuroradiology, 12Vascular and Interventional Radiology, and 
13Cardiology; 4Chancellor’s Cabinet; and 16Perioperative Care, University of California, San Francisco, California

OBJECTIVE  During the COVID-19 pandemic, quaternary-care facilities continue to provide care for patients in need of 
urgent and emergent invasive procedures. Perioperative protocols are needed to streamline care for these patients not-
withstanding capacity and resource constraints.
METHODS  A multidisciplinary panel was assembled at the University of California, San Francisco, with 26 leaders 
across 10 academic departments, including 7 department chairpersons, the chief medical officer, the chief operating 
officer, infection control officers, nursing leaders, and resident house staff champions. An epidemiologist, an ethicist, and 
a statistician were also consulted. A modified two-round, blinded Delphi method based on 18 agree/disagree statements 
was used to build consensus. Significant disagreement for each statement was tested using a one-sided exact binomial 
test against an expected outcome of 95% consensus using a significance threshold of p < 0.05. Final triage protocols 
were developed with unblinded group-level discussion.
RESULTS  Overall, 15 of 18 statements achieved consensus in the first round of the Delphi method; the 3 statements 
with significant disagreement (p < 0.01) were modified and iteratively resubmitted to the expert panel to achieve consen-
sus. Consensus-based protocols were developed using unblinded multidisciplinary panel discussions. The final algo-
rithms 1) quantified outbreak level, 2) triaged patients based on acuity, 3) provided a checklist for urgent/emergent inva-
sive procedures, and 4) created a novel scoring system for the allocation of personal protective equipment. In particular, 
the authors modified the American College of Surgeons three-tiered triage system to incorporate more urgent cases, as 
are often encountered in neurosurgery and spine surgery.
CONCLUSIONS  Urgent and emergent invasive procedures need to be performed during the COVID-19 pandemic. The 
consensus-based protocols in this study may assist healthcare providers to optimize perioperative care during the pan-
demic.
https://thejns.org/doi/abs/10.3171/2020.6.SPINE20777
KEYWORDS  COVID-19; coronavirus disease 19; surgical triage; perioperative care; infection

J Neurosurg Spine  Volume 34 • January 2021 13©AANS 2021, except where prohibited by US copyright law

Brought to you by UCSF Lib & CKM/Rsrcs Magmt | Unauthenticated | Downloaded 06/16/22 04:10 PM UTC



Mummaneni et al.

J Neurosurg Spine  Volume 34 • January 202114

Healthcare providers and hospitals face unprec-
edented challenges during the COVID-19 pan-
demic.1,2 Providers at tertiary-care hospitals 

in severely affected areas around the world (including 
those from China,2 Taiwan,3 Singapore,4 and Italy5,6) 
have published institutional protocols to help aid health-
care workers in this crisis.7–9 As the pandemic has now 
spread to the US,10,11 it is imperative to adapt these algo-
rithms to the US healthcare setting.12 The University of 
California, San Francisco (UCSF) is a quaternary-care 
academic hospital that treats patients primarily from 
California and the Western US. During the California 
shelter-in-place order, patients who need urgent and 
emergent invasive procedures continue to seek medical 
attention through telehealth clinics, emergency depart-
ment visits, or direct inpatient transfers to our institu-
tion. Standardized protocols are necessary to triage 
patients for urgent/emergent procedures and surgeries 
in the setting of decreased capacity due to a shortage 
of staffed beds as well as limited personal protective 
equipment (PPE), blood bank supplies, and ventilators. 
Furthermore, guidance is needed to minimize nosoco-
mial transmission of COVID-19 to patients and staff 
during invasive procedures.13

There is insufficient data and time in the midst of a 
pandemic to create evidence-based guidelines for triaging 
invasive procedures.14 Thus, we present our institutional 
experience using a modified Delphi method. In brief, the 
Delphi method consists of first forming an expert panel, 
creating a series of statements that are submitted to the 
panel, obtaining anonymous feedback from the panel, 
amending the statements, and iterating this process until 
consensus is achieved. Here, we use this method to create 
consensus-based procedural triage protocols and check-
lists during the COVID-19 pandemic.

Methods
A multidisciplinary perioperative committee (MDPC) 

was tasked with the creation of a triage system and man-
agement protocols for patients requiring urgent and emer-
gent procedures and surgeries during the COVID-19 
pandemic. The MDPC is composed of 26 leaders from 
10 academic departments, including 7 department chair-
persons, the chief medical officer, the chief operating offi-
cer, infection control officers, nursing leaders, and resident 
house staff champions. The departments involved includ-
ed anesthesiology, cardiology (interventional team), inter-
nal medicine (hospitalist and infectious disease teams), 
neurology (stroke and neurocritical care team), neurosur-
gery, orthopedics, otolaryngology–head and neck surgery, 
radiology (interventional and neurointerventional teams), 
surgery (including cardiothoracic, general, pediatric, pe-
diatric cardiac, plastic, transplant, and vascular surgery), 
and urology. The MDPC identified barriers to the care of 
patients needing invasive procedures, including the avail-
ability of PPE, ventilators, intensive care unit (ICU) and 
floor beds, blood bank resources, and nursing and physi-
cian staffing shortages.

We used a modified Delphi method to build consensus 
within the MDPC expert panel to expedite the creation of 

urgently needed perioperative protocols and checklists.15,16 
A series of 18 statements were created that synthesized 
recommendations from the WHO, Centers for Disease 
Control and Prevention,17 American College of Surgeons 
(ACS),18 UCSF institutional policies, and San Francisco 
Department of Public Health order no. C19-07 (“shelter in 
place”). The 18-item questionnaire was sent to the expert 
panel in the form of agree/disagree statements.16 Experts 
were blinded to each other’s responses.

Statistical Analysis
Statistically, the statements were created with an expec-

tation of consensus (i.e., agreement of ≥ 95%); we tested 
this expected outcome using a one-sided exact binomial 
test. Statistically significant disagreement was defined us-
ing a p value threshold of 0.05. Items with statistically sig-
nificant disagreement were further investigated through 
direct communication with individual members of the 
expert panel. In the second round of the Delphi method, 
we modified statements with significant disagreement and 
resubmitted the amended statements in a blinded fashion 
to the expert panel. This iterative process was continued 
until there was no statistically significant disagreement for 
any statement.

After the iterative, blinded questionnaires were com-
pleted, we unblinded the expert panel and sought feed-
back using both direct (in-person videoconferencing) and 
indirect (group e-mail) communication methods. At this 
point, we included input from a statistician, an epidemi-
ologist, and an ethicist, who provided consultation on the 
final protocol but did not participate in the Delphi ques-
tionnaire. The total time to complete the Delphi approach 
was 14 days, including 10 days to obtain blinded feedback 
on statements and 4 days to obtain universal agreement on 
the finalized protocols and checklists.

Results
From the MDPC, we received responses from 26 

members (100% response rate) to the blinded question-
naire. In Fig. 1, we plot the percentage agreement for each 
item of the questionnaire, grouped by category. Three 
statements regarding case acuity, case triaging, and use 
of PPE showed statistically significant disagreement (p = 
0.009, p < 0.001, and p = 0.009, respectively). The sec-
ond round of the blinded Delphi questionnaire included 
three modified agree/disagree statements on these con-
troversial topics, which subsequently met a priori criteria 
for consensus (no statistically significant disagreement; p 
> 0.05 for all statements). After two rounds of blinded 
questionnaires were completed by panel members, a vid-
eoconference meeting was held for direct, group-level 
feedback (our institution has discouraged large, in-person 
physical gatherings during the pandemic). Furthermore, 
e-mail was used to disseminate and receive feedback on 
the finalized protocols and checklists (Figs. 2–4). The fi-
nal protocols 1) quantified outbreak level, 2) categorized 
patient acuity, 3) provided a checklist for urgent/emergent 
procedures, and 4) created a novel scoring system for the 
allocation of limited PPE.
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Triaging Invasive Procedures
In Fig. 2, we present our hospital’s COVID-19 inva-

sive procedure triage algorithm. The algorithm is based 
on quantifying both the hospital’s COVID-19 patient 
surge status and the acuity of patients needing an invasive 
procedure. The COVID-19 patient surge status is repre-
sented by a four-tiered, color-coded scale characterized 
as follows: 1) green level, ≤ 1% total inpatients under in-
vestigation (PUI) for COVID-19 infection or confirmed 
COVID-19 positive (COVID+); 2) yellow level, 1%–5% 
total PUI/COVID+ inpatients or up to 20% staffing short-
ages related to the pandemic; 3) red level, > 5% of total 
PUI/COVID+ inpatients or > 20% staffing shortages; and 
4) black level, overwhelming number of COVID+ patients 
inundating the capacity of the medical center (e.g., no 
available ICU ventilators), thereby creating the need for 
nearby field hospitals to take patient overflow. Of note, the 
percentage of PUI/COVID+ inpatients is expressed as the 
number of COVID-19 patients in the hospital divided by 
the total number of beds multiplied by 100%. Defining 
surge levels by both the number of COVID+ patients and 
the overall hospital capacity allows for more flexibility to 
manage surgical and invasive procedures.

Our case-acuity algorithm is based on the three-tiered 
ACS recommendations.18 In addition, using our Delphi 
system, we developed subcategories within this tiered sys-

FIG. 1. Delphi method results. The statements are listed on the x-axis, 
and the percentage agreement of each statement after the first round 
of the Delphi questionnaire is shown on the y-axis. Significant disagree-
ment is shown with an asterisk (*p < 0.01, **p < 0.001). Statements are 
grouped by categories, including case acuity, perioperative prepara-
tions, PPE, and postoperative care. Figure is available in color online 
only.

FIG. 2. Surgical and invasive procedural triage algorithm. The hospital capacity criteria are shown in the left column. In the green 
level, ≤ 1% of admitted patients are under investigation for COVID-19 infection or are confirmed COVID-19 positive (COVID+). 
In the yellow level, 1%–5% PUI/COVID+ inpatients or up to 20% staffing shortages are present. In the red level, > 5% or more 
PUI/COVID+ inpatients or > 20% staffing shortages are present. In the black level, an overwhelming number of COVID+ patients 
inundate the capacity of the medical center (e.g., no available ICU ventilators). The case acuity is shown on the top row and is 
based on the three-tiered ACS recommendations. Tier 1 cases represent low-acuity cases that can be postponed (elective); tier 
2 cases represent intermediate-acuity cases that are not urgent; and tier 3 cases represent high-acuity urgent cases. Urgent (tier 
3) cases were further subcategorized by consensus of the MDPC: 3A cases require intervention within 1 week, 3B cases require 
intervention within 48 hours, and 3C cases require intervention within 24 hours. Emergent cases must be undertaken within 6 
hours if resources are available to protect a patient’s life or to prevent devastating morbidity. In the algorithm, the ability for a case 
to proceed (and the need for preapproval) is shown for all combinations of hospital capacity and case acuity.
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tem to permit more granular, time-based triaging. Using 
ACS guidelines, tier 1 cases represent low-acuity cases 
that can be postponed (elective), tier 2 cases represent in-
termediate-acuity cases that are not urgent, and tier 3 cas-
es represent high-acuity, urgent cases that should proceed 
during the COVID-19 pandemic if capacity allows. Urgent 
(tier 3) cases were further subcategorized by consensus of 
the MDPC: 3A cases require intervention within 1 week, 
3B cases require intervention within 48 hours, and 3C 
cases require intervention within 24 hours. Finally, there 
are emergent cases that must be undertaken as soon as 
possible (within 6 hours) to protect a patient’s life or limb 
or to prevent devastating morbidity. Many neurosurgical 
and spine procedures fall into the third tier. For example, 
an acute spinal cord injury with cord compression would 
be a tier 3C case (< 24 hours), a spinal tumor with a stable 
neurological deficit would be a tier 3B case (< 48 hours), 
and a herniated disc with a foot drop would be a tier 3A 
case (< 1 week).

Combining outbreak burden and case acuity resulted 
in the triage system in Fig. 2. Specifically, in the green 
level, cases that are classified as emergencies and tier 3B/C 
can be booked without preapproval. However, tier 1, 2, and 
3A cases require review from the division chief/depart-
ment chair. In the yellow level, emergent cases require no 
preapproval, but all tier 3 cases require approval from the 
division chief/department chair. Furthermore, tier 1 and 
2 cases require approval from the division chief/depart-
ment chair with input from members of the MDPC. In 

the red level, emergent cases require approval from the 
division chief/department chair, all tier 3 cases require ap-
proval from the division chief/department chair and input 
from members of the MDPC, while tier 1 and 2 cases are 
cancelled. In the black level, tier 1, 2, and 3A cases are 
cancelled, and tier 3B, 3C, and emergent cases must be 
approved by the department chair and must be allowed 
by the MDPC. Finally, if the hospital reaches the black 
level, the MDPC is encouraged to seek the guidance of 
an ethicist if ICU beds and ventilators need to be rationed 
between patients.19 There may be situations in the black 
level when medical providers need to decide whether a 
COVID-19–infected patient is assigned the last ventilator 
or a patient in need of an emergency lifesaving procedure 
should be allotted the last ventilator.

Surgical COVID-19 Transmission Risk and Use of PPE
Once the decision is made to schedule a case, our Del-

phi system identified two groups needing PPE during in-
vasive procedures: one group is the anesthesia team, who 
are at risk of coronavirus transmission during airway ac-
cess, and the other group includes the proceduralists/sur-
geons, nursing staff, and procedural ancillary technicians.

The MDPC categorized all intubation/extubation 
events as having the potential to aerosolize severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) from 
the airway. Consequently, our protocol requires that only 
anesthesia staff remain in the room during intubation and 
extubation. The proceduralists/surgeons and nurses/staff 
should wait outside the procedure room for 15 minutes af-
ter the completion of airway access. The laminar airflow 
was calculated within the operating rooms to determine 
that 15 minutes is adequate for safe return of procedural-
ists and nurses. During airway access and the 15-minute 
airway pause, the anesthesia team is required to wear N95 
and/or powered air-purifying respirator (PAPR) masks, 
and at least one representative from nursing and the pro-
cedural/surgical team are required to remain within visual 
sight or audible distance of the anesthesia team.

Outside of airway access, PPE requirements for physi-
cians and staff are based on the UCSF COVID-19 PPE 
score (UCPS; Fig. 3), which we developed to allocate our 
limited PPE (N95/PAPR masks). This scoring system was 
discussed with our infection control team and is based 
on grading procedural and patient risk factors for SARS-
CoV-2 transmission to healthcare providers. Of note, this 
score is implemented only if access to PPE (N95/PAPR) is 
limited. If a hospital has a sufficient supply of N95/PAPR, 
it is reasonable to make PPE available for every suspected 
COVID case. However, many hospitals (including our 
own) did not have access to unlimited N95/PAPR, and this 
score was developed as a method of allocating scarce PPE 
under these conditions.

Cases with low transmission risk (level 0) are defined 
as nonaerosolizing procedures that do not require general 
anesthesia (such as cardiac catheterization); intermediate-
risk cases (level 1) are defined as nonaerosolizing pro-
cedures that require general anesthesia (such as lower-
extremity vascular bypass surgery); and high-risk cases 
(level 2) are procedures with the potential to aerosolize 
the virus during the case, including craniofacial surgery, 

FIG. 3. The UCPS. The scoring system is used to allocate our limited 
supply of PPE based on procedural and patient-related risks for viral 
transmission. For a UCPS score of 0–1, only standard surgical PPE 
is required. For a UCPS score of 2, an N95 or PAPR mask is recom-
mended, and for a UCPS score of 3 or 4, an N95 and/or PAPR mask is 
mandatory.
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sinus surgery, and anterior skull base surgery. For patient 
transmission risk, low-risk patients (level 0) have no symp-
toms of COVID-19 infection or have tested negative for 
COVID-19 infection, intermediate-risk patients (level 1) 
have suspected (respiratory symptoms) but not confirmed 
COVID-19 infection, and high-risk patients (level 2) have 
tested positive for COVID-19 infection. As there is cur-
rently a lag with COVID-19 test results at UCSF, it is pos-
sible that COVID-19 testing will not be completed in time 
for a patient who needs an urgent/emergent procedure.

Summing these procedural and patient risk levels 
yields the UCPS (Fig. 3). For a UCPS of 0–1, only stan-
dard surgical PPE is required. For a UCPS of 2, an N95 
or PAPR mask is recommended, and for a UCPS of 3 or 
4, an N95 and/or PAPR mask is mandatory. If N95/PAPR 
masks are not available for a UCPS 3 or 4 case, then the 
proceduralist/surgeon should consult with the MDPC and 
the case may be cancelled to protect the healthcare team.

Preoperative, Perioperative, and Postoperative Care
We developed a checklist to ensure safe and effective 

perioperative care. Before any invasive procedure is per-
formed, the checklist verifies that a staffed bed will be 
available for the patient following the procedure (Fig. 4). 
This checklist also verifies ahead of time that sufficient 
blood bank supply, pathology specimen processing, nec-
essary implants, and specialized procedural equipment 
(such as endoscopes and microscopes) are available. If 
any of these items are needed but their availability is not 
verified preoperatively, we recommend delaying or abort-
ing the procedure. The checklist also addresses the need 
for negative-pressure rooms and verification of PPE on the 
ward or ICU based on COVID-19 status.

For postoperative care, we verify that both a staffed 
bed and, if needed, a ventilator are available. In addition, 
the checklist ensures that the ICU and/or nursing teams 
taking care of the patient after the procedure receive di-
rect, personal sign-out from the proceduralists/surgeons 
and anesthesia staff. For discharge planning, the discharge 
planner must assess the need for COVID-19 testing prior 
to placement in skilled nursing or rehabilitation facilities 
as well as bed availability at these institutions. If a patient 
is to be discharged home, then family or home care should 
be available to help patients adhere to shelter-in-place in-
structions from state and local officials. Discharge plan-
ning requires close attention as unanticipated increases in 
hospital length of stay will place excess strain on hospital 
capacity postoperatively in the event of disease surge.

Case Illustration
The patient is a 63-year-old man with prostate cancer, 

a known T11 metastatic tumor, and failed radiotherapy to 
the lesion, who presented with severe thoracic back pain 
and inability to ambulate over 1 week. He denied recent 
fevers, chills, upper respiratory symptoms, sore throat, 
or known COVID-19+ contacts. On telehealth examina-
tion, his motor examination revealed weakness in his right 
lower extremity. MRI revealed a T11 epidural metastatic 
lesion resulting in significant cord compression (Fig. 5A 
and B). CT revealed a lytic lesion associated with T11 and 
T12 pathologic fractures, segmental kyphosis, 25%–50% 
collapse of the vertebral body, and involvement of bilateral 
posterior spinal elements (Fig. 5C and D). Laboratory val-
ues were notable for a hemoglobin level of 9 g/dl.

Applying the UCSF surgical protocol (Fig. 3), the hos-
pital was investigating 7–24 PUI/COVID+ patients, yield-

 FIG. 4. Checklist for perioperative care during the COVID-19 pandemic. OR = operating room.
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ing a yellow surge level. The case urgency—dictated by 
the rapidly progressive inability of the patient to ambu-
late and a Spinal Instability Neoplastic Score20 of 15 (≥ 13 
unstable)—was deemed such that the case should proceed 
within 48 hours, categorizing the surgery as tier 3B (< 48 
hours; Fig. 3). Therefore, department chair approval in the 
context of weekly discussion by the MDPC was required 
and obtained.

The triage score was 1, as the surgery received 1 point 
for general anesthesia (intermediate surgical risk) and 
0 points for the patient’s lack of COVID-19 symptoms 
(asymptomatic). Therefore, the surgery proceeded using 
standard surgical PPE.

Operatively, the patient received a minimally invasive 
T11 laminectomy and transpedicular approach for tumor 
resection with concomitant stabilization with T9–L1 per-
cutaneous screw placement and instrumented fusion (Fig. 
6). The minimally invasive approach was chosen 1) to re-
duce blood loss in this anemic patient because of the limit-
ed blood bank product availability during COVID-19, and 
2) to decrease potential wound-healing issues, including 
surgical site infection, given the patient’s history of prior 
radiation and preference to avoid in-person postoperative 

visits and readmissions that may place the patient at in-
creased risk of nosocomial infection with COVID-19. His 
motor examination improved to full strength in the bilat-
eral lower extremities when he was discharged home on 
postoperative day 5 with pain well controlled.

Discussion
The COVID-19 outbreak, caused by the SARS-CoV-2 

virus (Fig. 7), has resulted in rapidly changing and unpre-
dictable strains on the healthcare system.12,21–23 Given the 

FIG. 5. Preoperative sagittal (A) and axial (B) MR images demonstrat-
ing a T11 epidural metastatic lesion and significant cord compression. 
Preoperative sagittal (C) and axial (D) CT images demonstrating a lytic 
T11 lesion associated with T11 and T12 pathologic fractures, segmen-
tal kyphosis, and 25%–50% collapse of the vertebral body. Bilateral 
involvement of the posterior elements was noted. Given the cord 
compression, this procedure was graded as a tier 3B case (needs to be 
addressed within 48 hours) and was completed when the hospital was in 
the yellow level; thus, it was agreed to proceed immediately to surgery 
(see Fig. 2).

FIG. 6. Intraoperative image (A) showing the small minimally invasive 
incisions for percutaneous pedicle screw placement and a small midline 
incision overlying the tumor level. This patient had prior radiotherapy, so 
small incisions were utilized to avoid wound-healing problems and limit 
blood loss. Postoperative anteroposterior (B) and lateral (C) standing 
plain radiographs showing spinal instrumentation in place. Figure is 
available in color online only.
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dynamic nature of the pandemic and the governmental re-
sponse,17 UCSF was in need of urgent protocols and check-
lists to triage perioperative care for invasive procedures. 
With insufficient time to create evidence-based guidelines, 
we turned to a modified Delphi approach to achieve con-
sensus among faculty leaders from 10 departments, infec-
tion control experts, hospital administrators, nursing lead-
ers, and resident house staff champions. We also consulted 
a bioethicist, epidemiologist, and statistician.

We prioritized flexibility in our protocol. Specifically, 
we do not attempt to define specific case types and situa-
tions that mandate urgent versus emergent care; such defi-
nitions will vary based on patient-specific factors and the 
judgment of providers in varied specialties. Instead, Fig. 2 
provides a protocol for scheduling cases based on the ur-
gency of the needed procedure as determined by the spe-
cialist provider and the department chair, with input from 
the MDPC. The color-coded outbreak levels help provid-
ers triage urgent and emergent cases based on hospital ca-
pacity. We avoided triaging cases based on patient comor-
bidities,24 because the COVID-19 pandemic may rapidly 
alter the health status of patients.

Regarding PPE, there is a limited supply. We created 
the UCPS scoring system to help guide providers on which 
form of PPE to use for their cases. If N95/PAPR masks are 
absent in cases in which the UCPS score is 3 or 4, we sug-
gest that proceduralists/surgeons consider cancelling the 
case (independent of acuity) given the risk of SARS-CoV-2 
transmission to staff, other patients, and ultimately the pub-
lic. This issue should be discussed in real time with the 
MDPC. The UCPS score takes into account the underlying 
COVID-19 status of the patient. Consistent with this, we 
have adopted a policy of screening every surgical patient 

for COVID-19 within 4 days preoperatively. This precau-
tion has minimized the concern of hospital staff about the 
risk of restarting elective procedures, as well as limited the 
use of N95/PAPR in cases that are deemed low COVID-19 
transmission risk (UCPS of 2 or less). Currently, preopera-
tive COVID-19 testing is readily available for essentially all 
patients who are candidates for urgent and elective surgery.

Checklists (Fig. 4) help operationalize the preparation 
and execution of procedures,25,26 reduce morbidity and 
mortality,27 and minimize medical error.28 During the 
COVID-19 pandemic, typical care pathways are disrupted, 
potentially increasing the risk of errors.29 Rigorously ad-
hering to checklists helps maintain a culture of safety.30,31

Our protocol may be particularly relevant to spinal sur-
gery as the three-tiered ACS18 system for establishing case 
acuity includes an “urgent” tier 3 category that is ambigu-
ous when applied to spine procedures. Spine surgery in-
volves a wide range of “urgent” cases that may still be fur-
ther categorized as needing to proceed within 1 week (e.g., 
herniated disc with foot drop), within 48 hours (such as a 
spinal tumor with stable neurological deficit), or within 24 
hours (e.g., acute spinal cord injury with compression or 
stenosis with cauda equina syndrome). Our protocol ad-
dresses these nuances of spine surgery specifically.

In terms of limitations, largely due to the unprecedent-
ed nature of the pandemic, it took 14 days to complete the 
Delphi process and develop a streamlined perioperative 
protocol. Our current experience with the Delphi process 
will likely allow us to create future protocols more expedi-
tiously. One goal of the current protocol, aside from out-
lining safe practices for conducting invasive procedures 
during the pandemic, is to provide a blueprint of how sur-
geons and proceduralists can triage cases in future crises. 
Having contingency plans in place for such situations can 
create a culture of perioperative preparedness. Another 
limitation of the study is that the exact criteria for defining 
the surge levels (Fig. 2) were estimated by our hospital’s 
epidemiologists. Hopefully, with the benefit of hindsight, 
future studies will be able to provide more data-driven 
methods to quantify viral prevalence in the community. 
Until then, these criteria served to standardize the over-
all level of strain on our healthcare system, allowing more 
rapid and effective communication across our institution.

Now that we have weathered the initial outbreak of 
COVID-19, it is important to document the protocols used 
by various hospital systems to manage perioperative ser-
vices through the pandemic. Specifically, COVID-19 is 
likely to remain in the population moving forward, mak-
ing it possible for outbreaks to occur in local (or global) 
populations in the years to come. To prepare for this, it is 
imperative that hospital systems have a systematic method 
of triaging urgent and nonurgent invasive procedures, as 
well as allocating scarce PPE. To that end, the protocols 
(algorithm, checklist, and UCPS score) presented in Figs. 
2–4 provide a principled framework for standardizing the 
care of patients who need urgent and emergent invasive 
procedures during the pandemic. In addition, in our own 
hospital system, we have created several more general 
interventions to manage potential additional surges once 
elective cases restart, including creating 1) COVID units 
(isolated inpatient areas designed to rapidly accommodate 

FIG. 7. The SARS-CoV-2 virus responsible for COVID-19. Artist: Ken-
neth Probst. Copyright UCSF Department of Neurological Surgery. 
Published with permission.
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COVID+ patients), 2) new cleaning protocols, and 3) space 
restrictions to allow adequate distancing in waiting rooms, 
among other changes. Finally, when hospital resources are 
near capacity, we suggest seeking the guidance of a multi-
disciplinary committee using transparent processes to al-
locate scarce resources.

Conclusions
The COVID-19 pandemic poses a significant chal-

lenge to the triage and care of patients who need urgent 
and emergent invasive procedures. There is an immediate 
need for protocols and checklists in the setting of scarce 
PPE, limited hospital capacity, and limited staffing. To 
aid this process, we created consensus-based protocols 
that we now use to guide perioperative care at UCSF. The 
protocols assess hospital capacity, triage urgent/emergent 
cases, implement a perioperative safety checklist, and 
guide the optimal use of limited PPE through the deploy-
ment of a novel scoring system (UCPS). This framework 
minimizes the strain that urgent/emergent invasive pro-
cedures and surgeries place on hospital resources during 
the pandemic.
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