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Outcomes

To investigate the pandemic’s impact on critically ill patients with neurological emergencies, we compared care
metrics and outcomes of patients with severe acute brain injury (SABI) before and during the initial COVID-19
surge at our institution. We included adult patients with SABI during two separate three-month time periods:
*pre-COVID vs COVID’. We further stratified the COVID cohort to characterize outcomes in patients requiring
COVID-19 precautions (Patient Under Investigation, ‘PUI’). The primary endpoint was in-hospital mortality;
secondary endpoints included length of stay (LOS), diagnostic studies performed, time to emergent decom-
pressive craniectomies (DCHC), ventilator management, and end-of-life care. We included 394 patients and
found the overall number of admissions for SABI declined by 29 % during COVID (pre-COVID n = 231 vs COVID,
n = 163). Our primary outcome of mortality and most secondary outcomes were similar between study periods.
There were more frequent extubation attempts (72.1 % vs 76 %) and the mean time to extubation was shorter
during COVID (55.5 h vs 38.2 h). The ICU LOS (6.10 days vs 4.69 days) and hospital LOS (15.32 days vs 11.74
days) was shorter during COVID. More PUIs died than non-PUIs (51.7 % vs 11.2 %), but when adjusted for
markers of illness severity, this was not significant. We demonstrate the ability to maintain a consistent care
delivery for patients with SABI during the pandemic at our institution. PUIs represent a population with higher
illness severity at risk for delays in care. Multicenter, longitudinal studies are needed to explore the impact of the
pandemic on patients with acute neurological emergencies.

1. Introduction 2020, the first death of a patient with COVID-19 in the US was reported

in WA state. Shortly thereafter, Seattle became known as the first

The coronavirus disease-2019 (COVID-19) pandemic strained
intensive care units (ICUs) around the globe, as many patients with
COVID-19 require prolonged critical care and mechanical ventilation
[1-3]. Early reports from Italy and Spain raised concerns regarding
availability of critical care resources [4-6].

In the United States (US), the first case of COVID-19 was reported on
January 19th, 2020 near Seattle, Washington (WA) [7]. On February 29,

epicenter of the pandemic in North America, with increasing reports of
COVID-19 cases from long-term care and skilled nursing facilities, and
an initial study from nine Seattle-area hospitals reporting 50 % mortality
among critically ill patients with COVID-19 [2].

One major concern was that COVID-19 could negatively impact the
healthcare system’s ability to care for patients with alternative di-
agnoses [8-10], especially in the face of predicted surges [11].

* Corresponding author at: Department of Neurology, Harborview Medical Center, University of Washington, 325 9th Ave, Seattle, WA 98104, USA.

E-mail address: viclin8@uw.edu (V. Lin).

https://doi.org/10.1016/j.jocn.2022.10.009
Received 17 March 2022; Accepted 10 October 2022

Available online 13 October 2022
0967-5868/© 2022 Elsevier Ltd. All rights reserved.


mailto:viclin8@uw.edu
www.sciencedirect.com/science/journal/09675868
https://www.journals.elsevier.com/journal-of-clinical-neuroscience
https://doi.org/10.1016/j.jocn.2022.10.009
https://doi.org/10.1016/j.jocn.2022.10.009
https://doi.org/10.1016/j.jocn.2022.10.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jocn.2022.10.009&domain=pdf

V. Lin et al.

Challenges specific to neurocritical care providers included the preser-
vation of capacity and resources to care for neurological emergencies in
a timely and effective manner [12-14]. Furthermore, there was concern
that safety measures implemented to prevent transmission of COVID-19
might result in critical delays in patient care, specifically for those
admitted as “patients under investigation” (PUI) and placed in COVID-
19 precautions while requiring frequent neurological examinations,
emergent diagnostic studies, and neurosurgical intervention.

The goal of this study was to analyze the impact of the pandemic on
the care and outcomes of critically ill patients with severe acute brain
injury (SABI) admitted to our Neurocritical Care Service (NCCS). We
compared (1) census, care metrics, and outcomes in patients with SABI
before and during the first surge of the pandemic, and (2) outcomes for
patients with SABI admitted as PUIs and those without a PUI designa-
tion. We hypothesized that increased resources devoted to COVID-19
and need for COVID precautions would result in delays in care and
reduced diagnostic testing for patients with SABI, potentially leading to
an increase in mortality.

2. Methods
2.1. Study setting and patient population

Our institution is an academic county hospital in Seattle that serves
as a quaternary referral center for the Pacific Northwest region, a
Comprehensive Stroke Center, and the sole Level 1 trauma center in WA
state, with a neurocritical care service (NCCS) and a dedicated 30 bed
Neurosciences ICU (NICU). The NCCS admits all critically ill patients
presenting with acute neurological injuries and co-manages these pa-
tients together with the Neurology or Neurosurgery service. As part of
the co-management model at our institution, the NCCS team rounds on
the patients, makes all major decisions about neurological and neuro-
surgical care in close communication with the co-managing services, as
well as other aspects of the critical care management.

Aside from NCCS, there are three separate critical care services:
medical/cardiac ICU, trauma/surgical ICU, and burn/pediatrics ICU.
Each service has a designated ICU location and patients are preferen-
tially triaged to the associated ICU location, but the service may manage
patients boarding in other ICUs based on bed availability. In our system,
all patients with SABI are admitted under NCCS and preferentially
assigned a bed in the NICU, or board in other ICU locations but remain
under the direct care of the NCCS if there is no bed available in the NICU.
Of note, patients with concomitant SABI and COVID were admitted to
the NICU/NCCS during the study period.

This was a retrospective cohort study evaluating all adult patients
(age > 18 years) admitted to the NCCS during two specified three-month
time periods (‘pre-COVID’,‘COVID’) with a diagnosis of SABI. SABI was
defined as acute ischemic stroke (AIS), intracranial hemorrhage (ICH),
subarachnoid hemorrhage (SAH), or traumatic brain injury (TBI). Pa-
tients admitted to the NCCS with diagnoses other than SABI were
excluded, as we sought to determine the pandemic’s impact on the most
frequently encountered emergencies in neurocritical care [15]. Our
institution is a site for the GCS-NeuroCOVID study (OUTCOMES,
https://clinicaltrials.gov/ct2/show/NCT04496076). A portion of this
data was collected for the consortium. In parallel, we collected multiple
additional data points to evaluate process measures relevant to neuro-
critical care.

The first time period was immediately before the outbreak of the
pandemic in the US, between October 1st, 2019-December 31st, 2019
(‘pre-COVID’); the second was shortly after the documentation of the
first cases of COVID-19 in Seattle and during the first surge, between
March 1st, 2020-May 30th, 2020 (‘COVID’). Patients admitted during
the COVID period were further stratified by PUI status on admission.
Patients were PUI based on a screening questionnaire (Table S1). When
assigned PUI status, patients were isolated in a negative pressure room,
and placed in airborne/droplet precautions until cleared with a negative
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COVID test (PCR from nasopharyngeal swab, and in high-risk cases, an
additional ETT aspirate sample).

Policies enacted during the first COVID-19 surge affecting the NCCS,
including precautions taken for patients classified as PUIs, are summa-
rized in Table S2. This study was approved by the University of Wash-
ington Institutional Review Board (STUDY ID 00010293).

2.2. Patient characteristics

We collected patient demographic data including age, race, sex,
hospital location (‘NICU’ vs ‘Other ICU’), and markers of illness severity,
including the proportion of mechanically ventilated patients as well as
neurological scores on admission (National Institute of Health Stroke
Scale (NIHSS) for AIS, Hunt-Hess score for SAH, ICH score for ICH, and
Glasgow Coma Scale (GCS) for all). We additionally included the initial
Sequential Organ Failure Assessment (SOFA) score to represent systemic
illness severity. We also recorded pre-existing code status limitations —
defined as do not resuscitate (DNR) and/or do not intubate (DNI) orders
— as potential confounders of outcomes [16,17].

2.3. Outcome measures

Our primary endpoint was in-hospital mortality. Secondary end-
points included ICU and hospital length of stay (LOS), and additional
relevant components of care: 1) number of diagnostic studies performed
during ICU stay, 2) time to emergent neurosurgical decompressive cra-
niectomies (DCHC), 3) extubation and tracheostomy decisions, and 4)
advanced care planning/end-of-life care, as described below. These
additional relevant components were collected separate from the GCS-
COVID consortium.

Diagnostic studies included computerized tomography (CT) scans of
the head (during the entire ICU stay and in the first 24 h, separately),
magnetic resonance imaging (MRI) of the brain, transcranial dopplers
(TCD), and continuous electroencephalography (EEG). These specific
diagnostic studies were selected as these are the most pertinent to the
evaluation of patients with SABIL. For emergent DCHC, we used the
anesthesia record to collect timestamps for case request, patient arrival
in the operating room, anesthesia ready, procedure start, and procedure
end.

Days on the ventilator were estimated based on each calendar day
during which the patient was on mechanical ventilation (MV) during the
hospital stay. When assessing the time from first intubation to first
extubation attempt, we excluded patients who were terminally extu-
bated as part of a transition to comfort measures. Extubation was
considered successful if the patient did not require further MV during
their hospital stay. The presence of a tracheostomy was captured by a
procedure note, and verified by comments regarding tracheostomy size
and management in the nursing and respiratory therapy notes.

Aspects of patient care around advanced care planning included
involvement of the palliative care consult service, the date of the initial
palliative care consult, and the number of patients with withdrawal of
life-sustaining treatment (WLST). The date and time at which the
“Comfort Measures Only” order was placed were utilized to calculate the
time from admission to CMO transition.

2.4. Analysis

We conducted chi-squared tests on categorical variables and t-tests
on continuous variables to evaluate differences in baseline characteris-
tics and key outcomes between 1) the pre-COVID vs COVID study pe-
riods and 2) the PUI vs non-PUI cohorts. We performed a multivariate
log-binomial regression to examine the impact of COVID as well as ef-
fect of PUI status on our primary outcome of mortality to control for
potential confounding factors. Potential confounders included age, pre-
existing code status limitation, mechanical ventilation, and GCS. Other
illness severity scores, such as NIHSS, ICH, or Hunt-Hess Score, were not
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used as they only applied to parts of the population. We used a p-value
of < 0.05 to indicate statistical significance. Analyses were conducted
using R software.

3. Results
3.1. COVID ICU and NCCS census

The daily institutional NCCS census during the COVID period ranged
between 6 and 27 patients. Our daily institutional COVID ICU census
ranged between 1 and 18 cases. During this period, Washington State
experienced its first COVID surge between March-April 2020, which
ultimately concluded at a nadir around May 15, 2020. At its peak, there
was a 7-day average hospitalization of 74 COVID cases and 7-day
average mortality of 27 [18].

3.2. Patient characteristics and census distribution

Overall, 394 patients with SABI (32 % TBI, 31 % ICH, 22 % AIS, 14 %
SAH) were hospitalized during both study periods and included in our
analysis. Their average age was 61.7 (SD 18.6), 59 % were male, 69 %
were Caucasian, the mean GCS was 10.5 (SD 4.84), and 45 % were
mechanically ventilated during their ICU stay.

Compared to the pre-COVID period, the overall number of patients
admitted to the NCCS with SABI was reduced by 29 % during the COVID
study period (pre-COVID n = 231 vs COVID, n = 163). The most notable
proportional decline in total admissions was observed for patients with
AIS (pre-COVID n = 59 vs COVID n = 29), followed by SAH (n =33 vsn
=22),ICH (n = 71vs n = 52), and TBI (n = 67 vs n = 60). Patients with
SABI were more frequently boarding in ‘Other ICUs’ rather than the
NICU during COVID compared to the pre-COVID period (59 % vs 6 %, p
< 0.01).

Most patient characteristics were comparable between pre-COVID
and COVID, including age, gender, race, illness severity scores, pro-
portion of patients requiring MV, and with pre-existing code status
limitations (Table 1). The proportion of patients with AIS (26 % vs 18 %)
was lower during COVID, with similar proportions of patients with ICH
(31 % vs 32 %) and SAH (14 % vs 13 %), and higher proportion of pa-
tients with TBI (19 % vs 37 %), but these differences were not statisti-
cally significant.

During COVID, 29 patients (18 %) with SABI were initially classified

Table 1
Patient characteristics at Harborview Medical Center during pre-COVID period
(October-December 2019) and COVID period (March-May 2020).

Pre-COVID (n = COVID (n = p-
231) 163) values
Age (years), mean (sd) 61.2 (18.4) 62.6 (19.0) 0.47

Male sex, n (%) 137/231 (59.3) 96/163 (58.9) 0.93
Race/Ethnicity, n (%) 0.18
Non-Hispanic Caucasian 162 (70.1) 108 (66.3)
Black/African American 11 (4.8) 17 (10.4)
Asian 22(9.5) 12 (7.4)
Hispanic 22 (9.5) 20 (10.4)
Other 14 (6.6) 6 (5.5)
Primary Diagnosis, n (%) 0.27
AIS 59/231 (25.5) 29/163 (17.8)
ICH 71/231 (30.7) 52/163 (31.9)
SAH 33/231 (14.3) 22/163 (13.5)
TBI 67/231 (29.0) 60/163 (36.8)
PUL n (%) N/A 29/163 (17.8)
Patient located in NICU, n 216/231 (93.5) 67/163 (41.1) <0.01
(%)
GCS, mean (sd) 10.4 (4.8) 10.8 (4.9) 0.35
ICH score, mean (sd) 2.13 (1.36) 1.93 (1.47) 0.42
Hunt-Hess, mean (sd) 2.88 (1.54) 3.00 (1.11) 0.73
NIHSS, mean (sd) 10.1 (12.1) 8.73 (10.9) 0.37
SOFA, median (IQR) 2(5) 2(4) >0.05
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as PUIs within 24 h of admission, only one of them was ultimately
diagnosed with COVID-19 based on PCR. PUI and non-PUI did not differ
significantly in their basic demographics (age, gender, race). Patients in
the PUI cohort more often had ICH (41.3 % vs 29.9 %) with similar
proportions of AIS (17.2 % vs 17.9 %), SAH (10.3 % vs 14.2 %) and TBI
(31.0 % vs 38.1 %) compared to the non-PUI cohort. PUIs had signifi-
cantly worse illness severity scores, including lower GCS on presentation
(7.83vs11.5, p < 0.01), higher ICH score (3.25 vs 1.47, p < 0.01), Hunt-
Hess (4.33 vs 2.79, p = 0.02), and NIHSS (17.1 vs 6.73, p = 0.01). PUIs
also more commonly required MV (72.4 % vs 38.1 %, p < 0.01) and
more often had pre-existing code status limitations (62.1 % vs 11.9 %, p
< 0.01). There were three PUI and 12 non-PUI who underwent emergent
DCHC (p = 0.71).

3.3. Outcomes

All results displaying differences between the pre-COVID and COVID
periods, as well as PUI vs non-PUI cohorts, are summarized in Tables 2a
and 2b, respectively.

Mortality - In a univariate analysis, we found no differences in our
primary endpoint of in-hospital mortality between the pre-COVID and
COVID periods (29.0 % vs 18.4 %, p = 0.37). The majority of deaths
(preCOVID: 86 %; COVID 90 %) occurred following WLST and transition
to CMO. We found higher mortality among the PUI cohort compared to
non-PUI in univariate analysis (51.7 % vs 11.2 %, p < 0.01), however
this was no longer statistically significant after adjusting for other var-
iables in our multivariate analysis (95 % CI 0.81-4.00, p = 0.15).
Instead, the need for MV (95 % CI 1.49-21.72, p = 0.01) and pre-
existing limitations on code status (95 % CI 1.65-9.44, p < 0.01) were
the strongest predictors of mortality (Table 3).

Table 2a
Outcome measures as described in the methods comparing the pre-COVID and
COVID cohorts.

Pre-COVID (n COVID (n = p-
=231) 163) value

In-Hospital Mortality, n (%) 51/231 (22.1) 30/163 0.37

(18.4)

NICU LOS (days), mean (sd) 6.10 (7.0) 4.69 (4.9) 0.02

Hospital LOS (days), mean (sd) 15.3 (17.8) 11.7 (12.7) 0.02

Number of Emergent DCHC, n (%) 24,231 (10.3) 14/163 0.55

(8.5)

Time from Case Request to OR 33.8 (26.6) 32.8 (19.2) 0.89
(minutes), mean (sd)

Time from OR arrival to Procedure 36.4 (15.9) 38.8 (17.9) 0.68
Start (minutes), mean (sd)

Mechanically Ventilated, n (%) 104/231 72/163 0.87

(45.0) (44.2)
Estimated Ventilator Days, mean (sd) 4.79 (6.88) 3.87 (4.41) 0.29
Extubation Attempted, n (%) 75/104 (72.1) 55/72 <0.01
(76.4)
Successful Extubation, n (%) 60/75 (80.0) 46/55 0.59
(83.6)
Time to First Extubation Trial 55.5(91.9) 38.2 (38.6) 0.15
(hours), mean (sd)

Tracheostomy, n (%) 5/104 (4.8) 1/72 (1.4) 0.21
Time to Tracheostomy (days), mean 18.6 (7.60) 11.0 (NA) xx
(sd)

Transition to CMO, n (%) 44/231 (19.0) 26/163 0.43

(16.0)
Time to CMO Transition (days), 5.66 (8.58) 5.31 (6.50) 0.85
mean (sd)

Pre-Existing Code Status Limitations, n 36/231 (15.6) 27/163 0.79
(%) (16.6)

Palliative Care Consulted, n (%) 17/231 (7.4) 9/163 (5.5) 0.47
Time to Consult (days), mean (sd) 8.42 (9.31) 7.81 (6.11) 0.83
Unplanned ICU Readmission, n (%) 7/231 (3.0) 7/163 (4.3) >0.05
Hospital Readmission, n (%) 29/332 (8.4) 29/257 >0.05

(11.3)

**Due to low number of data points, t-test analysis was unable to be performed
on this outcome variable.
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Table 2b
Outcome measures during the COVID era stratified by PUI status.

PUI on admission Non-PUI (n p-

(n = 29) =134) value

In-Hospital Mortality, n (%) 15/29 (51.7) 15/134 <0.01

(11.2)

NICU LOS (days), mean (sd) 5.45 (5.75) 4.53 (4.76) 0.43

Hospital LOS (days), mean (sd) 8.83 (6.09) 12.4 (13.7) 0.03

Number of Emergent DCHC, n (%) 3/29 (10.3) 11/134 0.71

(8.0)

Time from Case Request to OR 51.3 (30.9) 27.7 (12.6) 0.32
(minutes), mean (sd)

Time from OR arrival to Procedure 56.7 (19.5) 33.9 (14.7) 0.17
Start (minutes), mean (sd)

Mechanically Ventilated, n (%) 21/29 (72.4) 51/134 <0.01

(38.1)

Estimated Ventilator Days, mean 5.10 (5.28) 3.36 (3.93) 0.19
(sd)

Extubation Attempted, n (%) 13/21 (61.9) 42/51 0.06

(82.5)
Successful Extubation, n (%) 10/13 (76.9) 36/42 0.45
(85.7)
Time to First Extubation Trial 40.8 (30.8) 37.4 (41.1) 0.75
(hours), mean (sd)

Tracheostomy, mean (sd) 0 0.52

Time to Tracheostomy (days), mean  — 11 bl
(sd)

Transition to CMO, n (%) 12 (41.3) 14 (10.4) <0.01
Time to CMO Transition (days), 4.92 (7.19) 5.64 (6.10) 0.79
mean (sd)

Pre-Existing Code Status 11/29 (37.9) 16/134 <0.01
Limitations, n (%) (6.0)

Palliative Care Consulted, n (%) 3/29 (10.3) 6/134 (4.5) 0.21
Time to Consult (days), mean (sd) 6.67 (5.03) 8.25 (6.73) 0.69

**Due to no tracheostomies performed on PUI cohort, statistical analysis was
unable to be performed.

Table 3
Multivariate analysis evaluating factors associated with in-hospital mortality
among the COVID cohort.

RR (95 % CI) p-Value
PUI Status 1.81 (0.81-4.00) 0.15
Age 0.98 (0.44-2.20) 0.96
GCS 1.13 (0.35-3.64) 0.84
Pre-Existing Code Status Limitation 4.10 (1.84-9.12) <0.01
Mechanical Ventilation 6.15 (2.06-18.41) 0.01

Length of Stay — Overall, patients were discharged sooner during
COVID compared to pre-COVID, including both ICU (6.10 days pre-
COVID vs 4.69 days COVID, p = 0.02) and hospital LOS (15.32 days
vs 11.74 days; p = 0.02 for all patients). Readmission rates after hospital
discharge for all hospitalizations were slightly higher during COVID
(8.4 % vs 11.2 %), but did not reach statistical significance. For PUIs,
ICU LOS was similar to non-PUIs (PUI 5.45 days vs non-PUI 4.52 days)
and hospital LOS was shorter (8.83 days vs 12.37 days, p = 0.03). The
discharge disposition was similar between the two time epochs (, how-
ever there was a non-statistically significant trend towards more dis-
charges to home (Table S4). Our unplanned ICU readmission rate was
similar between the two periods (3.0 % pre-COVID vs 4.3 % COVID).

Diagnostic Studies — The utilization of diagnostic studies did not
significantly differ between the pre-COVID and COVID periods or be-
tween PUIs vs non-PUlIs (Table S3, p > 0.05 for all).

Emergent neurosurgical decompressive craniectomies - DCHC were per-
formed at a similar rate during pre-COVID and COVID (10.3 vs 8.5 %, p
= 0.55). There was no notable delay (33.8 vs 32.6 min, p = 0.89) be-
tween the case request for emergent DCHC and patient arriving in the
operating room (OR), or OR arrival to procedure start (36.4 vs 38.8 min,
p = 0.68). However, we did find that patients who were classified as PUIL
did appear to have longer times from case request to OR arrival (45.8
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min [range 17-77] vs 27.7 min [range 10-48], p = 0.32) and from OR
arrival to procedure start (49.3 min vs 33.9 min, p = 0.17), however this
difference was not found to be statistically significant. It should be noted
that there were only three patients classified as PUI who underwent
DCHC.

Ventilator management - The proportion of patients who required MV
was similar between pre-COVID and COVID (45 vs 44.2 %, p = 0.87),
and significantly higher in the PUI cohort compared to non-PUI (72.4 vs
38.1 %, p < 0.01). On average, patients remained on the ventilator
longer during the pre-COVID period (4.8 days vs 3.8 days) and PUIs
remained on the ventilator longer (5.10 vs 3.36 days) compared to non-
PUIs; however, these differences were not statistically different. Extu-
bation attempts were more frequent (72.1 vs 76 %, p < 0.01) and the
percentage of successful extubations was similar between pre-COVID
and COVID. The number of tracheostomies was fewer (5 vs 1, p =
0.21) and timing to tracheostomy was shorter (18.6 vs 11 days) during
COVID.

End-of-life care - The percentage of patients who underwent WLST
and transitioned to CMO was similar in the two periods (19 vs 16 %, p =
0.43), but significantly higher among PUIs (41.3 vs 10.4 %, p < 0.01).
The proportion of palliative care consults, time to palliative care consult,
and time between admission and CMO transition was similar during pre-
COVID vs COVID and between PUI vs non-PUIs.

4. Discussion

In assessing the impact of COVID-19 on critically ill patients with
SABI at our institution during the first COVID surge, we found a 30 %
reduction in SABI admission and a 50 % reduction in AIS admissions.
Contrary to our concerns, most outcomes, including hospital mortality
and other key features of patient care in the COVID era, were similar
compared to the pre-COVD era. Patients with SABI hospitalized during
COVID had shorter ICU and hospital LOS despite similar initial neuro-
logical and systemic disease severity. There were more extubation at-
tempts and shorter times to extubation with similar re-intubation rates.
Patients classified as PUIs on admission and requiring COVID pre-
cautions had higher in-hospital mortality, however this appeared to be
due to higher illness severity associated with the PUI designation. In our
multivariate analysis, pre-existing code status limitation was the highest
predictor of mortality, which aligns with other reports in patients with
neurological injury [16,19].

The pandemic’s larger scale effect on patients requiring neurocritical
care remains insufficiently investigated, with only few studies reporting
on patient outcomes [20-22]. Here, we demonstrate the capability of
maintaining the same level of care with regards to patient outcomes
during the onset of the pandemic at a time of many changes to our
system. As the first region affected by COVID-19 in the US, the antici-
pated surge in March-May 2020 was met with uncertainty and unease at
our institution. We were fortunate to not exceed our capacity for critical
resources such as ventilators, oxygen supplies and personal protective
equipment with our overall ICU bed capacity reaching a maximum of 93
% occupancy during the COVID study period. Rapidly enacted hospital
policies and protocols, and public health measures to ‘flatten the curve’
[23,24] likely minimized severity and impact of our surge. We speculate
that this allowed our healthcare system to manage patients with COVID-
19 without compromising the care of ICU patients with SABI [25].

The reduced volume of both elective post-operative patients and
neurological emergencies (specifically AIS, as well as SAH and ICH)
might have created additional flexibility to adapt to the pandemic.
While the former reduction was a result of deliberate planning, the latter
is not fully explained and concerning. Patients may have been reluctant
to present to hospitals for fear of exposure to COVID-19, and social
distancing practices may have resulted in under-reporting of symptoms
by family members or bystanders. Multiple larger studies similarly
found decreased admission rates for AIS at the onset of the pandemic,
including diminished emergency stroke alerts and thrombectomy rates
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[26,27]. Similarly, a substantial decline in SAH hospitalizations and
interventions for ruptured aneurysm has been noted worldwide [28,29].
Reports on the effect of the pandemic on the incidence of TBI vary
[30,31], with geographical variations on distancing and traffic-related
mandates likely contributing.

A major concerning finding were prolonged times to DCHC among
the PUI cohort. While not statistically significant and limited by the
small sample size, patients classified as PUI had a nearly 50 % increase in
the time to surgical intervention. The impact on outcomes is not clearly
established in our cohort, however it has been suggested that surgical
intervention after clinical signs of brain herniation may be too late;
though optimal timing of DCHC is still controversial and may vary by
disease process [32-34]. In patients with SABI, where “time is brain”,
more research evaluating the impact of infectious disease precautions on
delays in care and outcomes patients are needed. While more widely
available and rapid testing now minimizes the need for a PUI designa-
tion at our institution, this represents an ongoing challenge for resource-
limited settings with lack of testing. Moreover, the care of patients with
SABI and asymptomatic COVID infections might be adversely affected
by delays.

Our study found shorter ICU and hospital LOS, as well as shorter
times to extubation, possibly reflecting increased efforts to expedite
discharges in anticipation of COVID surges. Concurrently, we note that
there is a slight trend towards more home dispositions among the COVID
cohort, however this was not statistically significant. We additionally
noted a trend to higher hospital readmission, however this was not
specific to the NICU population, but rather to all hospitalizations. There
was no systematic change in criteria for determining disposition during
this period. One factor that may have played a role may have been pa-
tients and families preferring to minimize their stay in the healthcare
facilities as much as possible due to limited visitation and fears of con-
tracting COVID-19. It was beyond the scope of this study to determine
these factors.

We recognize that this study possesses several limitations. First, our
findings describe outcomes from a single center and are not generaliz-
able. We recognize that our hospital system was able to stay within our
ICU capacity compared to other centers with more strained capacity,
where concerns about marginalization of other populations would more
likely be expected to occur [35]. Second, differences in outcomes be-
tween subgroups may not be detectable due to our sample size. For
example, the proportion of African American patients with SABI was
doubled during COVID, however, this was not found to be statistically
different, and our study lacked power to examine outcomes based on
race;reports consistently show that the pandemic has exacerbated racial
disparities [36-38]. Third, mortality is a coarse marker of patient
outcome in patients with neurological injury. There may be more subtle
differences in functional outcomes that were not captured. Fourth,
seasonal variations in incidence of SABI between the pre-COVID and
COVID time frames may have impacted admission diagnoses and census
data. Fifth, because this study was a retrospective analysis, we can only
comment on associations and not causation. Finally, there was vari-
ability in protocols and policies regarding PUIs and patients with COVID
that may have affected outcomes across the three-month study period.
These dynamic changes were a reality of the pandemic at most in-
stitutions, and represent challenges experienced by many providers and
healthcare systems.

More research exploring the pandemic’s impact on patients with
SABI across institutions and over time is needed. Specifically, it will be
critical to evaluate the impact on patients with SABI in systems that were
most severely strained to help guide discussions on how to preserve care
as we face additional surges of the pandemic associated with new var-
iants [39,40].

5. Conclusions

We demonstrate the ability to preserve the level of care for critically
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ill patients with neurological emergencies during the pandemic. Our
region’s campaign to ‘flatten the curve’, changes enacted swiftly by our
institution to preserve ICU capacities, and decreased patient volumes
may have contributed to preserving this consistent care. Further
research into a pandemic mitigation efforts’ impact on patients with
SABI, particularly those who require communicable illness precautions,
may provide guiding principles to help prepare our healthcare systems
for future crises.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Claire Creutzfeldt has received research support from the NINDS (K23
NS099421). Abhijit Lele receives ongoing salary support from Life-
Center Northwest. Sarah Livesay receives consulting fees via Stroke
Challenges through Lombardi Hill. Sherry Chou has received research
support from the NIH (UL1 TR001857, R21NS113037) and University of
Pittsburgh Dean’s Faculty Achievement Award as well as has a leader-
ship role in the Neurocritical Care Society. Robert Bonow received in-
kind research support from Butterfly Network. The remaining authors
have no relevant financial disclosures or conflicts of interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.jocn.2022.10.009.

References
[1] Guan W-J, Ni Z-Y, Hu Y, et al. Clinical Characteristics of Coronavirus Disease 2019

in China. N Engl J Med [Internet] 2020;382(18):1708-20. Available from:

10.1056/NEJM0a2002032.

Bhatraju PK, Ghassemieh BJ, Nichols M, et al. Covid-19 in Critically Ill Patients in

the Seattle Region - Case Series. N Engl J Med [Internet] 2020;382(21):

2012-2Available from: 10.1056/NEJM0a2004500.

Yang X, Yu 'Y, Xu J, et al. Clinical course and outcomes of critically ill patients with

SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective,

observational study. Lancet Respir Med [Internet] 2020;8(5):475-81. Available

from: 10.1016/52213-2600(20)30079-5.

Supady A, Curtis JR, Abrams D, et al. Allocating scarce intensive care resources

during the COVID-19 pandemic: practical challenges to theoretical frameworks.

Lancet Respir Med [Internet] 2021;9(4):430-Available from: 10.1016/52213-2600

(20)30580-4.

Rosenbaum L. Facing Covid-19 in Italy - Ethics, Logistics, and Therapeutics on the

Epidemic’s Front Line. N Engl J Med [Internet] 2020;382(20):1873-Available

from: 10.1056/NEJMp2005492.

Herreros B, Gella P, Real de Asua D. Triage during the COVID-19 epidemic in

Spain: better and worse ethical arguments. J Med Ethics [Internet] 2020;46(7):

455-8. Available from: 10.1136/medethics-2020-106352.

Holshue ML, DeBolt C, Lindquist S, et al. First Case of 2019 Novel Coronavirus in

the United States. N Engl J Med [Internet] 2020;382(10):929-36. Available from:

10.1056/NEJM0a2001191.

De Luca G, Verdoia M, Cercek M, et al. Impact of COVID-19 Pandemic on

Mechanical Reperfusion for Patients With STEMI. J Am Coll Cardiol [Internet]

2020;76(20):2321-30. Available from: 10.1016/j.jacc.2020.09.546.

Vuthaluru S, Koliyadan SV, Kanniwadi SS. Surgery during the COVID-19 pandemic

[Internet]. Lancet. 2020;396(10261):e78. Available from: 10.1016/50140-6736

(20)32276-5.

Rattka M, Dreyhaupt J, Winsauer C, et al. Effect of the COVID-19 pandemic on

mortality of patients with STEMI: a systematic review and meta-analysis. Heart

[Internet] 2020;Available from: 10.1136/heartjnl-2020-318360.

COVID-19 [Internet]. Institute for Health Metrics and Evaluation. [cited 2021 Jul

1];Available from: https://covid19.healthdata.org/united-states-of-america/

washington?view=cumulative-deaths&tab=trend.

Leira EC, Russman AN, Biller J, et al. Preserving stroke care during the COVID-19

pandemic. Neurology [Internet] 2020 [cited 2021 Jun 9];95(3):124-33. Available

from: http://n.neurology.org/content/95/3/124.full.

Markus HS, Brainin M. COVID-19 and stroke-A global World Stroke Organization

perspective. Int J Stroke [Internet] 2020;15(4):361-4. Available from: 10.1177/

1747493020923472.

Montaner J, Barragan-Prieto A, Pérez-Sénchez S, et al. Break in the Stroke Chain of

Survival due to COVID-19. Stroke [Internet] 2020;51(8):2307—-Available from:

10.1161/STROKEAHA.120.030106.

Venkatasubba Rao CP, Suarez JI, Martin RH, et al. Global Survey of Outcomes of

Neurocritical Care Patients: Analysis of the PRINCE Study Part 2. Neurocrit Care

[Internet] 2020;32(1):88-103. Available from: 10.1007/s12028-019-00835-z.

[2

—

[3]

[4]

(5]

[6]

[7]

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]


https://doi.org/10.1016/j.jocn.2022.10.009
https://doi.org/10.1016/j.jocn.2022.10.009

V. Lin et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Hemphill JC 3rd, Newman J, Zhao S, Johnston SC. Hospital usage of early do-not-
resuscitate orders and outcome after intracerebral hemorrhage. Stroke [Internet]
2004;35(5):1130-4. Available from: 10.1161/01.STR.0000125858.71051.ca.
Creutzfeldt CJ, Becker KJ, Weinstein JR, et al. Do-not-attempt-resuscitation orders
and prognostic models for intraparenchymal hemorrhage. Crit Care Med [Internet]
2011;39(1):158-62. Available from: 10.1097/CCM.0b013e3181fb7b49.
Washington State Department of Health. COVID-19 Data Dashboard [Internet].
[cited 2021 Jun 14];Available from: https://www.doh.wa.gov/Emergencies/
COVID19/DataDashboard.

Zahuranec DB, Morgenstern LB, Sanchez BN, Resnicow K, White DB, Hemphill JC
3rd. Do-not-resuscitate orders and predictive models after intracerebral
hemorrhage. Neurology [Internet] 2010;75(7):626-33. Available from: 10.1212/
WNL.0b013e3181ed9cc9.

Rault F, Terrier L, Leclerc A, et al. Decreased number of deaths related to severe
traumatic brain injury in intensive care unit during the first lockdown in
Normandy: at least one positive side effect of the COVID-19 pandemic. Acta
Neurochir [Internet] 2021;163(7):1829-36. Available from: 10.1007/s00701-021-
04831-1.

Fuentes B, Alonso de Lecinana M, Garcia-Madrona S, et al. Stroke Acute
Management and Outcomes During the COVID-19 Outbreak: A Cohort Study From
the Madrid Stroke Network. Stroke [Internet] 2021;52(2):552-62. Available from:
10.1161/STROKEAHA.120.031769.

Hecht N, Wessels L, Werft F-O, Schneider UC, Czabanka M, Vajkoczy P. Need for
ensuring care for neuro-emergencies-lessons learned from the COVID-19 pandemic.
Acta Neurochir [Internet] 2020;162(8):1795-801. Available from: 10.1007/
500701-020-04437-z.

Inglesby TV. Public Health Measures and the Reproduction Number of SARS-CoV-
2. JAMA [Internet] 2020;323(21):2186-7. Available from: 10.1001/
jama.2020.7878.

Feng Z, Glasser JW, Hill AN. On the benefits of flattening the curve: A perspective.
Math Biosci [Internet] 2020;326:108389. Available from: 10.1016/j.
mbs.2020.108389.

Sen-Crowe B, Sutherland M, McKenney M, Elkbuli A. A Closer Look Into Global
Hospital Beds Capacity and Resource Shortages During the COVID-19 Pandemic. J
Surg Res [Internet] 2021;260:56-63. Available from: 10.1016/j.jss.2020.11.062.
Uchino K, Kolikonda MK, Brown D, et al. Decline in Stroke Presentations During
COVID-19 Surge. Stroke [Internet] 2020;51(8):2544-7. Available from: 10.1161/
STROKEAHA.120.030331.

Kerleroux B, Fabacher T, Bricout N, et al. Mechanical Thrombectomy for Acute
Ischemic Stroke Amid the COVID-19 Outbreak. Stroke [Internet] 2020;51(7):
2012-7. Available from: https://doi.org/10.1161/STROKEAHA.120.030373.

140

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Journal of Clinical Neuroscience 106 (2022) 135-140

Nguyen TN, Haussen DC, Qureshi MM, et al. Decline in subarachnoid haemorrhage
volumes associated with the first wave of the COVID-19 pandemic. Stroke Vasc
Neurol [Internet] 2021;Available from: 10.1136/svn-2020-000695.

Bernat AL, Giammattei L, Abbritti R, Froelich S. Impact of COVID-19 pandemic on
subarachnoid hemorrhage. Available from J Neurosurg Sci [Internet] 2020;64(4):
409-10. https://www.minervamedica.it/index2.php?show=R38Y2020N04A0409.
Prawiroharjo P, Pangeran D, Supriawan H, et al. Increasing Traumatic Brain Injury
Incidence during COVID-19 Pandemic in the Emergency Department of Cipto
Mangunkusumo National General Hospital-A National Referral Hospital in
Indonesia. Neurology [Internet] 2020;95(12 Suppl 2):S11. Available from:
10.1212/01.wnl.0000719968.10580.81.

Santing JAL, van den Brand CL, Jellema K. Traumatic Brain Injury during the
SARS-CoV-2 Pandemic. Neurotrauma Reports [Internet] 2020;1(1):5-7. Available
from: https://doi.org/10.1089/neur.2020.0001.

Shah A, Almenawer S, Hawryluk G. Timing of Decompressive Craniectomy for
Ischemic Stroke and Traumatic Brain Injury: A Review. Front Neurol [Internet]
2019;10:11. Available from: 10.3389/fneur.2019.00011.

Mori K, Nakao Y, Yamamoto T, Maeda M. Early external decompressive
craniectomy with duroplasty improves functional recovery in patients with
massive hemispheric embolic infarction: timing and indication of decompressive
surgery for malignant cerebral infarction. Surg Neurol [Internet] 2004;62(5):
420-9. discussion 429-30. Available from: 10.1016/j.surneu.2003.12.017.
Shackelford SA, Del Junco DJ, Reade MC, et al. Association of time to craniectomy
with survival in patients with severe combat-related brain injury. Neurosurg Focus
[Internet] 2018;45(6):E2. Available from: 10.3171/2018.9.FOCUS18404.
McMinn S. Where Are Hospitals Overwhelmed By COVID-19 Patients? Look Up
Your State [Internet]. NPR. 2020 [cited 2021 Aug 6];Available from: https://www.
npr.org/sections/health-shots/2020/12/09/944379919/new-data-reveal-which-
hospitals-are-dangerously-full-is-yours.

Tai DBG, Shah A, Doubeni CA, Sia IG, Wieland ML. The Disproportionate Impact of
COVID-19 on Racial and Ethnic Minorities in the United States. Clin Infect Dis
[Internet] 2021;72(4):703-6. Available from: 10.1093/cid/ciaa815.

Webb Hooper M, Napoles AM, Pérez-Stable EJ. COVID-19 and Racial/Ethnic
Disparities. JAMA [Internet] 2020;323(24):2466-7. Available from: 10.1001/
jama.2020.8598.

Williams DR, Cooper LA. COVID-19 and Health Equity-A New Kind of “Herd
Immunity” [Internet]. JAMA. 2020;323(24):2478-80. Available from: 10.1001/
jama.2020.8051.

Phillips N. The coronavirus is here to stay - here’s what that means. Nature
[Internet] 2021;590(7846):382-4. Available from: 10.1038/d41586-021-00396-2.
Piarroux R, Gaudart J, Rebaudet S. COVID-19 Pandemic: the story is not over yet.
Anaesth Crit Care Pain Med [Internet] 2021;40(1):100802. Available from:
10.1016/j.accpm.2021.100802.


https://www.minervamedica.it/index2.php?show=R38Y2020N04A0409
http://refhub.elsevier.com/S0967-5868(22)00419-2/h0165
http://refhub.elsevier.com/S0967-5868(22)00419-2/h0165
http://refhub.elsevier.com/S0967-5868(22)00419-2/h0165
http://refhub.elsevier.com/S0967-5868(22)00419-2/h0165
http://refhub.elsevier.com/S0967-5868(22)00419-2/h0165

	Impact of COVID-19 on neurocritical care delivery and outcomes in patients with severe acute brain injury – Assessing the i ...
	1 Introduction
	2 Methods
	2.1 Study setting and patient population
	2.2 Patient characteristics
	2.3 Outcome measures
	2.4 Analysis

	3 Results
	3.1 COVID ICU and NCCS census
	3.2 Patient characteristics and census distribution
	3.3 Outcomes

	4 Discussion
	5 Conclusions
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


