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Abstract

Background: The SARS-CoV-2 (COVID-19) pandemic has impacted many facets of critical
care delivery.

Methods: An electronic survey was distributed to explore the pandemic’s perceived impact
on neurocritical care delivery between June 2020 and March 2021. Variables were stratified by
World Bank country income level, presence of a dedicated neurocritical care unit (NCCU) and
experiencing a COVID-19 patient surge.

Results: Respondents from 253 hospitals (78.3% response rate) from 47 countries (45.5%
low/middle income countries; 54.5% with a dedicated NCCU; 78.6% experienced a first

surge) participated in the study. Independent of country income level, NCCU and surge status,
participants reported reductions in NCCU admissions (67%), critical care drug shortages (69%),
reduction in ancillary services (43%) and routine diagnostic testing (61%), and temporary
cancellation of didactic teaching (44%) and clinical/basic science research (70%). Respondents
from low/middle income countries were more likely to report lack of surge preparedness (odds
ratio [OR], 3.2; 95% confidence interval [Cl], 1.8-5.8) and struggling to return to pre-pandemic
standards of care (OR, 12.2; 95% ClI, 4.4-34) compared to respondents from high-income
countries. Respondents experiencing a surge were more likely to report conversion of NCCUs
and general-mixed ICUs to a COVID-ICU (OR 3.7; 95% ClI, 1.9-7.3), conversion of non-ICU
beds to ICU beds (OR, 3.4; 95% CI, 1.8-6.5), and deviations in critical care and pharmaceutical
practices (OR, 4.2; 95% CI 2.1-8.2). Respondents from hospitals with a dedicated NCCU were
less likely to report conversion to a COVID-ICU (OR, 0.5; 95% Cl, 0.3-0.9) or conversion of
non-1CU to ICU beds (OR, 0.5; 95% Cl, 0.3-0.9).

Conclusion: This study reports the perceived impact of the COVID-19 pandemic on global
neuracritical care delivery, and highlights shortcomings of health care infrastructures and the
importance of pandemic preparedness.

Keywords
COVID-19; care delivery; neurocritical care; pandemic; resources; SARS-Cov-2

INTRODUCTION

As of August 10, 2021, the SARS-CoV-2 (COVID-19) pandemic had affected more than 200
million individuals across 188 countries; 3.9 million deaths had been reported worldwide
since the start of the pandemic 1. With up to 38% of COVID-19 patients requiring admission
to an intensive care unit (ICU), and 75-88% of critically ill COVID-19 patients requiring
mechanical ventilation,2~7 the pandemic has necessitated changes to the structure and
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function of critical care services in hospitals and healthcare systems worldwide. The delivery
of care to patients requiring neurological/neurosurgical critical care (hereby referred to as
NCC patients) may be disrupted as scarce neurocritical care resources were reallocated

due to shifting priorities®? in preparation for managing projected surges of patients with
COVID-19 disease 1°.

NCC patients may be admitted to a dedicated neurocritical care unit (NCCU) or a mixed-
general intensive care unit (gen-ICU)!L, Though the Neurocritical Care Society @ and

the American Academy of Neurology!? provided urgent guidelines for maintaining care

to critically ill neurological and neurosurgical patients during a pandemic, and despite
initiatives to preserve care for NCC patients,13-21 the global impact of the pandemic on

the delivery of neurocritical care is unknown 12:22, We conducted an international survey-
based study to examine perceptions of neurocritical care providers regarding the impact

of the pandemic on neurocritical care delivery. We inquired about the following metrics:
changes to pre-existing NCCU/gen-1CU location, ICU staffing, ICU admissions, critical
care medication shortages, diagnostic testing, ancillary services, and research and academic
activity. We specifically explored the global impact of the pandemic based on World Bank
country income level divided into low/middle income countries (LMICs) and high-income
countries (HICs), presence of a dedicated NCCU, and surge status. The primary goal of the
study was to determine the perceived impact of the COVID-19 pandemic on neurocritical
care delivery worldwide, and to provide information to optimize care delivery planning for
future pandemic scenarios.

METHODS

This study received approval from the institutional review board of the University of
Washington (STUDY00010502). Response to the survey implied consent to participate in
the study.

Study design, participants and sample size

A 176-question survey available in English, Spanish and Brazilian Portuguese

was developed using the Institute of Translational Health Sciences’ REDCap

database management system. Survey items covered the Neurocritical Care Society’s
recommendations on neurocritical care resource utilization in a pandemic®. The full
questionnaire is available in the supplementary material (Supplemental digital content
[SDC] 1: Survey questionnaire). The survey was pilot-tested amongst members of the
NCC-COVID study project committee. Our target population was healthcare providers

that routinely deliver critical care to neurological and neurosurgical patients,11:23 with
responses limited to one provider per hospital. The survey was disseminated through large
established networks including neurocritical care fellowship directors,24 the Latin-American
Brain Injury Consortium (LABIC),2° and Sociedad Argentina De Terapia Intensiva (SATI,
Argentina),28 in wide geographical locations (North America, Latin America, Europe, Asia,
Africa, Middle East, and Oceania).

Representatives from 323 hospitals received five emails between July 10, 2020, and
September 30, 2020, inviting participation. The email invitation described the purpose of
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the study, emphasized the importance of obtaining a global perspective, and highlighted that
participation was voluntary and without any financial incentive. The survey participants
were made aware that their responses would be included in this study and that their

response implied consent to participate. A follow-up semi-structured interview was
conducted between September 2020 and March 2021 (SDC 2: Semi-structured interview
questionnaire). The response rate to the initial survey was defined as the return of completed
surveys from recipients of the email invitations that did not bounce back because of incorrect
e-mail addresses.

Statistical Analysis

RESULTS

Descriptive statistics (count, percentages) were used to report categorical variables.
Continuous data are presented as mean (standard deviation) or median (interquartile range
[IQRY]). Differences in observations between LMICs and HICs,27 between NCCU and gen-
ICU,1 and self-reported first COVID-19 surge status (surge vs. no surge) were examined
using the Fisher’s exact test and reported as relative risk (RR) with 95% confidence intervals
(CI). A multivariate nominal logistic fit model included World Bank country income level,
NCCU and first surge status to generate odds ratios (ORs). We used the Dedoose software
application?8 to codify free-text responses into six principal and 25 minor codes for the
follow-up semi-structured interview. Stata version 152° was used for statistical analysis. A
p-value <0.05 indicated statistical significance.

Respondents from 253 hospitals (78.3% response rate) located in 47 countries (Figure 1)
completed the initial survey questionnaire; 115 respondents (45.4%) were from LMICs,
138 respondents (54.5%) represented institutions with a dedicated NCCU, and 199 (78.6%)
had experienced a first surge of COVID-19 patients by the time of their response. The
respondents represented hospitals in North America (n=83, 32.8%), Latin America (n=59,
23.3%), Europe (n=44, 17.4%), Asia (n=41, 16.2%), Africa (n=12, 4.7%), and Oceania
(n=8, 3.2%). The majority of respondents represented academic medical centers (n=219,
78%) with greater than 600 hospital beds (n= 139, 55%) and 1-100 ICU beds (n=

186, 74%). The survey was most often completed by physicians (n= 245, 96.9%), and

a small proportion by pharmacists (n=7, 2.8%) and nurses (n=1, 0.4%), all representing
their institution’s general or neurocritical care service. Institutional and critical-care team
characteristics of the participating hospitals are presented in Table 1. Of the 70 non-
respondents, 23 (32.8%) were located in LMICs.

Epidemiology of the COVID-19 patient surge

At the time of the survey, most respondents (199, 79%) were in the midst of surge of
COVID-19 patients or had already experienced a first surge. The average duration of the
first surge was longer in HICs compared to LMICs (4.8, IQR 2.4 weeks vs. 2.6, IQR 3.2
weeks, respectively; p < 0.001). During the follow-up semi-structured interview survey, 75
(52%) respondents reported having experienced two or more surges at their hospitals. These
self-reported surge data aligned with publicly available data from the Institute for Health
Metrics and Evaluation3? and World Health Organization3! on temporal trends in COVID-19
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deaths by country (SDC 3: Surges in SARS-COV-2 deaths between 2020 and 2021 by
country income level).

Changes to neurocritical care delivery

Changes to neurocritical care delivery by World Bank country income level, NCCU and
COVID-19 surge status are shown in Figure 2. Independent of country income level,
NCCU and surge status, hospitals reported reductions in NCCU admissions (67%) and
critical care drug shortages (69%), including shortages of analgesics and sedatives (n=149,
59%), neuromuscular blocking agents (n=105, 42%), bronchodilators (n=50, 20%), anti-
epileptic drugs (n=50, 20%), and anti-hypertensive agents (n=14, 6%). In univariate analysis,
hospitals in LMICs were more likely to report a shortage of anti-epileptic drugs (RR, 4.3;
95% Cl, 2.9-7.9), respondents who had experienced the first surge were more likely to
report a shortage of bronchodilators (RR, 2.6; 95% ClI, 1.5-4.8), and hospitals with NCCUs
were more likely to report a shortage of neuromuscular blocking agents (RR, 2.1; 95%

Cl, 1.3-3.5) (SDC 4: Impact of the SARS-CoV-2 pandemic on drug shortages by country
income level, dedicated NCCU and surge of COVID-19 patients).

Respondents commonly reported deviations from standard pharmaceutical practices (n=144,
56%); these included use of bolus/infusion of benzodiazepines (n =90, 34%), enteral opioids
for sedation (n=45, 18%), ketamine for analgo-sedation (n=50, 20%), fentanyl infusion
(n=45, 18%), remifentanil infusion (n=20, 8%), inhalational anesthetics for sedation (n =3,
3.2%), switching from propofol-based to dexmedetomidine-based sedation (n=50, 20%),
and use of non-formulary drugs (n=14, 6%). Other major adjustments included reduction

in ancillary services (n=95, 43%), reduction in diagnostic testing (n=154, 61%; SDC 5:
Diagnostic testing during the COVID-19 pandemic by country income level, dedicated
NCCU and surge status), temporary cancellation of didactic teaching and other educational
opportunities (n= 141, 56%), temporary suspension of clinical and basic science research
(n=177, 70%), and increased use of telemedicine (n=85, 34%).

Hospitals from LMICs were more likely to report a lack of adequate surge preparedness
(odds ratio [OR], 3.2; 95% CI, 1.8-5.8), less likely to report conversion of non-ICU beds

to ICU beds (OR, 0.5; 95% ClI, 0.3-0.9), and more likely to report struggling to return to
pre-pandemic standards of care (OR, 12.2; 95%, 4.4-34). Hospitals that had experienced the
first surge of COVID-19 patients were more likely to report conversion of NCCU/gen-1CU
beds to COVID-ICU beds (OR, 3.7; 95% CI, 1.9-7.3), conversion of non-ICU beds to ICU
beds (OR, 3.4; 95% Cl, 1.8-6.5), and deviations from standard critical care pharmaceutical
practices (OR, 4.2; 95% ClI, 2.1-8.2). Hospitals with a dedicated NCCU were less likely

to report conversion to a COVID-ICU (OR, 0.5; 95% CI, 0.3-0.9) and less likely to report
conversion of non-1CU to ICU beds (OR, 0.5; 95% Cl, 0.3-0.9) (Figure 2).

Semi-structured interview

Of the 253 respondents to the initial survey, 148 (58%) participated in the follow-up semi-
structured interview; 57 (39%) were from LMICs, 93 (63%) represented hospitals with a
dedicated NCCU, 107 (73%) had experienced a first surge, 52 (36%) had experienced only
one surge, and 75 (52%) had experienced two or more surges.
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Respondents from 142 hospitals (96% of the participants in the semi-structured interview)
reported that the pandemic had substantially impacted neurocritical care delivery in their
institution. The major themes that emerged from the semi-structed interview were: diversion
of NCC patients, admission of NCC patients to a non-NCCU or to an “isolation ICU,”

a sentiment/perception that NCC patients might not have received the standard of care
traditionally provided during the golden hour of a neurological emergency, burnout/low
morale amongst health-care providers, changes in nursing care (loss of supplemental nurse
staffing pool /junior nurses not familiar with NCC patients), delay in presentation to hospital
or for diagnostic testing, limited family visitation/mistrust of providers, and lack of exposure
of residents/students to neurological cases and neurological examinations.

The majority of respondents (=103, 70%) reported impact on research activities; 79
(55%) reported a temporary suspension of most research activities during the initial
surge, 91 (63%) reported prioritization of COVID-19 research, and 86 (46%) reported
reduced screening and enrollment in clinical trials. By the time of the interview, 85
(56%) respondents reported that research had not returned to pre-pandemic levels in their
institution. Eighty-six (60%) respondents reported that the pandemic had affected the
teaching of medical students and residents, and 81 (56%) that academic productivity of
the critical care faculty had suffered because of the pandemic.

Only 37 (26%) respondents reported that they were better prepared to handle surges and
only 26 (18%) that there was improved cohorting of COVID-19 patients in their hospitals.
However, respondents also reported that the pandemic had changed some of their systems
for the better; “virtual meetings were a possibility” (n=93, 65%), there was “improved
critical care crosstalk between various ICUs and teams” (n=22, 15%), and “neurocritical
care practitioners were more comfortable in managing severe injury and able to use

new drugs for sedation” (n=13, 9%). One hundred twenty-four respondents (86%) across
country income level, NCCU and surge status reported that they “struggled with lack of

a new provider pool and were not able to add new equipment/space” (Figure 2). Other
areas highlighted from the semi-structured interviews are summarized in Figure 3; specific
quotations related to the major themes (divided into opportunities and challenges) are
included in the supplementary material (SDC 6: Quotations related to the impact of the
SARS-CoV-2 pandemic on neurocritical care delivery).

DISCUSSION

This global survey explored the impact of COVID-19 pandemic on delivery of care to
patients requiring neurological/neurosurgical critical care, stratified by World Bank country
income level, presence of dedicated NCCU and COVID-19 surge status. The main findings
are: 1) independent of country income level, dedicated NCCU and surge status, hospitals
across the world reported fundamental changes to neurocritical care delivery, including
reductions in critical resources, diagnostic testing, education and academic activities, during
the pandemic; 2) hospitals in LMICs were more likely to be insufficiently prepared to

deal with COVID-19 surges and struggled to return to pre-pandemic standards than those

in HICs; 3) dedicated NCCUs were less likely to be converted partially or completely to

a COVID-19 ICU; 4) hospitals experiencing surge(s) were more likely to accommodate
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patients with COVID-19 by conversion of NCCUs and gen-ICUs to COVID-ICUs and by
increasing the number of non-1CU beds, and were more likely to report drug shortages and
deviation from standard critical care pharmaceutical practices; 5) the pandemic continues to
challenge the healthcare workforce by introducing conflicts in care paradigms while at the
same time presenting opportunities to improve future care delivery, and; 6) the pandemic
affected healthcare provider morale with many survey respondents self-reporting concerns
about burnout. This is the first description of the global impact of the COVID-19 pandemic
on neurocritical care delivery.

Impact of the COVID-19 pandemic on neurocritical care delivery by country income level

Respondents from LMICs were more likely to report inadequate surge preparedness and a
struggle to return to pre-pandemic standards of care than those from HICs. The pandemic
may affect hospitals from LMICs differently, partly because of baseline differences in
availability of healthcare resources and neurocritical care organizations compared with
HICs1L, Study participants raised concerns regarding disruption of access to healthcare

in already challenged health systems in LMICs 32. Physicians may face the arduous task
of triaging resources based on a patient’s age, pre-morbid status and disease severity.
Moreover, once a NCC patient is admitted to an ICU in a LMIC, they may not be routinely
cared for by a neurocritical care specialist because dedicated NCCUs are less prevalent in
LMICs 11, While the impact of the COVID-19 pandemic on NCC patient outcomes based
on country income level status is not known, non-neurological patients in LMICs have
been reported to have worse outcomes than those in HICs during the pandemic 33. Moving
forwards, the information gathered in this study complements other reports, and supports
calls for policymakers and governments to advocate for investment in critical care health
service delivery.

Impact of the COVID-19 pandemic on neurocritical care delivery by dedicated NCCU status

Our study found that dedicated NCCUs (predominantly present in HICs) were less likely
than gen-1CUs to be partially or completely converted to a COVID-ICU. However, many
respondents perceived that NCC patients might not have received the usual standards of

care traditionally provided during the golden hour of a neurological emergency compared

to pre-pandemic standards of care. This study reignites the discussion of whether outcomes
are improved when NCC patients are admitted to a dedicated NCCU3:34:35 or managed

by a dedicated neurocritical care service 36, The association between admissions during the
COVID-19 surge and NCC patient outcomes deserves further investigation, especially as this
study suggests that the presence of a dedicated NCCU may help preserve care for patients
requiring neurological and neurosurgical critical care and prevent marginalization.

Impact of the COVID-19 pandemic on neurocritical care delivery by surge status

Our study findings are in agreement with other reports on COVID-19 surges.3” When
facing the anticipated first surge, many ICUs shifted priorities to accommodate COVID-19
patients 38, balancing the care of critically ill COVID-19 and non-COVID-19 patients.3?
There are conflicting data on disease severity and mortality in the pandemic period
compared to pre-pandemic trends?%-43, Early in the pandemic, critical care capacity for
NCC patients was preserved by a temporary suspension of elective non-neurological
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and neurological surgeries, including elective endovascular, cranioplasty and open
cerebrovascular procedures**:45, Strategies to generate additional staffing for ICU teams
included: a) reallocation or redeployment of existing ICU clinicians by specialty and
subspecialty training; b) utilization of non-1CU based clinicians, such as registered certified
nurse anesthetists, to participate in routine critical care delivery; c) return to work of retired
physicians and nurses,® and; d) recruitment of traveler nurses or per diem personnel.
Medication shortages were reported by more than two-thirds of respondents’ that had
experienced a first surge of COVID-19 patients; the reported pharmaceutical practices
confirmed shortages and strategies to mitigate shortages as previously published.#6-51

In light of the increasing necessity to navigate medication shortages in the ICU,

including alternative medication administration strategies, formulary management, and
medication procurement from non-traditional manufacturers or wholesalers, the pandemic
has confirmed the importance of the role of critical care pharmacists*8. Further analysis of
the impact of the significant changes in patient volume and hospital services on morbidity
and mortality is warranted.

According to our study participants, the impact of the pandemic was felt long after the
first surge when many hospitals struggled to return to pre-pandemic care standards. We
hypothesize that in addition to the location of a hospital by country income level status, the
peak (number of deaths) and the tail (how long) of the surge may have played an important
role in how quickly hospitals could recover from the effects of a surge in COVID-19
patients.

Preserving neurocritical care delivery amidst global health crises

The results of our study validate pandemic preparedness recommendations®. While the
pandemic tested resolve and resilience, it also provided opportunities for improvements to
pre-pandemic standards of critical care workflow. There was a wide range of emations
expressed related to the pandemic’s impact and, as much as there are opportunities, there
remain conflicts. The major opportunities include implementation of tele-medicine into
neurocritical care services for patients admitted to hospitals with limited or no infrastructure
to handle neurocritical care emergencies. Widespread use and familiarity with virtual
conferencing have provided opportunities to build bridges with local, regional, national and
international experts. Hospitals may consider investments in creating healthcare resource
pools allowing subspeciality clinicians to focus on neurocritical care while maintaining
adequate resources for COVID-19 patients. There are significant challenges to preserving
care standards in resource-limited countries, and this is something to which the world needs
to pay close attention.

Strengths and limitations

The main strengths of this study are the gathering of information from all seven
geographical regions of the world, the high response rate and clustering of results by the
institution. The limitations include those of a survey-based study, specifically that our results
represent perceptions regarding critical care delivery which may be biased. Respondents
from different regions may over/underestimate both positive and negative findings based on
cultural biases and differences in perceptions, and have a tendency to over or under-report
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shortages and concerns. Also, though we made every effort to obtain information over

a long period to account for the timing of the various COVID-19 surges that occurred
worldwide, differences in timing between the survey and individual institutional surges

may have affected the results due to recall bias. The self-reported data related to the

surges are corroborated by data received from the Institute for Health Metrics and the

World Health Organization regarding the worldwide distribution of deaths associated with
COVID-19. Most respondents reported working primarily at large academic medical centers,
S0 our results may not be generalizable to all healthcare institutions. Further quantitative
studies from individual institutions as well as at a regional and national levels are needed.
The survey’s primary language was English. Though we presented translated versions

to respondents from non-English-speaking countries, this may have affected the overall
response rate and the responses to survey questions from countries where English is not the
first language. Since most of the participants were physicians, the perspectives of nurses,
pharmacists and other critical care clinicians and hospital administration leadership are
unknown and deserve further examination. Given the length of the survey, questions were
asked only once and in a specific order, with limited internal consistency testing. The

nature of the response options may lend itself to acquiescence bias. The more qualitative
questions (e.g., whether or not adequate time was available to plan) may be viewed as highly
subjective, and responses to them may vary individually and culturally even within a single
country.

CONCLUSIONS

This study reports the perceived impact of the COVID-19 pandemic on global neurocritical
care delivery; it highlights shortcomings in health care infrastructure, the importance of
pandemic preparedness, and the key concerns of neurocritical care providers. Our findings
can serve as a guideline to prepare for future surges, especially given the likelihood of
emergence of more transmissible variants of SARS-CoV-2.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
World map showing the location of the 253 hospitals in 47 countries participating in the

neurocritical care-COVID study
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Figure 2. Univariate analysis highlighting changes to neurocritical care delivery by country
income level, dedicated neurocritical care unit and surge of COVID-19 patient status

ICU, intensive care unit; gen-ICU, mixed-general intensive care; NCCU, dedicated

neurocritical care unit
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