Intensive Care Med
https://doi.org/10.1007/5s00134-020-06267-0

: - : : ®
COVID-19 in critical care: epidemiology G

of the first epidemic wave across England, Wales
and Northern Ireland

Alvin Richards-Belle'®, Izabella Orzechowska' ®, Doug W. Gould'®, Karen Thomas'®, James C. Doidge'®,
Paul R. Mouncey'®, Michael D. Christian?®, Manu Shankar-Hari*®, David A. Harrison'
and Kathryn M. Rowan' ® on behalf of the ICNARC COVID-19 Team

© Springer-Verlag GmbH Germany, part of Springer Nature 2020, corrected publication 2021

Abstract

Purpose: To describe critical care patients with COVID-19 across England, Wales and Northern Ireland and compare
them with a historic cohort of patients with other viral pneumonias (non-COVID-19) and with international cohorts of
COVID-19.

Methods: Extracted data on patient characteristics, acute illness severity, organ support and outcomes from the Case
Mix Programme, the national clinical audit for adult critical care, for a prospective cohort of patients with COVID-19
(February to August 2020) are compared with a recent retrospective cohort of patients with other viral pneumonias
(non-COVID-19) (2017-2019) and with other international cohorts of critical care patients with COVID-19, the latter
identified from published reports.

Results: 10,834 patients with COVID-19 (70.1% male, median age 60 years, 32.6% non-white ethnicity, 39.4% obese,
8.2% at least one serious comorbidity) were admitted across 289 critical care units. Of these, 36.9% had a PaO.,/FiO,
ratio of < 13.3 kPa (< 100 mmHg) consistent with severe ARDS and 72% received invasive ventilation. Acute hospital
mortality was 42%, higher than for 5782 critical care patients with other viral pneumonias (non-COVID-19) (24.7%),
and most COVID-19 deaths (88.7%) occurred before 30 days. Meaningful international comparisons were limited due
to lack of standardised reporting.

Conclusion: Critical care patients with COVID-19 were disproportionately non-white, from more deprived areas and
more likely to be male and obese. Conventional severity scoring appeared not to adequately reflect their acute sever-
ity, with the distribution across PaO,/FiO, ratio categories indicating acutely severe respiratory disease. Critical care
patients with COVID-19 experience high mortality and place a great burden on critical care services.
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Introduction

Since originating in late 2019, in Wuhan China, severe
acute respiratory syndrome coronavirus 2, the virus
associated with coronavirus disease 2019 (COVID-19),
has rapidly spread across the world [1]. As of 16 Sep-
tember 2020, almost 30 million cases were reported,
associated with approaching one million deaths [2],
including 41,664 in the United Kingdom (UK), represent-
ing unprecedented numbers of critically ill patients and
intense demand on critical care services, globally [3, 4].

Accurate and reliable analyses of the epidemiology of
COVID-19 in critical care are essential for monitoring
patient outcomes and informing planning for future ser-
vice provision [5]. In the UK, prior to the epidemic, as
COVID-19 was a new disease, planning for service provi-
sion was informed by recent historic data on a likely simi-
lar condition and by emerging data from international
cohorts of critical care patients with COVID-19. As the
epidemic emerged, the Intensive Care National Audit &
Research Centre (ICNARC), through its national clinical
audit (the Case Mix Programme—CMP) was well placed
to rapidly collate, analyse and report data on critical care
patients with COVID-19.

Now, as the first wave of the epidemic is waning, the
primary aim of this study was to describe the epidemi-
ology of COVID-19 in critical care across the UK (Eng-
land, Wales and Northern Ireland—the remit of the
CMP). Our first objective was to describe the patient
characteristics, acute illness severity, organ support and
outcomes of critical care patients with COVID-19. Our
second objective was to compare critical care patients
with COVID-19 to a recent historic cohort of critical care
patients with other viral pneumonias (non-COVID-19).
Our third objective was to compare critical care patients
with COVID-19 across reported international cohorts.

Methods

Data sources

Two cohorts of critical care patients admitted to critical
care units participating in the CMP—one, prospective,
of patients with confirmed COVID-19 (Objective 1) and
one, recent but retrospective, of patients with other viral
pneumonias (non-COVID-19) (Objective 2) and inter-
national cohorts of critical care patients with COVID-19
from published reports (Objective 3).

Data

For Objective 1, consecutive patients, from 1 February
to 31 August, 2020, identified from their first admission
with confirmed COVID-19 (confirmed either at or after
the start of critical care) to one of 289 National Health
Service (NHS) adult critical care units (standalone and

Take-home message

Critical care patients with COVID-19 were disproportionately non-
white, from more deprived areas and more likely to be male and
obese. Conventional severity scoring appeared not to adequately
reflect their acute severity, with the distribution across PaO,/FiO,
ratio categories indicating acutely severe respiratory disease. Critical
care patients with COVID-19 experience high mortality and place a
great burden on critical care services.

combined intensive care/high dependency units) in
England, Wales and Northern Ireland (100% coverage)
routinely submitting data to the CMP. Comprehensive
testing for COVID-19 was mandated in all NHS critical
care units from 2 March 2020 [6]. Critical care patients
with COVID-19 were defined as either those with a posi-
tive test (according to local practice) or those with a clini-
cal diagnosis of COVID-19 in the context of a negative
test where the treating clinical team were strongly con-
vinced that the test was a false negative and the patient
was treated as a confirmed COVID-19 patient.

For Objective 2, data for a historic cohort of critical
care patients, between 1 January 2017 and 31 Decem-
ber 2019, with other viral pneumonias (non-COVID-19)
were extracted from the CMP database. Other viral
pneumonias (non-COVID-19) were identified where the
primary reason for admission to critical care was coded
as viral pneumonia using the ICNARC Coding Method
(ICM) [7]. The ICM generates a hierarchical code based
on selection of body system (respiratory), anatomical site
(lungs), physiological/pathological process (infection),
and final condition (viral pneumonia). Viral pneumonia
could be influenza or non-influenza related. Codes for
pneumonia of non-viral origin (e.g. bacterial, parasitic,
etc.) or where no organism was isolated were excluded.

CMP data included a unique national patient identifier;
patient characteristics, type and duration of organ sup-
port and outcome. Patient characteristics included date
of birth; usual residential postcode; sex; ethnicity (using
NHS ethnicity codes); height; weight; duration of hospi-
tal stay prior to critical care admission; source of admis-
sion to critical care; past medical history; level of care
(intensive or high dependency) at admission; and lowest
and highest values for specific physiological parameters
during the first 24 h of admission. Past medical history
data covered: prior dependency (based on levels of assis-
tance with daily activities); and serious morbidities (car-
diovascular, respiratory, renal, liver, metastatic disease,
haematological malignancy and immunocompromise)
evident in the prior 6 months.

At acute hospital discharge, data submitted included
dates and times of critical care admission and discharge
(including those for readmissions during the same acute



hospital stay); calendar days (00:00 to 23:59) of organ
support in critical care (respiratory, cardiovascular, renal,
neurological), as defined by the NHS Critical Care Mini-
mum Data Set (CCMDS) [8]; date of acute hospital dis-
charge; and status at critical care unit and acute hospital
discharge. The CMP has support for the collection and
use of patient-identifiable data without consent under
Section 251 of the NHS Act 2006 (approval number
PIAG 2-10(f)/2005). As a service evaluation, approval
from a Research Ethics Committee was not required (UK
Health Research Authority).

For Objective 3, a literature search for international
cohorts of critical care patients with COVID-19 was con-
ducted. Reports including more than 5 sites and more
than 200 patients were included.

Statistical analysis

For Objectives 1 and 2, multiple admissions for the same
patient were linked using the unique national identi-
fier (NHS number) and combined into a single patient
record. Patient characteristics presented derive from the
first critical care admission.

Age was derived from dates of birth and admission to
critical care and categorised in three groups (<50, 50-69,
70+). Recorded ethnicity codes were grouped into five
categories (White, Asian, Black, Mixed/other and not
stated). Patients’ residential postcodes were linked to the
index of multiple deprivation (IMD), assigned at the level
of Lower Layer Super Output Area according to the 2019
Indices of Multiple Deprivation for England and Wales
and the 2017 Multiple Deprivation Measure for Northern
Ireland, and categorised at quintiles of the national distri-
bution. Body mass index (BMI), calculated as weight (kg)
divided by height (m) squared (where actual values not
available, estimated values were used) was categorised
into standard NHS BMI categories.

Prior dependency in relation to daily activities was con-
sidered in three categories: independent (no assistance);
some dependency (minor or major assistance); and
dependent (total assistance).

Prior hospital stay was calculated from dates of admis-
sion to acute hospital and to critical care. Source of
admission to critical care was categorised into four
groups (emergency department, ward, other hospital
location or not in hospital).

The PaO,/FiO, ratio (P/F ratio), derived from the
arterial blood gas with the lowest PaO, during the first
24 h, was categorised to reflect mild [>200 mmHg
(>26.7 kPa)], moderate [>100 and <200 mmHg (>13.3
and <26.7 kPa)] and severe [<100 mmHg (<13.3 kPa)]
acute respiratory distress syndrome (ARDS) [9].

Lowest and highest values for physiological parameters
during the first 24 h of admission were used to calcu-
lated the Acute Physiology and Chronic Health Evalu-
ation (APACHE) II [10] acute physiology score and the
APACHE 1I score. The former (0-60) is based on weight-
ing any deviation from the normal range for twelve physi-
ological parameters [temperature, heart rate, respiratory
rate, arterial pH, serum sodium, serum creatinine, white
blood cell count, Glasgow Coma Score, mean arterial
pressure, A-aDO2 (if FiO,>0.5) or PaO, (if FiO,<0.5),
serum potassium and haematocrit (estimated from hae-
moglobin)]. The latter (0-71) adds additional weights
for age and for serious comorbidities to the APACHE II
acute physiology score.

Total duration of stay in critical care was calculated
in calendar days from the dates of admission to and dis-
charge from critical care, excluding any periods in the
acute hospital stay outside critical care. In survival anal-
yses, patients discharged from acute hospital prior to
90 days were assumed to be alive at 90 days.

Analyses used all available data and were conducted
using Stata/SE version 16.1 (StataCorp LP). Levels of
missing data are presented in eFigure 1. Descriptive sta-
tistics were used to summarise data, with results reported
as means with standard deviations (SD), medians with
interquartile ranges (IQRs), or counts and percentages, as
appropriate. Results for age, sex, ethnicity and BMI were
contextualised using general population data from the
2011 National UK censuses [11] and 2018 Health Sur-
vey for England [12]. For Objective 3, reported data were
extracted from published reports and tabulated using a
standardized data extraction form.

Results

Patient characteristics, acute illness severity, organ support
and outcomes of critical care patients with COVID-19
(Objective 1)

Of 289 critical care units, 258 had at least one admis-
sion with COVID-19. In total, between 1 February and
31 August 2020, 10,834 patients with COVID-19 were
admitted: 41% presenting as high dependency and 59% as
intensive care patients. Patient characteristics, acute ill-
ness severity, organ support and outcomes are presented
in Table 1. Patients had a median (IQR) age of 60 (51-68);
just over 21% were aged under 50, with a similar propor-
tion aged 70 or more. Over two-thirds (70.1%) were male
and one-third (32.6%) were of non-white ethnicity. The
median (IQR) BMI for the cohort was 28.3 (24.8-33) kg/
m?; almost 40% were considered obese (BMI > 30). Prior
to admission, most (89.4%) were reported as being able to
live independently and 8.2% had at least one documented
serious comorbidity.



Table 1 Characteristics, acute illness severity, outcomes and organ support of critical care patients with COVID-19 com-
pared with critical care patients with other viral pneumonias (non-COVID-19)

Patients with COVID-19 Patients with other viral
(N=10,834) pneumonias (non-COVID-19)

(WEEY4 7))

Patient characteristics

Age (years), median (IQR) 60 (51-68) 61 (48-71)
Age categories (years), n (%)
<50 2331 (21.5%) 1594 (28.4%)
50-69 6203 (57.3%) 2361 (42.1%)
704+ 2290 (21.2%) 1654 (29.5%)
Sex, n (%)
Female 3237 (29.9%) 2641 (45.7%)
Male 7590 (70.1%) 3141 (54.3%)
Ethnicity, n (%)
White 6885 (63.5%) 4951 (85.6%)
Asian 1657 (15.3%) 325 (5.6%)
Black 995 (9.2%) 155 (2.7%)
Mixed 190 (1.8%) 52 (0.9%)
Other 691 (6.4%) 117 (2%)
Not stated 416 (3.8%) 182 (3.1%)
Quintile of index of multiple deprivation?
1—Ileast deprived 1421 (14.2%) 873 (15.3%)
2 1599 (16%) 999 (17.5%)
3 1944 (19.5%) 1115 (19.5%)
4 2383 (23.9%) 1232 (21.6%)
5—most deprived 2641 (26.4%) 1489 (26.1%)
BMI (kg/m?), median (IQR) 283(24.8-33) 26.6(23.1-31.2)
BMI categories (kg/m?), n (%)
185t0<25 2704 (26.3%) 2243 (39.6%)
25to<30 3525 (34.3%) 1691 (29.9%)
30to<40 3231 (31.4%) 1330 (23.5%)
40+ 822 (8%) 394 (7%)
Prior dependency, n (%)
Able to live without assistance in daily activities 9580 (89.4%) 4244 (73.6%)
Some assistance with daily activities 1094 (10.2%) 1392 (24.1%)
Total assistance with all daily activities 40 (0.4%) 134 (2.3%)
Serious comorbidities®, n (%)
Cardiovascular 68 (0.6%) 78 (1.4%)
Respiratory 128 (1.2%) 295 (5.1%)
Renal 183 (1.7%) 120 (2.1%)
Liver 51 (0.5%) 54 (0.9%)
Metastatic disease 59 (0.6%) 68 (1.2%)
Haematological malignancy 208 (1.9%) 268 (4.6%)
Immunocompromise 382 (3.6%) 503 (8.7%)
Any 883 (8.2%) 1059 (18.4%)
Prior hospital stay (days), median (IQR) 1(0-3) 1(0-2)
Source of admission, n (%)
Not in hospital 13 (0.1%) 12 (0.2%)
Emergency department 3636 (33.6%) 2264 (39.2%)
Ward 6571 (60.7%) 2859 (49.4%)

Other hospital location® 614 (5.7%) 647 (11.2%)




Table 1 (continued)

Patients with COVID-19 Patients with other viral
(N=10,834) pneumonias (non-COVID-19)

(WEEY4 7))

Acute illness severity®

P/F ratio (kPa),® median (IQR) 15.8(11.3-22) 18 (11.6-26.4)
P/F ratio categories (kPa)®
<13.3 kPa (<100 mmHg) 3758 (36.9%) 1819 (33.2%)
13.3-26.7 kPa (100-200 mmHg) 4871 (47.8%) 2318 (42.4%)
>26.7 kPa (>200 mmHg) 1551 (15.2%) 1328 (24.3%)
APACHE Il acute physiology score,” median (IQR) 11(8-14) 13 (9-16)
APACHE Il score,? median (IQR) 15(11-18) 17 (13-21)

Organ support in critical careM
Advanced respiratory support

Receipt, n (%) 7702 (72%) 2721 (48.4%)
Duration (calendar days), median (IQR) 13 (7-23) 9(4-17)

Basic respiratory support (only)

Receipt, n (%) 2736 (25.6%) 2609 (46.4%)

Duration (calendar days), median (IQR) 4(3-7) 3(2-5)
Advanced cardiovascular support

Receipt, n (%) 3255 (30.4%) 1261 (22.4%)

Duration (calendar days), median (IQR) 3(2-6) 3(2-5)

Basic cardiovascular support (only)

Receipt, n (%) 6969 (65.1%) 4134 (73.5%)
Duration (calendar days), median (IQR) 9 (5-18) 5(3-10)
Renal support
Receipt, n (%) 2850 (26.7%) 957 (17%)
Duration (calendar days), median (IQR) 8 (3-15) 6(3-12)
Neurological support
Receipt, n (%) 973 (9.1%) 320 (5.7%)
Duration (calendar days), median (IQR) 4(2-9) 2.5 (1-5)
Outcomes
Critical care
Survived, n (%) 6464 (59.7%) 4423 (76.5%)
Died, n (%) 4240 (39.1%) 1203 (20.8%)
Last known to be still in unit, n (%) 130 (1.2%) 156 (2.7%)
Acute hospital
Survived, n (%) 5868 (54.2%) 4156 (71.9%)
Died, n (%) 4554 (42%) 1427 (24.7%)
Last known to be still in acute hospital, n (%) 412 (3.8%) 199 (3.4%)
Duration of stay (calendar days)

Critical care, median (IQR) 10 (5-22) 6(3-13)
Survived, median (IQR) 12 (5-27) 6 (3-13)
Died, median (IQR) 9 (5-16) 6(2-13)

Acute hospital, median (IQR) 17 (9-32) 14 (8-28)
Survived, median (IQR) 24 (12-43) 15 (9-30)
Died, median (IQR) 12 (7-19) 9 (4-18)




Table 1 (continued)

BMI body mass index, CPR cardiopulmonary resuscitation, P/F ratio PaO,/FiO, ratio, ICNARC Intensive Care National Audit & Research Centre, APACHE Il Acute

Physiology and Chronic Health Evaluation, Second Version
@ Higher values indicate greater deprivation

b Serious comorbidities are defined as cardiovascular: symptoms of fatigue, claudication, dyspnoea or angina at rest; respiratory: shortness of breath with

light activity or home ventilation; renal: receipt of renal replacement therapy for end-stage renal disease; liver: biopsy-proven cirrhosis, portal hypertension or
hepatic encephalopathy; metastatic disease: distant metastases; haematological malignancy: acute or chronic leukaemia, multiple myeloma or lymphoma; and
immunocompromise: receipt of chemotherapy, radiotherapy or daily high-dose steroid treatment in previous 6 months, HIV/AIDS or a congenital immune deficiency

¢ Other hospital location includes obstetrics areas, intermediate care areas, theatres, recovery, imaging departments, specialist treatment areas and clinics

4 Within 24 h of admission to the critical care unit

¢ P/F ratio derived from the arterial blood gas with the lowest PaO, during the first 24 h

f APACHE Il acute physiology score (range 0-60) was calculated using physiological parameters recorded during the first 24 h in the critical care unit

9 APACHE Il score (range 0-71; higher scores indicate greater severity) was calculated using the APACHE Il acute physiology score plus weightings for age and serious

comorbidities

P Based on patients discharged alive from, or died in, critical care. Organ supports are defined according to Critical Care Minimum Data Set [8] as Advanced
respiratory support: invasive ventilation, BPAP via trans-laryngeal tube or tracheostomy, CPAP via trans-laryngeal tube, extracorporeal respiratory support; Basic
respiratory support:>50% oxygen by face mask, close observation due to potential for acute deterioration, physiotherapy/suction to clear secretions at least two-
hourly, recently extubated after a period of mechanical ventilation, mask/hood CPAP/BPAP, non-invasive ventilation, CPAP via a tracheostomy, intubated to protect
airway; Advanced cardiovascular support: multiple IV/rhythm controlling drugs (at least one vasoactive), continuous observation of cardiac output, intra-aortic
balloon pump, temporary cardiac pacemaker; Basic cardiovascular support: central venous catheter, arterial line, single IV vasoactive/rhythm controlling drug; Renal
support: acute renal replacement therapy, renal replacement therapy for chronic renal failure where other organ support is received; Liver support: management of
coagulopathy and/or portal hypertension for acute on chronic hepatocellular failure or primary acute hepatocellular failure; Neurological support: central nervous
system depression sufficient to prejudice airway, invasive neurological monitoring, continuous IV medication to control seizures, therapeutic hypothermia

I Duration of organ support is recorded as the number of calendar days (00:00-23:59) on which support was received at any time (in those receiving the organ

support)

Males aged 50-79 years appeared over-represented,
when compared with the age/sex distribution for the
general population (Fig. 1A), while those of white eth-
nicity appeared under-represented, when matched on
residential location for the general population (Fig. 1B).
Critical care patients with COVID-19 were more likely to
derive from deprived areas and more likely to be severely
obese (BMI>40) compared with the general population
(Fig. 1C, D).

Over one-third of patients (36.9%) had a P/F ratio,
derived from the arterial blood gas with the lowest PaO,
during the first 24 h, of<13.3 kPa (<100 mmHg) con-
sistent with severe ARDS. During the critical care unit
stay, advanced respiratory support (invasive ventilation)
was received by 72% of patients for a median (IQR) dura-
tion of 13 (7-23) calendar days. Advanced cardiovascular
and renal support were received by 30.4% and 26.7% of
patients for a median (IQR) of 3 (2-6) and 8 (3—15) days,
respectively.

By critical care unit discharge, 4240 (39.1%) died and
6464 (59.7%) survived (with 1.2% still in critical care at
database lock). By acute hospital discharge, 4554 (42%)
died and 5868 (54.2%) survived (with 3.8% still in acute
hospital at database lock). Critical care survivors stayed
longer in the unit than non-survivors (median duration
12 versus 9 days). Outcomes, stratified by age/sex, P/F
ratio categories, APACHE II acute physiology score and
type and combinations of organ support received are pre-
sented in Fig. 2. Mortality increased with increasing age

and severity of illness (either decreasing P/F ratio cate-
gory or increasing acute physiology score). Most deaths
(88.7%) and critical care unit discharges (79.6%) occurred
before day 30 and most acute hospital discharges (90.2%)
occurred before day 60 (Fig. 3).

Patient characteristics, acute illness severity, organ sup-
port and outcomes of critical care patients with COVID-
19, stratified by P/F ratio category and by receipt (or not)
of advanced respiratory support (invasive ventilation),
are presented in eTables 1 and 2.

Comparison of critical care patients with COVID-19

to critical care patients with other viral pneumonias
(non-COVID-19) (Objective 2)

In total, between 1 January 2017 and 31 December
2019, 5782 patients with other viral pneumonias (non-
COVID-19) were admitted; 56.5% presenting as high
dependency and 43.5% as intensive care patients. Patient
characteristics, acute illness severity, organ support and
outcomes are also presented in Table 1. Compared with
critical care patients with COVID-19, median age was
similar but a smaller proportion were male (54.3% ver-
sus 70.1%) and of non-white ethnicity (11.2% versus
32.6%). Critical care patients with other viral pneumo-
nias (non-COVID-19) were more likely to have needed
assistance with daily activities or to have severe condi-
tions prior to hospitalisation than those with COVID-19.
While the generic score (APACHE II) indicated slightly
higher acute severity of illness for other viral pneumonias
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(non-COVID-19), lower P/F ratios derived from the
arterial blood gas with the lowest PaO, during the first
24 h, indicated greater severity of illness for critical care
patients with COVID-19.

In-hospital mortality, whether in the critical care unit
or in acute hospital, was lower for critical care patients
with other viral pneumonias (non-COVID-19) com-
pared with COVID-19, both overall and when stratified
by age/sex, P/F ratio category, APACHE II acute physi-
ology score and type and combinations of organ support
received (Fig. 4). Duration of stay in critical care and in
acute hospital was shorter for other viral pneumonias
(non-COVID-19). A greater proportion of critical care
patients with COVID-19 received organ support over a
greater number of calendar days, in combinations simi-
lar to critical care patients with other viral pneumonias
(eFigure 2).

Comparison of critical care patients with COVID-19

across international cohorts (Objective 3)

With regard to international comparisons, 9 studies ful-
filled the a priori inclusion criteria (5 sites, 200 patients)
applied to indicate some degree of representativeness
[13-21]. Meaningful comparisons were limited due to
lack of standardised reporting (Supplement page 2 and
eTable 3).

Discussion

In this manuscript, we set out to describe the epidemi-
ology of COVID-19 in critical care. In our large, rep-
resentative cohort (10,834 critical care patients with
COVID-19 admitted across 289 critical care units)
from England, Wales and Northern Ireland, critical care
patients with COVID-19 were disproportionately from
non-white ethnic groups, from more deprived areas

(See figure on next page.)

Fig. 2 Outcomes for critical care patients with COVID-19 by age/sex, P/F ratio categories (ventilated or not in the first 24 h), APACHE Il acute physiol-

ogy score and type and combinations of organ support received
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and were more likely to be male and obese, relative to
both the general population and to a historic cohort of
critical care patients with other viral pneumonias (non-
COVID-19). Additionally, relative to critical care patients
with other viral pneumonias (non-COVID-19), patients
with COVID-19 reported lower prior levels of depend-
ency and of serious comorbidities.

Conventional severity scoring (APACHE II acute
physiology score) appeared not to adequately reflect the
acute severity of critical care patients with COVID-19.
The distribution of critical care patients with COVID-
19 across the more severe P/F ratio categories appeared
to indicate a high degree of acute severity of respiratory
disease and much higher than for critical care patients
with other viral pneumonias (non-COVID-19), not cap-
tured by the APACHE II acute physiology score. Acute
severity was also reflected in the high mortality for criti-
cal care patients with COVID-19, much higher than for
critical care patients with other viral pneumonias (non-
COVID-19)—both overall and when stratified by age/sex,
P/F ratio category, APACHE II acute physiology score
and by type and combinations of organ support received.
Overall, critical care patients with COVID-19 placed a
greater burden on critical care services when compared
with critical care patients with other viral pneumonias
(non-COVID-19), with higher proportions receiving
organ support and for longer durations.

Clearly, any direct comparisons with critical care
patients with other viral pneumonias (non-COVID-19)
are challenging as the historic (2017-2019) cohort
derived from a non-pandemic period. It is possible that
when considering the cohort of critical care patients
with COVID-19 admitted during the UK epidemic wave,
perceived and/or actual health care system strain and
availability of beds may have led to changing triage cri-
teria for critical care admission. This said, at the peak of
the epidemic, critical care bed capacity in England was
expanded from a pre-pandemic total of 4122 critical
care beds (7.4 beds per 100,000 population) to 7560 beds
equipped for invasive ventilation and 3405 beds equipped
for non-invasive ventilation (19.6 beds per 100,000 popu-
lation) and reported occupancy of these expanded beds
never exceeded 60%, nationally.

Comparison of summary statistics across reported
international studies was challenging. Where com-
parisons were possible, available patient characteristics
appeared similar but there was variation in rates of inva-
sive ventilation and mortality. Our figures, however, are
in line with a recent meta-analysis [22]. Even after con-
sidering the inherent difficulties of international com-
parisons, per se (e.g. system-level differences, beds per
capita, staff to patient ratios, etc.) [23—25], there remains
a need for greater standardisation in reporting of patient
characteristics, acute illness severity, organ support and
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outcomes for critical care cohorts, particularly in the
context of a global pandemic.

This study has strengths. A major one is the 100% cov-
erage of critical care units across three nations of the UK
(Scotland reports separately) across the whole epidemic
wave. We built on the lessons learned from the HIN1
pandemic where our response was too slow [26, 27]. We
expedited data collection, leveraging the existing high-
quality clinical database of the CMP, for which data are
prospectively defined and collected nationally by trained
data collectors to precise rules and definitions, to which
they were already familiar prior to the epidemic. The
CMP database readily enabled comparison to recent his-
toric data for patients with a relevant comparative condi-
tion [e.g. other viral pneumonias (non-COVID-19)]. We
had a high level of completeness of outcome data (with
only 3.8% still in acute hospital at database lock), com-
paring favourably with other reports [28-30] and we did
not restrict our analyses to select groups.

This study has limitations. While comprehensive for-
mal testing for COVID-19 was introduced in critical care
units on 2 March 2020, it should be noted that, in an
attempt to address the potential for false negatives, those
patients with a clinical diagnosis of COVID-19 in the
context of a negative test (less than 1%), where the treat-
ing clinical team were convinced that the test was a false
negative, were included. Our historic cohort of other
viral pneumonias (non-COVID-19) were those coded
with a primary reason for admission to critical care for
viral pneumonia and, as such, should be regarded solely
as a presumptive diagnosis of viral pneumonia. While
there were strengths in adhering to the well-known data-
set of the CMDP, this translated into not having certain
key variables that emerged as being important as knowl-
edge around COVID-19 developed (including more spe-
cific detail on use of treatments, such as specific types of
respiratory support and pharmacologic agents received
as others have reported [31, 32]). Additional data were
not requested to minimize the demands on staff during
the pandemic. We chose to publicly report the emerg-
ing data, weekly [33], to inform our health care provid-
ers, policy-makers and the public, and waiting to the end
of the epidemic wave to describe the full cohort in its
entirety.

In conclusion, our cohort of 10,834 critical care
patients with COVID-19 were disproportionately from
non-white ethnic groups, from more deprived areas and
were more likely to be male and obese. Conventional
severity scoring appeared not to adequately reflect their
acute severity, with the distribution across P/F ratio
categories appearing to indicate a high degree of acute
severity of respiratory disease. Critical care patients with
COVID-19 experience high mortality and place a great

burden on critical care services. The observed differences
when comparing critical care patients with COVID-19
to those with other viral pneumonias (non-COVID-19)
demonstrated the difficulty of selecting a likely similar
condition when service planning for an impending pan-
demic of a new disease. Thus, any service planning for a
second wave should use accurate and reliable population-
level data on patients with COVID-19. To support this,
there is a need for greater standardisation in reporting of
critical care cohorts internationally.
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