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People in intensive care with COVID-19: demographic
and clinical features during the first, second, and third
pandemic waves in Australia
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The known: The Delta variant of SARS-CoV-2 that emerged
internationally in mid-2021 was associated with higher mortality
and greater demand for health care services than previous variants.

The new: The adjusted risk of dying in hospital was higher for people
admitted to intensive care in Australia during the third COVID-19
wave (second half of 2021) than during earlier waves, despite their
lower median age and larger proportion without other medical
conditions, and similar median severity of illness scores on admission.

The implications: Higher in-hospital mortality during the third
pandemic wave may have reflected the greater virulence of
the Delta variant or the increased volume of COVID-19-related
intensive care admissions.

)

The severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) has continuously evolved since its detection

in 2019, with multiple discrete waves of infection and the
emergence of new variants. At the same time, clinical practice has
rapidly advanced with growing experience and the publication
of several key trials."” The impact of these changes on patients
admitted to intensive care units (ICUs) in Australia has not been
examined in detail.

National quarantine and social distancing measures constrained
the number of SARS-CoV-2 infections during the first and second
coronavirus disease 2019 (COVID-19) waves in Australia,*’
and hospital and ICU loads remained at near normal levels.%”
However, the emergence of the Delta strain in mid-2021 reduced
the effectiveness of these measures, leading to increased
community transmission.” The aim of our study was to compare
the demographic features, clinical presentation, management, and
outcomes for patients admitted with COVID-19 to ICUs during
the first, second, and third waves of the pandemic in Australia.

Methods

We undertook a prospective, multicentre observational study of
people aged 16 years or more admitted with polymerase chain
reaction (PCR)-confirmed COVID-19 to the 78 Australian ICUs
participating in the Short Period Incidence Study of Severe Acute
Respiratory Infection (SPRINT-SARI) Australia project. Data
were collected using the case report form we have previously
described®” and entered into a web-based REDCap data
management system, securely stored, and used for preparing
regular reports. If a patient was transferred from one ICU to
another ICU, the intensive care episodes were treated as a single
ICU admission and the corresponding data combined.
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Abstract

Objective: To compare the demographic and clinical features,
management, and outcomes for patients admitted with COVID-19
to intensive care units (ICUs) during the first, second, and third
waves of the pandemic in Australia.

Design, setting, and participants: People aged 16 years or more
admitted with polymerase chain reaction-confirmed COVID-19 to
the 78 Australian ICUs participating in the Short Period Incidence
Study of Severe Acute Respiratory Infection (SPRINT-SARI)
Australia project during the first (27 February - 30 June 2020),
second (1July 2020 - 25 June 2021), and third COVID-19 waves

(26 June -1 November 2021).

Main outcome measures: Primary outcome: in-hospital mortality.
Secondary outcomes: ICU mortality; ICU and hospital lengths of
stay; supportive and disease-specific therapies.

Results: 2493 people (1535 men, 62%) were admitted to 59 ICUs:
214 during the first (9%), 296 during the second (12%), and 1983
during the third wave (80%). The median age was 64 (IQR,

54-72) years during the first wave, 58 (IQR, 49-68) years during the
second, and 54 (IQR, 41-65) years during the third. The proportion
without co-existing illnesses was largest during the third wave
(41%; first wave, 32%; second wave, 29%). The proportion of ICU
beds occupied by patients with COVID-19 was 2.8% (95% Cl,
2.7-2.9%) during the first, 4.6% (95% Cl, 4.3-5.1%) during the
second, and 19.1% (95% Cl, 17.9-20.2%) during the third wave. Non-
invasive (42% v15%) and prone ventilation strategies (63% v15%)
were used more frequently during the third wave than during the
first two waves. Thirty patients (14%) died in hospital during the
first wave, 35 (12%) during the second, and 281 (17%) during the
third. After adjusting for age, illness severity, and other covariates,
the risk of in-hospital mortality was similar for the first and second
waves, but 9.60 (95% Cl, 3.52-16.7) percentage points higher during
the third than the first wave.

Conclusion: The demographic characteristics of patients in
intensive care with COVID-19 and the treatments they received
during the third pandemic wave differed from those of the first two
waves. Adjusted in-hospital mortality was highest during the third
wave.

Definitions

ICU admissions were assigned to the first (27 February — 30 June
2020), second (1 July 2020 — 25 June 2021), or third COVID-19
waves (26 June — 1 November 2021). The primary outcome of
our study was in-hospital mortality. Secondary outcomes were
ICU mortality, ICU and hospital lengths of stay, and the use of
supportive and disease-specific therapies. We also collected
information on patient and treatment characteristics, and on
complications. Bed occupancy was defined as the proportion
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1 Admissions of patients with COVID-19 to SPRINT-SARI intensive care units, 9 March 2020 - 30 October 2021*
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cumulative admissions refer to participating ICUs only (ie, not all ICUs in Australia).

COVID-19 = coronavirus disease 2019; SPRINT-SARI = Short Period Incidence Study of Severe Acute Respiratory Infection participants. * The daily numbers of occupied ICU beds and of

of beds in an ICU, as reported by the Critical Health Resources
Information System (CHRIS), occupied by patients with
COVID-19.” We extracted data for all patients admitted to 1
November 2021; outcomes data were censored at 8 December
2021. We report proportions based on the number of patients for
whom data were available.

Statistical analysis

We summarise data by COVID-19 wave as descriptive statistics:
continuous variables as medians (with interquartile ranges, IQRs)
and categorical variables as proportions (with 95% confidence
intervals, CIs). The statistical significance of differences between
waves was assessed in Kruskal-Wallis (continuous variables) or
Fisher exact tests (categorical variables).

Time to ICU and hospital discharge is depicted in transition
plots of outcomes; subdistribution hazard ratios for length of
stay were estimated in a Fine-Gray competing risk model."’
ICU and in-hospital mortality were compared in mixed effect,
generalised linear models (binomial distribution), with ICU
as first level and week of admission as the second level; we
report risk differences (RDs) with 95% CIs."! Duration of
ventilation was compared in a quantile model (v = 0.50),
using an interior point algori’chm;12 we report median
differences with 95% Cls calculated after bootstrapping with
1000 samples.

The coviariates included in adjusted analyses were age, body
mass index, acute physiology and chronic health evaluation
(APACHE) II score, number of co-existing disorders, mean time
from hospital to ICU admission, number of patients admitted to
ICU per month, use of mechanical ventilation, and time between
consecutive ICU admissions; hospital and week of admission
were included as random effects. In sensitivity analyses, the
models were recalculated using worst case, best case, and
multiple imputation handling of missing outcomes data.

Change in mortality risk over time by severity of illness
(ventilated, non-ventilated) was assessed in exponentially
weighted moving average (EWMA) plots. The EWMA takes the

entire history of a given output into account rather than treating
each data point separately; each output (previous sample
mean) is weighted, with the most recent samples receiving the
greatest weight. The EWMA approach is sensitive to smaller
and moderate shifts in the process assessed (here: in-hospital
mortality)."” We applied a weight of 0.005, with boundaries of
predicted risk of three standard deviations. The predicted risk
of death was derived from the admission APACHE II score, with
admission attributed to respiratory infection. In the EWMA plot,
we compared in-hospital mortality to APACHE II-predicted
mortality to monitor changes over time. All analyses were
conducted in R 4.0.3 (R Foundation for Statistical Computing).

Ethics approval

The Human Research Ethics Committee of Alfred Health
approved data collection and their analysis for this report, and
waived the requirement for informed consent by individual
patients (HREC/16/Alfred/59).

Results

During 27 February 2020 — 1 November 2021, 2534 patients with
PCR-confirmed SARS-CoV-2 infections were admitted to 59
of the 78 ICUs participating in SPRINT-SARI Australia. After
excluding 36 patients under 16 years of age, data for 2493 patients
were included in our analysis: 214 from the first (9%), 296 from
the second (12%), and 1983 from the third COVID-19 wave (80%)
(Supporting Information, table 1). The proportion of available ICU
beds (as reported by CHRIS) occupied by patients with COVID-19
was 2.8% (95% CI, 2.7-2.9%) during the first wave, 4.6% (95% CI,
4.3-5.1%) during the second wave, and 19.1% (95% CI, 17.9-20.2%)
during the third wave (Box 1). Bed occupancy patterns differed
between states and hospitals (Supporting Information, figure 1).

Characteristics of patients and admission processes

The proportions of people admitted to intensive care during
the third wave who were pregnant (9% of women; waves 1
and 2, <1%), or who did not have other medical conditions
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2 Characteristics of patients admitted to SPRINT-SARI intensive care units with COVID-19, 27 February 2020 -1 November 2021*
First wave Second wave Third wave
Patients 214 296 1983
Age (years), median (IQR) 64 (54-72) 58 (49-68) 54 (41-65)
Over 65 years 100 (47%) 91(31%) 473 (24%)
Sex (men) 148 (69%) 184 (62%) 1203/1982 (61%)
Body mass index (kg/m?), median (IQR) 28.8(24.6-32.2) 30.5(26.6-35.4) 31.3(26.7-37.6)
Health care workers' 16/203 (8%) 28/276 (10%) 1/784 (1%)
Pregnant (women) 0/51 1/92 (1%) 61/690 (9%)
APACHE Il score, median (IQR)" 14 (10-18) 13(9-17) 13 (9-16)
Without age component 10 (6-14) 10 (7-14) 10 (7-14)
COVID-19 vaccination 0 1/289 (0.3%) 428/1692 (25%)
One dose NA 1 344/1692 (20%)
Two doses NA 0 84/1692 (5%)
COVID-19 vaccine
Pfizer/BioNTech NA 0 204417 (49%)
Oxford/AstraZeneca NA 1 200/417 (48%)
Moderna NA 0 8/417 (2%)
Other NA 0 51417 (1%)
Time since most recent vaccine dose
Less than 7 days NA NR 55/289 (19%)
7-14 days NA NR 84/289 (29%)
More than 14 days NA NR 150/289 (52%)
Co-existing disorders (Charlson index), median 1(0-3) 1(0-2) 1(0-2)
number (IQR)
0 68 (32%) 87 (29%) 806 (41%)
1 43 (20%) 88 (30%) 514 (26%)
2 49 (23%) 62 (21%) 339 (17%)
3 or more 54 (25%) 59 (20%) 324 (16%)
Medical conditions and factors
Obesity 53/210 (25%) 79/272 (29%) 547/1598 (34%)
Diabetes 60/214 (28%) 95/280 (34%) 476/1638 (29%)
ACEi inhibitor/ARB used 55/204 (27%) 47/274 (17%) 307/1624 (19%)
Smoker 27/206 (13%) 34/268 (13%) 280/1587 (18%)
Chronic cardiac failure 42/209 (20%) 31/277 (11%) 185/1633 (11%)
Asthma 22/209 (11%) 43/275 (16%) 174/1634 (11%)
Chronic pulmonary disease 19/210 (9%) 21/275 (8%) 92/1635 (6%)
Chronic kidney disease 12/210 (6%) 19/277 (7%) 82/1633 (5%)
,g, Immunosuppression 15/209 (7%) 211277 (8%) 62/1620 (4%)
g Chronic haematological disease 10/209 (5%) 5/277 (2%) 27/1637 (2%)
é Cancer 4/209 (2%) 13/277 (5%) 25/1636 (2%)
S APACHE Il = Acute Physiology and Chronic Health Evaluation II; ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; COVID-19 = coronavirus disease 2019;
= ICU = intensive care unit; IQR = interquartile range; NA = not applicable; NR = not reported; SPRINT-SARI = Short Period Incidence Study of Severe Acute Respiratory Infection participants.
E * Denominators are provided when data are not available for all patients in category. Risk and median differences between pandemic waves are reported in the Supporting Information, table
< 2. T Nurse, doctor, allied health practitioner, other health care worker, aged care worker, microbiology laboratory employee, disability care worker, childcare worker, police officer. ¥ Assessed
> within 24 hours of admission to intensive care. ¢

(41%; waves 1 and 2, 30%) were larger than during the first care worker proportion was smaller (1%; waves 1 and 2, 9%);
two waves, their median age was lower (proportion over median APACHE Il illness severity scores were similar for the
65 years: wave 3, 24%; waves 1 and 2, 37%), and the health three waves. Of 1692 patients admitted during the third wave




characteristics

3 Patients admitted to SPRINT-SARI intensive care units with COVID-19, 27 February 2020 -1 November 2021: admission

Between consecutive admissions (same ICU) (hours)

ICU admission to intubation (days)

66.0 (211-134)
1.0 (0.0-1.0)

79.2 (31.9-251)
1.0 (0.0-1.0)

First wave Second wave Third wave

Characteristics on hospital admission, median (IQR)

Heart rate (beats/min) 95 (84-110) 102 (91-114) 100 (89-113)

Respiratory rate (breaths/min) 28 (22-35) 32(26-38) 32 (26-40)

Mean arterial pressure (mmHg) 82 (72-96) 78 (69-93) 79 (71-88)

Temperature (°C) 38.4(37.7-39.0) 37.9 (37.2-38.7) 38.2(37.2-38.9)

Peripheral oxygen saturation (Sp0,) (%) 92 (89-95) 92 (87-94) 91(87-94)
Time between events, median (IQR)

Symptom onset to hospital admission (days) 6.0 (3.3-8.9) 6.6(3.9-9.3) 6.5 (4.2-8.5)

Symptom onset to ICU admission (days) 8.2 (5.0-11.2) 7.6 (5.3-10.4) 8.2 (5.9-10.5)

Hospital admission to ICU admission (hours) 10.6 (2.6-59.0) 7.8 (2.5-34.9) 15.8 (4.8-59.2)

14.2 (5.8-32.5)
1.0 (0.0-2.0)

COVID-19 = coronavirus disease 2019; ICU = intensive care unit; IQR = interquartile range; SPRINT-SARI = Short Period Incidence Study of Severe Acute Respiratory Infection participants.
Median differences between pandemic waves are reported in the Supporting Information, table 2. 4

for whom vaccination information was available (85%), 1264
were not vaccinated (75%), 344 had received one dose (20%),
and 84 had received two COVID-19 vaccine doses (5%) (Box 2).

Median time from symptom onset to ICU admission was similar
during the three waves, but median time from hospital admission
to ICU admission was longest during the third wave (first wave,
10.6 [95% CI, 2.6-59.0] hours; second wave, 7.8 [95% CI, 2.5-34.9]
hours; third wave, 15.8 [95% CI, 4.8-59.2] hours) (Box 3).

Interventions and complications

The proportion of patients treated with tocilizumab (12% v < 1%)
was larger during the third wave than during the first two
waves; the proportion treated with steroids was larger during
the second and third waves than during the first wave (95% v
30%). The proportion treated with antibiotics was smaller during
the third wave than during the first two waves (76% v 90%), and
that of patients treated with remdesivir was smaller during the
third than the second wave (12% v 51%). The proportions who
needed invasive ventilation were similar during the second and
third waves (49% v 50%); the proportions who received high
flow nasal cannulas (79% v 69%), non-invasive ventilation (42%
v 15%), or prone positioning (63% v 35%) were larger during the
third than the second wave. The proportions of patients treated
with vasopressor or inotropic agents or with neuromuscular
blockers both declined across the three waves (Box 4).

The incidence of arrhythmia (8% v 14%) and myocarditis (2% v
10%) were each lower during the third wave than during the first
two waves, and that of deep vein thrombosis was lower during
the second and third waves than during the first (4% v 9%); the
incidence of bacterial pneumonia (35% v 20%) and pulmonary
embolism (9% v 4%) were each higher during the third wave
than during the first two waves (Box 4).

Clinical outcomes

Information on hospital outcomes was available for 2175
patients (86%) and on intensive care outcomes for 2303 patients
(92%). The median duration of mechanical ventilation (10.0 [IQR,

6.0-18.0] days v 12.0 [IQR, 7.8-15.0] days) and ICU (5.9 [IQR, 2.7-
12.3] days v 8.1 [IQR, 3.1-18.7] days) and hospital lengths of stay
(13.2[IQR, 8.3-22.2] days v 17.2 [IQR, 9.0-31.2] days) were shorter
during the third wave than during the first wave (Box 5).

Crude in-hospital and ICU mortality was similar during the three
waves, except that in-hospital mortality was greater during the
third than during the second wave (281 of 1667 [17%] v 35 of 295
patients died [12%]; RD, 5.0 [95% CI, 0.62-8.8] percentage points)
(Box 5; Supporting Information, figure 2). In adjusted analyses, risk
of in-hospital death was greater during the third than the first wave
(RD, 9.60 [95% CI, 3.52-16.7] percentage points) (Box 6). Sensitivity
analyses using different imputation strategies for missing data
yielded similar results (Supporting Information, table 8), as did the
transition plot of the status of patients up to 30 days after initial
admission (Box 7). EWMA plots indicated that the period of higher
mortality during the third wave was correlated with the peak in
ICU admission numbers, and was chiefly linked with patients
who received mechanical ventilation (Box 8).

Discussion

Adjusted in-hospital mortality among people admitted
to intensive care with COVID-19 was significantly higher
during the third pandemic wave than during the first wave in
Australia, particularly among patients who received mechanical
ventilation. The peak in mortality risk corresponded to the peak
in the number of ICU admissions. During the third wave, the
median age of patients admitted to ICUs with COVID-19 was
lower, and larger proportions had no comorbid conditions or
were pregnant than during the first two waves. During the
third wave, a larger proportion of ICU beds were occupied by
patients with COVID-19 than in earlier waves, and non-invasive
respiratory support, awake and invasive prone positioning, and
disease-specific pharmacological therapies (eg, corticosteroids,
interleukin-6 antagonists) were used more frequently. ICU and
hospital lengths of stay were each shortest during the third wave.

Our finding that adjusted in-hospital mortality among patients
with COVID-19 admitted to ICUs was higher during the third
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4 Interventions and complications for patients admitted to SPRINT-SARI intensive care units with COVID-19, 27 February 2020 -
1November 2021*
First wave Second wave Third wave
Patients 214 296 1983
Pharmacological therapy
Antibiotics 183/201 (91%) 243[274 (89%) 341/450 (76%)
Steroids 60/201 (30%) 260/280 (93%) 1418/1482 (96%)
Hydroxychloroquine 35/200 (18%) 2/274 (1%) 3/448 (1%)
Remdesivir 2 (1%) 152 (51%) 240 (12%)
Tocilizumab 0 3 (1%) 234 (12%)
Baricitinib 0 1 733/1133 (65%)
Neutralising antibodies 0 0 12/248 (5%)
Organ support
Invasive ventilation 124 (58%) 140/285 (49%) 781/1576 (50%)
High-flow nasal cannula 87/203 (43%) 192/277 (69%) 1209/1535 (79%)
Non-invasive ventilation 15/204 (7%) 41/273 (15%) 643/1534 (42%)
Prone positioning 57/203 (28%) 97/274 (35%) 967/1533 (63%)
Prone positioning (without invasive 12 (6%) 59/281(21%) 657/1575 (42%)
ventilation)
Prone positioning (with invasive ventilation) 51/212 (24%) 52/281(19%) 452/1556 (29%)
Extracorporeal membrane oxygenation 3/213 (1%) 12/287 (4%) 80/1637 (5%)
Renal replacement therapy 25/203 (12%) 21/274 (8%) 106/1513 (7%)
Tracheostomy 14/213 (7%) 24/286 (8%) 114/1630 (7%)
Inotropic or vasopressor agent 117/203 (58%) 122/273 (45%) 691/1517 (46%)
Neuromuscular blocking agent 90/203 (44%) 90/272 (33%) 187/640 (29%)
Highest level of respiratory support
None 63/213 (30%) 46/283 (16%) 129/1500 (9%)
Non-invasive ventilation or high-flow nasal 27/213 (13%) 98/283 (35%) 645/1500 (43%)
cannula
Invasive ventilation 120/213 (56%) 127/283 (45%) 646/1500 (43%)
Extracorporeal membrane oxygenation 3/213 (1%) 12/283 (4%) 80/1500 (5%)
Complications
Bacterial pneumonia 45/196 (23%) 44[256 (17%) 508/1440 (35%)
Bacteraemia 29/196 (15%) 24/268 (9%) 1211434 (8%)
Barotrauma’ 12/199 (6%) 10/268 (4%) 81/1441 (6%)
Stroke 3/198 (2%) 2/270 (1%) 1911442 (1%)
Arrhythmia 36/199 (18%) 32/270 (12%) 109/1440 (8%)
Cardiac arrest 4/198 (2%) 4269 (2%) 29/1437 (2%)
Pulmonary embolism 7/182 (4%) 13/267 (5%) 122/1442 (9%)
Deep vein thrombosis 16/182 (9%) 11/269 (4%) 51/1433 (4%)
Myocarditis 23/183 (13%) 20/268 (8%) 31/1432 (2%)
COVID-19 = coronavirus disease 2019; SPRINT-SARI = Short Period Incidence Study of Severe Acute Respiratory Infection participants. * Denominators are provided when data are not
available for all patients in category. T Patients with pneumothorax, pneumomediastinum, or subcutaneous emphysema (chest X-ray or computed tomography). Risk differences between
pandemic waves are reported in the Supporting Information, tables 3and 4.

wave than earlier in the pandemic in Australia’ may have several ~Delta variant was more virulent than earlier strains'*"” and

explanations: changes in the epidemiology of the pandemic, therefore more likely to cause disease requiring intensive care.
differences between states in non-pharmaceutical interventions, It was also more transmissible and more likely to cause serious
and incomplete population vaccination that left some groups disease in younger people than previous strains, which had been
at greater risk of infection and severe disease. The SARS-CoV-2  greater threats for people over 60 years of age.l‘g’lg’24 We found



5 Clinical outcomes for patients admitted to SPRINT-SARI intensive care units with COVID-19, 27 February 2020 - 1 November 2021

Length of stay (days) median (IQR) 17.2(9.0-31.2)

Discharged alive 18.9 (9.4-34.2)
Died 11.5 (6.3-13.4)

Deaths 30 (14%)

Outcome First wave Second wave Third wave

All patients 214 296 1983

Intensive care unit outcomes

Outcomes data available 213 296 1794

Ventilation (days), median (IQR) 12.0 (7.8-15.0) 8.0 (4.0-17.0) 10.0 (6.0-18.0)

Length of stay (days) median (IQR) 81(3.1-18.7) 5.7 (2.2-111) 59(2.7-12.3)
Discharged alive 8.1(3.1-19.3) 4.7 (21-10.0) 5.2(2.5-10.2)
Died 7.8 (4.2-12.5) 16.4 (7.8-23.8) 14.0 (6.3-21.8)

Deaths 30 (14%) 30 (10%) 247 (14%)

Hospital outcomes*

Outcomes data available 213 295 1667

14.0 (8.6-22.0)
13.2(8.2-20.4)

132 (8.3-22.2)
12.9 (8.4-21.3)
16.7 (9.9-25.3) 17.0 (8.1-24.9)

35 (12%) 281(17%)

COVID-19 = coronavirus disease 2019; IQR = interquartile range; SPRINT-SARI = Short Period Incidence Study of Severe Acute Respiratory Infection participants. * Includes intensive care unit
stay. Risk and median differences between pandemic waves are reported in the Supporting Information, tables 5and 6. 4

adjusted and unadjusted analyses*

6 Clinical outcomes for patients admitted to SPRINT-SARI intensive care units with COVID-19, 27 February 2020 - 1 November 2021:

Length of stay: subdistribution hazard ratio (95% Cl)

Mortality: risk difference (95% CI)

Second wave 1.40 (1.17-1.66)

Third wave 1.22 (1.06-1.40)
Adjusted analysis’
First wave 1
Second wave 1.29 (0.92-1.82)

Third wave 0.80 (0.55-1.15)

Analysis Intensive care unit Hospital Intensive care unit Hospital
Unadjusted analysis
First wave 1 Reference Reference

1.27 (1.07-1.51)
116 (1.01-1.33)

1.03 (0.81-1.31)
0.67 (0.52-0.85)

-394 (-9.94 t01.73) -2.22(-8.35t0 3.64)

~0.31(-5.63 to 4.24) 277 (-2.60 to 7.41)

Reference Reference

529 (-1.66 to 12.2) 6.67 (-0.20 to 14.1)

7.55 (114 t0 13.9) 9.60 (3.52 t016.7)

Cl = confidence interval; COVID-19 = coronavirus disease 2019; SPRINT-SARI = Short Period Incidence Study of Severe Acute Respiratory Infection participants. * Length of stay: Fine-Gray
competing risk model; mortality: mixed effect, generalised linear model (binomial distribution). T Adjusted for age, body mass index, admission APACHE Il score, number of co-existing
disorders, time from hospital to ICU admission, use of mechanical ventilation, number of patients admitted to ICU per month, time between consecutive ICU admission; hospitals and week
of admission were included as random effects. The full multivariable model is reported in the Supporting Information, table 7. 4

that the median age of patients declined across the three waves,
as did the proportion with other medical conditions, although
median APACHE II scores on ICU admission were similar.

Pregnancy and obesity have been associated with increased
risk of death from COVID-19."%* We found that the prevalence
of other risk factors for death, such as chronic cardiac failure
and immunosuppression, was lower among intensive care
patients with COVID-19 during the third than during the first
two waves. Despite evidence for the benefits of non-invasive
ventilation and awake and invasive prone positioning for
patients with other disorders, these interventions may have
had unexpected consequences for patients with COVID-19,
including delayed intubation. Some complications were more
frequent during the third wave, such as bacterial pneumonia
and pulmonary embolism, while others were less frequent,

including bacteraemia, deep vein thrombosis, myocarditis, and
cardiac arrhythmias.

The proportion of ICU beds occupied by people with COVID-19
was larger during the third wave (19.1%) than during the second
(4.6%) or first waves (2.8%). The greater number of patients,
together with unmeasured factors (eg, re-deployment of non-
ICU staff, ICU staff fatigue, limited ICU resources), may have
reduced the capacity to provide usual health care.?® Importantly,
we found that differences in mortality between waves were
different for ventilated and non-ventilated patients. The EWNMA
chart indicated that higher mortality during the third wave
was chiefly among patients receiving mechanical ventilation,
and was correlated with peak admission numbers. Health care
systems overwhelmed by the number of people with COVID-19,
as in Italy and New York during the early phase of the pandemic,
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experienced inadequate resourcing and delays in admission

to intensive care that were associated with higher mortality
27,28

rates.””

Limitations

Changes in ICU admission criteria may have led to selection bias,
but median admission APACHE II scores were similar for all
three waves. Data on bed occupancy were based on bed numbers
prior to the re-organisation of hospital facilities to meet the rise
in demand. The SARS-CoV-2 Delta variant was predominant
during the third COVID-19 wave, but we did not have access to
individual genotype information for patients. Further, as data on
ICU resources, staff numbers, and non-COVID-19 ICU demand
were not collected, we could not assess the overall hospital burden
during each period, nor was information on other possibly relevant
factors; for example, referral hospitals with the highest admission
rates may also have been receiving the patients with the greatest
clinical needs. Data from the first wave were derived from all
states and territories, but from the second and third waves were
almost exclusively from Victoria and New South Wales, reflecting
the epidemiology of these two waves. Institutional characteristics
not included in our analyses may have caused unmeasured
confounding. Outcomes data were not available for all patients,
but the results of sensitivity analyses using different imputation
strategies were similar to those of our main analysis. Finally,
as we did not adjust our analyses for multiple comparisons, all
findings should be considered exploratory:.

Conclusion

During the third COVID-19 wave in Australia, the median age
of patients admitted to intensive care was lower than during the
first two waves, a larger proportion did not have other medical
conditions, and the number who received less invasive therapies,
including disease-specific pharmacological treatments, was
higher. Nevertheless, adjusted in-hospital mortality was highest
during the third wave; possible reasons include the greater
virulence of the Delta SARS-CoV-2 variant, changes in public
health measures, and the increased volume of COVID-19-related
intensive care admissions, which may have hampered usual
processes of care. Taken together, our findings reinforce the need
to provide adequate resources and support for ICUs, particularly
during times of unusually high demand.
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8 Exponentially weighted moving average (EWMA) plots of mortality risk by time, and numbers of patients with COVID-19 in
SPRINT-SARI intensive care units (ICUs) with COVID-19, 27 February 2020 -1 November 2021: overall and by need for ventilation,
by ICU admission date
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