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Background: The COVID-19 pandemic demanded intensive care units (ICUs) globally to expand to meet
increasing patient numbers requiring critical care. Critical care nurses were a finite resource in this
challenge to meet growing patient numbers, necessitating redeployment of nursing staff to work in ICUs.
Objective: Our aim was to describe the extent and manner by which the increased demand for ICU care
during the COVID-19 pandemic was met by ICU nursing workforce expansion in the late 2021 and early
2022 in Victoria, Australia.
Methods: This is a retrospective cohort study of Victorian ICUs who contributed nursing data to the
Critical Health Information System from 1 December 2021 to 11 April 2022. Bedside nursing workforce
data, in categories as defined by Safer Care Victoria’s pandemic response guidelines, were analysed. The
primary outcome was ‘insufficient ICU skill mix’dwhenever a site had more patients needing 1:1 critical
care nursing care than the mean daily number of experienced critical care nursing staff.
Results: Overall, data from 24 of the 47 Victorian ICUs were eligible for analysis. Insufficient ICU skill mix
occurred on 10.3% (280/2725) days at 66.7% (16/24) of ICUs, most commonly during the peak phase from
December to mid-February. The insufficient ICU skill mix was more likely to occur when there were more
additional ICU beds open over the ‘business-as-usual’ number. Counterfactual analysis suggested that had there
been no redeployment of staff to the ICU, reduced nursing ratios, with inability to provide 1:1 care, would have
occurred on 15.2% (415/2725) days at 91.7% (22/24) ICUs.
Conclusion: The redeployment of nurses into the ICUwas necessary. However, despite this, at times, some ICUs
had insufficient staff to copewith the number and acuity of patients. Further research is needed to examine the
impact of ICU nursing models of care on patient outcomes and on nurse outcomes.

© 2022 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. All rights reserved.
(M. Topple), rose.jaspers@
.au (J. Watterson), Jason.
Rosenow@ambulance.vic.gov.
ollock), D.Pilcher@alfred.org.

Nurses Ltd. Published by Elsevier
1. Introduction

The coronavirus 2019 (COVID-19) pandemic has had an un-
precedented effect on the number of severely ill patients admitted
to intensive care units (ICUs) globally. Consequently, surge models
evolved to expand ICU capacity including space, beds, equipment,
and deployment of staff.1e7 Early analyses in Australia suggested
that treble the number of ICU beds might be required to accom-
modate the predicted surge in the critically ill population, but doing
so would necessitate a 269% increase in registered nurses over the
Ltd. All rights reserved.
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baseline.8 In April 2020, to monitor ICU demand and capacity, the
Critical Health Resource Information System (CHRIS) was devel-
oped as a collaboration between The Australian and New Zealand
Intensive Care Society (ANZICS) and Ambulance Victoria and fun-
ded by The Australian Government Department of Health.9 In May
2020, Safer Care Victoria developed the ‘Coronavirus (COVID-19)
Intensive Care Unit Surge Workforce Models Of Care Delivery’
guideline to address structured ICU workforce surge planning,
which were updated in September 2021 (V2).10

ICU workforce shortages, particularly nursing, provided an
ongoing discussion as a potential key limiter to ICU capacity,
however, workforce data were not collected in CHRIS. Conse-
quently, through collaboration and consultation with the Victorian
ICU Nurse Unit Managers Community of Practice, nursing work-
force data were added in November 2021, reflecting the categories
of surge workforce as outlined by the Safer Care Victoria Guidelines
(V2).10 The extent towhich workforce redeployment andworkforce
expansion occurred, and the potential effect on delivery of 1:1 care
for critically ill patients within the ICU, has not been described. This
is important as there is substantial evidence that the number of
critical care nurses impacts patient outcomes, nurse outcomes, and
health services.11,12 For example, low levels of critical care nurses
are associated with increased patient mortality, increased nosoco-
mial infections, and higher hospital costs.12 Additionally, poor ICU
nurse staffing levels can affect nurse wellbeing, including
increasing burnout, depersonalisation, and emotional exhaustion.13

Thus, we sought to quantify the critical care nursing deficit asso-
ciated with the pandemic surgeerelated increase in ICU capacity.
Fig. 1. Study period (1st December 2021 to 11th April 2022) where nursing skill mix info
Victorian ICUs, open ICU beds and numbers of COVID-19 patients in the ICU between 1st
Victorian hospitals is shown by the blue dotted line and represents all ICU equivalent patien
nursing within ICU]). ICU, intensive care unit. (For interpretation of the references to colou
2. Objectives

Our aimwas, firstly, to describe the extent andmanner bywhich
the increased demand for ICU care during the COVID-19 pandemic
was met by ICU nursing workforce expansion in late 2021 and early
2022 in Victoria; secondly, to quantify provision of redeployed non-
critical care nursing staff working in ICUs; and thirdly, to attempt to
identify factors associatedwith insufficient provision of critical care
nursing staff.

3. Methods

3.1. Design and setting

We conducted a retrospective cohort study at Victorian public
and private, adult and paediatric hospital ICUs between 1st
December 2021 and 11th April 2022. This study period was after
the peak of the delta wave (peak in mid-October 2021 of 2257 new
community cases reported in Victoria) and during the omicron
wave (peak in mid-January 2022 of 51,144 new community cases
reported in Victoria).14 Associated hospital admission data for all of
2021 and until the end of the study period is in Fig. 1.

3.2. Data source

All data were extracted from CHRIS. ICU staff entered ‘snapshot’
aggregated census information about local critical care resources,
demand and activity, between two and four times per day. No
rmation was available, shown against the overall number of patients in all 45 active
Jun 2021 and 11th April 2022. The trendline for mean daily occupied ICU beds in all
ts (i.e., all patients requiring 1:1 nursing þ [0.5 x the number of patients requiring 1:2
r in this figure legend, the reader is referred to the Web version of this article.)
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individual patient or outcome data were entered. ICU Nurse Unit
Managers (NUM) at all Victorian hospitals were also invited to
voluntarily collect additional information about nurse staffing skill
mix at least once and up to four times per day. The number of staff
providing direct patient care at the timepoint considered was
entered. ICU nursing skill mix was categorised into four groups as
defined by the Safer Care Victoria guidelines V2.10

� Group One: experienced critical care nursing staff including
clinical nurse specialists, associate nurse unit managers, post-
graduate critical care nurses and nurses with 5þ years of cur-
rent/continuous ICU experience

� Group Two: early career critical care nursing staff including
foundation year/transition to ICU speciality nurses, 2021 post-
graduate ICU students (employment study model), nurses with
critical care experience not normally working in ICU pre-
pandemic

� Group Three: redeployed nursing staff with no ICU experience
(novice to ICU)

� Group Four: registered undergraduate students of nursing,
enrolled nurses and allied health staff providing direct patient
care

The mean daily values for each nursing skill mix group were
extracted. For the purposes of the study, Groups One and Twowere
considered as critical care registered nurses (CCRN). Groups Three
and Four were considered as non-critical care registered nurses
(non-CCRN). Both these groups reflect ICU nursing expansion as
Group Threewere redeployed nursing staff novice to ICU and Group
Four were staff that would not normally be responsible for direct
patient care of an allocated ICU patient.

The following data were also extracted as daily mean values for
each hospital: the number of patients requiring 1:1 critical care
nursing and invasive mechanical ventilation,15 the number of high-
dependency patients requiring 1:2 critical care nursing,15 the
number of patients with COVID-19 within each ICU and in other
wards outside of ICU, the daily number of open ICU beds, the
baseline number of open ICU beds prior to the pandemic, the
number of critical care staff unavailable due to COVID-19 illness/
exposure, and the ICU Activity Index. The ICU Activity Index is a
calculated ‘score’which indicates the acuity level within each ICU. A
value over two represents a very busy ICU which is potentially
under strain.9 Daily mean occupancy was calculated as [the total
number of 1:1 nursed patients þ (0.5 � 1:2 high-dependency pa-
tients)] divided by the total daily number of open ICU beds.

3.3. Outcomes

The primary outcome was ‘insufficient ICU skill mix’. This
outcome was met whenever a site had more patients needing 1:1
critical care nursing care than themean daily number of CCRN staff.
For instance, a site that had 10 patients who required 1:1 critical
care nursing and only had nine CCRNs available would be consid-
ered as having ‘insufficient skill mix’ on that day. The number of
high-dependency patients requiring 1:2 nursing within the ICU
was not considered in this calculation.

Two secondary outcomes were considered. The secondary
outcome of ‘insufficient ventilated skill mix’ was met whenever a
site had more patients needing invasive mechanical ventilation
than the number of CCRN staff. The secondary outcome of ‘reduced
ICU nursing ratio’ was met whenever there were more ‘ICU
equivalent’ patients than the total number of bedside nursing staff.
For instance, a site with 10 patients who required 1:1 critical care
nursing and six high-dependency patients who required 1:2
nursing (i.e., 13 ‘ICU equivalents’) and a total of 12 or fewer nursing
staff involved in direct patient care (from all four groups) would be
classified as having ‘reduced ICU nursing ratio’ for that day.

3.4. Sample size

A convenience sample based on the number of hospitals who
contributed data for more than 2months during the 5-month study
period was chosen.

3.5. Statistical analysis

Data are presented as the percentage (number/proportion) for
categorical data or median (interquartile range) for continuous
data. All continuous data were assessed for normality and found to
be nonparametrically distributed. Chi-square, Wilcoxon rank-sum
and KruskaleWallis tests were used to compare groups depending
on the type of data, and number of groups examined. After
assessing for colinearity, mixed-effects logistic regression was used
to determine variables independently associated with the primary
outcome, with site entered as a random effect with a random
intercept per facility applied. A P value of <0.05 was considered
statistically significant. All data were analysed using Stata version
16.1, College Station, Texas. No imputation for missing data was
performed.

Following the main analysis which assessed the impact of
observed redeployment of staff into ICUs during the study period, a
counterfactual analysis was conducted to assess hypothetical
nursing ratios that would have been present in the absence of any
redeployed noncritical care trained staff. This analysis recalculated
nursing ratios assuming the daily number of critical careetrained
staff (Groups One and Two) and the number of patients present
within each ICU remained unchanged, but there were zero rede-
ployed staff present from Groups Three and Four. This was in
recognition of the fact that without redeployment of nursing staff
within the ICU tomeet the additional demand for ICU beds, nursing
ratios would have been even lower than measured.

3.6. Subgroups

Outcomes for all ICUs for thewhole studyperiodare reported and
for two time periods: peak (1st December 2021 to 19th February
2022) and post-peak (20th February to 11th April 2022, after daily
Victorian ICU director cluster demand meetings were ceased and
switched to twice weekly) phases. Outcomes are also reported by
hospital type. Hospitals were classified into one of five groups as
tertiary, metropolitan, rural/regional, private, or paediatric.

3.7. Funding and ethics

The study was self-funded by the researchers and was approved
as a low-risk project by the Human Research and Ethics Committee
of the Alfred Hospital (HREC 246/22).

4. Results

All 47 ICUs in Victoria contributed daily data about ICU resources
and activity. Of these, 32 hospitals also provided information on
nursing skill mix. Eight were excluded because of contributing
fewer than 2 months' staffing data each, leaving 24 participating
ICUs over the 132-day study period. These 24 participating ICUs
represent 71% (344/486) of all the baseline ICU beds in Victoria. In
total, nursing skill mix data were available for 86% (2725/3168) of
all days. At least 20 of the 24 hospitals contributed nursing skill mix
data on 89% (118/132) of the days, but there were only 4 days when
all 24 hospitals contributed data. Appendix table 1 shows the basic
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characteristics and number of ICU beds at study hospitals. All
hospital types were represented.

ICU capacity, patient needs, and staffing data were highly vari-
able (Fig. 1; Table 1). In summary, the median number of open ICU
beds was 8, with a maximum of 65; the median daily number of
ventilated patients was 2.5, with a maximum of 46.7, and the me-
dian daily number of COVID-19 patients in each ICU was 1, with a
maximum of 32.3. The total daily number of patients and open ICU
beds in all Victorian ICUs between 1st June 2021 and 11th April
2022, and the study period (1st December 2021 to 11th April 2022)
over which nursing skill mix data were available for contributing
hospitals are shown in Fig. 1. The daily number of all 1:1 nursed,
Table 1
Staffing and activity characteristics of ICUs on days with and without insufficient ICU skill
study outcome).

Primary outcome: Insufficient ICU skill-mix All days

Days with more patients needing 1:1 nursing than CCRNs, % (number) -
Secondary outcome: Insufficient ventilated skill-mix 0.7% (19/2
Secondary outcome: Reduced ICU nursing ratio 3% (82/272
Mean daily CCRNs per site 8 (5-17) [1
Group 1 (CCRN nurses - experienced) 7 (4-13) [1
Group 2 (CCRN nurses - early career) 2 (1-4) [0,

Mean daily non-CCRNs per site 1 (0-2) [0,
Group 3 (non-CCRN redeployed nurses) 0 (0-2) [0,
Group 4 (RUSONs, enrolled nurses & allied health) 0 (0-0) [0,

Critical care staff unavailable due to COVID-19 illness or furlough 1.6 (0-4) [0
Open available ICU beds 8 (5.5-15.5
ICU beds open over 'business as usual' -2 (-4-0.3)
Vacant ICU beds 1.8 (0.8-3)
ICU occupancy 83% (64-93
Activity Index 1.1 (0.6-1.5
Days with Activity Index > 2.0, % (number) 6.5% (178/
'ICU equivalent' patients 6.5 (3.5-14
Patients in ICU needing 1:1 critical care nursing 5 (2-13.3)
Ventilated patients 2.5 (0.7-7)
COVID-19 patients in each ICU 1 (0-3) [0,
HDU patients (1:2 nursing) in each ICU 2.3 (0.7-4.3
COVID-19 patients on the hospital ward 6 (0-16.8)

Data reported are median (interquartile range) [minimum, maximum] daily values per s
CCRN, critical care registered nurse; COVID-19, coronavirus disease 2019; HDU, high-dep
nursing.

Table 2
Outcomes for the whole study period (1st December 2021 to 11th April 2022) and for peak
2022) phases, showing the number of days on which the outcome was observed and the

Outcomes Time Period Da

Pr

Primary outcome: Insufficient ICU skill-mix
Whole study period (1st December 2021 to 11th April 2022) 10
Peak phase (1st December 2021 to 19th February 2022) 14
Post peak phase (20th February 2022 to 11th April 2022) 3.7

Secondary outcome: Insufficient ventilated skill-mix
Whole study period (1st December 2021 to 11th April 2022) 0.7
Peak phase (1st December 2021 to 19th February 2022) 1.1
Post peak phase (20th February 2022 to 11th April 2022) 0.1

Secondary outcome: Reduced ICU nursing ratio
Whole study period (1st December 2021 to 11th April 2022) 3.0
Peak phase (1st December 2021 to 19th February 2022) 3.0
Post peak phase (20th February 2022 to 11th April 2022) 3.0

Counterfactual analysis: Days with reduced ICU nursing ratio if there had been no redeplo
Whole study period (1st December 2021 to 11th April 2022) 15
Peak phase (1st December 2021 to 19th February 2022) 19
Post peak phase (20th February 2022 to 11th April 2022) 7.6

ICU, intensive care unit.
Insufficient ICU skill mix ¼ Days with more patients needing 1:1 critical care nursing th
Insufficient ventilated skill mix ¼ Days with more ventilated patients than available crit
Reduced ICU nursing ratio ¼ Days with less than 1:1 overall critical care nursing ratio, %
ventilated, and COVID-19 patients in the 24 study hospital ICUs
during the study period are shown in Appendix fig. 1.

Table 1 shows a comparison of days when there was insufficient
ICU skill mix compared to days when this was not present. Insuf-
ficient ICU skill mix occurred more commonly when there were
more ICU beds open, lower numbers of vacant ICU beds, higher
occupancy and ICU activity, more patients requiring 1:1 nursing,
more ventilated patients, more COVID-19 patients, and lower
numbers of high-dependency patients.

Overall, insufficient ICU skill mix occurred on 10.3% (280/2725)
days at 66.7% (16/24) of ICUs, most commonly during the peak
phase from December to mid-February (Table 2). Insufficient
-mix (more patients needing 1:1 critical care nursing than available CCRNs: primary

No Yes P value

89.7% (2445/2725) 10.3% (280/2725) N/A
725) 0% (0/2445) 6.8% (19/280) N/A
5) 1.8% (43/2445) 13.9% (39/280) <0.001
, 70] 8 (5-17) [2, 70] 8 (4-23) [1, 58] 0.33
, 48] 7 (4-13) [1, 48] 6 (3-19) [1, 43] 0.98
33] 2 (1-4) [0, 33] 2 (1-5) [0, 30] 0.62
31] 0 (0-2) [0, 20] 4 (2-7) [0, 31] <0.001
31] 0 (0-2) [0, 20] 4 (2-7) [0, 31] <0.001
4] 0 (0-0) [0, 4] 0 (0-0) [0, 2] <0.001
, 131.8] 1.5 (0-4) [0, 131.8] 2 (0-5) [0, 61] 0.63
) [0, 65.3] 8 (5.5-15) [0, 63.8] 11.8 (5-27.2) [4, 65.3] 0.001
[-23, 19.3] -2 (-4-0) [-23, 17.8] 1 (-2-2.6) [-18, 19.3] <0.001
[0, 12.7] 2 (1-3) [0.1, 12.7] 1 (0.2-1.8) [0, 8.3] <0.001
.5) [0, 200] 81% (60-92) [0, 200] 96% (88.6-100) [66.7, 150] <0.001
) [0, 2.8] 1 (0.5-1.5) [0, 2.8] 1.6 (1.2-1.9) [0.7, 2.6] <0.001
2725) 5.1% (125/2445) 18.9% (53/280) <0.001
) [0, 63.8] 6 (3.3-13.3) [0, 62] 10.8 (5-26) [2.7, 63.8] <0.001
[0, 62.3] 4.5 (1.5-12.8) [0, 60] 9.8 (5-24.8) [2.5, 62.3] <0.001
[0, 46.7] 2 (0.5-6.5) [0, 43.8] 6 (2-16.2) [0, 46.7] <0.001
32.3] 0.5 (0-2) [0, 31] 3 (1-9) [0, 32.3] <0.001
) [0, 14] 2.5 (1-4.5) [0, 14] 0 (0-2) [0, 12] <0.001
[0, 173] 6 (0-16) [0, 173] 10.1 (0-23) [0, 119.5] 0.10

ite (unless otherwise stated).
endency unit; ICU, intensive care unit; RUSON, Registered undergraduate student of

(1st December 2021 to 19th February 2022) and post-peak (20th February to 11th April
number of ICUs where this outcome occurred.

ys with this outcome ICUs with this outcome P value for

oportion Number Proportion Number difference
between phases

.3% 280/2725 66.7% 16/24

.3% 242/1690 62.5% 15/24 <0.001
% 38/1035 45.8% 11/24

% 19/2725 37.5% 9/24
% 18/1690 33.3% 8/24 0.003
% 1/1035 4.2% 1/24

% 82/2725 75% 18/24
% 51/1690 70.8% 17/24 0.86
% 31/1035 45.8% 11/24
yment of nurses into ICU
.2% 415/2725 91.7% 22/24
.9% 336/1690 91.7% 22/24 <0.001
% 79/1035 70.8% 17/24

an available critical care registered nurses (CCRNs), % (number).
ical care registered nurses (CCRNs), % (number).
(number).



Table 3
Mixed effects multivariable logistic regression (with site as a random effect). Factors associated with having more patients needing 1:1 critical care nursing than CCRNs.

Odds Ratio (95% CI) P value

Hospital type
Tertiary Reference group
Metropolitan 7.40 (0.34 - 160.8) 0.20
Rural/regional 0.02 (0.00 - 0.80) 0.038
Private 1.12 (0.06 - 22.48) 0.94

Daily number of critical care staff unavailable due to COVID-19 illness or furlough 1.02 (1.00 - 1.04) 0.044
Number of baseline 'business as usual' ICU beds 0.94 (0.82 - 1.08) 0.39
Daily ICU beds open over 'business as usual' 1.28 (1.16 - 1.41) <0.001
Daily ICU occupancy (%) 1.08 (1.06 - 1.09) <0.001
Daily number of ventilated patients 1.05 (0.97 - 1.13) 0.23
Daily number of COVID-19 patients in each ICU 1.13 (1.07 - 1.20) <0.001
Daily number of COVID-19 patients on the hospital ward 0.98 (0.97 - 0.99) 0.002

COVID-19, coronavirus disease 2019; ICU, intensive care unit.
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ventilated skill mix occurred on 0.7% (19/2725) days overall at 37.5%
(9/24) of ICUs and was more common during the peak phase.
Reduced nursing ratios occurred on 3% (82/2725) of days at 75% (18/
24) of ICUs but were equally common in both phases. Counterfac-
tual analysis suggested that had there been no redeployment of
nursing staff to ICU, reduced nursing ratios would have occurred on
15.2% (415/2725) of days at 91.7% (22/24) of ICUs and more
commonly during the peak phase.

Table 3 shows that after adjusting for confounders, days with
insufficient ICU skill mix were more likely to occur when there
were more additional ICU beds open over the ‘business-as-usual’
number, when there was higher occupancy and higher numbers of
COVID-19 patients within the ICU. The strongest factor was when
additional ICU beds were open over the ‘business as usual’ number.
Insufficient ICU skill mix was less likely to occur in rural/regional
sites and when there were relatively higher numbers of COVID-19
patients on the general wards outside of ICU.

Fig. 2 shows a declining daily number and proportion of non-
CCRNs over the study period. Appendix fig. 2 shows a progressive
decline in the daily number and proportion of ICUs which had
insufficient ICU skill mix. The 10th of December was the day with
the highest proportion of the workforce who were non-CCRNs
(27%) and the greatest proportion/number of ICUs with insuffi-
cient ICU skill mix (40%, 8/20). During the peak phase, there were
fewer CCRNs, more non-CCRNs, higher occupancy and activity
levels, and higher numbers of ventilated and COVID-19 patients
than during the post-peak phase (Appendix table 2). Insufficient
ICU skill mix was most commonly observed in tertiary and
metropolitan ICUs and was rare in rural/regional, private, and
paediatric ICUs (Appendix Table 3).

5. Discussion

This study provides evidence for the first time on the critical
care nursing deficit created by pandemic surge models. Insufficient
ICU skill mix was present on over 1 in 10 days during the recent
pandemic wave December 2021eApril 2022. There was a reduced
ICU nursing ratio on many occasions, when there were insufficient
numbers of nurses to care for patients in ICU according to the nurse
to patient ratio standards and demonstrated an insufficient popu-
lation of skilled CCRNs in Victoria to provide care as the population
and acuity of ICU patients increased. The redeployed nurses filled
an important gap in meeting patient care needs and minimising
reduced ratios, however, ICU nurse staffing gaps remained during
the study period.

Adaptedmodels of care delivery in ICUswere commonacross the
world during the COVID-19 pandemic.4,16,17 In countries that expe-
rienced a high COVID-19 disease burden, ICU capacity was rapidly
doubled or even quadrupled.18,19 Whilst there are large numbers of
published studies reporting on increasing ICU capacity in response
to COVID-1918,19 and non-ICU staff education preparation and
deployment,20 there are few on the critical care nursing deficit
created by pandemic surge staffingmodels. A single paper reported
the association with critical care staffing and patient mortality
during the COVID-19 pandemic, demonstrating that ICU nurse and
medical staffingwere important determinants of mortality in ICU.21

This is consistent with pre-pandemic data that patient mortality is
associatedwith staff resources andworkload in the ICU.22 However,
thenuancesofwhat constitutes an “ICUnurse”whenreferring to ICU
staffing and the implications for patient outcomes is poorly under-
stood.23 The clinical relevance for patient outcomes resulting froma
deficit of critical care registered nurses in ICU requires further
exploration.

Direct ‘one-to-one’ (1:1) nursing care is required for ICU patients
who receive invasive therapies such as mechanical ventilation,
renal replacement therapy, high-dose vasoactive infusions, or
extracorporeal membrane oxygenation.15 This is also required for
other patients with complex or high-risk needs such as potential
airway compromise or severe delirium. In Australia, the bedside
ICU nurse titrates and manages all equipment and medication
associated with patient care. Consequently, ICU nursing is a post-
graduate specialty qualification, not replaceable by pandemic
‘upskilling’ education programs. ICU care delivered by clinicians
without adequate expertise, qualifications, training, or support may
result in adverse outcomes.4,24 Patients in ICU with COVID-19
require more nursing time than non-COVID-19 patients25 and
pandemic staffing models have contributed to missed nursing
care.26 Excess mortality for patients with COVID-19 admitted to
Australian ICUs during the peak phases of the pandemic in late
2021 has been reported.27

There was wide variation of ICU capacity, with some operating
with fewer ICU beds than usual and others well over their usual bed
number. This likely reflects both theVictorianDepartmentofHealth's
policyof ‘streaming’COVID-19patients to specifiedhospitals andalso
reductions in elective surgery particularly at private hospitals.
Insufficient ICU skill mix occurred in over two-thirds of ICUs. Insuf-
ficient ICU skill mix was more likely to occur when there were more
additional ICU beds open over the ‘business-as-usual’ number, when
there was higher occupancy and with higher numbers of COVID-19
patients within the ICU. The increased demand for critical care sup-
portmeant that patientswithCOVID-19hadtobeadmitted to the ICU
andcared forwithwhatever resourceswere available. Redeployment
of nursing staff with or without critical care experience from outside
the ICU was required in response to this increased demand. The
ability to match provision of critical care trained nursing staff to the
increased demand was likely limited by a fixed available number of



Fig. 2. Nursing skill mix distribution at study ICUs between 1st December 2021 and 11th April 2022. Over the study period which began during a period of high demand for ICU
beds due to the COVID-19 pandemic, there was a decline in the number and proportion of the ICU nursing workforce who were redeployed nurses from areas outside ICU (light
purple) or staff without critical care experience (dark purple). ICU, intensive care unit. (For interpretation of the references to colour in this figure legend, the reader is referred to the
Web version of this article.)
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critical careetrained staff, organisational logistics of redeploymentof
staff both within and between hospitals and also by staff who were
unavailable for work due to either having COVID-19 or being fur-
loughed due to COVID-19 exposure.

Most ICUs experienced an occasion when they did not have
enough nurses for recognised nurse to patient ratio standards.11

Notably, if redeployed staff members were not utilised during the
study period, there would have been more occasions of reduced
nurse to patient ratios. As a response to an extreme health system
emergency, redeployed staff were an important strategy to meet
patient care needs. Of note, other countries have reported chronic
ICU nurse understaffing prior to the pandemic, which the pandemic
has exacerbated.4,28,29 The ICU nurse vacancy rate across Australia
prior to the pandemic was over 6%,27 so likewise, the Australian ICU
nursing workforce was already depleted. Detailed information
about the ICU nursing workforce has not been regularly captured
before, and continued collection of such data has the potential to
provide valuable information regarding the ICU nursing workforce
during regular operations and during other extraordinary events,
e.g., disasters.

There is a risk that pandemic-inspired new models of care will
remain.30 However, these new models place unreasonable burden
on experienced critical care nurses and may contribute to burnout,
disengagement,31 and job dissatisfaction (intent to leave).13 Our
findings also highlight that quantifying the gap in service provision
(critical care nurses to ICU patients) is highly relevant when
considering future demands on ICU services and sustainability of
ICU nurse staffing.
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There are multiple reports of poor staff wellbeing associated
with working during the pandemic, including in Australia.32 As the
pandemic surge demand peaks and troughs, there is a need for
restorative care for staff whenever an opportunity arises. The Safer
Care Victoria guidelines incorporate a ‘stand down and recovery’
phase, where healthcare services are expected to provide oppor-
tunities for staff to have personal leave and rest and access to
psychological supports and counselling.10 Internationally, it is well
recognised that nurses working to meet the pandemic surge
require organisational support to assist their recovery.33 It is un-
clear how the negative impacts on nurses from delivering health
care in response to the pandemic will be addressed in Victoria.24

6. Strengths and limitations

CHRIS had good capability to allow quick initiation and collec-
tion of additional nursing staff data items. Whilst data entry for
nursing staff items was voluntary, familiarity with using CHRIS and
with the defined surgeworkforce groupings, provided high-quality,
consistent, generalisable and representative data across all care
settings. However, although we report (Appendix Table 1 and 3)
and also adjusted for different hospital characteristics (Table 3), our
study includes data from 24 out of a possible 47 ICUs and thus may
not be representative of all ICUs. There may be a bias related to
capacity to provide data, for example, busier units may not have
contributed data.

The ICU nursing staff data collection began after the pandemic
surge associated with the October 2021 Delta wave, so it is possible
that the worst of the ICU nursing deficit was not captured. Data
gathered about nursing workforce were specific to nurses ‘directly
involved in patient care’ only. CHRIS did not capture other nursing
roles and resources like educators, managers, equipment nurses,
and outreach teammembers who are usually supernumerary to the
nurse to patient ratio numbers andwho are a vital support resource
each shift. Thus, deficits in ICU nursing staff reported in our study
refer only to bedside nursing and not the whole ICU. Numbers of
supernumerary staff supporting nursing skill mix or redeployed to
replace bedside nursing shortages were unknown. Furthermore,
we have no data on overtime worked. Anecdotally, we are aware
that double shifts were common in ICUs during the study period to
meet direct patient care needs. Additionally, as defined by the Safer
Care Victoria guidelines, Group One critical care registered nurses
included experienced ICU nurses who do not possess a post-
graduate critical care nursing qualification. This limits our ability to
interpret our findings as evidence suggests that a minimum pro-
portion of postgraduate-qualified ICU nurses providing direct care
is of relevance.11

Furthermore, the timing of data entry on nursing skill mix var-
ied and the mean daily values may not account for variation over
the day, e.g., unknown if staffingwasworse at night than during the
day. This also means some variation in interpretation for ICUs that
have hybrid staffing models, e.g., both 12-hr shifts and 8/8/10-hr
shift options. Due to the lack of data collection on supernumerary
staff, we are unable to comment on how non-CCRNs were sup-
ported or supervised as they cared for ICU patients. We are also
unable to report on the impact of pandemic staffing models on
patient outcomes or nurse outcomes, e.g., burnout.

7. Future research

We have demonstrated that it is feasible to collect high-quality
data regarding the ICU nursing workforce. Detailed information
about the ICU nursing workforce has not been regularly captured
before and has the potential to provide valuable information post-
pandemic. Future studies should capture categories of nursing
workforce as detailed in the ACCCN Workforce Standards,11 in
addition to ICU medical and allied health workforce data.

The COVID pandemic put ICU staffing in the spotlight and
exposed the critical dependence on having an available, highly
skilled ICU nursing workforce. Routinely collected and access to
detailed data on the ICU nursing workforce will be important as
health services recover from the previous waves of the pandemic,
manage COVID patients ongoing, and deal with a predicted increase
in influenza presentations and increase elective/emergency surgery
demands. The creation of an ICU staffing dashboard is feasible34

and would enable benchmarking across the sector. There is a
pressing need to research the impact of ICU nursing skill mix on
patient outcomes and ICU workforce factors on nurse outcomes.
Furthermore, research on how to create and maintain a potential
flexible redeployment workforce, and the implications for patient
care and ICU staffing sustainability, is warranted, if redeployment of
non-ICU staff is to become part of the health system response to
extreme events.

8. Conclusion

This study has demonstrated that redeployment of workforce
was required to ensure adequate patient care and accommodate
the increased burden in Victorian ICUs during the COVID-19
pandemic. Despite this, at times, some ICUs had insufficient staff
to cope with the number and acuity of patients. There is concern
that the pandemic model of care is not sustainable in the long term
because of the burden on staff, and further research is needed to
examine the impact of ICU nursing models of care on patient out-
comes and on nurse outcomes.
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