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Abstract

Rationale: During the first wave of the coronavirus disease
(COVID-19) pandemic in New York City, the number of
mechanically ventilated COVID-19 patients rapidly surpassed the
capacity of traditional intensive care units (ICUs), resulting in health
systems utilizing other areas as expanded ICUs to provide critical care.

Objectives: To evaluate the mortality of patients admitted to
expanded ICUs compared with those admitted to traditional ICUs.

Methods: Multicenter, retrospective, cohort study of
mechanically ventilated patients with COVID-19 admitted to the
ICUs at 11 Northwell Health hospitals in the greater New York
City area between March 1, 2020 and April 30, 2020. Primary
outcome was in-hospital mortality up to 28 days after intubation
of COVID-19 patients.

Results: Among 1,966 mechanically ventilated patients with
COVID-19, 1,198 (61%) died within 28 days after intubation,

46 (2%) were transferred to other hospitals outside of the
Northwell Health system, 722 (37%) survived in the hospital until
28 days or were discharged after recovery. The risk of mortality
of mechanically ventilated patients admitted to expanded ICUs
was not different from those admitted to traditional ICUs (hazard
ratio [HR], 1.07; 95% confidence interval [CI], 0.95–1.20;
P= 0.28), while hospital occupancy for critically ill patients itself
was associated with increased risk of mortality (HR, 1.28; 95% CI,
1.12–1.45; P, 0.001).

Conclusions: Although increased hospital occupancy for
critically ill patients itself was associated with increased mortality,
the risk of 28-day in-hospital mortality of mechanically ventilated
patients with COVID-19 who were admitted to expanded ICUs
was not different from those admitted to traditional ICUs.

Keywords: mechanically ventilated COVID-19 patients;
traditional ICU; expanded ICU; COVID pandemic; hospital
occupancy for critically ill patients
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Since December 2019, coronavirus disease
(COVID-19) rapidly spread worldwide and
was designated as a global pandemic by
March 2020 by theWorld Health
Organization (1). The United States
surpassed all other countries in total cases of
COVID-19 patients (.30 million) and
deaths (.550,000) (2). New York had the
estimated highest initial incidence rates of
COVID-19 in the United States (3).

Northwell Health is the largest health
system in New York (with 23 hospitals and
nearly 800 outpatient facilities), serving
approximately 11 million people each year.
Northwell Health treated many severe cases
of COVID-19 patients requiring mechanical
ventilation during the first wave of the
pandemic (March to April 2020), with our
original intensive care unit (ICU) capacity
unable to meet the demand for beds (4). To
respond to the rapidly escalating number of
critical patients, we expanded ICU capacity
by converting non-ICU spaces such as post-
procedure short stay wards, post-anesthesia
recovery areas, and in some instances,
general wards, into ICUs, referred to
hereafter as “expanded ICUs” (5–7).

Several previous studies have
demonstrated the association between ICU
crowding with increased mortality in patients
with non-COVID-19 illnesses (8–10), and
more recently, COVID-19 illness (11, 12).
Although not limited to ICU patients, a
national database covering approximately
20% of overall hospitalization in the United
States also showed an association between
surges in hospital COVID-19 caseload and
worse outcomes (13). Furthermore, evidence
from nonpandemic related hospital
crowdedness suggests increased mortality
and worse outcomes when patients requiring
ICUs were located in nonspecialty ICUs (14),
in ICUs with furthest geographic distance
from native specialty ICU (15), or, more
recently, in critically ill patients awaiting an
ICU bed in the emergency department (16).
Although the experiences regarding
utilization of expanded ICUs during the early
phase of the pandemic have been described
(17–19), the outcomes of patients admitted
to these expanded ICUs have not been

previously evaluated and require analysis
using a large cohort of COVID-19 patients.
Therefore, the aim of this study was to
compare the 28-day in-hospital mortality
after intubation of COVID-19 patients
admitted to expanded ICUs in comparison
with those admitted to traditional ICUs.

Methods

Study Design and Population
The Northwell Health Institutional Review
Board approved this study as minimal-risk
research using data collected for routine
clinical practice and waived the requirement
for informed consent. The study includes all
mechanically ventilated patients (18 years or
older) with confirmed severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2) infection betweenMarch 1,
2020 and April 30, 2020. COVID-19
infection was confirmed by a positive result
on polymerase chain reaction testing of a
respiratory sample. Patients were admitted to
one of 11 Northwell Health hospitals that all
have established ICUs in New York City,
Suffolk County, or Nassau County, which all
comprise the greater New York City area.
Clinical outcomes were available through
May 31, 2020.

Patients were excluded if they were
younger than 18 years old at the time of
admission, transferred to the Northwell
Health system from outside hospitals after
intubation, or were placed on extracorporeal
membrane oxygenation (ECMO).We also
excluded patients who had do-not-
resuscitate (DNR) orders initiated shortly
after intubation (within 24 h) because we
assumed the decision for their DNR was
mainly due to factors other than assigned
ICU type (expanded or traditional).

Data Collection
Data were collected from the Enterprise
Electronic Health Record (EHR; Sunrise
Clinical Manager; Allscripts) reporting
database. Manual chart reviews were
conducted by research staff andmedical
students trained by the principal

investigators. Data collected included patient
demographic information, comorbidities,
assigned ICU type after intubation,
laboratory test results, diagnoses during the
hospital course, and outcomes (28-day
in-hospital mortality after intubation). The
assigned ICU type after intubation was
defined as the initial place where patients
stayed for more than 24 hours after
intubation. Simplified Acute Physiology
Score II was calculated at the time of ICU
admission as a measure of illness severity
(20). Race was self-reported in prespecified
fixed categories in the EHR. Hospital
transfers within Northwell Health were
merged and considered as a single visit.
Information regarding total beds of
traditional ICUs was also extracted from the
EHR.We counted the number of ICU beds
that had been used at least one time during
the last year before the pandemic (from
January 2019 to December 2019) as total
traditional ICU beds.

Outcomes
The primary outcomemeasured was
in-hospital mortality up to 28 days after
intubation between the patients in traditional
versus expanded ICUs.

Traditional ICU and Expanded ICU
Traditional ICUs were classified as those
locations that were already designated as
ICUs before the pandemic. The traditional
ICUs include surgical ICUs, medical ICUs,
and cardiac care units and any departments
that had been given ICU/cardiac care unit
“care level” designations based on EHR
assignments. Expanded ICUs were the
departments/wards that were converted into
ICUs during the pandemic, which included
any physical pediatric or neonatal ICU
spaces used to treat intubated adult
COVID-19 patients, as the staffing and
patient characteristics differed largely from
its traditional uses. “Care levels” describe the
services provided at any hospital in the
Northwell Health system, categorized as
ICU/cardiac care unit, step-down units,
private patient rooms, and semiprivate
patient rooms.

The datasets used and analyzed during the current study are available from the corresponding author upon reasonable request.
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The differences in characteristics
between traditional and expanded ICUs are
summarized in Table 1. Regardless of
traditional or expanded ICU, patients were
cared for by board-certified physicians
specializing in critical care or cardiology with
additional support from general hospitalists.
The nurse-to-patient ratio was always
maintained at 1:2 in both the expanded and
traditional ICUs, with the consideration that
the expanded ICUs achieved this ratio either
by relocating nurses from the same
department or other non-ICU wards or with
the allocation of travel nurses. In contrast,
traditional ICUs had nursing staff that was
predominantly comprised of those who
originally worked in the respective ICU.

Due to the increased patient volume
and variable severity, as is typical for severe
COVID-19, many wards were converted into
expanded ICUs despite seldomly treating
mechanically ventilated patients before the
beginning of the pandemic. Before the
pandemic in December 2019, the incidence
of mechanical ventilation was approximately
35% in our traditional ICUs. However,
during the first wave, the incidence of
mechanical ventilation was approximately
100% in traditional ICUs as well as in the
departments that would become our future
expanded ICUs.

Measurement of Hospital Occupancy
for Critically Ill Patients
We measured hospital occupancy for
critically ill patients on each day at each
hospital:

Hospital occupancy for critically ill patients for a given hospital 5

Daily total number of mechanical ventilated COVID� 19 patients
Total number of traditional ICU beds

For a given patient, the hospital
occupancy for critically ill patients
corresponded to the date of intubation. For
example, if there were 20 mechanically
ventilated COVID-19 patients in all ICUs at
Lenox Hill hospital onMarch 5 with a
traditional ICU capacity of 48, hospital
occupancy for critically ill patients would be
20 divided by 48, or 0.42.

With increased patient volumes
exceeding traditional ICU capacity,
expanded ICUs began accommodating for
this increasing number of intubated
COVID-19 patients (Table 1), which
represents a hospital occupancy for critically
ill patients approximating to 1.0. Therefore,
we defined the value of 1.0 as the cutoff point
for the hospital occupancy of critically ill
patients to determine days when occupancy
exceeded 1.0.

Statistical Analysis
Chi-square and Mann-Whitney U tests
were used to compare baseline categorical
and continuous variables, respectively. The
primary endpoint was in-hospital survival
through Day 28, and the comparison of
interest was ICU type: traditional versus
expanded ICU. Survival times (number of
days from ventilation until death or last
follow-up) were considered to be
uncensored if the patient died in the
hospital on Day 28 or earlier. Survival

times were considered to be censored at the
date of hospital discharge, the date of
transfer, or Day 28, whichever came first.
Unadjusted and adjusted Cox proportional
hazard (PH) regression analyses were
performed to evaluate the risk of
in-hospital mortality through Day 28
comparing ICU types. Kaplan-Meier
survival curves were plotted for both
unadjusted and adjusted models. In the
adjusted models, we included several
adjustment variables. In addition to
information regarding basic demographics
and comorbidities (age, gender, body mass
index, and past medical histories of
hypertension, diabetes, chronic heart
disease, and chronic lung disease), we used
the variables of hospital occupancy and
patient’s severity as adjustment factors,
since both of these variables were known
to be associated with mortality of
mechanically ventilated patients with
COVID-19 (11, 21). Hospital occupancy
for critically ill patients was measured as
described above, while patients’ severity
was estimated by using Simplified Acute
Physiology Score II. Time from the start of
respiratory symptoms until intubation was
included as a covariate. The variable of
“admitted hospital” (the hospital in which
the patient was treated) was also used as a
random effect in the analysis but did not
appreciably alter the results; therefore, for

Table 1. Difference in characteristics of traditional and expanded intensive care units

Traditional ICUs Expanded ICUs

Original ICUs General wards or ICUs not for adult
mechanically ventilated patients

Total number of departments during time
interval of study

35 92

Total number of patients during study time
interval

1,067 899

ICU type Closed ICU system
Assigned physicians Residents and fellows supervised physicians in critical care or cardiology department
Nurse to patient ratio 1:2 for 24 h
Predominant assignment of nurses Nurses traditionally working in ICUs Nurses who do not often work in ICUs
Proportion (%) of mechanically ventilated

patients among total admitted patients in
December 2019 in each department*

35 1

Max ICU capacity Limited (fixed number) Flexible (up to the max capacity of the
general ward)

Definition of abbreviations: COVID-19 = coronavirus disease 2019; ICU= intensive care unit.
*It was used as a surrogate for experience with treating mechanically ventilated patients before the coronavirus disease 2019 (COVID-19) pandemic.
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simplicity, the final model did not include
“admitted hospital”. The analysis, including
a random effect, is shown in Tables E1 and
E2 in the online supplement. The validity
of the Cox model PH assumption for
categorical covariates was assessed by
visualizing graphs of the Kaplan-Meier
estimates of the survival function as well as
tests of the PH assumption using PROC

PHREG (SAS Institute). Accordingly, time-
dependent covariates for the variables of
“time from symptoms until intubation” and
“chronic lung disease” were included in the
model because the PH assumptions were
not met. Once again, since the inclusion of
these time-dependent covariates did not
appreciably alter the results, they were
omitted from the final model. A sensitivity

analysis using each patient’s actual time
from intubation until hospital discharge
(i.e., not censoring all times greater than
28 d) was performed using the Cox model.
In this model, 15.6% (306/1,966) were
additionally censored because they were still
in the hospital by May 31, the date of final
follow-up. Adjusted hazard ratio (HR), 95%
confidence interval (CI), and two-tailed P
values are reported. P, 0.05 was regarded
as denoting a statistically significant result.
All analyses were conducted using the SAS
software, version 9.4 (SAS Institute, Cary,
NC) and R Studio version 4.0.3.

Results

The change in the number of new
intubated COVID-19 patients admitted to
our health system and the total number of
these patients in ICUs during the first
wave of the pandemic are shown in Figure
1. After the first COVID-19 patient was
intubated on March 2, the number of
intubated patients rapidly increased, and
more than 70 patients were intubated per
day in our health system during the peak
of the first wave (Figure 1A). In the earlier
phase, mechanically ventilated COVID-19
patients were admitted primarily to
traditional ICUs, but as traditional ICU
capacity became saturated, the usage of
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Figure 1. Change in the number of mechanically ventilated patients during the first wave of the COVID-19 pandemic in New York City. (A) Daily
change in the number of intubated patients from March 1 to April 30. The maximum number was 84 on April 3. (B) Change in the number of
mechanically ventilated patients in intensive care units (ICUs) from March 1 to April 30. The black line represents the number of patients in all
ICUs, the blue line represents the number of patients in traditional ICUs, and the green line represents the number of patients in expanded
ICUs. In the early phase of the pandemic, intubated COVID-19 patients were admitted primarily to traditional ICUs, but as traditional ICU
capacity became saturated, the usage of expanded ICUs increased. COVID-19=coronavirus disease 2019.

2,145 mechanically ventilated patients with COVID-19

1,067 assigned traditional ICU 899 assigned expanded ICU

179 Excluded

 13 < 18 years old

  5 Transferred from other hospital to NH
   after intubation

 11 ECMO

 150 placed DNR order within 24 h from
   intubation

Figure 2. Flow diagram of patients. COVID-19=coronavirus disease 2019; DNR=do-not-
resuscitate; ECMO=extracorporeal membrane oxygenation; ICU= intensive care unit;
NH=Northwell Health system.
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expanded ICUs increased (Figure 1B). The
change in the number of mechanically
ventilated patients in ICUs from March 1
to April 30 admitted to traditional and
expanded ICUs per each hospital is shown
in Figure E1.

A total of 2,145 adult mechanically
ventilated patients with COVID-19
admitted to 11 hospitals within the
Northwell Health system were included.
Among them, a total of 179 were
excluded because they were under 18
years old (n = 13), transferred from
hospitals outside of the Northwell
Health system after intubation (n = 5),

placed on ECMO (n = 11), or had DNR
orders initiated within 24 hours after
intubation (n = 150). From the remaining
1,966 patients, 1,067 (54.3%) were
assigned to traditional ICUs and 899
(45.7%) to expanded ICUs, respectively,
which were analyzed in this study
(Figure 2). Characteristics of analyzed
patients, such as age, sex, race,
comorbidities, and illness severity at the
time of ICU admission, are shown in
Table 2.

In the survival analysis up to 28
days after intubation, the average
duration of follow-up on the surviving

patients and deceased patients are 21.6
days (68.5 d) and 9.3 days (67.2 d),
respectively. In-hospital mortality at 28
days was 57% (613/1,067) and 65% (585/
899) in traditional and expanded ICUs,
respectively. Kaplan-Meier curves were
plotted for the patients admitted to
traditional and expanded ICUs. The log-
rank test as an unadjusted analysis
showed that the mortality in expanded
ICUs was greater than that in traditional
ICUs (P = 0.001) (Figure 3A). Using an
adjusted Cox proportional hazard
regression analysis, the risk of mortality
among patients admitted to expanded
ICUs was observed not to be different
from that of patients admitted to
traditional ICUs (HR, 1.07; 95% CI,
0.95–1.20; P = 0.28) (Figure 3B). The
mortality among patients who were
intubated when the hospital occupancy
for critically ill patients was greater than
1.0 was 28% greater than that of patients
who were intubated when the hospital
occupancy for critically ill patients was
less than 1.0 (HR, 1.28; 95% CI,
1.12–1.45; P, 0.001) (Table 3).

For sensitivity analysis, we evaluated
in-hospital mortality until hospital
discharge. For this analysis, 15.6%
(306/1,966 patients) were additionally
censored because they were still in the
hospital at the date of final follow-up.
The average duration of follow-up on the
surviving patients at their discharge and
deceased patients are 32.3 days (621.5 d)
and 11.8 days (611.4 d), respectively.
The results were similar to the survival
analysis up to 28 days, which is no
significant difference in mortality of
patients admitted to expanded ICUs
versus traditional ICUs (HR, 1.04; 95%
CI, 0.93–1.17; P = 0.49) with increased
risk of mortality with hospital occupancy
for critically ill patients (HR, 1.27; 95%
CI, 1.12–1.44; P, 0.001) (Table 4). We
also evaluated the mortality considering
the influence of admitted hospital as a
random effect and confirmed that it
did not appreciably alter the results
(Tables E1 and E2).

Discussion

In this multicenter, retrospective, cohort
study of mechanically ventilated patients

Table 2. Baseline characteristics of all subjects

Traditional ICU
(n= 1,067), n (%)

Expanded ICU
(n=899), n (%) P Value

Age (yr) 0.53
,65 540 (50.6) 426 (47.4)
>65–,74 295 (27.6) 263 (29.3)
>75–,84 190 (17.8) 175 (19.5)
>85 42 (3.9) 35 (3.9)

Sex, male 709 (66.4) 622 (69.2) 0.20
Race 0.48
Asian 113 (10.6) 79 (8.8)
Black 195 (18.3) 166 (18.5)
White 368 (34.5) 331 (36.8)
Other/multiracial 335 (31.4) 285 (31.7)
Unknown 56 (5.3) 38 (4.2)

Insurance 0.65
Commercial 337 (31.6) 265 (29.5)
Medicaid 223 (20.9) 211 (23.5)
Medicare 474 (44.4) 393 (43.7)
Other/self pay 33 (3.1) 30 (3.3)

BMI ,0.001
,30 533 (50.0) 426 (47.4)
>30 (obesity) 481 (45.1) 368 (40.9)
Missing data 53 (5.0) 105 (11.7)

Past medical history
Hypertension 680 (63.7) 521 (58.0) 0.009
Diabetes 452 (42.4) 366 (40.7) 0.46
Chronic heart disease 142 (13.3) 110 (12.2) 0.48
Chronic lung disease 44 (4.1) 37 (4.1) .0.99

After-hours intubation (17:00–9:00) 421 (39.5) 373 (41.5) 0.36
Time from starting respiratory

symptom until intubation (d)*
0.22

,5 206 (19.3) 142 (15.8)
>5–,8 213 (20.0) 170 (18.9)
>8–,14 295 (27.6) 257 (28.6)
>14 238 (22.3) 221 (24.6)
Missing data 115 (10.8) 109 (12.1)

SAPS II at ICU admission* 0.01
,50 225 (21.1) 169 (18.8)
>50–,60 241 (22.6) 208 (23.1)
>60–,70 238 (22.3) 224 (24.9)
>70 250 (23.4) 239 (26.6)
Missing data 113 (10.6) 59 (6.6)

Definition of abbreviations: BMI=body mass index; ICU= intensive care unit; SAPS
II = Simplified Acute Physiology Score II.
*We categorized these variables by quantile.
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with confirmed COVID-19 infection during
the first wave of the pandemic in New York
City, we have shown that the risk of 28-day
in-hospital mortality after intubation of the
patients with COVID-19 admitted to
expanded ICUs was not different from that
of patients admitted to traditional ICUs.
However, exceeding the hospital capacity for
critically ill COVID-19 patients was
associated with higher mortality, which was
consistent with the results of previous studies
(11, 12).

The observed increased mortality
during hospital ICU occupancy over 1.0,
along with comparable mortality
outcomes in expanded versus traditional
ICUs, are significant findings regarding

management during the pandemic. First,
the higher mortality during times of
crisis due to utilization of scarce
resources such as ICU staff and beds is
consistent with prior literature (6) and
the experience of clinicians. This can be
due to higher levels of care required, the
complexity of disease processes, and/or
the unfamiliarity of clinicians with a
novel disease. On the other hand, the
comparable mortality rates of expanded
versus traditional ICUs is an
encouraging finding. This could be
interpreted as a solution to the
conundrum of care for the critically ill
during periods of high strain on ICU
resources. It must be noted that we also

need to consider other potential
solutions such as interfacility transfer of
critically ill patients to balance the strain
among multiple health systems because
our results showed that the increased
hospital strain itself, which leads to the
need to open expanded ICUs, worsen
the overall mortality, regardless of
assigned ICU type. It is possible that the
relationship of increased hospital
occupancy and increased mortality can
result from the distribution of limited
medical resources to both traditional
and expanded ICUs. However, it is also
likely that there may be other factors
involved that are not limited to the
distribution of medical resources. Future
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studies should focus on potential
explanations of the observed effect.

Our aim was to evaluate the
mortality of the patients admitted to
traditional and expanded ICUs.
Although there was a mortality
difference between patients admitted to
traditional versus expanded ICUs in the
univariate analysis, there were many
potential confounders that needed to be
considered. For example, as shown in
Figure 1, the usage of expanded ICUs
increased only after traditional ICU
capacity became saturated, which means
that the patients in expanded ICUs were
likely to be admitted in the phase when
the hospital was more crowded with
critically ill COVID-19 patients. After
the adjustments of several factors,
including the patient severity and the
scale of hospital strain, the difference in
the mortality between traditional and
expanded ICUs was diminished while
exceeding the hospital capacity was still
associated with higher mortality. Taken
together, our results indicate that

hospitals and health systems seem to be
impacted by the strain itself rather than
the potential decline in quality of
treatment in expanded ICUs.

Limitations
As a retrospective study, our study has
several limitations. With data collected
from a heterogeneous population from
11 participating hospitals in New York,
confirmatory studies in other
geographical areas may be needed to
support our results. Second, we did not
include patients who underwent ECMO
because ECMO patients were
preferentially assigned to traditional
ICUs due to specific staffing and
training requirements. Third, we focused
on short-term mortality after intubation
because we were concerned that the
longer outcome measurement would be
influenced more greatly by factors after
ICU discharge rather than the effect of
the assigned ICU type. Considering that
the time course of critical illness
secondary to COVID-19 infection has

been more prolonged than that of other
respiratory illnesses (e.g., flu), it may be
more crucial to assess longer-term
outcomes in future prospective studies.
Fourth, in this study, we measured
hospital occupancy for critically ill
patients by evaluating the scale of
crowdedness, which was at the hospital
level rather than at an individual ICU
level. Future studies evaluating
individual ICU crowdedness and its
relationship to increased mortality may
be worthwhile to confirm our findings.
Fifth, we did not evaluate any
nonclinical factors, such as the total
availability of ventilators per day, that
may have influenced decision-making
regarding the initiation of mechanical
ventilation. Although helpful, this
information was beyond the scope of
our study and was not readily available
in the EHR. Finally, while we have used
standardized methods to compare the
acuity of patients in expanded versus
traditional ICUs, it is still possible
that these populations may be different

Table 3. Proportional hazard regression results from intubation to 28-day in-hospital mortality

Unadjusted* HR (95% CI) P Value Adjusted HR (95% CI) P Value

Overcrowded ICU 1.43 (1.27–1.62) ,0.001 1.28 (1.12–1.45) ,0.001
Expanded ICU 1.21 (1.08–1.35) 0.001 1.07 (0.95–1.20) 0.28
Age (yr)
,65 1 [Reference] 1 [Reference]
>65–,74 1.35 (1.18–1.54) ,0.001 1.28 (1.11–1.47) ,0.001
>75–,84 1.52 (1.30–1.76) ,0.001 1.33 (1.13–1.56) ,0.001
>85 2.61 (2.03–3.37) ,0.001 2.20 (1.68–2.89) ,0.001

Female 0.90 (0.80–1.02) 0.11 0.87 (0.77–0.99) 0.04
BMI
,30 1 [Reference] 1 [Reference]
>30 (obesity) 0.88 (0.78–1.00) 0.03 0.98 (0.86–1.11) 0.73
Missing data 2.36 (1.95–2.87) ,0.001 2.50 (2.05–3.05) ,0.001

Hypertension 1.18 (1.05–1.33) 0.005 1.08 (0.95–1.22) 0.26
Diabetes 1.13 (1.01–1.27) 0.04 1.11 (0.98–1.25) 0.09
Chronic heart disease 1.46 (1.25–1.71) ,0.001 1.28 (1.09–1.51) ,0.001
Chronic lung disease 1.33 (1.01–1.74) 0.04 1.29 (0.97–1.70) 0.08
Time from admission until

intubation (d)
,5 1 [Reference] 1 [Reference]
>5–,8 0.84 (0.69–1.03) 0.09 0.88 (0.72–1.07) 0.19
>8–,14 0.94 (0.79–1.13) 0.53 1.03 (0.86–1.24) 0.71
>14 1.17 (0.98–1.40) 0.08 1.26 (1.05–1.52) 0.01
Missing data 1.79 (1.46–2.21) ,0.001 1.79 (1.45–2.21) ,0.001

SAPS II, score points
,50 1 [Reference] 1 [Reference]
>50–,60 1.24 (1.03–1.48) 0.02 1.17 (0.97–1.41) 0.10
>60–,70 1.17 (0.97–1.41) 0.09 1.21 (1.01–1.46) 0.04
>70 1.52 (1.27–1.81) ,0.001 1.47 (1.22–1.75) ,0.001
Missing data 1.83 (1.46–2.29) ,0.001 1.65 (1.32–2.07) ,0.001

Definition of abbreviations: BMI=body mass index; CI =confidence interval; HR=hazard ratio; ICU= intensive care unit; SAPS II =Simplified
Acute Physiology Score II.
*Unadjusted model considers one variable of the model at a time.
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in some other respects that need further
evaluation.

In this study, we excluded patients who
had DNR orders initiated during the early
phase after intubation (within 24 h) to help
reduce selection bias. In fact, the proportion
of patients who had DNRwithin 24 hours
after intubation was not different between
those admitted to traditional ICUs (8%
[90/1,157]) and those admitted to expanded
ICUs (6% [60/959]).

Conclusions
Although increased hospital occupancy for
critically ill patients itself was associated with
increased mortality, the risk of 28-day in-
hospital mortality of mechanically ventilated
patients with COVID-19 who were admitted
to expanded ICUs was not different from
those admitted to traditional ICUs.

As a means to manage the immense
volume of patients affected by this pandemic,
many expanded ICUs were built throughout
the world to effectively treat intubated
COVID-19 patients. However, there is a
paucity of information regarding the

outcomes of expanded ICUs because we have
never experienced a similar situation since
the Spanish flu pandemic over a hundred
years ago. We believe our data could be
helpful if we face a similar pandemic in the
future and the need to treat a high volume of
critically ill patients in expanded ICUs.�
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Table 4. Sensitivity analysis with in-hospital mortality from intubation to hospital discharge

Unadjusted* HR (95% CI) P Value Adjusted HR (95% CI) P Value

Overcrowded ICU 1.43 (1.27–1.61) ,0.001 1.27 (1.12–1.44) ,0.001
Expanded ICU 1.20 (1.08–1.34) ,0.001 1.04 (0.93–1.17) 0.49
Age (yr)

,65 1 [Reference] 1 [Reference]
>65–,74 1.36 (1.19–1.55) ,0.001 1.26 (1.10–1.44) ,0.001
>75–,84 1.42 (1.23–1.64) ,0.001 1.36 (1.16–1.59) ,0.001
>85 2.59 (2.02–3.32) ,0.001 2.34 (1.79–3.04) ,0.001

Female 0.90 (0.80–1.02) 0.10 0.84 (0.74–0.95) 0.006
BMI

,30 1 [Reference] 1 [Reference]
>30 (obesity) 0.88 (0.79–0.99) 0.03 0.98 (0.87–1.10) 0.73
Missing data 2.31 (1.91–2.29) ,0.001 2.39 (1.97–2.91) ,0.001

Hypertension 1.15 (1.02–1.28) 0.02 1.07 (0.95–1.21) 0.29
Diabetes 1.13 (1.02–1.27) 0.03 1.10 (0.98–1.23) 0.13
Chronic heart disease 1.39 (1.20–1.62) ,0.001 1.26 (1.08–1.48) 0.005
Chronic lung disease 1.26 (0.96–1.63) 0.10 1.23 (0.94–1.62) 0.14
Time from admission until

intubation (d)
,5 1 [Reference] 1 [Reference]
>5–,8 0.85 (0.70–1.02) 0.08 0.88 (0.73–1.06) 0.18
>8–,14 0.97 (0.82–1.15) 0.70 1.06 (0.89–1.26) 0.51
>14 1.19 (1.00–1.41) 0.04 1.27 (1.06–1.51) 0.01
Missing data 1.77 (1.45–2.16) ,0.001 1.78 (1.45–2.19) ,0.001

SAPS II, score points
,50 1 [Reference] 1 [Reference]
>50–,60 1.16 (0.97–1.38) 0.10 1.13 (0.95–1.35) 0.17
>60–,70 1.20 (1.01–1.43) 0.04 1.18 (0.99–1.40) 0.07
>70 1.48 (1.25–1.74) ,0.001 1.37 (1.16–1.63) ,0.001
Missing data 1.61 (1.30–2.01) ,0.001 1.52 (1.22–1.90) ,0.001

Definition of abbreviations: BMI=body mass index; CI =confidence interval; HR=hazard ratio; ICU= intensive care unit; SAPS II =Simplified
Acute Physiology Score II.
*Unadjusted model considers one variable of the model at a time.
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