Trends in ICU Mortality From Coronavirus
Disease 2019: A Tale of Three Surges

OBIJECTIVES: To determine the association between time period of hospitali-
zation and hospital mortality among critically ill adults with coronavirus disease
2019.

DESIGN: Observational cohort study from March 6, 2020, to January 31, 2021.

SETTING: ICUs at four hospitals within an academic health center network in
Atlanta, GA.

PATIENTS: Adults greater than or equal to 18 years with coronavirus disease
2019 admitted to an ICU during the study period (i.e., Surge 1: March to April, Lull
1: May to June, Surge 2: July to August, Lull 2: September to November, Surge
3: December to January).

MEASUREMENTS AND MAIN RESULTS: Among 1,686 patients with co-
ronavirus disease 2019 admitted to an ICU during the study period, all-cause
hospital mortality was 29.7%. Mortality differed significantly over time: 28.7% in
Surge 1, 21.3% in Lull 1, 25.2% in Surge 2, 30.2% in Lull 2, 34.7% in Surge 3
(p = 0.007). Mortality was significantly associated with 1) preexisting risk factors
(older age, race, ethnicity, lower body mass index, higher Elixhauser Comorbidity
Index, admission from a nursing home); 2) clinical status at ICU admission (higher
Sequential Organ Failure Assessment score, higher p-dimer, higher C-reactive
protein); and 3) ICU interventions (receipt of mechanical ventilation, vasopres-
sors, renal replacement therapy, inhaled vasodilators). After adjusting for baseline
and clinical variables, there was a significantly increased risk of mortality associ-
ated with admission during Lull 2 (relative risk, 1.37 [95% Cl = 1.03-1.81]) and
Surge 3 (relative risk, 1.35 [95% Cl = 1.04-1.77]) as compared to Surge 1.

CONCLUSIONS: Despite increased experience and evidence-based treatments,
the risk of death for patients admitted to the ICU with coronavirus disease 2019
was highest during the fall and winter of 2020. Reasons for this increased mor-
tality are not clear.

KEY WORDS: adult; artificial; coronavirus; critical care; mortality; respiration;
respiratory distress syndrome

pandemic, mortality rates among patients with COVID-19 requiring

critical care and mechanical ventilation were exceedingly high, rang-
ing from 50% to 97% in reports from Wuhan, China, and Washington State
(1-4). After the initial spring surge of COVID-19 cases in the United States,
our group and others reported mortality rates of 17-39% among critically ill
patients (5-10), in line with historical data from acute respiratory distress syn-
drome (ARDS) and previous influenza pandemics (11-13).

Multiple groups have since examined trends in critical care outcomes fol-
lowing that initial surge. Our own group found a drop in mortality from 34%
in March 2020 to 22% in June 2020 (14). Similarly, a study from the United
Kingdom found an 11% reduction in mortality after the initial surge (15),
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whereas a study from Philadelphia found a 24% ab-
solute reduction in mortality from March to May,
2020 (16). A systematic review and meta-analysis
also found a statistically significant decline of ~10%
in the mortality rate between January and May 2020
(7). These improvements in mortality were attributed
to a number of factors, including growing provider
comfort, the availability of established treatments in-
cluding antivirals and steroids (17, 18), and more con-
sistent approaches to anticoagulation (19-21).

However, there are little data as to how mortality
rates have since changed, including with the recent
winter surge in the United States, during which time
nationwide case counts routinely exceeded 200,000
cases/d (vs 30,000 and 60,000 cases/d during Spring
and Summer 2020) (22). No studies have exam-
ined changes in patient characteristics over time and
whether these may account for changes in mortality.
We report here on mortality rates across the first 11
months of the COVID-19 pandemic, a period com-
prised of three surges and two lulls. We sought to char-
acterize trends in patient characteristics over time and
determine whether the time period of ICU admission
was independently associated with mortality.

METHODS
Study Setting and Design

This is an observational cohort study of patients
with COVID-19 admitted to an ICU at four Emory
Healthcare hospitals in Atlanta, GA, from March 6,
2020, to January 31, 2021. These four hospitals have
1,800 inpatient beds, of which 276 were designated as
ICU beds in January 2020. Although up to 313 beds
were designated as ICU beds during the study period,
all ICU beds had standard continuous monitoring of
vital signs and were staffed by critical care providers
and staff. During the study period, staffing was peri-
odically supplemented with both internal and external
temporary staff. Standard ICU care was provided
throughout the study period, with the exception of
March 2020 when, as reported previously, heated high-
flow nasal cannula was not used given concerns about
aerosol transmission (5, 14).

Study Population

All adults greater than or equal to 18 years admit-
ted to an ICU with COVID-19 were included in the
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study. COVID-19 status was based upon a positive
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) assay or an International Classification
of Diseases, 10th Edition (ICD-10) billing code for
COVID-19 (U07.1) during the hospitalization. For
patients with more than one ICU admission, we only
included the first admission, unless the second admis-
sion occurred within 7 days of the first discharge. In
this instance, the admissions were combined and con-
sidered a single ICU stay, albeit designated a readmis-
sion for analytic purposes.

Data Collection and Statistical Analysis

Patient data, including sociodemographic information,
clinical, and laboratory data, and clinical outcomes were
obtained from the electronic medical record (EMR)
and abstracted through March 31, 2021, at which time
no patients in the cohort remained hospitalized. The
Elixhauser Comorbidity Index was used as a measure
of the burden of medical comorbidities (23). D-dimer
and C-reactive protein (CRP) were collected at hospital
admission. The Sequential Organ Failure Assessment
(SOFA) score and the Pao_/F10, ratio were determined
at ICU admission (24). Bacteremia was defined by a
positive blood culture, excluding likely contaminants
from a single positive culture, and bacterial pneumonia
was defined by a positive respiratory culture with exclu-
sion of common commensals and contaminants (25).
Steroid administration was defined as receipt of dexa-
methasone greater than or equal to 6 mg daily (or the
corticosteroid equivalent). Therapeutic anticoagulation
was defined as administration of unfractionated hep-
arin, low-molecular weight heparin, or direct oral anti-
coagulants at intermediate or full therapeutic dosing,
argatroban, or bivalirudin at any point. Type of ICU
was defined as either a preexisting medical/surgical
ICU, a preexisting specialty ICU (e.g., cardiac, neuro-
logic/neurosurgical), or an expansion ICU (i.e., for ad-
ditional patients during the pandemic).

The primary exposure was the time period of ICU
admission. For this purpose, the study period was di-
vided into five epochs based upon author consensus,
with three “surges” and two “lulls” The three surge
periods were as follows: March to April (Surge 1), July
to August (Surge 2), December to January (Surge 3).
The two lull periods were May to June (Lull 1) and
September to November (Lull 2). The primary out-
come of the study was all-cause, in-hospital mortality.
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Crude daily in-hospital mortality was also described
using a rolling average calculated at +14 days. The
number of deaths that occurred each day was divided
by the number of individuals at risk each day (i.e., the
daily ICU census). Transfers to inpatient or home hos-
pice, of which there were 57 and 48, respectively, were
not included in mortality counts.

Sociodemographic, clinical, and ICU admission and
intervention data were compared across the five time
periods using a chi-square or Kruskal-Wallis test for
categorical and continuous variables, respectively, with
a two-sided p value of less than 0.05 considered statis-
tically significant. We next examined changes in mor-
tality over the study time periods using a modified
Poisson regression method suited for common binary
outcomes with robust sEs obtained using the R package
“sandwich” A 95% CI was calculated for each estimated
relative risk (RR). An unadjusted model was used with
the study time period as a multilevel categorical expo-
sure, with Surge 1 (i.e., March to April 2020) as the refer-
ence group and mortality as the outcome. We then ran a
“baseline” model adjusted for key sociodemographic and
clinical characteristics of age, race, ethnicity, Elixhauser
Comorbidity Index, and admission directly from a
nursing home. A final “complete” model was adjusted
for covariates significantly associated with both the ex-
posure and outcome: SOFA score, D-dimer, CRP, receipt
of remdesivir, steroids, vasopressors, renal replacement
therapy, mechanical ventilation, evidence of bacteremia
and/or bacterial pneumonia, and ICU length of stay, in
addition to variables in the baseline model. To account
for non-Gaussian distributions, p-dimer and CRP were
log-transformed prior to inclusion. Complete multivari-
able models were compared using the Akaike informa-
tion criterion to select the most parsimonious model.
All analyses were performed using R Version 4.0.3 (R
Foundation for Statistical Computing, Vienna, Austria).

Ethics

This study was approved by the Emory University
Institutional Review Board (STUDY00000425).

RESULTS

Patient Characteristics at Baseline

There were 1,686 patients admitted to an ICU from
March 6, 2020, to January 31, 2021. The median age
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was 63 years (interquartile range [IQR], 52-74 yr),
and 950 (56.3%) were men (Table 1). Just over half
(885; 52.5%) were Black, 525 (31.1%) were White,
and 138 (8.2%) were Hispanic. The median body mass
index (BMI) was 28.0kg/m* (IQR, 23.8-34.0kg/m?),
and the median Elixhauser Comorbidity Index was
26 (IQR, 17-35). The most common comorbidi-
ties were hypertension (n = 1,010; 59.9%), diabetes
mellitus (n = 859; 50.9%), congestive heart failure
(n=574;34.0%), and chronic/end stage kidney disease
(n = 564; 33.5%); many patients had multiple comor-
bidities (Supplemental Fig. 1, http://links.lww.com/
CCM/G596). There were 122 patients (7.2%) admitted
directly from a nursing home.

There were 258 patients (15.3%) admitted during
Surge 1, 61 (3.6%) admitted during Lull 1, 503 (29.8%)
admitted during Surge 2, 288 (17.1%) admitted dur-
ing Lull 2, and 576 (34.2%) admitted during Surge 3.
The median age in Surge 1 was 64 years (IQR, 53-73
yr) and then dropped during the two Lulls and Surge
2 before rising to 66 years (IQR, 55-77 yr) in Surge 3
(p < 0.001) (Fig. 1A4). Gender did not significantly
differ across the study time periods. However, race
did significantly differ, with the proportion of Black
patients highest in Surge 1 at 67.8% and lowest in
Lull 2 and Surge 3 at 43.8% and 47.2%, respectively
(p < 0.001). The proportion of Hispanic patients also
differed across study, from 5.0% in Surge 1 to 16.4%
in Lull 1 (p < 0.001). Although neither BMI nor the
Elixhauser Index significantly differed over time, the
proportion of patients with chronic or end-stage renal
disease ranged from 38.0% in Surge 1 to 28.2% in Surge
2 (p = 0.023) (Fig. 1B).

Clinical Characteristics at ICU Admission

The median SOFA score for all patients was 6.0 (IQR,
3.0-9.8), the median Pao,/F10, ratio was 128.1 (IQR,
89.7-211.8), the median D-dimer was 1,186 ng/mL
(IQR 672-2,494ng/mL), and the median CRP was
118mg/L (IQR, 66-183mg/L) (Table 2). Although a
majority of patients (n = 1,310; 77.7%) were admitted
to an existing medical/surgical ICU, 143 (8.5%) were
admitted to an existing specialty ICU, and 231 (13.7%)
were admitted to an expansion ICU. There were 143
patients (8.5%) readmitted to an ICU within seven
days of a prior ICU discharge.

In looking across the study periods, the SOFA score
differed significantly from a peak of 8 in Surge 1 to a
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TABLE 1.

Sociodemographic and Baseline Clinical Characteristics of Patients Admitted to the ICU
With Coronavirus Disease 2019

Characteristics

Total

(N=1,686)

Surge 1

(N = 258)

Lull 1

(N=61)

Surge 2
(N =503)

Lull 2
(N = 288)

Surge 3
(N = 576)

Age, median (IQR) 63 (52-74) 64 (53-73) 59 (52-70) 60 (49-72) 62 (53-75) 66 (56-77) < 0.001

Age category, n (%) < 0.001
Age <55 492 (29.2) 2 (27.9) 20 (32.8) 185 (36.8) 87 (30.2) 128 (22.2)

Age 55-64 402 (28.8) 2 (24.0) 20 (32.8) 111 (22.1) 68 (23.6) 141 (24.5)
Age 65-74 374 (22.2) 5 (25.2) 9 (14.8) 117 (28.3) 58 (20.1) 125 (21.7)
Age > 74 418 (24.8) 9(22.9) 12(19.7) 90 (17.9) 75 (26.0) 182 (31.6)

Gender, n (%) 0.843
Female 736 (43.7) 113 (43.8) 25 (41.0) 212 (42.1) 133 (46.2) 253 (43.9)

Male 950 (56.3) 145 (56.2) 36 (59.0) 201 (67.9) 155 (53.8) 323 (56.1)

Race, n (%) < 0.001

African American or Black 885 (52.5) 175 (67.8) 33 (54.1) 279 (55.5) 126 (43.8) 272 (47.2)
Caucasian or White 525 (31.1) 48 (18.6) 10 (16.4) 134 (26.6) 107 (37.2) 226 (39.2)
Asian 65 (3.9) 12 (4.7) 2 (3.3) 2 (2.4) 11 (3.8) 28 (4.9)
Other 15 (0.9) 1 (0.4) 1(1.6) 7 (1.4) 1 (0.3) 5 (0.9)

Unknown 196 (11.6) 22 (8.5) 15 (24.6) 71 (14.1) 43 (14.9) 45 (7.8)

Ethnic group, n (%) < 0.001
Hispanic or Latino 138 (8.2) 13 (5.0) 10 (16.4) 67 (13.3) 16 (5.6) 32 (5.6)
Non-Hispanic or Latino 1362 (80.8) 220 (85.3) 5 (73.8) 384 (76.3) 231 (80.2) 482 (83.7)

Unknown 186 (11.0) 25 (9.7) 6 (9.8) 52 (10.3) 41 (14.2) 62 (10.8)
BMI (kg/m?), median (IQR) 28.0 279 26.3 28.7 27.6 27.6 0.168
(23.8-34.0) (23.8-33.6) (22.5-31.7) (24.4-34.4) (23.9-32.8) (23.3-34.2)

BMI > 40kg/m?, n (%) 189 (11.6) 24 (9.6) 5 (8.6) 53 (10.9) 26 (9.6) 81 (14.5) 0.121

Hypertension, n (%) 1010 (59.9) 163 (63.2) 34 (55.7) 289 (567.5) 176 (61.1) 348 (60.4) 0.544

Coronary artery disease, n (%) 364 (21.6) 0(19.4) 14 (23.0) 95 (18.9) 79 (27.4) 126 (21.9) 0.066

Congestive heart failure, n (%) 574 (34.0) 9 (34.5) 25 (41.0) 155 (30.8) 103 (35.8) 202 (35.1) 0.365

Diabetes mellitus, n (%) 859 (50.9) 147 (57.0) 27 (44.3) 240 (47.7) 148 (49.7) 302 (52.4) 0.105

Chronic kidney disease/end-stage 564 (33.5) 8(38.0) 19(31.1) 142 (28.2) 94 (32.6) 211 (36.6) 0.023
renal disease, n (%)

Asthma, n (%) 158 (9.4) 25 (9.7) 3 (4.9) 40 (8.0) 32 (11.1) 58 (10.1) 0.405

Chronic obstructive pulmonary 213 (12.6) 23 (8.9) 10 (16.4) 60 (11.9) 33 (11.5) 87 (15.1) 0.100
disease, n (%)

Elixhauser?, median (IQR) 26 (17-35) 26 (18-35) 30 (19-36) 24 (17-34) 27 (18-36) 26 (16-34) 0.240

Admission from nursing 122 (7.2) 30 (11.6) 9 (14.8) 26 (5.2) 21 (7.3) 36 (6.2) 0.002

home, n (%)

BMI = body mass index, IGR = interquartile range.
2Elixhauser comorbidities indices were calculated using the van Walraven algorithm for the weighting process.
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ICU Interventions and
Care

During their ICU stay,
863 patients (51.2%) re-
ceived mechanical ventila-
tion, 819 (48.6%) required
vasopressors, 384 (22.8%)
received renal replace-
ment therapy, and 39
(2.3%) received extracor-
poreal membrane oxygen-
ation (ECMO) (Table 2).
Over half of patients re-
ceived remdesivir (n = 937;
55.6%), whereas nearly
three quarters (n = 1,227;
72.8%) received steroids.
The vast majority of
patients (n = 1,557; 92.3%)
received intermediate or
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tion, whereas 212 patients
(12.6%) received inhaled
vasodilator therapy. There
were 220 patients (13.0%)
with bacteremia and 310
(18.4%) with bacterial
pneumonia.

The  proportion  of
patients who  received
mechanical ventilation
was highest in Surge 1 at
71.3% (during which time
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Figure 1. Distribution of age (A), baseline comorbidities (B), and ICU interventions (C) over the
study time periods (i.e., surges and lulls) for all patients admitted to the ICU with coronavirus
disease 2019 (n = 1,686). CAD = coronary artery disease, CHF = congestive heart failure, CKD =
chronic kidney disease, COPD = chronic obstructive pulmonary disease, CRRT = continuous renal
replacement therapy, DM = diabetes mellitus, ECMO = extracorporeal membrane oxygenation,
ESRD = end-stage renal disease, HD = hemodialysis, HTN = hypertension, Vent = ventilator.

nadir of 5 in Surge 2 and Lull 2 (p < 0.001). p-dimer
and CRP were also highest in Surge 1 and differed sig-
nificantly across study periods (p < 0.001). Although
the proportion of patients admitted to an expansion
ICU diftered significantly across the study, peaking at
18.9% in Surge 3 (p < 0.001), the proportion of read-
missions did not differ over time.

Critical Care Medicine

heated high-flow nasal
cannula was initially not
used) and then remained
between 44% and 53%
for the remainder of the
study period (p < 0.001)
(Fig. 1C). The use of vaso-
pressors and renal replacement therapy were also high-
est during Surge 1 (p < 0.001, p = 0.035, respectively).
Although the administration of remdesivir and steroids
increased after Surge 1 (p values<0.001), there was no
difference in the use of anticoagulation across the study
(p = 0.613). There was also no difference in the rates of
bacteremia or bacterial pneumonia over time.
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TABLE 2.

Clinical Characteristics at ICU Admission, ICU Interventions, and Mortality of Patients
Admitted to the ICU With Coronavirus Disease 2019

Total Surge 1 Lull 1 Surge 2 Lull 2 Surge 3

Characteristics (N=1,686) (N=258) (N=61) (N=503) (N =288) (N = 576)

Sequential Organ Failure 6.0 8.0 6.0 5.0 5.0 6.0 < 0.001
Assessment?, median (IQR) (3.0-9.8) (5.0-11.0) (4.0-9.0) (2.0-9.0) (2.0-8.2) (3.0-9.0)

Pao,/Fio, ratio® (mm Hg), 128.1 1311 150.0 132.0 125.0 1231 0.421
median (IQR) (89.7-211.8) (90.6-194.0) (106.4-272.1) (89.4-215.6) (85.3—-196.0) (88.7-216.4)

p-dimer® (ng/mL), median (IQR) 1,186 1,343 1,088 1,009 1,141 1,303 < 0.001

(672-2,494) (765-3,535) (639-3,269) (601-1,919) (701-2,387) (716-3,634)

C-reactive protein® (mg/L), 118 145 104 117 113 111 < 0.001
median (IQR) (66—-183) (82-216) (43-169) (68-193) (65-161) (59-173)

Mechanical ventilation, n (%) 863 (51.2) 184 (71.3) 32 (52.5) 231 (45.9) 129 (44.8) 287 (49.8) < 0.001

Days on ventilator, median (IQR) 11 (5-19) 11 (6-16) 1 (7-20) 4 (7-25) 0 (5-21) 8 (3-18) < 0.001

Vasopressors, n (%) 819 (48.6) 174 (67.4) 33 (54.1) 229 (45.5) 126 (43.8) 257 (44.6) < 0.001

Continuous renal replacement 384 (22.8) 6 (29.5) 7 (27.9) 102 (20.3) 8 (20.1) 131 (22.7) 0.035
therapy/hemodialysis, n (%)

Extracorporeal membrane 39 (2.3) 6 (2.3) 5 (8.2) 11 (2.2) 10 (8.5) 7 (1.2) 0.007
oxygenation, n (%)

Remdesivir, n (%) 937 (55.6) 6 (25.6) 7 (93.4) 302 (60.0) 154 (53.5) 358 (62.2) < 0.001

Steroids®, n (%) 1,227 (72.8) 2 (12.4) 17 (27.9) 416 (82.7) 245 (85.1) 517 (89.8) < 0.001

Inhaled vasodilator, n (%) 212 (12.6) 5 (5.8) 9 (14.8) 91 (18.1) 5 (15.6) 2 (9.0) < 0.001

Anticoagulationd, n (%) 1,657 (92.3) 235 (91.1) 54 (88.5) 469 (93.2) 268 (93.1) 531 (92.2) 0.613

Emergency department 6.2 4.7 6.2 6.2 5.6 73 < 0.001
LOS (hr), median (IQR) (4.4-9.0) (3.7-6.3) (3.9-7.9) (4.6-8.8) (4.4-7.9) (5.0-12.0)

ICU type, n (%) < 0.001

Existing medical/surgical 1,310 (77.7) 186 (72.1) 51 (83.6) 400 (79.5) 235(81.6) 438 (76.0)
ICU

Existing specialty ICU® 43 (8.5) 50 (19.5) 6 (9.8) 7 (5.4) 20 (7.0) 0 (6.9)

Expansion ICU' 231 (13.7) 21 (8.2) 4 (6.6) 6 (15.1) 32 (11.1) 8 (17.0)
Readmission, n (%) 143 (8.5) 9(11.2) 6 (9.8) 7 (7.4) 32 (11.1) 9 (6.8) 0.083
Bacteremia¥, n (%) 220 (13.0) 2 (8.5) 8 (13.1) 4 (14.7) 36 (12.5) 0 (13.9) 0.177
Bacterial pneumonia®, n (%) 310 (18.4) 3 (20.5) 9 (14.8) 4 (18.7) 52 (18.1) 102 (17.7) 0.815
ICU LOS (d), median (IQR) 6 (2-15) 0 (4-16) 7 (2-15) 6 (2-15) 6 (2-13) 5(2-12) <0.001
Crude mortality, n (%) 501 (29.7) 4 (28.7) 13 (21.3) 127 (25.2) 87 (30.2) 200 (34.7) 0.007

QR = interquartile range, LOS = length of stay.

3Values captured at admission into an ICU.

®Values captured at initial hospital admission.

cSteroids include receipt of dexamethasone > 6 mg daily or the corticosteroid equivalent for other steroid agents.

dAnticoagulants include unfractionated heparin, low-molecular weight heparin, or direct oral anticoagulants (i.e,, dabigatran, rivaroxaban,
apixaban) at intermediate or full therapeutic dosing, argatroban, or bivalirudin at any point during hospitalization.

¢Cardiac care units and neurologic/neurosurgical ICUs.

fICUs created to accommodate additional patients during the coronavirus disease 2019 pandemic.

9Any positive blood culture, excluding those with likely contaminants that were only positive in a single culture.

"Positive respiratory culture.
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All-Cause, In-Hospital Mortality

Opverall, 501 patients (29.7%) died during their hos-
pitalization. Mortality was significantly associated
with older age, with a median age of 72 years (IQR,
61-80 yr) for patients who died versus 60 years
(IQR, 49-71 yr) for those who survived (p < 0.001)
(Supplemental Table 1, http://links.lww.com/CCM/
G596). Mortality did not significantly differ by gender,
although it trended toward being significantly higher
in White versus Black patients (p = 0.062), and it was
significantly lower for patients of Hispanic ethnicity
(p = 0.040). Median BMI was significantly lower in
patients who died than those who survived (26.7 kg/
m* [IQR, 23.1-32.1kg/m?] vs 28.5kg/m* [IQR, 24.1-
34.7kg/m?’]; p < 0.001); severe obesity (BMI > 40kg/
m?) was also associated with improved survival
(p=0.006). Patients who died also had a greater burden
of comorbidities at baseline, with a median Elixhauser
Comorbidity Index of 32 (IQR, 24-39) as com-
pared to 23 (IQR, 14-32) among those who survived
(p <0.001).

SOFA score, D-dimer, and CRP levels were all signit-
icantly higher in patients who died (p < 0.01), whereas
the Pao,/F10, was significantly lower in patients who
died (p < 0.001) (Supplemental Table 2, http://links.
lww.com/CCM/G596). Organ failure requiring ICU
interventions including mechanical ventilation, vaso-
pressors, renal replacement therapy, and inhaled
vasodilators were all associated with greater mortality
(p < 0.001). Among 39 patients who received ECMO,
22 (56%) survived. The type of ICU, whether an ex-
isting or expansion unit, was not significantly associ-
ated with mortality.

Crude in-hospital mortality differed significantly
across the study time periods, initially peaking at 28.7%
in Surge 1 before declining to 21.3% in Lull 1, rising
to 25.2% in Surge 2, 30.2% in Lull 2, and then peak-
ing again at 34.7% in Surge 3 (p = 0.007). Crude daily
in-hospital mortality rose to 3% in Surge 1 and then
remained around 1-2.5% through Lull 1 and Surge 2
(Fig. 2A). During Lull 2, there were two peaks in crude
mortality in late September and early November and
then mortality steadily increased throughout Surge 3,
climbing from 2% to above 4% in February 2021.

As compared to Surge 1, the RR of all-cause, in-hos-
pital mortality did not significantly differ across the
subsequent surges and lulls in an unadjusted model
(Table 3 and Fig. 2B). The RR of mortality also did not

Critical Care Medicine

differ in our baseline adjusted models. However, after
additional adjustment for clinical status at the time of
ICU admission, the receipt of ICU interventions, ICU
length of stay, and the presence of secondary bacterial
infections in a complete adjusted model, there was a
significantly greater risk of death associated with ad-
mission during Lull 2 (RR, 1.37; 95% CI, 1.03-1.81)
and Surge 3 (RR, 1.35; 95% CI, 1.04-1.77). Full results
of the regression models are available in Supplemental
Tables 3-5 (http://links.lww.com/CCM/G596).

DISCUSSION

In this large cohort of 1,686 critically ill patients, mor-
tality rates varied significantly over the first 11 months
of the COVID-19 pandemic. Our group previously re-
ported that mortality rates during March and April of
2020 were commensurate with historical death rates
from pandemic influenza and ARDS (5) and later that
mortality declined in the months immediately follow-
ing the initial surge (14). We attributed this decline in
mortality to greater experience with the novel coro-
navirus alongside a growing evidence base of effective
treatments. However, with additional data covering 6
more months and a second and third surge of cases, we
report now that in-hospital mortality rates rose again
after the summer surge and ultimately peaked at 35%
during the third surge in December 2020 and January
2021. The reasons for this increase in mortality during
the latter 5 months of the study period, which persisted
after adjustment for baseline and clinical characteris-
tics, are not clear.

Although several studies have examined mor-
tality trends for COVID-19, we are not aware of any
with data from the recent winter surge of cases in the
United States. Rather, previous reports, including our
own, described improvements in outcomes following
the first surge in early 2020 (14). A study of nearly 500
patients with COVID-19 from Philadelphia attributed
declines in ICU mortality from March to May of 2020
to a “learning effect” (16). Similar improvements were
seen in a cohort of over 10,000 patients admitted to
ICUs in the United Kingdom, with an 11.8% decline
in mortality between February and July 2020 (15). In
another large cohort of over 8,000 critically ill patients
admitted to a U.S. Veterans Affairs hospital from
March to August 2020, ICU mortality peaked in April
and May before declining thereafter and was, notably,
significantly associated with ICU demand (26).
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first surge in early 2020,
at which time there were
Lo no established therapies
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did not find an associa-
tion between the type of
ICU (i.e., existing vs ex-
pansion) and mortality.
However, unmeasured
healthcare system factors
may have played a role in
the observed variability in
ICU outcomes, including
staff burnout with the pro-
longed nature of the pan-
demic and reliance on
temporary staff members.
Likewise, the spread of
viral variants of concern
could play a role, as several
variants have been associ-
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ated with higher mortality
(27, 28).
As with other cohorts,
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Figure 2. All-cause, in-hospital mortality over time for patients admitted to the ICU with coronavirus
disease 2019 (n = 1,686). A, Crude daily in-hospital mortality (black solid line) with 70% and

90% Cls in gray and daily ICU census (red dashed line) over the study time periods. B, Relative
risk of death across study time periods in unadjusted, baseline, and complete models. The baseline
model is adjusted for age, race, ethnicity, Elixhauser Comorbidity Index, and admission from a

we found that mortality
was significantly associ-
ated with increasing age.
However, contrary to some

nursing home. The complete model is adjusted for all variables in the baseline model in addition
to p-dimer, C-reactive protein, Sequential Organ Failure Assessment score, mechanical ventilation,
vasopressors, remdesivir, steroids, renal replacement therapy, bacteremia, bacterial pneumonia, and

reports, there was a trend
toward improved survival

ICU length of stay.

This study makes an important addition to the lit-
erature by including data through the recent winter
peak of cases. Although we anticipated that admis-
sion during a surge period would be associated with
higher mortality given the stress on healthcare systems
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among Black patients.
This finding echoes that of
two recent studies, one in New York City where Black
patients were more likely to be infected with COVID-19
but less likely to die, and a second in Detroit where
people of color who were critically ill with COVID-19
had lower mortality than White patients (29, 30).
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TABLE 3.

Relative Risk of All-Cause, In-Hospital Mortality Over Time

Sample No. of

Unadjusted Model

Baseline Model
RR (95% CI)

Complete Model

RR (95% CI) RR (95% CI)

Study Periods Size Deaths
Surge 1 (March to April 2020) 258 74
Lull 1 (May to June 2020) 61 13
Surge 2 (July to August 2020) 503 127
Lull 2 (September to November 2020) 288 87
Surge 3 (December 2020 to 576 200

January 2021)

Reference Reference Reference

0.74 (0.44-1.25) 0.69 (0.40-1.21) 0.89 (0.53-1.51)

0.88 (0.69-1.12) 0.99 (0.78-1.24) 1.29 (0.99-1.68)

1.05 (0.81-1.37) 1.08 (0.80-1.32) 1.37 (1.03-1.81)

1.21 (0.97-1.51) 1.183 (0.92-1.40) 1.35 (1.04-1.77)

RR = relative risk.

The baseline model is adjusted for age, race, ethnicity, Elixhauser, and admission from a nursing home. The complete model is adjusted for
variables from the baseline model and p-dimer, C-reactive protein, Sequential Organ Failure Assessment, mechanical ventilation, vasopressors,
remdesivir, steroids, renal replacement therapy, secondary bacterial infections (i.e, bacteremia or bacterial pneumonia), and days in the ICU.

Boldface values are statistically significant.

There are several limitations to this study. First, we
used data from a single academic healthcare network,
and so the data may not be broadly generalizable.
Second, the analysis leveraged data available in the
EMR. Certain variables, such as prone positioning, are
not collected and thus were not included in our anal-
ysis. However, we have no reason to believe that the use
of established interventions for ARDS such as prone
positioning and neuromuscular blockade varied over
the course of the study. Third, a diagnosis of COVID-19
was based on SARS-CoV-2 test results or an ICD-10
code, and so it is possible some patients in the analysis
were in fact admitted for postacute COVID-19 syn-
drome or that other patients with COVID-19 were not
included in the analysis (31). Fourth, viral sequencing
was not performed, and so the prevalence of viral vari-
ants of concern in this cohort is not known. Fifth, this
study was conducted prior to the widespread availa-
bility of vaccines against SARS-CoV-2, and so the im-
pact of vaccinations on mortality is not known.

In conclusion, in this observational cohort of 1,686
patients critically ill with COVID-19, we found that
the RR of death increased in the fall and Winter of
2020. Reasons for this increase in mortality during the
third surge remain unclear but raise a cautionary note.
Unlike the early days of the pandemic when confu-
sion abounded, high mortality during this third surge
of cases, and the lull preceding it, cannot be attributed
to a lack of familiarity with the unique pathophysi-
ology of COVID-19 nor alack of established therapies.

Critical Care Medicine

Whether this peak in mortality was attributable to viral
variants, seasonal variation, an overstressed healthcare
system, or other unmeasured factors, the potential im-
pact of temporal trends and surges should be consid-
ered when preparing for future pandemics.
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