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Epidemiology, clinical course, and outcomes of critically ill 
adults with COVID-19 in New York City: a prospective 
cohort study
Matthew J Cummings, Matthew R Baldwin, Darryl Abrams, Samuel D Jacobson, Benjamin J Meyer, Elizabeth M Balough, Justin G Aaron, 
Jan Claassen, LeRoy E Rabbani, Jonathan Hastie, Beth R Hochman, John Salazar-Schicchi, Natalie H Yip, Daniel Brodie, Max R O’Donnell

Summary
Background Over 40 000 patients with COVID-19 have been hospitalised in New York City (NY, USA) as of 
April 28, 2020. Data on the epidemiology, clinical course, and outcomes of critically ill patients with COVID-19 in this 
setting are needed.

Methods This prospective observational cohort study took place at two NewYork-Presbyterian hospitals affiliated with 
Columbia University Irving Medical Center in northern Manhattan. We prospectively identified adult patients 
(aged ≥18 years) admitted to both hospitals from March 2 to April 1, 2020, who were diagnosed with laboratory-
confirmed COVID-19 and were critically ill with acute hypoxaemic respiratory failure, and collected clinical, biomarker, 
and treatment data. The primary outcome was the rate of in-hospital death. Secondary outcomes included frequency 
and duration of invasive mechanical ventilation, frequency of vasopressor use and renal replacement therapy, and 
time to in-hospital clinical deterioration following admission. The relation between clinical risk factors, biomarkers, 
and in-hospital mortality was modelled using Cox proportional hazards regression. Follow-up time was right-censored 
on April 28, 2020 so that each patient had at least 28 days of observation.

Findings Between March 2 and April 1, 2020, 1150 adults were admitted to both hospitals with laboratory-confirmed 
COVID-19, of which 257 (22%) were critically ill. The median age of patients was 62 years (IQR 51–72), 171 (67%) were 
men. 212 (82%) patients had at least one chronic illness, the most common of which were hypertension (162 [63%]) 
and diabetes (92 [36%]). 119 (46%) patients had obesity. As of April 28, 2020, 101 (39%) patients had died and 
94 (37%) remained hospitalised. 203 (79%) patients received invasive mechanical ventilation for a median of 18 days 
(IQR 9–28), 170 (66%) of 257 patients received vasopressors and 79 (31%) received renal replacement therapy. The 
median time to in-hospital deterioration was 3 days (IQR 1–6). In the multivariable Cox model, older age (adjusted 
hazard ratio [aHR] 1·31 [1·09–1·57] per 10-year increase), chronic cardiac disease (aHR 1·76 [1·08–2·86]), chronic 
pulmonary disease (aHR 2·94 [1·48–5·84]), higher concentrations of interleukin-6 (aHR 1·11 [95%CI 1·02–1·20] 
per decile increase), and higher concentrations of D-dimer (aHR 1·10 [1·01–1·19] per decile increase) were 
independently associated with in-hospital mortality.

Interpretation Critical illness among patients hospitalised with COVID-19 in New York City is common and associated 
with a high frequency of invasive mechanical ventilation, extrapulmonary organ dysfunction, and substantial 
in-hospital mortality.

Funding National Institute of Allergy and Infectious Diseases and the National Center for Advancing 
Translational Sciences, National Institutes of Health, and the Columbia University Irving Institute for Clinical and 
Translational Research.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
As of April 28, 2020, nearly 1 million laboratory-
confirmed cases of COVID-19 associated with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection have been reported in the USA.1 Of these, 
over 295 000 were reported in New York State.2 In New 
York City, over 160 000 cases were reported, of which 
approximately 40 000 (25%) had been admitted to 
hospital.2

Available data suggest that 5–20% of patients with 
COVID-19 develop critical illness that is characterised 

primarily by acute respiratory distress syndrome.3–6 
Although the clinical spectrum of severe COVID-19 has 
been characterised in reports from China and Italy,3–8 
detailed understanding of critical illness related to 
COVID-19 in the USA has been limited to a small case 
series from Washington State.9,10 Here, we characterise 
the epidemiology, clinical course, and risk factors for 
in-hospital mortality among a cohort of adults with 
COVID-19-related critical illness admitted to two hos-
pitals in New York City during the first month of the 
city’s outbreak.
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Methods
Study design and participants
This prospective observational cohort study took place 
at two NewYork-Presbyterian hospitals affiliated with 
Columbia University Irving Medical Center in northern 
Manhattan. The two hospitals, a 700-bed quaternary 
referral hospital (Milstein Hospital) and a 230-bed 
community-based hospital (Allen Hospital), included 
117 and 12 intensive care unit (ICU) beds before the 
COVID-19 pandemic. Over the course of the study 
period, ICU capacity at each hospital was increased 
from 117 to 258 beds in the 700-bed quaternary referral 
hospital and from 12 to 24 beds in the 230-bed 
community-based hospital. At both hospitals, patients 
are admitted primarily through the emergency depart
ment from surrounding neighbourhoods in northern 
Manhattan and the southern Bronx.

We prospectively identified adult patients (aged ≥18 years) 
admitted to both hospitals from March 2 to April 1, 2020, 
who were diagnosed with laboratory-confirmed COVID-19 
and were critically ill with acute hypoxaemic respiratory 
failure. Patients with acute hypoxaemic respiratory failure 
were defined as those receiving mechanical ventilation 
(invasive or non-invasive) or high-level supplemental 
oxygen (via high-flow nasal cannula or non-rebreathing 
face mask at a flow rate of 15 L per min or greater), at 
or during hospitalisation. All critically ill patients were 
admitted to either a high-dependency unit or ICU; patients 
requiring non-invasive respiratory support were admitted 
to high-dependency units while those requiring invasive 
mechanical ventilation were admitted to ICUs. Laboratory 
testing for SARS-CoV-2 infection was done using RT-PCR 
of nasopharyngeal or oropharyngeal swab samples. Testing 
was performed by the New York State Department of 
Health from March 2 to March 10, 2020, after which testing 
capacity was developed by clinical microbiology laboratories 

at NewYork-Presbyterian hospitals. We identified critically 
ill patients with COVID-19 through daily review of hospital 
admission logs in the electronic medical record. No sample 
size calculation was performed; the sample size was 
established by the time window of the study.

This study was approved by the institutional review 
board at Columbia University Irving Medical Center 
(protocol AAAS8916). The requirement for informed 
consent was waived because of the study design and 
ongoing public health emergency.

Procedures
We reviewed electronic medical records, laboratory 
results, and radiographic findings for all admitted patients 
with critical illness and laboratory-confirmed COVID-19. 
Using a standardised case record form developed by 
the International Severe Acute Respiratory and Emerging 
Infection Consortium and WHO, we recorded data on 
demographics, known medical history and co-morbidities, 
illness onset and symptoms, vital signs, and biochemical 
studies performed within 24 h of diagnosis of acute 
respiratory failure. We also recorded concentrations of 
plasma-based and serum-based biomarkers drawn within 
72 h of hospital admission, including high-sensitivity 
C-reactive protein, D-dimer, ferritin, high-sensitivity 
troponin, procalcitonin, and interleukin-6 (IL-6). We 
prospectively collected data on management interventions 
delivered during hospitalisation including initiation 
and duration of mechanical ventilation, administration 
of advanced therapies for acute respiratory failure 
(neuromuscular blocking agents, inhaled pulmonary 
vasodilators, prone-positioning ventilation, and extra
corporeal membrane oxygenation), vasopressor agents, 
renal replacement therapy, antibacterial agents, antiviral 
agents, and immunomodulatory agents (IL-6 receptor 
antagonists and corticosteroids).

Research in context

Evidence before this study
We searched PubMed on April 18, 2020, for articles using the 
search terms (“SARS-CoV-2” OR “COVID-19”) AND (“critical 
illness” OR “critical care” OR “intensive care”). Of 518 papers 
identified, we found 35 publications which included original 
clinical data from patients admitted to hospital with COVID-19, 
primarily reported from China (66%) and Italy (14%). 
We identified three studies that described the clinical course 
and outcomes of critically ill patients with COVID-19 in the USA. 
However, two of these studies were small (fewer than 
25 patients each) and the third study, while larger (n=121), 
reported only summary statistics.

Added value of this study
We prospectively characterised the epidemiology, clinical course, 
and outcomes of 257 critically ill patients with laboratory-
confirmed COVID-19 admitted to two hospitals in New York City 
over the first month of the city’s outbreak. Consistent with 

reports from Italy and China, older age and cardiopulmonary 
comorbidities were associated with increased mortality. 
Novel findings in this study include determining independent 
associations between biomarkers for inflammation 
(interleukin-6) and thrombosis (D-dimer) and mortality, as well 
as identifying a high incidence of critical illness among racial and 
ethnic minorities in the current epicentre of the COVID-19 
pandemic. Strengths of this study include prospective and 
complete collection of detailed clinical data and outcomes, 
and use of multivariable, time-varying analyses to quantify 
independent risk factors for in-hospital death in one of the largest 
studies to date of critically ill patients with COVID-19 in the USA.

Implications of all the available evidence
Critical illness among patients hospitalised with COVID-19 in 
New York City is common and associated with a high frequency 
of invasive mechanical ventilation, extrapulmonary organ 
dysfunction, and substantial in-hospital mortality.

For the case record form see 
https://isaric.tghn.org/COVID-

19-CRF/

https://isaric.tghn.org/COVID-19-CRF/
https://isaric.tghn.org/COVID-19-CRF/
https://isaric.tghn.org/COVID-19-CRF/
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Outcomes
The primary outcome was the rate of in-hospital death. 
Follow-up time was right-censored on April 28, 2020. 
Secondary outcomes included frequency and duration of 
invasive mechanical ventilation, frequency of vasopressor 
use and renal replacement therapy, and time to in-hospital 
clinical deterioration following admission, defined as an 
increase of at least 1 point from baseline on a 7-point 
ordinal scale. This scale, designed to assess clinical status 

over time, was based on that recommended by WHO for 
use in clinical research among hospitalised patients with 
COVID-19 (appendix p 1).11

Statistical analysis
Continuous variables were expressed as means (SD) and 
medians (IQR). Categorical variables were summarised as 
counts and percentages. Missing data was not imputed. 
We created Kaplan-Meier cumulative incidence plots. We 
estimated hazard ratios (HRs) for death using the Cox 
proportional hazards model. We measured time-to-event 
in days from the date of hospital admission to the date of 
in-hospital death. We included nine independent variables 
in our multivariable Cox model that we considered 
relevant to in-hospital mortality. We chose this number of 
variables considering the total number of deaths in our 
study, to avoid overfitting in the model. We included IL-6 
and D-dimer concentrations because there is emerging 
evidence of dysregulated immune activation and 
coagulopathy in patients with severe COVID-19, and 
interest in treating this patient population with targeted 
immunomodulatory therapies and anticoagulants.12,13 We 
included age and sex, as older age and male sex have been 
associated with poor clinical outcomes among patients 
with COVID-19.6,7 We included symptom duration before 

Study population 
(n=257)

Sex

Women 86 (33%)

Men 171 (67%)

Age (years)

Median 62 (51–72)

20–29 8 (3%)

30–39 19 (8%)

40–49 28 (11%)

50–59 52 (20%)

60–69 69 (27%)

70–79 52 (20%)

80–89 23 (9%)

≥90 6 (2%)

Race or ethnic group*

Hispanic or Latino 159 (62%)

Black or African American 49 (19%)

White 32 (12%)

Asian 8 (3%)

Other 5 (2%)

Body-mass index† (kg/m²)

Mean 30·8 (7·7)

≥30 119 (46%)

≥35 68 (26%)

≥40 33 (13%)

Employed as health-care worker 13 (5%)

Comorbidities

Median 2 (1–3)

Hypertension 162 (63%)

Diabetes 92 (36%)

Chronic cardiac disease‡ (excluding 
hypertension) 

49 (19%)

Chronic kidney disease of any stage 37 (14%)

Current or former smoker 33 (13%)

Chronic obstructive pulmonary disease or 
interstitial lung disease

24 (9%)

Chronic neurological disease§ or dementia 24 (9%)

Asthma 21 (8%)

Active solid or haematological malignancy or 
dysplasia

18 (7%)

Solid organ transplant recipient 10 (4%)

HIV infection 8 (3%)

Liver cirrhosis of any Child-Pugh class 5 (2%)

(Table 1 continues in next column)

Study population 
(n=257)

(Continued from previous column)

Duration of illness before hospital presentation (days)

Overall 5 (2–7)

Black or African American 7 (3–8)

Hispanic or Latino 5 (2–7)

White 3 (1–7)

Symptoms reported

Shortness of breath 190 (74%)

Fever 183 (71%)

Cough 169 (66%)

Myalgia 67 (26%)

Diarrhoea 32 (12%)

Rhinorrhoea 19 (7%)

Sore throat 15 (6%)

Headache 10 (4%)

Vital signs at hospital presentation

Temperature (°C) 38·0 (1·1)

Heart rate (beats per min) 101 (20)

Respiratory rate (breaths per min) 22 (6)

Systolic blood pressure (mm Hg) 129 (23)

Oxygen saturation (%) 89 (10)

Altered mental status 23 (9%)

Infiltrates present on initial chest radiograph 252 (98%)

Data are n (%), median (IQR), or mean (SD). *Data available for 253 patients. 
†Data available for 249 patients. ‡Coronary artery disease or congestive heart 
failure. §Chronic neurodegenerative disease or history of stroke.

Table 1: Patient characteristics

See Online for appendix
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hospital presentation because delayed initiation of 
supportive care might affect clinical outcomes and illness 
duration might affect host immune-inflammatory and 
thrombotic responses. We included specific comorbidity 
variables (hypertension, chronic cardiac and pulmonary 
disease, and diabetes) as these variables were significantly 
associated with mortality in univariable analyses. We also 
tested a separate multivariable Cox model including 
Sequential Organ Failure Assessment (SOFA) score as a 
covariable to evaluate the association between our inde
pendent variables of interest and in-hospital mortality, 
while adjusting for the initial severity of illness. We 
confirmed the proportional hazards assumption of the 
Cox models using the Schoenfeld residuals test. All 
analyses were done using Stata (version 16; StataCorp, 
College Station, TX, USA).

Results
Between March 2 and April 1, 2020, 1150 adults were 
admitted to both hospitals with laboratory-confirmed 
COVID-19, of which 257 (22%) were critically ill (table 1; 
appendix p 4). The median period of observation fol
lowing hospital admission was 19 days (IQR 9–30). The 
median age of patients was 62 years (51–72), 171 (67%) of 
257 patients were men, 159 (62%) were Hispanic or Latino, 
and 13 (5%) were health-care workers. 212 (82%) patients 
had at least one chronic illness (table 1). 119 (46%) patients 
had obesity (defined as body-mass index [BMI] ≥30), 
including 39 (71%) of 55 patients who were less than 
50 years of age. Patients presented to hospital a median of 
5 days (2–7) after symptom onset; black or African 

American and Hispanic or Latino patients presented later 
in their illness course than white patients. The most com
mon presenting symptoms were shortness of breath, 
fever, cough, myalgia, and diarrhoea.

Median serum creatinine was 1·5 (IQR 1·9–2·4) and 
189 (87%) of 218 patients who had a urinalysis performed 
had proteinuria. Lymphocytopaenia was common, as 
was mildly elevated concentrations of aspartate ami
notransferase. Concentrations of IL-6, high-sensitivity 
C-reactive protein, ferritin, D-dimer, high-sensitivity 
troponin, and procalcitonin were elevated in most 
patients (table 2).

As of April 28, 2020, 101 (39%) of 257 patients had 
died following a median of 9 days (IQR 5–15) in the 
hospital (figure 1). This included 84 (41%) of 203 patients 
who received invasive mechanical ventilation (IMV) 
during hospitalisation. Across racial and ethnic groups, 
death occurred in 20 (41%) of 49 black or African 
American patients, 61 (38%) of 159 Hispanic or Latino 
patients, and 15 (47%) of 32 white patients. The median 
time to clinical deterioration following admission 
was 3 days (1–6). Most deaths occurred in patients who 
were at least 50 years of age (figure 2). 94 (37%) of 
257 patients remained hospitalised with a median 
duration of hospitalisation of 33 days (29–36). 58 (23%) 
patients were discharged alive, 12 (21%) of which 
required supplemental oxygen, and four (2%) were 
transferred to another institution.

During hospitalisation, 115 (45%) of 257 patients 
initially received non-invasive respiratory support via 
non-rebreathing oxygen face mask, 12 (5%) via high-flow 
nasal cannula, and three (1%) via non-invasive ventilation 
(table 3). 203 (79%) patients received IMV for a median 
of 18 days (IQR 9–28). Survivors had a median of 27 days 
(15–32) of IMV and non-survivors had a median of 
10 days (4–16). Among 52 (26%) of 203 patients who 
were extubated alive, median duration of IMV was 
14 days (10–21). 71 (62%) of 115 patients who initially 
received non-invasive respiratory support ultimately 
received IMV after a median of 3 days (1–5).

Study population (n=257)

Lactate (mmol/L) 1·5 (1·1–2·2), 223

Creatinine (mg/dL) 1·5 (0·9–2·4)

Proteinuria 189/218 (87%)

Urine protein concentration (mg/dL) 100 (30–300)

White blood cell count (×10³ cells per μL) 9·8 (6·6–12·7)

Lymphocyte count (×10³ cells per μL) 0·8 (0·6–1·2), 228

Platelet count (×10³ cells per μL) 199 (148–270)

Bilirubin (mg/dL) 0·6 (0·4–0·8), 242

Aspartate aminotransferase (U/L) 61 (42–104), 242

Alanine aminotransferase (U/L) 39 (27–67), 242

Creatine kinase (U/L) 236 (103–646), 223

Prothrombin time (s) 14·7 (14·0–15·8), 241

Interleukin-6 (pg/mL) 26 (11–69), 237

High-sensitivity C-reactive protein (mg/L) 158 (92–254), 253

Ferritin (ng/mL) 924 (472–1789), 253

D-dimer (μg/mL) 1·6 (0·9–3·5), 244

High-sensitivity cardiac troponin T (ng/L) 19 (9–52), 254

Procalcitonin (ng/mL) 0·35 (0·17–1·1), 255

Data are median (IQR) or n (%). Data are median (IQR), n if fewer patients were 
assessed for those laboratory studies than the total number of patients in the 
study. 

Table 2: Biochemical and biomarker values

Figure 1: Kaplan-Meier cumulative incidence curve for in-hospital death 
among critically ill patients with COVID-19 
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On the first day of critical illness, the median SOFA 
score14 was 11 (IQR 8–13) and the median value of the 
lowest partial pressure of arterial oxygen (PaO2) to fraction 
of inspired oxygen (FiO2) ratio recorded on this day was 
129 (80–203; table 3). 170 (66%) of 257 patients received 
vasopressors and 79 (31%) received renal replacement 
therapy (RRT) during hospitalisation.

As the incidence of bacterial superinfection in our 
setting was unknown early in the outbreak, antibacterial 
agents were administered empirically to nearly all 
critically ill patients (229 [89%] of 257). Antibiotics were 
de-escalated based on pertinent culture data at the 
discretion of treating clinicians in collaboration with 
infectious diseases consultants. Antiviral agents were 
also administered to most patients: 185 (72%) received 
hydroxychloroquine and 23 (9%) received remdesivir. 
Remdesivir was administered through enrolment in clin
ical trials or compassionate use access. 68 (26%) patients 
received corticosteroids and 44 (17%) received IL-6 
receptor antagonists. These agents were administered if 
there was a high suspicion of severe hyperinflammatory 
state, based on assessment of inflammatory markers, and 
lower suspicion for concurrent uncontrolled secondary 
infection, at the discretion of treating clinicians in 
collaboration with infectious diseases consultants.

In the multivariable Cox model (table 4), older age 
(adjusted HR [aHR] 1·31 [95% CI 1·09–1·57] per 10-year 
increase), chronic cardiac disease (aHR 1·76 [1·08–2·86]), 
chronic pulmonary disease (aHR 2·94 1·48–5·84]), 
higher concentrations of IL-6 (aHR 1·11 [1·02–1·20] per 
decile increase), and higher concentrations of D-dimer 
(aHR 1·10 [1·01–1·19] per decile increase) were indepen
dently associated with in-hospital mortality. The HRs 
generated in this model were consistent with those 
generated in a similar model adjusted for SOFA score 
(appendix p 2).

Discussion
Among critically ill adults with COVID-19 admitted to 
two hospitals in New York City during the first month of 
the city’s outbreak, the majority were men over 60 years 

of age with hypertension and diabetes, nearly half had 
obesity, and 5% were health-care workers. 79% of pa
tients received IMV and a third received RRT. As of 
April 28, 2020, 39% of patients had died in hospital.

Novel findings in this study include establishing 
independent associations between biomarkers for 
inflammation (IL-6) and thrombosis (D-dimer) and 

Figure 2: Age distribution of critically ill patients with COVID-19
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Study population (n=257)

Sequential Organ Failure Assessment score on day 1 of critical 
illness*

11 (8–13), 221

Lowest PaO2 to FiO2 ratio on day 1 of critical illness (mm Hg)† 129 (80–203), 222

Respiratory support

Non-rebreathing oxygen face mask 115 (45%, 39–51)

High-flow nasal cannula oxygen therapy 12 (5%, 3–8)

Non-invasive ventilation 3 (1%, 0–3)

Invasive mechanical ventilation 203 (79%, 74–84)

Duration of invasive mechanical ventilation (days) 18 (9–28)

Settings and parameters during first 24 h of invasive mechanical ventilation

Highest PEEP (cm H2O) 15 (12–18)

Highest FiO2 (%) 1·0 (0·8–1·0)

Tidal volume (mL per kg predicted bodyweight) 6·2 (5·9–7·2), 195

Minute ventilation (L/min) 8 (6–10)

Plateau airway pressure (cm H2O) 27 (23–31), 165

Respiratory system compliance (mL/cm H2O) 27 (22–36), 165

Driving pressure (cm H2O) 15 (11–18), 165

Advanced therapies for acute respiratory failure

 Early neuromuscular blockade‡ 51/203 (25%, 20–32)

 Inhaled nitric oxide 22/203 (11%, 7–16)

 Prone-positioning ventilation 35/203 (17%, 13–23)

 Extracorporeal membrane oxygenation 6/203 (3%, 1–6)

Received tracheostomy 17/203 (8%, 5–13)

Vasopressors 170 (66%, 60–72)

Renal replacement therapy 79 (31%, 25–37)

Antiviral agent

Hydroxychloroquine 185 (72%, 66–77)

Remdesivir 23 (9%, 6–13)

Antibacterial agent 229 (89%, 85–92)

Immunomodulatory agent

Corticosteroid 68 (26%, 21–32)

Interleukin-6 receptor antagonist 44 (17%, 13–22)

Outcomes

Died in hospital 101 (39%, 34–45)

Duration of hospitalisation prior to death (days) 9 (5–15)

Remained hospitalised 94 (37%, 31–43)

Transferred to another hospital 4 (2%, 0–4)

Discharged alive 58 (23%, 18–28)

Required supplemental oxygen at discharge 12/58 (21%, 12–33)

Data are median (IQR) or n (%), with 95% Wilson score CIs. Data are median (IQR), n if fewer patients were assessed for 
those outcomes than the total number of patients in the study. The study population was admitted to hospital 
between March 2 and April 1, 2020. Follow-up time was right-censored on April 28, 2020. PaO2=partial pressure of 
arterial oxygen. FiO2=fraction of inspired oxygen. PEEP=positive end-expiratory pressure. *Mental status assessment of 
alert, responsive to voice, pain, or unresponsive also converted to Glasgow Coma Scale for calculation.14 †FiO2 of 0·90 
used for patients receiving supplemental oxygen at 15 L/min through non-rebreathing face mask. ‡Administered 
within 48 h of initiation of invasive mechanical ventilation.

Table 3: Clinical management and outcomes of study population
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in-hospital mortality, as well as identifying a high inci
dence of critical illness among racial and ethnic minorities 
in the current epicentre of the COVID-19 pandemic. 
Strengths of this study include prospective and complete 
collection of detailed clinical data and outcomes, and 
use of multivariable, time-varying analyses to quantify 
independent risk factors for in-hospital death in one of 
the largest studies to date of critically ill patients with 
COVID-19 in the USA.

257 (22%) of 1150 patients admitted to hospital with 
COVID-19 were critically ill with acute hypoxaemic 
respiratory failure. This is consistent with reports 
from China,3,4 Italy,5 and preliminary data released by 
the US Centers for Disease Control and Prevention,15 in 
which the incidence of ICU admission among patients 
admitted with COVID-19 ranged from 7–26%. This 
high incidence of critical illness among hospitalised 
patients has acute implications for US hospital systems, 
specifically the potential need to increase ICU surge 
capacity in preparation for large numbers of patients 
requiring IMV and other forms of organ support.

79% of patients received IMV during hospitalisation for 
median durations of 27 days among survivors and 10 days 
among non-survivors. This included 62% of patients who 
initially received less invasive methods of respiratory 
support. Although the proportion of patients in our 
cohort receiving IMV was higher than that reported 
in observational studies from China3,4,6,7 and Washington 
state,9,10 it is similar to the rate recently reported from 
Italy,8 in which IMV was provided to 88% of critically ill 
patients with COVID-19. As in Italy, where the median 
ratio of PaO2 to FiO2 at ICU admission was 160,8 the higher 
proportion of patients requiring IMV in our cohort could 
be explained by the severity of hypoxaemia, as the median 
nadir PaO2 to FiO2 ratio in our population was 129.

In our cohort of patients with acute hypoxaemic 
respiratory failure, whose respiratory system compliance 
was severely reduced (median 27 mL/cm H2O), frequency 

of adherence to standard-of-care lung-protective venti
lation was high (median tidal volume 6·2 mL per kg 
predicted bodyweight, median plateau airway pressure 
27 cm H2O), as were levels of positive end-expiratory 
pressure (PEEP; median maximum PEEP 15 cm H2O 
within the first 24 h). 25% of intubated patients received 
early neuromuscular blockade, 17% received prone 
positioning ventilation, and 3% received extracorporeal 
membrane oxygenation (ECMO). The sudden surge of 
critically ill patients admitted with severe acute respiratory 
distress syndrome initially outpaced our capacity to provide 
prone-positioning ventilation, which was only performed 
in three of eight ICUs at our institution at the start of the 
outbreak. We have since expanded our capacity for prone-
positioning ventilation by deploying dedicated proning 
teams to all ICUs, including non-traditional ICU locations. 
The low volume of ECMO used during the study period 
is primarily a reflection of the low number of patients 
within our hospital system meeting criteria after initiating 
other therapies, such as lung-protective IMV and prone-
positioning ventilation. As an ECMO referral center for 
regional hospitals, we received a moderate-to-high volume 
of ECMO referrals during that period, the majority of 
which were optimised with conventional management 
strategies and did not ultimately meet criteria for ECMO 
or were excluded on the basis of low probability of benefit.

As of April 28, 2020, 101 (39%) patients had died and 
94 (37%) remained hospitalised. Similar to data reported 
elsewhere,3,7,16 we identified older age, cardiopulmonary 
comorbidities, and higher concentrations of D-dimer as 
independent risk factors for poor outcomes. Higher 
concentrations of IL-6, which have been observed among 
patients with COVID-19 with more severe clinical 
illness,16,17 were also associated with in-hospital mortality. 
Although the pathogenesis of severe COVID-19 remains 
to be completely understood, emerging data suggest that 
organ dysfunction and poor outcomes could be mediated 
by high concentrations of proinflammatory cytokines, 
including IL-6 and dysregulated coagulation and throm
bosis.12,13,18 Continued investigation of these pathological 
processes and the utility of their biomarkers is needed, 
given increasing reports of corticosteroid use and 
ongoing clinical trials of IL-6 receptor antagonists among 
critically ill patients with COVID-19 (eg, NCT04315298 
registered with ClinicalTrials.gov) as well as rapidly 
evolving guidelines19 for anticoagulant use in this 
population.

Consistent with data from China,3 and Italy,8 hyper
tension was associated with poor in-hospital survival. Given 
the globally high burden of hypertension and emerging 
understanding of interactions between SARS-CoV-2 and 
angiotensin-converting-enzyme-2,20 further investigations 
are needed to better define a relation—if any—between 
hypertension, exposure to renin angiotensin aldosterone 
system antagonists, and severe COVID-19.

31% of patients in our cohort developed severe acute 
kidney injury requiring RRT during hospitalisation. 

Univariable HR (95% CI) Multivariable HR (95% CI)

Age (per 10-year increase) 1·49 (1·29–1·73) 1·31 (1·09–1·57)

Male sex 0·85 (0·57–1·27) 1·13 (0·71–1·81)

Symptom duration before hospital presentation 
(per day)

0·98 (0·93–1·02) 1·01 (0·96–1·05)

Hypertension 2·24 (1·40–3·59) 1·58 (0·89–2·81)

Chronic cardiac disease* 2·21 (1·44–3·39) 1·76 (1·08–2·86)

Chronic obstructive pulmonary disease or 
interstitial lung disease

3·15 (1·84–5·39) 2·94 (1·48–5·84)

Chronic kidney disease 1·50 (0·92–2·45) ··

Diabetes 1·65 (1·11–2·44) 1·31 (0·81–2·10)

Body-mass index ≥40 0·76 (0·40–1·47) ··

Interleukin-6 (per decile increase) 1·12 (1·04–1·21) 1·11 (1·02–1·20)

D-dimer (per decile increase 1·18 (1·10–1·27) 1·10 (1·01–1·19)

HR=hazard ratio. *Coronary artery disease or congestive heart failure.

Table 4: Risk factors for in-hospital mortality
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Consistent with emerging data from China,21 a high 
proportion of patients (87%) had proteinuria. The high 
frequency of RRT in our patient population has 
considerable implications for resource allocation, given 
the limited available supplies of RRT machines and 
consumables, and staffing requirements necessary to 
provide continuous or intermittent RRT to critically 
ill patients. As the general incidence and underlying 
mechanisms of severe COVID-19-related kidney injury 
remain poorly understood,21 epidemiological, clinical, 
and biological investigations are necessary to inform 
hospital preparedness strategies and development of 
targeted preventive and treatment interventions.

46% of critically ill patients had obesity. This obser
vation is consistent with trends seen in hospitalised 
patients with COVID-19 in the UK, where obesity has 
been associated with increased incidence of ICU 
admission and mortality.22 However, although obesity 
was more common in our adult patient population than 
in the general New York City adult population (where 
prevalence of obesity is 22%),23 we did not identify severe 
obesity (BMI ≥40) as an independent risk factor for 
mortality. Similar to other cardiometabolic comorbidities, 
further studies are needed to identify the mechanisms 
that mediate the association of obesity with susceptibility 
to or severity of COVID-19.

Hydroxychloroquine or remdesivir, antiviral agents 
which have shown activity against SARS-CoV-2 in vitro,24 
were administered to 81% of patients in this study. 
The efficacy of remdesivir among patients with severe 
COVID-19 remains uncertain. A randomised, double-
blind, placebo-controlled clinical trial from China 
reported no significant differences in time to clinical 
improvement or 28-day mortality among patients with 
laboratory-confirmed SARS-CoV-2 infection admitted 
to hospital receiving remdesivir.25 However, this trial 
was underpowered, given a lack of patients eligible 
for enrolment. More recently, based on preliminary, 
unpublished data from an adaptive, placebo-controlled 
clinical trial sponsored by the US National Institute of 
Allergy and Infectious Diseases (NCT04280705 
registered with ClinicalTrials.gov) and an open-label 
trial sponsored by Gilead Sciences (NCT04292899 
registered with ClinicalTrials.gov), the US Food and 
Drug Administration issued an emergency use authori
sation for remdesivir among severely ill inpatients 
with COVID-19.26 For hydroxychloroquine, emerging 
observational data from the USA have not reported 
signals of clinical benefit for use of this agent among 
inpatients with COVID-19.27 To better evaluate the safety 
and efficacy of hydroxychloroquine in this setting, 
investigators at Oxford University (Oxford, UK) and the 
US National Heart, Lung, and Blood Institute have 
launched randomised clinical trials among hospitalised 
patients with COVID-19 in the UK (ISRCTN50189673 
registered with ISRCTN) and the USA (NCT04332991 
registered with ClinicalTrials.gov).

5% of critically ill patients were health-care workers. 
Although nosocomial SARS-CoV-2 infection cannot be 
determined with certainty given widespread community 
transmission, COVID-19-related critical illness in these 
individuals highlights the risks facing frontline health-
care workers in the USA, where at least 9000 health-
care workers have been infected as of April 9, 2020.28 
Continued and consistent access to personal protective 
equipment for hospital staff is imperative to prevent 
nosocomial transmission, optimise health-care worker 
safety, and ensure an adequate workforce.

This study has a number of strengths. First, our study 
represents one of the largest cohorts of patients with 
COVID-19-related critical illness reported to date in the 
USA. Second, we prospectively identified patients and 
collected data. Thus, our findings reflect the ongoing 
outbreak of COVID-19 in New York City, currently the 
epicentre of the pandemic. Third, we collected data using 
a globally harmonised, WHO-endorsed case record form. 
Fourth, we augmented collection of standard clinical and 
laboratory data with clinically and pathologically relevant 
biomarkers, concentrations of which were available for 
nearly all patients. Lastly, given the prospective nature of 
our study, our analyses were done with near-complete 
data, with in-hospital outcomes known for all included 
patients through April 28, 2020.

This study has several limitations. First, our study took 
place in two hospitals in northern Manhattan, potentially 
limiting generalisability to hospital settings elsewhere in 
New York City, especially in terms of the demographic 
characteristics of the patient population. Specifically, our 
cohort included a high proportion of Hispanic or Latino 
and black or African American patients who are known to 
have higher prevalence of cardiometabolic comorbidities 
and socioeconomic vulnerabilities that may make social 
distancing and access to care more difficult.29 Studies 
among more racially, ethnically, and geographically diverse 
cohorts are needed to confirm our findings. Despite these 
limitations, our sites included both a large quaternary 
referral hospital and a smaller, community-based hospital, 
thereby increasing generalisability to other clinical set
tings. Second, our analyses incorporated outcome data 
collected through April 28, 2020. As vital status is not yet 
known for patients who remained hospitalised after this 
date, the 39% mortality reported here represents the 
minimum in-hospital case fatality rate for our cohort. 
Third, patients presented to the hospital at varying times 
in their illness course, which could have affected their 
clinical course and outcomes. To mitigate the potential 
effect of this variance on our analyses, we included time 
from symptom onset to hospital presentation as a 
covariable in our regression models. Fourth, of available 
biomarkers, we included IL-6 and D-dimer in our 
multivariable models because of the pathophysiological 
and treatment implications. We did not analyse serial 
concentrations of these and other biomarkers, which 
might fluctuate considerably over the course of the illness.
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In conclusion, critical illness among patients admitted 
to hospital with COVID-19 in New York City is common 
and associated with a high frequency of invasive 
mechanical ventilation, extrapulmonary organ dysfunc
tion, and substantial in-hospital mortality.
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