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Oxygen Therapies and Clinical Outcomes  
for Patients Hospitalized With COVID-19:  
First Surge vs Second Surge
Timothy N. Liesching, MD, and Yuxiu Lei, PhD

The respiratory system receives the major impact 
of SARS-CoV-2 virus, and hypoxemia has been 
the predominant diagnosis for patients hospital-

ized with COVID-19.1,2 During the initial stage of the pan-
demic, oxygen therapies and mechanical ventilation were 
the only choices for these patients.3-6 Standard-of-care 
treatment for patients with COVID-19 during the initial 
surge included oxygen therapies and mechanical venti-
lation for hypoxemia and medications for comorbidities 
and COVID-19–associated sequelae, such as multi-organ 
dysfunction and failure. A report from New York during 
the first surge (May 2020) showed that among 5700 hos-
pitalized patients with COVID-19, 27.8% received supple-
mental oxygen and 12.2% received invasive mechanical 

ventilation.7 High-flow nasal cannula (HFNC) oxygen deliv-
ery has been utilized widely throughout the pandemic 
due to its superiority over other noninvasive respiratory 
support techniques.8-12 Mechanical ventilation is always 
necessary for critically ill patients with acute respira-
tory distress syndrome. However, ventilator scarcity has 
become a bottleneck in caring for severely ill patients with 
COVID-19 during the pandemic.13 

The clinical outcomes of hospitalized COVID-19 patients 
include a high intubation rate, long length of hospital and 
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ABSTRACT

Objective: To compare the utilization of oxygen therapies and 
clinical outcomes of patients admitted for COVID-19 during 
the second surge of the pandemic to that of patients 
admitted during the first surge.

Design: Observational study using a registry database. 

Setting: Three hospitals (791 inpatient beds and 76 intensive 
care unit [ICU] beds) within the Beth Israel Lahey Health 
system in Massachusetts. 

Participants: We included 3183 patients with COVID-19 
admitted to hospitals.

Measurements: Baseline data included demographics and 
comorbidities. Treatments included low-flow supplemental 
oxygen (2-6 L/min), high-flow oxygen via nasal cannula, 
and invasive mechanical ventilation. Outcomes included 
ICU admission, length of stay, ventilator days, and 
mortality.

Results: A total of 3183 patients were included: 1586 
during the first surge and 1597 during the second surge. 

Compared to the first surge, patients admitted during the 
second surge had a similar rate of receiving low-flow 
supplemental oxygen (65.8% vs 64.1%, P = .3), a higher 
rate of receiving high-flow nasal cannula (15.4% vs 
10.8%, P = .0001), and a lower ventilation rate (5.6% vs 
9.7%, P < .0001). The outcomes during the second surge 
were better than those during the first surge: lower ICU 
admission rate (8.1% vs 12.7%, P < .0001), shorter length 
of hospital stay (5 vs 6 days, P < .0001), fewer ventilator 
days (10 vs 16, P = .01), and lower mortality (8.3% vs 
19.2%, P < .0001). Among ventilated patients, those who 
received high-flow nasal cannula had lower mortality. 

Conclusion: Compared to the first surge of the COVID-19 
pandemic, patients admitted during the second surge 
had similar likelihood of receiving low-flow supplemental 
oxygen, were more likely to receive high-flow nasal cannula, 
were less likely to be ventilated, and had better outcomes.

Keywords: supplemental oxygen, high-flow nasal cannula, 
ventilator.
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intensive care unit (ICU) stay, and high mortality.14,15 As the 
pandemic evolved, new medications, including remdesivir, 
hydroxychloroquine, lopinavir, or interferon β-1a, were 
used in addition to the standard of care, but these did not 
result in significantly different mortality from standard of 
care.16 Steroids are becoming foundational to the treat-
ment of severe COVID-19 pneumonia, but evidence from 
high-quality randomized controlled clinical trials is lacking.17

During the first surge from March to May 2020, 
Massachusetts had the third highest number of COVID-19 
cases among states in the United States.18 In early 2021, 
COVID-19 cases were climbing close to the peak of the 
second surge in Massachusetts. In this study, we com-
pared utilization of low-flow supplemental oxygen, HFNC, 
and mechanical ventilation and clinical outcomes of 
patients admitted to 3 hospitals in Massachusetts during 
the second surge of the pandemic to that of patients 
admitted during the first surge.

Methods
Setting
Beth Israel Lahey Health is a system of academic and 
teaching hospitals with primary care and specialty care 
providers. We included 3 centers within the Beth Israel 
Lahey Health system in Massachusetts: Lahey Hospital 
and Medical Center, with 335 inpatient hospital beds and 
52 critical care beds; Beverly Hospital, with 227 beds and 
14 critical care beds; and Winchester Hospital, with 229 
beds and 10 ICU beds. 

Participants
We included patients admitted to the 3 hospitals with 
COVID-19 as a primary or secondary diagnosis during 
the first surge of the pandemic (March 1, 2020 to June 
15, 2020) and the second surge (November 15, 2020 to 
January 27, 2021). The timeframe of the first surge was 
defined as the window between the start date and the 
end date of data collection. During the time window of the 
first surge, 1586 patients were included. The start time of 
the second surge was defined as the date when the data 
collection was restarted; the end date was set when the 
number of patients (1597) accumulated was close to the 
number of patients in the first surge (1586), so that the two 
groups had similar sample size.

Study Design
A data registry of COVID-19 patients was created by 
our institution, and the data were prospectively col-
lected starting in March 2020. We retrospectively 
extracted data on the following from the registry data-
base for this observational study: demographics and 
baseline comorbidities; the use of low-flow supplemen-
tal oxygen, HFNC, and invasive mechanical ventilator; 
and ICU admission, length of hospital stay, length of 
ICU stay, and hospital discharge disposition. Start and 
end times for each oxygen therapy were not entered in 
the registry. Data about other oxygen therapies, such 
as noninvasive positive-pressure ventilation, were not 
collected in the registry database, and therefore were 
not included in the analysis.

Statistical Analysis
Continuous variables (eg, age) were tested for data 
distribution normality using the Shapiro-Wilk test. 
Normally distributed data were tested using unpaired 
t-tests and displayed as mean (SD). The skewed data 
were tested using the Wilcoxon rank sum test and dis-
played as median (interquartile range [IQR]). The cate-
gorical variables were compared using chi-square test. 
Comparisons with P ≤ .05 were considered significantly 
different. Statistical analysis for this study was generated 
using Statistical Analysis Software (SAS), version 9.4 for 
Windows (SAS Institute Inc.).

Results
Baseline Characteristics
We included 3183 patients: 1586 admitted during 
the first surge and 1597 admitted during the sec-
ond surge. Baseline characteristics of patients with 
COVID-19 admitted during the f irst and second 
surges are shown in Table 1. Patients admitted 
during the second surge were older (73 years vs 71 
years, P = .01) and had higher rates of hypertension 
(64.8% vs 59.6%, P = .003) and asthma (12.9% vs 
10.7%, P = .049) but a lower rate of interstitial lung 
disease (3.3% vs 7.7%, P < .001). Sequential organ 
failure assessment scores at admission and the rates 
of other comorbidities were not significantly different 
between the 2 surges.
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Oxygen Therapies
The number of patients who were hospitalized and 
received low-flow supplemental oxygen, and/or HFNC, 
and/or ventilator in the first surge and the second surge 
is shown in the Figure. Of all patients included, 2067 
(64.9%) received low-flow supplemental oxygen; of these, 

374 (18.1%) subsequently received HFNC, and 85 (22.7%) 
of these subsequently received mechanical ventilation. 
Of all 3183 patients, 417 (13.1%) received HFNC; 43 of 
these patients received HFNC without receiving low-
flow supplemental oxygen, and 98 (23.5%) subsequently 
received mechanical ventilation. Out of all 3183 patients, 

Table 1. Baseline Characteristics of Study Patients 

Characteristics 
(N = 3183)

First surgea 
(n = 1586)

Second surgeb 
(n = 1597) P value

Male, No. (%) 794 (50.1) 848 (53.1) .0865

Age, median (IQR), y 71 (59-83) 73 (60-83) .0134

BMI, median (IQR) 27.6 (23.6-32.5) 27.9 (23.7-33) .3032

SOFA at admission, median (IQR) 1 (0-3) 1 (0-2) .0738

Comorbidities, No. (%)
   Diabetes
   Coronary artery disease
   Congestive heart failure
   Hypertension
   Chronic kidney disease
   COPD
   Asthma
   ILD
   IPF

462 (29.1)
278 (17.5)
274 (17.3)
945 (59.6)
384 (24.2)
229 (14.4)
169 (10.7)
122 (7.7)

0 (0)

504 (31.6)
288 (18.0)
300 (18.8)

1034 (64.8)
427 (26.7)
267 (16.7)
206 (12.9)
52 (3.3)
1 (0.1)

.1361

.7092

.2682

.0027
.1020
.0762
.0496
<.001
.3189

BMI, body mass index; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; IQR, interquartile range; 
SOFA, sequential organ failure assessment. 
aMarch to June 2020.
bNovember 2020 to January 2021.
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Figure. Number of patients admitted to hospital with COVID-19 from the first surge to the second surge who received low-flow sup-
plemental oxygen, and/or high-flow nasal cannula, and/or invasive mechanical ventilator. The ratio of patients who received invasive 
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244 (7.7%) received mechanical ventilation; 98 (40.2%) of 
these received HFNC while the remaining 146 (59.8%) did 
not. At the beginning of the first surge, the ratio of patients 
who received invasive mechanical ventilation to patients 
who received HFNC was close to 1:1 (10/10); the ratio 
decreased to 6:10 in May and June 2020. At the begin-
ning of the second surge, the ratio was 8:10 and then 
decreased to 3:10 in December 2020 and January 2021. 

As shown in Table 2, the proportion of patients 
who received low-flow supplemental oxygen during the 
second surge was similar to that during the first surge 
(65.8% vs 64.1%, P = .3). Patients admitted during the 
second surge were more likely to receive HFNC than 
patients admitted during the first surge (15.4% vs 10.8%, 
P = .0001). Patients admitted during the second surge 
were less likely to be ventilated than the patients admitted 
during the first surge (5.6% vs 9.7%, P < .0001).

Clinical Outcomes
As shown in Table 3, second surge outcomes were 
much better than first surge outcomes: the ICU admis-
sion rate was lower (8.1% vs 12.7%, P < .0001); patients 
were more likely to be discharged to home (60.2% vs 
47.4%, P < .0001), had a shorter length of hospital stay 
(5 vs 6 days, P < .0001), and had fewer ventilator days (10 
vs 16, P = .01); and mortality was lower (8.3% vs 19.2%, 
P < .0001). There was a trend that length of ICU stay was 
shorter during the second surge than during the first 
surge (7 days vs 9 days, P = .09).

As noted (Figure), the ratio of patients who received 
invasive mechanical ventilation to patients who received  
HFNC was decreasing during both the first surge and the 
second surge. To further analyze the relation between 
ventilator and HFNC, we performed a subgroup analysis 
for 244 ventilated patients during both surges to compare  

Table 2. Utilization of Low-Flow Supplemental Oxygen, High-Flow Nasal Cannula, and Invasive Mechanical 
Ventilation

Oxygen therapies 
(N = 3183)

First surgea 
(n = 1586)

Second surgeb 
(n = 1597)

P value

Low-flow supplemental oxygen 1016 (64.1) 1051 (65.8) .3008

High-flow nasal cannula 171 (10.8) 246 (15.4) .0001

Ventilated 154 (9.7) 90 (5.6) <.0001

All values are expressed as No. (%). 
aMarch to June 2020.
bNovember 2020 to January 2021.

Table 3. Clinical Outcomes of Patients

Oxygen therapies 
(N = 3183)

First surgea 
(n = 1586)

Second surgeb 
(n = 1597)

P value

ICU admission, No. (%) 202 (12.7) 130 (8.1) <.0001

Discharge disposition, No. (%)
   Home
   Expired
   Nursing/rehab/other

752 (47.4)
304 (19.2)
530 (33.4)

962 (60.2)
132 (8.3)
503 (31.5)

<.0001

Length of hospital stay, median (IQR), d 6 (3-11) 5 (3-9) <.0001

Length of ICU stay, median (IQR), d 9 (3-21) 7 (3-13) .0936

Ventilator days, median (IQR) 16 (5-28) 10 (5-20) .0096

Mortality, No. (%) 304 (19.2) 132 (8.3) <.0001 

ICU, intensive care unit; IQR, interquartile range.
aMarch to June 2020.
bNovember 2020 to January 2021.
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Table 4. Subgroup Analysis for 244 Ventilated Patients Comparing Outcomes of Patients Who Received HFNC 
and Who Did Not Receive HFNC

Outcomes  
(N = 244)

Received HFNC 
(n = 98)

Did not receive HFNC 
(n = 146)

P value

Length of hospital stay, d 29 (18-42) 14 (6-26) <.0001

Length of intensive care unit stay, d 17 (9-28) 9 (3-18) <.0001

Ventilator days 16 (8-29) 11 (3-22) .0013

Mortality, No. (%) 31 (31.6) 70 (48.0) .0112

All values are expressed as median (IQR), except where noted.
HFNC, high-flow nasal cannula; IQR, interquartile range.

outcomes between patients who received HFNC and those 
who did not receive HFNC (Table 4). Ninety-eight (40%) 
patients received HFNC. Ventilated patients who received 
HFNC had lower mortality than those patients who did not 
receive HFNC (31.6% vs 48%, P = .01), but had a longer 
length of hospital stay (29 days vs 14 days, P < .0001), lon-
ger length of ICU stay (17 days vs 9 days, P < .0001), and a 
higher number of ventilator days (16 vs 11, P = .001). 

Discussion
Our study compared the baseline patient characteris-
tics; utilization of low-flow supplemental oxygen therapy, 
HFNC, and mechanical ventilation; and clinical outcomes 
between the first surge (n = 1586) and the second surge 
(n = 1597) of the COVID-19 pandemic. During both surges, 
about two-thirds of admitted patients received low-flow 
supplemental oxygen. A higher proportion of the admit-
ted patients received HFNC during the second surge than 
during the first surge, while the intubation rate was lower 
during the second surge than during the first surge.

Reported low-flow supplemental oxygen use ranged 
from 28% to 63% depending on the cohort character-
istics and location during the first surge.6,7,19 A report 
from New York during the first surge (March 1 to  
April 4, 2020) showed that among 5700 hospitalized 
patients with COVID-19, 27.8% received low-flow sup-
plemental oxygen.7 HFNC is recommended in guidelines 
on management of patients with acute respiratory failure 
due to COVID-19.20 In our study, HFNC was utilized in 
a higher proportion of patients admitted for COVID-19 
during the second surge (15.5% vs 10.8%, P = .0001). 
During the early pandemic period in Wuhan, China, 
11% to 21% of admitted COVID-19 patients received 

HFNC.21,22 Utilization of HFNC in New York during the 
first surge (March to May 2020) varied from 5% to 14.3% 
of patients admitted with COVID-19.23,24 Our subgroup 
analysis of the ventilated patients showed that patients 
who received HFNC had lower mortality than those 
who did not (31.6% vs 48.0%, P = .011). Comparably, a 
report from Paris, France, showed that among patients 
admitted to ICUs for acute hypoxemic respiratory failure, 
those who received HFNC had lower mortality at day 
60 than those who did not (21% vs 31%, P = .052).25 Our 
recent analysis showed that patients treated with HFNC 
prior to mechanical ventilation had lower mortality than 
those treated with only conventional oxygen (30% vs 
52%, P = .05).26 In this subgroup analysis, we could not 
determine if HFNC treatment was administered before 
or after ventilation because HFNC was entered as 
dichotomous data (“Yes” or “No”) in the registry data-
base. We merely showed the beneficial effect of HFNC 
on reducing mortality for ventilated COVID-19 patients, 
but did not mean to focus on how and when to apply 
HFNC.

We observed that the patients admitted during the 
second surge were less likely to be ventilated than the 
patients admitted during the first surge (5.6% vs 9.7%, 
P < .0001). During the first surge in New York, among 
5700 patients admitted with COVID-19, 12.2% received 
invasive mechanical ventilation.7 In another report, also 
from New York during the first surge, 26.1% of 2015  
hospitalized COVID-19 patients received mechanical ven-
tilation.27 In our study, the ventilation rate of 9.7% during 
the first surge was lower.

Outcomes during the second surge were better than 
during the first surge, including ICU admission rate, hos-
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pital and ICU length of stay, ventilator days, and mortality. 
The mortality was 19.2% during the first surge vs 8.3% 
during the second surge (P < .0001). The mortality of 
19.2% was lower than the 30.6% mortality reported for 
2015 hospitalized COVID-19 patients in New York during 
the first surge.27 A retrospective study showed that early 
administration of remdesivir was associated with reduced 
ICU admission, ventilation use, and mortality.28 The 
RECOVERY clinical trial showed that dexamethasone 
improved mortality for COVID-19 patients who received 
respiratory support, but not for patients who did not 
receive any respiratory support.29 Perhaps some, if not 
all, of the improvement in ICU admission and mortality 
during the second surge was attributed to the new med-
ications, such as antivirals and steroids.

The length of hospital stay for patients with moderate to 
severe COVID-19 varied from 4 to 53 days at different loca-
tions of the world, as shown in a meta-analysis by Rees 
and colleagues.30 Our results showing a length of stay of  
6 days during the first surge and 5 days during the second 
surge fell into the shorter end of this range. In a retrospec-
tive analysis of 1643 adults with severe COVID-19 admitted 
to hospitals in New York City between March 9, 2020 
and April 23, 2020, median hospital length of stay was  
7 (IQR, 3-14) days.31 For the ventilated patients in our study, 
the length of stay of 14 days (did not receive HFNC) and  
29 days (received HFNC) was much longer. This longer 
length of stay might be attributed to the patients in our 
study being older and having more severe comorbidities.

The main purpose of this study was to compare the 
oxygen therapies and outcomes between 2 surges. It is 
difficult to associate the clinical outcomes with the oxy-
gen therapies because new therapies and medications 
were available after the first surge. It was not possible 
to adjust the outcomes with confounders (other thera-
pies and medications) because the registry data did not 
include the new therapies and medications. 

A strength of this study was that we included a large, 
balanced number of patients in the first surge and the 
second surge. We did not plan the sample size in both 
groups as we could not predict the number of admis-
sions. We set the end date of data collection for analysis 
as the time when the number of patients admitted during 
the second surge was similar to the number of patients 

admitted during the first surge. A limitation was that the 
registry database was created by the institution and was 
not designed solely for this study. The data for oxygen 
therapies were limited to low-flow supplemental oxygen, 
HFNC, and invasive mechanical ventilation; data for non-
invasive ventilation were not included.

Conclusion
At our centers, during the second surge of COVID-19 
pandemic, patients hospitalized with COVID-19 infection 
were more likely to receive HFNC but less likely to be 
ventilated. Compared to the first surge, the hospitalized 
patients with COVID-19 infection had a lower ICU admis-
sion rate, shorter length of hospital stay, fewer ventilator 
days, and lower mortality. For ventilated patients, those 
who received HFNC had lower mortality than those  
who did not. 
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