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ABSTRACT
Background  Reported characteristics and outcomes 
of critically ill patients with COVID-19 admitted to 
the intensive care unit (ICU) are widely disparate with 
varying mortality rates. No literature describes outcomes 
in ICU patients with COVID-19 managed by an acute 
care surgery (ACS) division. Our ACS division manages 
all ICU patients at a community hospital in New Jersey. 
When that hospital was overwhelmed and in crisis 
secondary to COVID-19, we sought to describe outcomes 
for all patients with COVID-19 admitted to our closed 
ICU managed by the ACS division.
Methods  This was a prospective case series of the first 
120 consecutive patients with COVID-19 admitted on 
March 14 to May 10, 2020. Final follow-up was May 
27, 2020. Patients discharged from the ICU or who died 
were included. Patients still admitted to the ICU at final 
follow-up were excluded.
Results  One hundred and twenty patients were 
included (median age 64 years (range 25–89), 
66.7% men). The most common comorbidities were 
hypertension (75; 62.5%), obesity (61; 50.8%), and 
diabetes (50; 41.7%). One hundred and thirteen (94%) 
developed acute respiratory distress syndrome, 89 
(74.2%) had shock, and 76 (63.3%) experienced acute 
kidney injury. One hundred (83.3%) required invasive 
mechanical ventilation (IMV). Median ICU length of stay 
(LOS) was 8.5 days (IQR 9), hospital LOS was 14.5 days 
(IQR 13). Mortality for all ICU patients with COVID-19 
was 53.3% and 62% for IMV patients.
Conclusions  This is the first report of patients with 
COVID-19 admitted to a community hospital ICU 
managed by an ACS division who also provided all surge 
care. Mortality of critically ill patients with COVID-19 
admitted to an overwhelmed hospital in crisis may not be 
as high as initially thought based on prior reports. While 
COVID-19 is a non-surgical disease, ACS divisions have 
the capability of successfully caring for both surgical and 
medical critically ill patients, thus providing versatility in 
times of crisis.
Level of evidence  Level V.

BACKGROUND
SARS-CoV-2 was first diagnosed in Wuhan, China 
in December 2019. By March 11, 2020 the WHO 
designated COVID-19 a pandemic affecting more 

than 100 countries and over 120 000 people world-
wide.1 Three and a half months later, the number 
infected reached over 10.5 million worldwide, over 
2.6 million in the USA,2 and more than 171 000 
in New Jersey alone.3 New Jersey had the second 
highest rate of COVID-19 cases nationally and 13 
181 deaths.4

While COVID-19 is being broadly researched, 
limited information exists regarding patient char-
acteristics and outcomes in the intensive care unit 
(ICU) population. Only a handful of studies have 
examined critically ill patients with COVID-19, 
revealing highly varied outcomes with mortality 
rates ranging from 17% to 88%.5–9 Differences in 
mortality rates may be secondary to varying ICU 
admission criteria and bed availability which is 
especially highly variable internationally.10 Addi-
tionally, heterogeneous definitions of critical illness 
result in a lack of uniformity among patient cohorts 
resulting in a wide range of outcomes. Mortality 
rates also differ based on study inclusion criteria, 
with several of those studies including patients 
who remained critically ill requiring ventilation 
at the final study endpoint with unclear mortality 
trajectories.

Little data exist regarding the effectiveness of 
surgical intensivists in the treatment of critically ill 
patients with COVID-19. The acute care surgery 
(ACS) model is a combination of trauma surgery, 
emergency general surgery (EGS), and critical care 
and has been shown to improve hospital efficiency 
and patient outcomes when implemented.11 As the 
pandemic progressed, elective operations were 
halted, only emergent operations were performed, 
and ICU patient volume surged.12 Health systems 
across the country developed surge plans and novel 
infrastructure to accommodate the inundation of 
patients with COVID-19. As surgical intensivists, 
many ACS surgeons were redeployed to address the 
significant critical care burden placed on hospitals.12

Prior to the pandemic, our ACS division provided 
the standard ACS coverage model described above 
at our level 1 trauma hospital, and uniquely 
provided coverage for the past 5 years for all 
patients admitted to a closed community hospital 
ICU within our health system. This is a non-
trauma center community hospital, where non-ACS 
surgeons manage EGS and 95% of all admissions 
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are non-surgical. When this hospital became overwhelmed with 
patients withCOVID-19, we created surge teams within our 
ACS division and continued to manage all ICU admissions. This 
differs from most institutions in which ACS divisions provided 
surge coverage once medical intensivists reached capacity.

We therefore sought to prospectively describe clinical charac-
teristics and outcomes of our critically ill patients with COVID-19 
managed by the ACS division at a community hospital ICU.

METHODS
Setting
This was a prospective case series of the first 127 consecutive 
patients who were COVID-19 positive admitted to the ICU in a 
community hospital located in central New Jersey, which is part 
of the Robert Wood Johnson Barnabas Health network, one of 
the largest healthcare systems in New Jersey.

Critically ill patients at this hospital are cared for by the ACS 
division which comprised surgical critical care board certified 
ACS surgeons and a critical care trained anesthesiologist who 
serves as the ICU medical director. During the study period, ICU 
capacity was increased from 16 to 35 beds. Prior to the COVID-19 
surge, one ACS attending provided 24 hours in-house coverage. 
With the increased patient volume, we changed our model to 
provide three daytime and two night-time ACS attendings. All 
surge attendings were surgeons. Advanced practice providers 
assisted physicians and expanded coverage in the same ratio.

Patient Population
All patients requiring ICU admission with confirmed COVID-19 
by positive result on PCR testing of a nasopharyngeal sample 
were included. Patients were included if their initial test result 
was positive or if the initial test was negative and their repeat 
test was positive. Patients were admitted to the ICU during an 
8-week period from March 14, 2020 to May 10, 2020. Final 
inclusion criteria comprised the patients who were COVID-19 
positive and were discharged from the ICU or died. Patients 
with COVID-19 still admitted to the ICU at the study endpoint 
were excluded. Clinical outcomes were monitored until May 
27, 2020, the final follow-up date, at which time 120 patients 
met inclusion criteria including eight patients who remained 
hospitalized (not in the ICU). At the final follow-up date, seven 
patients with COVID-19 remained admitted to the ICU and 
were excluded from analysis.

Data Collection and Measures
Enterprise electronic medical record (Allscripts—Sunrise Clin-
ical Manager, Chicago, Illinois) reporting database was used for 
data collection. Data collected from the medical record included 
patient demographic information, comorbidities, home medica-
tions, admission vital signs, admission laboratory tests, imaging 
findings, diagnoses made during the hospitalization, medications 
provided, treatments (including non-invasive ventilation, inva-
sive mechanical ventilation (IMV), renal replacement therapy, 
and proning), and outcomes (including ventilator days, length 
of stay, mortality, discharge, and 30-day readmission). All clin-
ical outcomes are presented for patients at the study endpoint. 
Outcomes including discharge disposition, readmission, and 
length of hospital stay were not included for patients who were 
discharged from the ICU but still admitted to the hospital at the 
end of the study period.

Demographic information including race and ethnicity was 
based on the medical record. Comorbidities were obtained from 
the medical record based on ICD-10 coding definitions. Acute 

respiratory distress syndrome (ARDS) was defined by the Berlin 
criteria.13 Acute kidney injury (AKI) was defined by the KDIGO 
(Kidney Disease: Improving Global Outcome) definition.14 
Acute hepatic injury was defined as an elevation of aspartate 
aminotransferase or alanine transaminase of more than 15 times 
the upper limit of normal.

Infectious complications were defined as positive lower respi-
ratory tract, urine, or blood cultures respective to pneumonia, 
urinary tract infection, and bacteremia. Positive respiratory viral 
panel using nasopharyngeal swab PCR testing confirmed influ-
enza virus. Positive stool PCR testing confirmed Clostridium 
difficile infection. Shock was defined as hypotension requiring 
vasopressors to maintain a mean arterial pressure greater than 
65 mm Hg. Venous thromboembolism was defined by new 
image-proven deep vein thrombosis in femoral or popliteal veins 
on duplex ultrasonography or new pulmonary embolism on CT 
angiography.

Arrhythmias were defined as hemodynamic instability associ-
ated with a new arrhythmia. Myocardial infarctions were defined 
by increased cardiac biomarkers (eg, troponin I) above the 99th 
percentile upper reference limit or new abnormalities on elec-
trocardiography or echocardiography. Cardiomyopathy was 
determined by depressed contractility and function with respect 
to baseline confirmed by transthoracic echocardiography. Pneu-
mothorax was defined by chest radiograph image confirmation. 
Neurological complications were defined as new-onset seizures 
by electroencephalogram, or new ischemic lesion or intracranial 
hemorrhage on CT or MRI.

Statistical Analysis
The normality of continuous variables was assessed with the 
Shapiro-Wilk statistic15; since nearly all variables were not 
normally distributed, the median and IQR for all continuous 
variables were computed. The frequency and percentages for 
categorical variables were also calculated. Survival (time to 
death) over time (days in the ICU) for all patients using Kaplan-
Meier method was calculated.16 The Statistical Analysis System 
V.9.4 (SAS Institute) was used for all analyses.

RESULTS
Between March 14 and May 10, a total of 172 ICU patients 
were tested for COVID-19 and 127 (73.8%) were positive. At 
the study endpoint, seven remained admitted to the ICU and 
were excluded. The final study population included 120 ICU 
patients with COVID-19. The median age was 64 years (range 
25–89) and 80 (66.7%) of the patients were men. Thirty-eight 
(31.7%) were Hispanic or Latino and 16 (13.3%) were Black. 
One hundred and one (84.2%) had at least one comorbidity 
(table 1). Sixty-one (50.8%) were obese (defined as a body mass 
index (BMI) ≥30) and 26 (21.7%) were severely obese (BMI 
≥35). Hypertension was the most common comorbidity and 
was present in 75 (62.5%) patients, followed by diabetes in 50 
(41.7%) patients, and coronary artery disease in 21 (17.5%) 
patients.

The most common presenting symptoms were cough, short-
ness of breath and fever. The majority of patients, 69 (57.5%), 
had no known exposure to COVID-19 prior to admission. 
Sixteen (13.3%) lived in nursing homes and 16 (13.3%) had 
cognitive disabilities of which 9 (7.5%) lived in group homes. 
Four (3.3%) patients were healthcare workers (table 1).

The median (IQR) temperature at admission was 100.1 
(3.35) and the initial oxygen saturation in the emergency 
department was 90% (IQR 13) (table  2). Most patients were 
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hemodynamically sufficient at admission. Lymphocytopenia 
was common. Peak values of lactate dehydrogenase, ferritin, 
D-dimer, and fibrinogen were elevated in most patients. One 
hundred and four (86.7%) had bilateral infiltrates at admission 

chest radiograph. During hospitalization, the median pH nadir 
was 7.21 (IQR 0.27) and the arterial oxygen partial pressure to 
fractional inspired oxygen (P/F) ratio nadir was 73 (IQR 63) 
(table 2).

Table 1  Baseline Characteristics of Critically Ill Patients with 
COVID-19 (n=120)

n %

Demographics

 � Age (years), median (IQR) 120 64 (17.5)

 � Sex, male 80 66.7

 � Race/ethnicity*

  �  Caucasian 55 45.8

  �  Black 16 13.3

  �  Hispanic 38 31.7

  �  Asian 11 9.2

Comorbidities†

 � None 19 15.8

 � Chronic respiratory disease  �

  �  Chronic obstructive pulmonary disease/asthma 12 10.0

  �  Obstructive sleep apnea 7 5.8

 � Diabetes 50 41.7

 � Obesity  �

  �  Body mass index >30 kg/m2 61 50.8

  �  Body mass index >35 kg/m2 26 21.7

 � Cardiovascular disease  �

  �  Hypertension 75 62.5

  �  Heart failure 13 10.8

  �  Coronary artery disease 21 17.5

  �  Myocardial infarction 7 5.8

 � Chronic kidney disease 11 9.2

 � End-stage renal disease requiring dialysis 2 1.7

 � Cirrhosis 2 1.7

 � Immunocompromised 7 5.8

 � Rheumatologic disease 7 5.8

 � Cognitive disability 16 13.3

Signs and symptoms

 � Cough 82 68.3

 � Shortness of breath 75 62.5

 � Fever 71 59.2

 � Lethargy 54 45.0

 � Diarrhea 13 10.8

Previous presentation 49 40.8

 � Primary care provider 27 22.5

 � Emergency department 12 10.0

 � Hospital admission 10 8.3

Exposure to COVID-19

 � Travel to high-risk area 4 3.3

 � Family member with COVID-19 15 12.5

 � Healthcare-related exposure 4 3.3

 � Group home 9 7.5

 � Nursing home 16 13.3

 � Unknown 72 60

*Race and ethnicity data were collected by self-report.
†Comorbidities listed were medical diagnoses included in the medical history 
defined by ICD-10 coding.

Table 2  Vital Signs, Laboratory Results, and Treatments of Critically 
Ill Patients with COVID-19 (n=120)

n Median IQR

Admission vital signs

 � Temperature degrees Fahrenheit 120 100.10 3.35

 � Heart rate (beats per minute) 120 99.00 25.50

 � Systolic blood pressure (mm Hg) 119 130.00 32.00

 � Mean arterial pressure 119 92.00 23.00

 � Initial O2 saturation 118 90.00 13.00

Admission laboratory results

 � White cell count (×109/L) 120 7.67 27.72

 � Absolute lymphocyte count (×109/L) 120 6.00 7.95

 � Sodium (mmol/L) 120 135.00 5.50

 � Creatinine (mg/dL) 120 1.00 0.72

 � Total Bilirubin, mg/dL 119 0.50 0.34

 � Alkaline phosphatase (IU/L) 120 78.00 39.00

 � Aspartate aminotransferase (U/L) 120 50.00 39.00

 � Lactate (mmol/L) 114 1.80 1.40

 � Basic natriuretic peptide (pg/mL) 44 546.30 1622.00

 � Troponin (ng/mL) 108 0.02 0.02

 � Troponin above 0.02, n (%) 4 3.3%

 � Procalcitonin (ng/mL) 106 0.36 0.78

 � Hemoglobin (g/dL) 120 13.20 2.70

 � Platelets (x109/L) 119 211.00 129.00

 � International normalized ratio (s) 102 1.00 0.10

 � Prothrombin time (s) 99 10.90 1.50

 � HbA1c (%) 52 6.80 1.85

Admission studies

 � Bilateral infiltrates on chest X-ray, n (%) 104 86.7%

 � Chest CT scan obtained, n (%) 26 21.7%

 � False-negative COVID-19 tests, n (%) 6 5.0%

Highest value during hospitalization

 � Lactate dehydrogenase (U/L) 113 550.00 292.00

 � Ferritin (ng/mL) 112 1140.00 1433.00

 � Triglycerides (mg/dL) 83 186.00 184.00

 � D-dimer (mg/L) 104 4.30 12.12

 � Fibrinogen (mg/dL) 73 633.00 272.00

 � Temperature peak degrees Fahrenheit 117 103.10 1.60

Lowest value during hospitalization

 � pH nadir 115 7.21 0.27

 � Lowest P/F ratio 115 73.00 63.00

Hydroxychloroquine 94 78.3%

Azithromycin 83 69.2%

Remdesivir 17 14.2%

Tocilizumab 45 37.5%

Convalescent plasma 10 8.3%

Pharmacological paralysis 35 29.2%

Proning 29 24.2%

Vasopressor requirement 89 74.2%

P/F, arterial oxygen partial pressure to fractional inspired oxygen.
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One hundred and thirteen (94%) patients were diagnosed 
with ARDS, 81 (67.5%) had severe ARDS and 28 (23.3%) had 
moderate ARDS (table 3). Eighty-nine (74.2%) patients required 
vasopressor therapy to treat shock. Secondary infectious compli-
cations were common including 40 (33.3%) with superim-
posed bacterial pneumonia, and 22 (18.3%) with bacteremia 
and urinary tract infections, respectively. Seventy-six (63.3%) 

patients had AKI with 28 (23.3%) requiring renal replacement 
therapy. Arrhythmias developed in 31 (25.8%) patients (table 3).

Treatment evolved throughout the study period as data on 
COVID-19 emerged. Ninety-four (78.3%) patients were treated 
with hydroxychloroquine and 83 (69.2%) with azithromycin 
(table 3). Remdesivir was given to 17 (14.2%) patients through 
compassionate use access or clinical trials. Forty-five (37.5%) 
patients received interleukin-6 receptor antagonist, tocilizumab. 
Twenty-nine (24.2%) patients were placed in prone position and 
35 (29.2%) patients were pharmacologically paralyzed.

IMV was required in 100 (83.3%) patients with 36 (30%) 
requiring IMV on arrival to the emergency department (table 4). 
The median number of days until IMV in patients who were not 
intubated at admission was 3 (IQR 2). The median number of 
ventilator days was 9 (IQR 10.5).

As of May 27, 2020, sixty-four (53.3%) critically ill patients 
had died (figure 1) after a median of 8.5 days (IQR 9) in the 
ICU and 14.5 days (IQR 13) in the hospital. Forty-eight (40%) 
patients were discharged from the hospital alive and 8 (6.7%) 
patients remained hospitalized in a general ward bed after being 
discharged from the ICU. Length of hospital stay was 12 days 
(IQR 9.5) in deceased patients and 19.5 days (IQR 12) in patients 
discharged alive. Sixty-two of 100 (62%) IMV patients died.

Death occurred in 23 of 38 (60.5%) Hispanic patients, 
equating to 35.9% of all deaths. Twenty-nine of 55 (52.7%) 
Caucasian patients died, equating to 45.3% of all deaths. Seven 
of 16 (43.7%) Black patients died, equating to 10.9% of all 
deaths. Fifty-four of 81 (66.7%) patients with severe ARDS died 
and 8 of 28 (28.6%) patients with moderate ARDS died. Overall, 
most deaths occurred in patients over 60 years of age with a 90% 
mortality rate in patients over 80 years (table 4).

Of the 48 patients discharged from the hospital alive, 26 
(54.2%) went home, 17 (35.4%) went to rehab, 4 (8.3%) went 
to a skilled nursing facility, and only 1 went to a long-term care 
facility. Ten (20.8%) were discharged on home oxygen and only 
two patients were readmitted within the study period.

DISCUSSION
To our knowledge, this study represents the only case series 
of consecutive patients with confirmed COVID-19 admitted 
to a closed community ICU managed by surgical intensivists. 
Mortality rates in this case series were 53.3% for all critically 
ill patients with COVID-19 and 62% for IMV patients. Interest-
ingly, after completion of this study, the seven patients who were 
excluded, as they were still admitted to the ICU at the final study 
date, were reviewed; all seven excluded patients survived which 
would have resulted in an overall mortality rate of 50.4% for crit-
ically ill patients with COVID-19 and 57.9% for IMV patients if 
they were included. Overall hospital mortality for patients with 
COVID-19 was 18% which was lower than regional hospitals.

There have been highly variable published outcomes of ICU 
patients with COVID-19, with some data pointing to excep-
tionally high mortality rates in those requiring IMV.5–7 In addi-
tion, there are differences among countries regarding admission 
criteria to ICUs and treatment strategies. A study from Wuhan, 
China included 226 patients with COVID-19 admitted to ICUs 
across 16 hospitals; 121 of those patients received IMV, 87 died, 
and 15 remained hospitalized.5 Only 53.5% of ICU patients 
required IMV in the Wuhan study,5 possibly indicating a less crit-
ically ill ICU population than our study. Another study of 5700 
patients from 12 New York hospitals in the Northwell Health 
system included 373 patients who were treated in the ICU. Of 
those, 320 required IMV and 282 IMV patients died (88.1%).6

Table 3  Acute Respiratory Distress Syndrome (ARDS) and COVID-19-
Related Complications in Critically Ill Patients with COVID-19 (n=120)

n %

ARDS* 113 94.2

 � Mild ARDS 4 3.3

 � Moderate ARDS 28 23.3

 � Severe ARDS 81 67.5

Infectious complications†

 � Bacterial pneumonia 40 33.3

 � Urinary tract infection 22 18.3

 � Bacteremia 22 18.3

 � Influenza 0 0.0

 � Clostridium difficile 3 2.5

 � High-grade fever (>103 degrees Fahrenheit) 59 49.2

Acute kidney injury‡ 76 63.3

 � Renal replacement therapy 28 23.3

Acute hepatic injury§ 8 6.7

Venous thromboembolism¶

 � Deep vein thrombosis 3 2.5

 � Pulmonary embolism 3 2.5

Cardiac complications**

 � Arrhythmia 31 25.8

 � Myocardial infarction 4 3.3

 � Cardiomyopathy 8 6.7

Pneumothorax†† 8 6.7

Neurological complications‡‡

 � Seizures 3 2.5

 � Cerebrovascular accident 2 1.7

 � Intracranial hemorrhage 2 1.7

Gastrointestinal bleed 6 5.0

Tracheostomy 7 5.8

Percutaneous gastrostomy tube 5 4.2

*ARDS was defined by Berlin definition with bilateral infiltrates on chest radiograph 
along with a P/F ratio <100 for severe ARDS, between 100 and 200 for moderate 
ARDS, and between 200 and 300 for mild ARDS.
†Infectious complications were defined as positive lower respiratory tract, urine, 
or blood cultures respective to pneumonia, urinary tract infection, and bacteremia. 
Positive respiratory viral panel with respect to influenza. Positive PCR for C. difficile.
‡Acute kidney injury was defined as an increase in serum creatinine by ≥0.3 mg/dL 
within 48 h or an increase of at least 1.5 times baseline within 7 days.
§Acute hepatic injury was defined as an elevation of aspartate aminotransferase or 
alanine aminotransferase greater than 15 times the upper limit of normal.
¶Venous thromboembolism was defined by new image-proven deep vein 
thrombosis in femoral or popliteal veins on venous duplex ultrasonography or 
pulmonary embolism on CT angiography.
**Cardiac complications were defined as a new arrhythmia requiring intervention, 
clinically relevant non-ST-elevation myocardial infarctions and ST-elevation 
myocardial infarctions, and transthoracic echocardiography revealed depressed 
contractility and function with respect to cardiomyopathy.
††Pneumothorax was defined by chest radiograph.
‡‡Neurological complications defined new-onset seizures by electroencephalogram, 
and new ischemic lesions and intracranial hemorrhage by CT or MRI.
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Notably, both of these studies were in large hospital systems 
(16 and 12 hospitals) and included 121 and 320 mechanically 
ventilated patients, respectively. As a single-center small commu-
nity hospital, we included 120 consecutive ICU patients with 
COVID-19 (100 required IMV) over a similar time period, indi-
cating the disproportionate effect of COVID-19 on our hospital 
system and the strained ICU resources in a community setting.

Conversely, two studies pointed to lower mortality rates in 
the COVID-19 ICU population.8 9 The first study from Italy 
included 1581 patients across 72 hospitals referred to the ICU 
with 1150 patients requiring IMV. They reported a mortality 
rate of 26%, however at the time of publication, 920 (52.8%) 
patients remained admitted to ICUs.8 Likewise, a study from 
Boston included 66 patients with COVID-19 requiring IMV 

across two hospitals. They reported a mortality rate of 16.7%; 
however, only 62% of patients were successfully extubated and 
24.2% of included patients were still admitted to the ICU.9 Both 
studies include patients still requiring IMV and ICU admission 
with unclear mortality trajectories; including these two patient 
confounders could attribute to the low reported mortality rates 
and therefore we excluded these patients from our final study 
population. A more recent study from Atlanta, Georgia reported 
a lower mortality as well. They note in their study that resources 
were not overwhelmed, and their surge arrived later allowing 
more preparation time.17

As ICU admission criteria vary, especially internationally, the 
severity of disease of the studied population is critical in rela-
tion to mortality. In our study, 94% of the studied population 
had ARDS, 83.3% required IMV, and 74.2% had hemodynamic 
shock requiring vasopressors, underscoring our population’s 
severity of illness.

Mortality is also likely affected by the pandemic surge of 
hospitalizations per day resulting in capacity and resource limita-
tions which varied widely geographically. Our hospital system 
was overwhelmed and in crisis; this was clearly elucidated by 
the average daily IMV census before pandemic (three patients) 
as compared with the peak IMV census (38 patients) during the 
study period. ICU capacity increased from 16 to 35 beds with 
additional patients boarding in the emergency department until a 
formal ICU bed became available. ICU beds and ventilators were 
limited and only available to the most critically ill patients. As a 
result, we did not practice early intubation and only intubated 
those patients who progressed to advanced respiratory failure. 
Our increased patient volume and acuity of disease was further 
emphasized by comparing the overall number of monthly venti-
lator days. In 2019, we averaged 93 ventilator days per month 
compared with 636 days in April 2020.

There are a multitude of inclusion/exclusion factors that affect 
mortality rates as discussed above, along with varying factors 

Table 4  Outcomes for Critically Ill Patients with COVID-19

Outcome of
ICU patients with COVID-19

Age group (years)

All patients 
(n=120)

20–40
(n=5)

41–60
(n=41)

61–80
(n=64)

81–90
(n=10)

Length of ICU stay (days) (IQR) 9 8 8.5 8 8.5 (9)

Length of hospital stay (days) 15 15 14.5 15 14.5 (13)

Still hospitalized (discharged from ICU) 1 2 4 1 8 (6.7%)

Discharged from hospital 1 20 27 0 48 (40%)

 � Discharged on oxygen 1 3 6 – 10

 � 30-day readmission 0 1 1 – 2

Required invasive
mechanical ventilation (IMV)

4 34 54 8 100 (83.3%)

 � IMV at admission 1 12 22 1 36 (36%)

 � Hospital days prior to IMV, median* 2.0 3.0 3.0 2.0 3.0

 � IMV days, median 8.5 7.0 10.5 5.0 9.0

 � Died after IMV 3 (75%) 19 (55.9%) 32 (59.3%) 8 (100%) 62 (62%)

Mortality 3 (60%) 19 (46.3%) 33 (51.5%) 9 (90%) 64 (53.3%)

 � Died with DNI (never received IMV) 0 0 1 1 2

 � Died with DNR 2 13 29 8 52

 � Died with comfort care 1 9 17 6 33

Died with severe ARDS, n=81 3 17 17 7 54

Died with moderate ARDS, n=28 1 5 2 8

*Median number of hospital days prior to ventilation, calculated among those that did not require ventilation at admission.
ICU, intensive care unit; DNI, do not intubate; DNR, do not resuscitate; ARDS, acute respiratory distress syndrome.

Figure 1  Survival of critically ill patients with COVID-19 in an acute 
care surgery intensive care unit (ICU).



6 Choron RL, et al. Trauma Surg Acute Care Open 2020;5:e000557. doi:10.1136/tsaco-2020-000557

Open access

across institutions such as geographic location, resource avail-
ability, social distancing,18 and increased patient volume. We 
believe our 53.3% COVID-19 ICU mortality rate and 62% 
IMV mortality rate to be an accurate depiction of disease during 
the height of the pandemic in a highly affected geographic 
region. This rate was achieved despite the demand for resources 
outgrowing supply and having to rely on ‘travel’ ventilators and 
anesthesia machines for many patients with ARDS limiting our 
ability to use pressure, volume, and flow scalars or pressure/
volume loops.

The Adaptability and Resilience of Acute Care Surgeons 
During Crisis
As trauma and EGS surgeons trained in critical care, ACS 
surgeons are uniquely qualified to address the COVID-19 
pandemic as integral leaders during times of crisis.

After the first COVID-19 ICU admission at the community 
hospital, the ACS division adapted the workflow and organi-
zational structure of the ICU to meet the patients and hospi-
tal’s needs by providing additional surgical intensivist surge 
coverage for all ICU patients. Simultaneously, at the academic 
level 1 trauma center, the ACS division, in collaboration with the 
anesthesia department, provided continuous coverage of surge 
COVID-19 ICUs. This was in addition to providing routine 
daytime coverage of trauma, EGS, and non-COVID surgical 
ICUs. The non-ACS surgeons within the department were tasked 
with trauma and EGS night call with in-house ACS surgeons, 
who were covering COVID-19 ICUs, as backup for complex 
patients requiring more specialized care.

The success of the ACS team in providing quality care and 
enhanced patient safety to the ICU patients with COVID-19 
implies a versatility not often recognized. The team’s ability 
to function in multiple roles, and shift those roles in times of 
crisis, allows hospitals to provide effective and more efficient 
care. ACS surgeons have the capability of successfully caring 
for both surgical and medical critically ill patient populations. 
This versatility provides additional benefit to hospitals and 
patients, particularly in times of crisis, whether that be a medi-
cally related pandemic or a traumatic surgical mass casualty 
event.

Providing critical care coverage for 5 years before pandemic 
allowed the ACS division to establish positive relationships 
with hospital leadership and the community. When COVID-19 
surged, not only did the ACS division respond, so did hospital 
leadership and the community. The hospital created a safe work 
environment by securing personal protective equipment, over-
coming limited resources, obtaining 20 additional ventilators, 
and retrofitting 28 ICU rooms into negative pressure isolation 
rooms within days. The community responded with donations 
and in turn helped maintain a positive morale. The working rela-
tionship between the ACS division, hospital, and the community 
prior to the pandemic was essential in effectively managing the 
COVID-19 surge.

Other ACS groups have described the ability of ACS divisions 
to use their unique skills in resource management, rapid triage, 
personal safety of healthcare workers, and team leadership to 
augment COVID-19 care delivered by medical intensivists.19 
Our study differs from prior publications in that we provide the 
first original research, that we know of, describing outcomes of 
ICU patients with COVID-19 cared for by an ACS division for 
an entire hospital, not only in a surge capacity.

Limitations
Our study had important limitations. First, it was a relatively 
small single-center study. Additionally, patient follow-up was to 
the study endpoint date and therefore may have missed some 
information regarding readmissions.

CONCLUSION
In this case series of critically ill patients with COVID-19 
admitted to a community hospital ICU managed by an ACS divi-
sion, the majority of patients required IMV and ICU mortality 
was 53.3%. This demonstrates mortality may not be as high as 
initially thought based on previous reports. While COVID-19 
is a non-surgical disease, acute care surgeons can shift roles and 
successfully manage these patients as intensivists while main-
taining quality care. The ability to care for medical and surgical 
patient populations provides unrecognized versatility espe-
cially in emergent crisis situations. With the understanding that 
COVID-19 continues to pose a health risk and the possibility of 
a ‘second surge’, we recommend that ACS surgeons be used as a 
critical component to hospital and regional care plans.

Contributors  All authors have made substantial contributions to all of the 
following: (1) the conception and design of the article, or acquisition of data, or 
interpretation of data/dilemma, (2) drafting the article or revising it critically for 
important intellectual content, (3) final approval of the version to be submitted.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  The Institutional Review Board approved this study as minimal 
risk research (IRB20-11).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iD
Rachel Leah Choron http://​orcid.​org/​0000-​0002-​2297-​9956

REFERENCES
	 1	 WHO. WHO Director-General’s opening remarks at the media briefing on COVID-19: 

11 March 2020. 2020. https://www.​who.​int/​emergencies/​diseases/​novel-​coronavirus-​
2019 (1 Jul 2020).

	 2	 Coronavirus COVID-19 global cases. The Center for Systems Science and Engineering 
(CSSE) at Johns Hopkins University. https://​coronavirus.​jhu.​edu/​map.​html (Accessed 
July 1, 2020).

	 3	 New Jersey COVID-19 Dashboard. The State of New Jersey department of Health. 
https://www.​nj.​gov/​health/​cd/​topics/​covid2019_​dashboard.​shtml (Accessed July 1, 
2020).

	 4	 Centers for Disease Control and Prevention. Coronavirus disease 2019 (COVID-19): 
cases in US. https://www.​cdc.​gov/​coronavirus/​2019-​ncov/​cases-​updates/​cases-​in-​us.​
html (Accessed July 1, 2020).

	 5	 Yu Y, Xu D, Fu S, Zhang J, Yang X, Xu L, Xu J, Wu Y, Huang C, Ouyang Y, et al. Patients 
with COVID-19 in 19 ICUs in Wuhan, China: a cross-sectional study. Crit Care 
2020;24:219.

	 6	 Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW, 
Barnaby DP, Becker LB, Chelico JD, et al. the Northwell COVID-19 Research 
Consortium. Presenting characteristics, comorbidities, and outcomes among 
5700 patients hospitalized with COVID-19 in the new York City area. JAMA 
2020;323:2052.

	 7	 Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong M, Lee M. Characteristics 
and outcomes of 21 critically ill patients with COVID-19 in Washington state. JAMA 
2020;323:1612–4.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2297-9956
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://coronavirus.jhu.edu/map.html
https://www.nj.gov/health/cd/topics/covid2019_dashboard.shtml
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
http://dx.doi.org/10.1186/s13054-020-02939-x
http://dx.doi.org/10.1001/jama.2020.6775
http://dx.doi.org/10.1001/jama.2020.4326


7Choron RL, et al. Trauma Surg Acute Care Open 2020;5:e000557. doi:10.1136/tsaco-2020-000557

Open access

	 8	 Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, Cereda D, 
Coluccello A, Foti G, Fumagalli R, et al. Baseline characteristics and outcomes of 1591 
patients infected with SARS-CoV-2 admitted to ICUs of the Lombardy region, Italy. 
JAMA 2020;323:1574–81.

	 9	 Ziehr DR, Alladina J, Petri CR, Maley JH, Moskowitz A, Medoff BD, Hibbert 
KA, Thompson BT, Hardin CC. Respiratory pathophysiology of mechanically 
ventilated patients with COVID-19: a cohort study. Am J Respir Crit Care Med 
2020;201:1560–4.

	10	 Rhodes A, Ferdinande P, Flaatten H, Guidet B, Metnitz PG, Moreno RP. The variability 
of critical care bed numbers in Europe. Intensive Care Med 2012;38:1647–53.

	11	 Kalina M. Implementation of an acute care surgery service in a community 
hospital: impact on hospital efficiency and patient outcomes. Am Surg 
2016;82:79–84.

	12	 Klein M, Frangos S, Krowsoki L, et al. Acute Care Surgeons’ Response to the 
COVID-19 Pandemic: Observations and Strategies from the Epicenter of the American 
Crisis. Annals of Surgery 2020.

	13	 ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, 
Caldwell E, Fan E, Camporota L, Slutsky AS. Acute respiratory distress syndrome: the 
Berlin definition. JAMA 2012;307:2526–33.

	14	 Kellum JA, Lameire N, Aspelin P, et al. Kidney disease: improving global outcomes 
(KDIGO) acute kidney injury work group: KDIGO clinical practice guideline for acute 
kidney injury. Kidney Int Suppl 2012;2:1–138.

	15	 Shapiro SS, Wilk MB. An analysis of variance test for normality (complete samples). 
Biometrika 1965;52:591–611.

	16	 Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am 
Stat Assoc 1958;53:457–81.

	17	 Auld SC, Caridi-Scheible M, Blum JM, Robichaux C, Kraft C, Jacob JT, Jabaley CS, 
Carpenter D, Kaplow R, Hernandez-Romieu AC, et al. Icu and ventilator mortality 
among critically ill adults with coronavirus disease 2019. Crit Care Med 2020;Publish 
Ahead of Print.

	18	 Ngonghala CN, Iboi E, Eikenberry S, Scotch M, MacIntyre CR, Bonds MH, Gumel AB. 
Mathematical assessment of the impact of non-pharmaceutical interventions on 
curtailing the 2019 novel coronavirus. Math Biosci 2020;325:108364.

	19	 Giangola M, Siskind S, Faliks B, Dela Cruz R, Lee A, Shebes M, Ritter G, Prince J, 
Coppa G, Barrera R, et al. Applying triage principles of mass casualty events to the 
SARS-CoV-2 pandemic: from the perspective of the acute care surgeons at long 
island Jewish medical center in the COVID epicenter of the United States. Surgery 
2020;168:408–10.

http://dx.doi.org/10.1001/jama.2020.5394
http://dx.doi.org/10.1164/rccm.202004-1163LE
http://dx.doi.org/10.1007/s00134-012-2627-8
http://dx.doi.org/10.1177/000313481608200128
http://dx.doi.org/10.1001/jama.2012.5669
http://dx.doi.org/10.1093/biomet/52.3-4.591
http://dx.doi.org/10.1080/01621459.1958.10501452
http://dx.doi.org/10.1080/01621459.1958.10501452
http://dx.doi.org/10.1097/CCM.0000000000004457
http://dx.doi.org/10.1016/j.mbs.2020.108364
http://dx.doi.org/10.1016/j.surg.2020.06.004

	Surgeons in surge — the versatility of the acute care surgeon: outcomes of COVID-19 ICU patients in a community hospital where all ICU patients are managed by surgical intensivists
	ABSTRACT
	Background
	Methods
	Setting
	Patient Population
	Data Collection and Measures
	Statistical Analysis

	Results
	Discussion
	The Adaptability and Resilience of Acute Care Surgeons During Crisis
	Limitations

	Conclusion
	References


