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Objective: A major coronavirus disease 2019 (COVID-19) outbreak occurred in Northeastern France in
spring 2020. This single-center retrospective observational cohort study aimed to compare patients with
severe COVID-19 and those with non-severe COVID-19 (survivors vs. non-survivors, ICU patients vs.
non-ICU patients) and to describe extrapulmonary complications.

Patients and methods: We included all patients with a confirmed diagnosis of COVID-19 admitted to
Colmar Hospital in March 2020.

Results: We examined 600 patients (median age 71.09 years; median body mass index: 26.9 kg/m?); 57.7%
were males, 86.3% had at least one comorbidity, 153 (25.5%) required ICU hospitalization,and 115 (19.1%)
died. Baseline independent factors associated with death were older age (> 75 vs. <75 years), male sex,
oxygen supply, chronic neurological, renal, and pulmonary diseases, diabetes, cancer, low platelet and
hemoglobin counts, and high levels of C-reactive protein (CRP) and serum creatinine. Factors associated
with ICU hospitalization were age <75 years, oxygen supply, chronic pulmonary disease, absence of
dementia, and high levels of CRP, hemoglobin, and serum creatinine. Among the 600 patients, 80 (13.3%)
had an acute renal injury, 33 (5.5%) had a cardiovascular event, 27 (4.5%) had an acute liver injury, 24 (4%)
had venous thromboembolism, eight (1.3%) had a neurological event, five (0.8%) had rhabdomyolysis, and
one had acute pancreatitis. Most extrapulmonary complications occurred in ICU patients.

Conclusion: This study highlighted the main risk factors for ICU hospitalization and death caused by
severe COVID-19 and the frequency of numerous extrapulmonary complications in France.

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged in China in December 2019, causing coronavirus
disease 2019 (COVID-19), which is a polymorph disease that
mainly affects the respiratory tract [1]. However, COVID-19 is
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associated with extrapulmonary complications [2], including neu-
rological disorders (encephalopathy, Guillain-Barré syndrome,
stroke, encephalitis) [3]; thrombotic disorders (mainly deep vein
thrombosis and pulmonary embolism), acute coronary syndrome,
myocarditis and arrhythmia [4-6]; acute kidney injury (AKI) and
acute liver injury (ALI) [7], and rhabdomyolysis [8]. These events,
especially pulmonary events with acute respiratory distress syn-
drome (ARDS), are detrimental as they lead to hospitalization in
the intensive care unit (ICU) or even to death. Classic risk factors
for severe outcomes such as older age or male sex are now well-
established but risk factors for extrapulmonary complications need
better evaluation.
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France identified its first three COVID-19 cases in January 2020
[9], and a major outbreak occurred in March 2020, beginning in
Northeastern France. Colmar public hospital (Hépitaux Civils de
Colmar [HCC]), a 1,000-bed facility, was one of the most affected by
this first wave. We aimed to conduct a single-center retrospective
cohort study of all patients with a confirmed diagnosis of COVID-19
in the HCC in March 2020 to assess the risk of death, ICU hospi-
talization, and extrapulmonary events in COVID-19 patients. We
focused on risk factors at baseline associated with these severe
outcomes.

2. Patients and methods
2.1. Study design

We retrospectively analyzed data of all consecutive patients
with COVID-19 in the HCC between March 1 and March 31, 2020.
COVID-19 was confirmed by a positive result by real-time reverse
transcriptase polymerase chain reaction (PCR) for SARS-CoV-2.
This study aimed to describe the characteristics of patients with
severe COVID-19 (ICU hospitalization or death) and to assess those
with and without extrapulmonary complications. The study was
approved by the Ethics Committee of Medicine Odontology and
Pharmacy Faculties and Hospitals (University Hospital of Stras-
bourg; No. CE-2020-32).

2.2. Laboratory test, demographics, and medical history

Nasopharyngeal swabs, sputum, tracheal aspiration, and bron-
choalveolar lavage specimen were collected in the emergency
department or in other departments, including the ICU. SARS-CoV-
2 positivity was assessed by specific in-house real-time PCR in
which the primer and probe sequences targeted two regions of the
RNA-dependent RNA-polymerase gene and were specific to SARS-
CoV-2. Approximately 10 copies/reaction were produced to analyze
assay sensitivity (Institut Pasteur, Paris, France).

2.3. Data collection/endpoints

We retrospectively collected all data from computer-based
patient records (Crystal Link®): sex, age, body mass index (BMI),
medical history, symptoms at admission, and routine blood exam-
inations (complete blood count, serum creatinine, transaminases,
gamma-glutamyl transferase, alkaline phosphatase, total bilirubin,
creatine phosphokinase [CPK], lactate dehydrogenase, electrolytes,
calcium, phosphorus, C-reactive protein [CRP], and procalcitonin).
The type of hospitalization (ICU or non-ICU, with dates and need for
invasive mechanical ventilation) and the patient’s end of follow-up
status (death, transfer to arehabilitation unit, discharge status, with
the date of each of these events) at the cutoff date (July 31, 2020)
were identified together with extrapulmonary complications dur-
ing hospitalization. These extrapulmonary complications included
thromboembolic events (phlebitis and pulmonary embolism), AKI
(according to KDIGO definition [10]), ALI (ASAT > 3 times the upper
limit of the normal range [UNR]), rhabdomyolysis (CPK >3 UNR
without recent fall or trauma history), neurological events (stroke,
Guillain-Barré syndrome, meningitis, and encephalitis), and cardiac
events (arrhythmia, myocarditis, pericarditis, acute ischemia, and
Takotsubo syndrome). All extrapulmonary events were validated
by a senior physician.

2.4. Statistical analysis

Overall baseline characteristics are presented and classi-
fied according to the patient’s survival status (survivors vs.
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non-survivors) at the cutoff date (July 31, 2020) and according
to the type of hospitalization (ICU vs. non-ICU). Continuous vari-
ables were summarized by median and first and third quartiles
(Q1, Q3) and compared by Wilcoxon rank sum test. Categorical
data are presented by the number of missing values and absolute
and relative counts, and compared by Fisher’s exact test. Further-
more, the death rate curve with 95% confidence interval (CI) and
the number of patients at risk was determined using the non-
parametric Kaplan-Meier method. Baseline independent factors
likely to explain severe COVID-19 (death and ICU hospitalization)
or non-pulmonary events (AKI, ALI, cardiac and thrombotic events)
were selected using backward logistic regression, with a mini-
mum significance level of 0.20. Selected variables were considered
independent when Spearman’s rank correlation coefficient was
<0.30. We also presented the odds ratios (OR) with two-sided 95%
CI of the final models, excluding correlated variables. Statistical
data were analyzed using the SAS 9.4 software (SAS Institute Cary,
NC, USA).

3. Results
3.1. Demographic and clinical characteristics at baseline

Patients’ main characteristics and laboratory results at base-
line are presented in Tables 1 and 2. Patients were mostly males
(57.7%), with a median age of 71 years [Q1 60.9, Q3 81.3 yrs.] and a
median BMI of 26.9 kg/m? [Q1 23.8, Q3 31.0 kg/m?2]. Most patients
(86.3%) had at least one comorbidity. The median duration between
symptom onset and hospitalization was 7 days.

3.2. Deaths

A total of 115 patients (19.1%) died, of whom 44 (38.3%) were
hospitalized in the ICU. The overall case fatality was 9.1%, 15.6%,
and 17.3% on days 7, 14 and 21, respectively (Fig. 1). Baseline char-
acteristics and univariate analysis of survivors and non-survivors
are presented in Table 1. Fig. 2 illustrates the results of the mul-
tivariate logistic regression to identify baseline variables possibly
associated with patients’ death. Patients aged > 75 years (OR 3.25
[95% CI1 1.91, 5.52]) and male patients (OR 1.81 [95% CI 1.02, 3.19])
as well as those with concomitant neurological disorders (OR 2.07
[95% CI 1.15, 3.74]), renal disease (OR 1.91 [95% C1 0.82, 4.45]), pul-
monary disease (OR 1.83 [95% CI 1.05, 3.20]), diabetes (OR 1.62
[95% CI 0.95, 2.76]), or cancer (OR 1.52 [95% CI 0.85, 2.70]), and
those who required oxygen by face mask (OR 2.05 [95% CI 1.25,
3.38]) had a higher risk of death in our cohort. The risk of death
was also high in those with higher CRP (OR 1.25[95% CI 1.08, 1.45],
50 mg/L increase) or serum creatinine (OR 1.09 [95% CI1 0.98, 1.21],
50 pmol/L increase) levels and in those with low hemoglobin (OR
1.14[95% C10.99, 1.32], 1 g/L decrease) or platelet (OR 1.46 [95% CI
1.04, 2.04], 100 G/L decrease) count.

3.3. ICU hospitalization

A total of 153 patients (25.5%) required ICU hospitalization,
of whom 139 (92.1%) required invasive mechanical ventilation.
Table 2 summarizes the baseline characteristics and univariate
analysis of patients according to hospitalization type (ICU or non-
ICU). Fig. 2 depicts the multivariate logistic regression results to
identify baseline variables that likely explained the need for ICU
hospitalization. Patients aged <75 years (OR 2.79 [95% CI 1.67,
4.66]), those with concomitant pulmonary disease (OR 1.64 [95%
C10.96, 2.78]), those without dementia (OR 3.57 [95% CI1 0.8, 15.9]),
and those requiring oxygen by face mask (OR 1.53 [95% CI 0.97,
2.42]) were at higher risk of being hospitalized in the ICU. Higher
CRP(OR 1.47[95%CI11.28, 1.68], 50 mg/L increase), hemoglobin (OR
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Table 1
Patients’ baseline characteristics and laboratory findings by survival status (survivors vs. non-survivors).
Survivors Non-survivors All patients P-value
(n=485) (n=115) (n=600)

Sex Male 272 (56.1%) 74 (64.3%) 346 (57.7%) NS ®
Female 213 (43.9%) 41 (35.7%) 254 (42.3%)

Age (years) Median [Q1, Q3] 69.00 [58.8, 78.5] 79.93 [70.5, 87.6] 71.09 [60.9, 81.3] <0.001 ¢

BMI (kg/m?) n (%) 298 (61.44%) 62 (53.91%) 360 (60.00%) NS @
Median [Q1, Q3] 26.84[24.0, 30.9] 27.46[22.9, 31.3] 26.90 [23.8,31.0]

Risk factors At least one risk factor 409 (84.3%) 109 (94.8%) 518 (86.3%) 0.002 °
Chronic renal disease 28(5.8%) 20 (17.4%) 48 (8.0%) <0.001"
Chronic liver disease 5(1.0%) 1(0.9%) 6 (1.0%) NS P
Chronic cardiovascular disease 308 (63.5%) 91 (79.1%) 399 (66.5%) 0.001°
Chronic pulmonary disease 91 (18.8%) 34 (29.6%) 125 (20.8%) 0.015°
Diabetes 114 (23.5%) 42 (36.5%) 156 (26.0%) 0.006°
Cancer 77 (15.9%) 32 (27.8%) 109 (18.2%) 0.004°
Immunodeficiency 8(1.6%) 1(0.9%) 9(1.5%) NS
Pregnancy 2 (0.4%) - 2(0.3%) NS P

Symptom duration (days) n (%) 447 (92.16%) 101 (87.83%) 548 (91.33%) <0.001°
Median [Q1, Q3] 7.0[10, 3] 3.0(7,1] 7.0[9,3]

Body temperature (°C) n (%) 269 (94.39%) 64 (96.97%) 333 (94.87%) NS?
Median [Q1, Q3] 38.00[37.1;38.6] 38.00[37.1;38.6] 38.00 [37.1;38.6]

Ventilation n (%) 456 (94.0%) 115 (96.0%) 567 (94.5%) <0.001°
Spontaneous ambient air 302 (66.2%) 46 (41.4%) 348 (61.4%)
0, 154 (33.8%) 65 (58.6%) 219 (38.6%)

0, flow (L/min) n (%) 154 (100.00%) 65 (100.00%) 219 (100.00%) 0.002 @
Median [Q1, Q3] 4.0(2,9] 8.0(3,15] 5.0[3,9]

Hemoglobin (g/L) n (%) 476 (100.00%) 110(97.35%) 586 (99.49%) 0.014°
Median [Q1, Q3] 13.50 [12.2, 14.6] 12.80[11.4, 14.4] 13.40[12.0, 14.5]

Platelets (G/L) n (%) 473 (99.37%) 110 (97.35%) 583 (98.98%) 0.001?
Median [Q1, Q3] 198.0 [159, 257] 177.0 [140, 231] 195.0 [155, 253]

Leucocytes (G/L) n (%) 476 (100.00%) 110 (97.35%) 586 (99.49%) <0.001°?
Median [Q1, Q3] 6.180 [4.63, 8.38] 7.615 [5.53,9.63] 6.405 [4.76, 8.60]

Neutrophils (G/L) n (%) 472 (99.16%) 107 (94.69%) 579 (98.30%) <0.001*
Median [Q1, Q3] 4.640 [3.25, 6.78] 6.370 [4.23, 8.30] 4.970[3.32,7.16]

Lymphocytes (G/L) n (%) 470 (98.74%) 105 (92.92%) 575 (97.62%) <0.001°?
Median [Q1, Q3] 0.790 [0.55, 1.09] 0.600 [0.43, 0.85] 0.750[0.51, 1.06]

Creatinine (pmol/L) n (%) 465 (97.69%) 113 (100.00%) 578 (98.13%) <0.001°
Median [Q1, Q3] 80.0 [65, 101] 117.0 [83, 174] 84.0 [66, 115]

ASAT (IU/L) n (%) 318 (66.81%) 72 (63.72%) 390 (66.21%) NS?
Median [Q1, Q3] 41.0 [28, 60] 45.0 [30, 61] 42.0[28, 60]

ALAT (IU/L) n (%) 370 (77.73%) 85 (75.22%) 455 (77.25%) 0.008 #
Median [Q1, Q3] 31.0[19, 50] 25.0[17,39] 30.0[19, 48]

Bilirubin (mol/L) n (%) 367 (77.10%) 87 (76.99%) 454 (77.08%) NS @
Median [Q1, Q3] 8.20[5.9,11.7] 9.00 [5.9, 13.5] 830([5.9,11.7]

CPK (IU/L) n (%) 49 (10.29%) 13 (11.50%) 62 (10.53%) NS?
Median [Q1, Q3] 129.0 [73, 330] 373.0[118, 635] 147.0 (79, 423]

LDH (IU/L) n (%) 227 (47.69%) 55 (48.67%) 282 (47.88%) NS @
Median [Q1, Q3] 324.0 [236, 449] 339.0 [243, 444] 325.5[239, 449]

Calcium (mmol/L) n (%) 68 (14.29%) 11(9.73%) 79 (13.41%) NS?
Median [Q1, Q3] 2.105 [2.00, 2.18] 2.090 [1.96, 2.16] 2.100 [2.00, 2.18]

Phosphate (mmol/L) n (%) 43 (9.03%) 4 (3.54%) 47 (7.98%) NS @
Median [Q1, Q3] 09][1,1] 1.1[1,1] 09([1,1]

CRP (mg/L) n (%) 469 (98.53%) 113 (100.00%) 582 (98.81%) <0.001?
Median [Q1, Q3] 73.0 [39, 123] 96.0 [53, 189] 75.0 [42, 135]

PCT (pg/L) n (%) 167 (35.08%) 43 (38.05%) 210 (35.65%) 0.039°
Median [Q1, Q3] 0.200[0.10, 0.39] 0.300[0.20, 0.63] 0.230[0.11, 0.41]

Results are presented as N (%), median [Q1, Q3], % are calculated for non-missing values only. BMI: body mass index; ASAT: aspartate aminotransferase; ALAT: alanine

aminotransferase; CPK: creatinine phosphokinase; LDH: lactate dehydrogenase; CRP: C-reactive protein; PCT: procalcitonin.

3 Wilcoxon rank sum test.
b Fisher’s exact test.

1.31[95% CI 1.14, 1.52], 1 g/L increase), and serum creatinine (OR
1.20 [95% CI 1.10, 1.32], 50 wmol/L increase) levels also increased

the risk of ICU hospitalization.

3.4. Extrapulmonary complications

Among the 600 patients, 80 (13.3%) experienced AKI (stage 1,
n=42; stage 2, n=15; stage 3, n=23), 33 (5.5%) experienced a
cardiovascular event (atrial fibrillation, n=17; flutter, n=4; ven-
tricular tachycardia, n =3; ischemic cardiac event, n =8; Takotsubo
syndrome, n=3; lower limb ischemia, n=1; pericarditis, n=2),
27 (4.5%) exhibited ALI, 24 (4%) had venous thromboembolism,

eight (1.3%) had a neurological event (ischemic stroke, n=7;
Guillain-Barré syndrome, n=1), five (0.8%) had rhabdomyolysis,

and one had acute pancreatitis, all during hospitalization (Table 3).
Most extrapulmonary events occurred in ICU patients. When com-
paring extrapulmonary complications among alive (n=485) and
dead patients (n=115) we found a higher rate of pulmonary
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embolism (6 vs 10; P=0.02), renal failure (24 vs 56; P=0.011), and
rhabdomyolysis (3 vs 2; P=0.04) among non-survivors. The median
[Q1, Q3] time between symptom onset and extrapulmonary event
was 11 days (range: 5-16 days), 11 days (range: 6-15 days), 4 days
(range: 1-43 days) and 18 days (range: 10-35 days) for AKI, ALI,
cardiac events, and thromboembolic events, respectively. Fig. 3
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Table 2
Patients’ baseline characteristics and laboratory findings according to hospitalization type (ICU vs. non-ICU).
Non-ICU ICU All patients P-value
(n=447) (n=153) (n=600)
Sex Male 237 (53.0%) 109 (71.2%) 346 (57.7%) <0.001"
Female 210 (47.0%) 44 (28.8%) 254 (42.3%)
Age (years) Median [Q1, Q3] 73.13[60.2;83.9] 68.70[62.2;73.2] 71.09 [60.9;81.3] <0.001?
BMI (kg/m?) n (%) 278 (62.19%) 82 (53.59%) 360 (60.00%) 0.011°
Median [Q1, Q3] 26.66 [23.46;30.80] 28.03 [24.82;33.52] 26.90[23.77;31.02]
Risk factors At least one risk factor 393 (87.9%) 125 (81.7%) 518 (86.3%) NS P
Chronic renal disease 38 (8.5%) 10 (6.5%) 48 (8.0%) NS
Chronic liver disease 4(0.9%) 2(1.3%) 6 (1.0%) NS P
Chronic cardiovascular disease 298 (66.7%) 101 (66.0%) 399 (66.5%) NS P
Chronic pulmonary disease 88(19.7%) 37 (24.2%) 125(20.8%) NS b
Diabetes 114 (25.5%) 42 (27.5%) 156 (26.0%) NS
Cancer 83 (18.6%) 26 (17.0%) 109 (18.2%) NS
Immunodeficiency 8(1.8%) 1(0.7%) 9(1.5%) NS b
Pregnancy 2(0.4%) - 2(0.3%) NS P
Symptom duration (days) n (%) 399 (89.26%) 149 (97.39%) 548 (91.33%) <0.001°
Median [Q1, Q3] 6.0(9; 2] 7.0[10; 5] 7.0[9; 3]
Body temperature (°C) n (%) 241 (94.88%) 92 (94.85%) 333(94.87%) 0.018°
Median [Q1, Q3] 38.00[37.0;38.5] 38.00[37.5;39.0] 38.00[37.1;38.6]
Ventilation n(%) 421 (94.18%) 146 (95.46%) 567 (94.50%) <0.001°"
Spontaneous ambient air 280 (66.5%) 68 (46.6%) 348 (61.4%)
0, 141 (33.5%) 78 (53.4%) 219 (38.6%)
0; flow (L/min) 141 78 219 <0.001?
n (%) (100.00%) (100.00%) (100.00%)
Median [Q1, Q3] 3.0[2;6] 9.0 [6;15] 5.0(3;9]
Hemoglobin (g/L) n(%) 435 (99.54%) 151 (99.34%) 586 (99.49%) <0.001°?
Median [Q1, Q3] 13.20[11.8;14.4] 13.80[12.5;14.8] 13.40 [12.0;14.5]
Platelets (G/L) n(%) 432 (98.86%) 151(99.34%) 583 (98.98%) NS @
Median [Q1, Q3] 194.0 [155;250] 196.0 [155;258] 195.0 [155;253]
Leucocytes (G/L) n(%) 435 (99.54%) 151 (99.34%) 586 (99.49%) 0.004 *
Median [Q1, Q3] 6.010 [4.55;8.25] 7.460 [5.67;9.86] 6.405 [4.76;8.60]
Neutrophils (G/L) n (%) 431 (98.63%) 148 (97.37%) 579 (98.30%) <0.001 2
Median [Q1, Q3] 4.530 [3.20;6.61] 6.075 [4.29;8.41] 4.970 [3.32;7.16]
Lymphocytes (G/L) n(%) 431 (98.63%) 144 (94.74%) 575 (97.62%) NS?
Median [Q1, Q3] 0.750[0.51;1.07] 0.720[0.50;1.02] 0.750[0.51;1.06]
Creatinine (pmol/L) n(%) 428 (98.17%) 150 (98.04%) 578 (98.13%) <0.001°?
Median [Q1, Q3] 81.0 [64;107] 95.0 [73;152] 84.0 [66;115]
ASAT (IU/L) n (%) 289 (66.28%) 101 (66.01%) 390 (66.21%) <0.001?
Median [Q1, Q3] 38.0[27;55] 53.0 [41;79] 42.0[28;60]
ALAT (IU/L) n(%) 334 (76.61%) 121 (79.08%) 455 (77.25%) <0.001?
Median [Q1, Q3] 27.0[17;43] 38.0 [25;54] 30.0 [19;48]
Bilirubin (pmol/L) n (%) 331(75.92%) 123 (80.39%) 454 (77.08%) 0.023°
Median [Q1, Q3] 8.10[5.8;11.5] 8.90[6.5;13.3] 8.30[5.9;11.7]
CPK (IU/L) n(%) 43 (9.86%) 19 (12.42%) 62 (10.53%) NS?
Median [Q1, Q3] 138.0 [74;635] 155.0 [84;327] 147.0 [79;423]
LDH (IU/L) n(%) 198 (45.41%) 84 (54.90%) 282 (47.88%) <0.001?
Median [Q1, Q3] 286.0 [222;381] 434.5[325;571] 325.5[239;449]
Calcium (mmol/L) n(%) 54 (12.39%) 25(16.34%) 79 (13.41%) 0.010°
Median [Q1, Q3] 2.13[2.06;2.20] 2.06 [1.92;2.13] 2.10[2.00;2.18]
Phosphate (mmol/L) n(%) 24 (5.50%) 23 (15.03%) 47 (7.98%) NS?
Median [Q1, Q3] 1.0[1;1] 09[1;1] 09[1;1]
CRP (mg/L) n (%) 431 (98.85%) 151 (98.69%) 582 (98.81%) <0.001 ?
Median [Q1, Q3] 66.0 [31;107] 115.0 [66;191] 75.0 [42;135]
PCT (pg/L) n(%) 126 (28.90%) 84 (54.90%) 210 (35.65%) <0.001?

Median [Q1, Q3]

0.160[0.10;0.31]

0.290 [0.19;0.70]

0.230[0.11;0.41]

Results are presented as N (%), median [Q1, Q3], % are calculated for non-missing values only. BMI: body mass index; ASAT: aspartate aminotransferase; ALAT: alanine
aminotransferase; CPK: creatinine phosphokinase; LDH: lactate dehydrogenase; CRP: C-reactive protein; PCT: procalcitonin.

2 Wilcoxon rank sum test.

b Fisher's exact test.

presents the results of the multivariate logistic regression to iden-
tify baseline variables that likely explained the four most frequent
extrapulmonary events. Patients with concomitant renal disease
(OR 2.38 [95% CI 0.95, 5.94]), pulmonary disease (OR 2.06 [95% CI
1.05, 3.20]) or cardiac disorder (OR 2 [95% CI 0.97, 4.11]) had a
higher risk of AKI. AKI risk was also high in those with higher CRP
(OR 1.23 [95% CI 1.06, 1.44], 50 mg/L increase), hemoglobin (OR
1.25 [95% CI 1.06, 1.49], 1 g/L increase) or platelet (OR 1.31 [95%
CI 0.94, 1.84], 100 G/L increase) count. ALI patients aged > 75 years
(OR 2.99[95% CI1 1.02, 8.7]) as well as those with concomitant can-
cer (OR 2.06 [95% CI1 0.78, 5.42]) and cardiac disease (OR 1.86 [95%
CI 0.75, 4.61]), those with higher CRP (OR 1.22 [95% CI 0.99, 1.5],

50 mg/L increase) or serum creatinine (OR 1.21 [95% CI 1.08, 1.35],
50 pmol/L increase) levels and those with high hemoglobin (OR
1.25[95% C1 1.06, 1.49], 1 g/L increase) had a higher risk of ALI Car-
diac patients with concomitant cancer (OR 2.33 [95% CI 1.02, 5.29]
or higher CRP (OR 1.27 [95% CI 1.05, 1.53], 50 mg/L increase) or
serum creatinine (OR 1.1 [95% CI 0.97, 1.25], 50 pmol/L increase)
levels had a higher risk of cardiac event. Patients were at higher
risk of thromboembolic events if they were males (OR 3.03 [95%
CI 0.98, 9.36]), had a concomitant cardiac disease (OR 2.2 [95% CI
0.89, 5.43]), had a higher CRP level (OR 1.29 [95% CI 1.03, 1.61],
50 mg/L increase) or higher platelet count (OR 1.63 [95% CI 1.05,
2.53], 100 G/L increase).
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Fig. 1. Deathrate curve-Product limit estimate (Kaplan-Meier) with two-sided confidence interval and number of patients at risk. Day 0 is the day of hospitalization. Patients

alive at the end of follow-up were censored at the date of last information.
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Fig. 2. Results of the multivariate logistic regression analysis of death (left) and ICU (right) presented as odds ratios with 95% confidence interval. All baseline variables
significant at the 0.20 level were included in the model. Creat.: Creatinine; CRP: C-Reactive Protein.

4. Discussion

In this single-center large retrospective cohort study of patients
hospitalized with a confirmed diagnosis of COVID-19 in France, we
described risk factors for ICU hospitalization and death of patients
with severe COVID-19. With a median age of 71 years and a higher
male proportion (57.7%), our study population is similar to that
described in previous large cohort studies focusing on patients
with COVID-19 [11-13]. Major serious complication of COVID-19
is severe ARDS, which leads to ICU hospitalization and/or death.
In this study, 153 patients (25.5%) were hospitalized in the ICU
and 115 (19.1%) died. Among those who died, 44 were previously
hospitalized in the ICU (28.7% of ICU patients). The death rate of
patients with COVID-19 in this study is within the range of pre-
viously published studies: 13.2%-32.5% in China [14-16], 22% in
Germany [17], 28% (32% in the ICU) in the United Kingdom [11],
and 16.3%-39% in the United States [12,13]. However, we found
that time to death was an important parameter. In our study, the
death rate on day 7 was approximately 50% of what it was on

day 21. The latter result is similar to the death rate on day 20
reported by Cecconi et al. (15.1%) [18]. Parameters contributing
to serious COVID-19 are multiple and difficult to analyze. Consid-
ering the retrospective nature of our study and the absence of
published guidelines for COVID-19 treatment in March 2020, we
did not assess the impact of treatments that were administered
(antiviral therapies, antibiotics, corticosteroids) for serious COVID-
19 cases. However, only a few patients from our cohort received
potential treatments for COVID-19. Such treatments included the
administration of lopinavir/ritonavir in 11 patients (1.8%), hydrox-
ychloroquine in 57 patients (9.5%), remdesivir in two patients
(0.33%), and corticosteroids in 38 (6.3%) patients. Pressure on hos-
pital beds in various departments, especially the ICU, regarding the
COVID-19 epidemic is another factor that might have contributed
to the severe outcome.

Unlike previous studies [1,16,18], we analyzed the risk factors
for ICU hospitalization separately from the risk factors of patients
who died from severe COVID-19. In addition, older or highly comor-
bid patients such as patients with dementia were not transferred to
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Table 3
Extrapulmonary complications according to hospitalization type (ICU vs. non-ICU).
Non-ICU ICU All patients P-value
(n=447) (n=153) (n=600)
At least one event 66 (14.8%) 70 (45.8%) 136 (22.7%) <0.001?
Thromboembolic event 8(1.8%) 16 (10.5%) 24 (4.0%) <0.001?
Deep vein thrombosis 2 (25.0%) 11 (68.8%) 13 (54.2%) NS
Pulmonary embolism 7 (87.5%) 9 (56.3%) 16 (66.7%) NS?
Renal failure 29 (6.5%) 51 (33.3%) 80 (13.3%) <0.001*
Rhabdomyolysis 1(0.2%) 4(2.6%) 5(0.8%) 0.016*
Hepatic disorder 12 (2.7%) 15 (9.8%) 27 (4.5%) <0.001?
Cardiovascular event 12 (2.7%) 21 (13.7%) 33(5.5%) <0.001?
Myocardial infarction 6 (50.0%) 2(9.5%) 8(24.2%) 0.015?2
Arrhythmia 4(33.3%) 18(85.7%) 22 (66.7%) 0.005%
Atrial fibrillation 3(25.0%) 14 (66.7%) 17 (51.5%) 0.032
Flutter 1(8.3%) 3(14.3%) 4(12.1%) NS?
Ventricular Tachycardia - 3(14.3%) 3(9.1%) NS
Lower limb ischemia - 1(4.8%) 1(3.0%) NS?
Takotsubo syndrome 2(16.7%) 1(4.8%) 3(9.1%) NS?
Pericarditis 1(8.3%) 1(4.8%) 2(6.1%) NS?
Neurological disorder 5(1.1%) 3(2.0%) 8(1.3%) NS?
Number of extrapulmonary events
0 381 (85.2%) 83 (54.2%) 464 (77.3%) <0.001%
1 55(12.3%) 39(25.5%) 94 (15.7%)
2 10(2.2%) 21(13.7%) 31(5.2%)
3 1(0.2%) 7 (4.6%) 8(1.3%)
4 - 3(2.0%) 3(0.5%)
Results are presented as n (%), % are calculated for non-missing values only.
2 Fisher’s exact test.
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Fig. 3. Results of the multivariate logistic regression analysis of extrapulmonary event ([a] AKI, [b] ALI, [c] cardiac events, [d] thromboembolic events) presented as odds
ratios with 95% confidence interval. All baseline variables significant at the 0.20 level were included in the models.

the ICU. An analysis including other criteria such as those explained
by the WHO working study groups [19], notably the use of high-
flow nasal oxygenation, could have been of interest to appreciate
the severity of patients. However in March 2020, we only had a few
ventilators available in Colmar for this type of oxygenation and all

were dedicated to mechanical ventilation. Therefore, no high-flow
ventilation was performed during the first wave of the epidemic.
Previous studies using univariate analyses reported age, male
sex, and all comorbidities as important risk factors for death
[11,15,20]. In the present study, the multivariate analysis also
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revealed that male sex, age >75 years (frequently used to define
geriatric patients), and several previous high-risk concomitant con-
ditions (including neurological, renal, and pulmonary diseases,
diabetes, and cancer) were risk factors for death. These results
are similar to those reported by Docherty et al. who identified
neurological disorders, chronic renal, respiratory diseases and
malignancy as prognostic factors for death [11].

According to the univariate analyses of previous studies, higher
leukocytes, neutrophils, CRP, PCT, ASAT, ALAT, and LDH levels or
lower creatinine, lymphocyte, and platelet levels indicate severe
COVID-19[21-24]. D-dimers, BNP, and troponin are also important
prognostic biomarkers [13,16,25], but they were not included in
our study because they were not routinely assessed at the start of
the epidemic. Using multivariate analyses, we could quantify the
impact of increased baseline CRP or creatinine levels on death or
ICU hospitalization. A 50 wmol/Lincrease in serum creatinine levels
increased the risks for death and ICU hospitalization, with OR values
of 1.09 and 1.20, respectively. Likewise, a 50 mg/L increase in CRP
levels increased the risks for death and ICU hospitalization, with
OR values of 1.25 and 1.47, respectively. Therefore, elevated CRP or
serum creatinine levels are risk factors for severe COVID-19 but of
lower magnitude than age or concomitant diseases.

Considering that SARS-CoV-2 can affect several organs [2], we
analyzed the extrapulmonary complications of COVID-19. Specific
viral damages in the cells of human tissues can cause further
ACE2 viral receptor expression, immune-mediated inflammation
(cytokine storm), hypoxia, or drug toxicity, resulting in organ fail-
ure [2]. Extrapulmonary events occurred more frequently in ICU
patients [12,26]. We focused on biological complications or well-
defined events, excluding complications such as confusion or heart
failure, which are less discriminating, especially in the context of
retrospective data collection. The median time between COVID-19
symptom onset and extrapulmonary events was quite similar for
AKI, ALl and thromboembolic events but was shorter for cardio-
vascular events. Acute infection with fever can cause arrhythmia,
which may explain this discrepancy. For all events, in three out of
four complications, elevated CRP and creatinine levels appeared to
be independent risk factors, highlighting the role of inflammation
and cytokine storm in these events.

AKI was the most frequent extrapulmonary event, affecting 13%
of our patients. The occurrence rate of AKI ranges from 0.5% to
30% [2,24], and this condition may even affect >30% of patients
in the United States [12,27] or even 78% in ICU patients [28]
compared with 33% of ICU patients in our study. Cardiovascular
events affected 4.5% of our COVID-19 patients, and 67% of these
events were arrhythmia cases. As reported by Zeng et al. [29],
arrhythmia occurred more frequently in ICU patients. Arrhythmia
needs to be identified because of its major implications on other
complications, such as stroke and cardiac failure. Ischemic and
Takotsubo syndromes are well-known COVID-19 complications.
Troponin and BNP use, routine ECG, and echocardiography could
probably improve the management of these cardiac events [2].

Moreover, seven patients presented with neurological events, of
which six experienced ischemic stroke and one had Guillain-Barré
syndrome. Guillain-Barré syndrome, which is an inflammatory
polyradiculoneuropathy, is regularly associated with viral infec-
tion, as described in numerous case reports [30,31]. Stroke has also
been reported in patients with COVID-19 [3].

Rhabdomyolysis, which is an already known COVID-19 extra-
pulmonary complication [8], rarely occurred in our study
population. It was only reported in five patients after exclusion of
nine patients before admission because of a fall or trauma. In addi-
tion, one patient experienced acute pancreatitis, which is also arare
extrapulmonary complication of COVID-19.

This study has limitations as well as potential biases. It is a ret-
rospective study with inhomogeneous data collected at baseline at
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a time when guidelines for treatment and extrapulmonary com-
plication screening were lacking. Nonetheless, our data are robust,
exhaustively recorded and easy to find in patients’ records. Other
parameters, such as heart failure, co-infection or confusion (indi-
cating potential encephalopathy) could be of interest. However,
these parameters were difficult to confirm or to identify in the
patients’ records because medical data collection was not yet stan-
dardized in March 2020. Despite having a large cohort of 600
patients, researchers should still be cautious in interpreting the
results, particularly for events occurring in <30 patients. Of note,
the multivariate results that are presented in this paper are purely
descriptive and should not be considered predictive.

5. Conclusion

Based on one of the largest single-center cohorts in France,
this study describes the main risk factors for ICU hospitalization
and death caused by COVID-19 and the frequency of numerous
extrapulmonary complications. The baseline independent factors
associated with death were older age, male sex, oxygen supply,
chronic neurological disease, renal disease, pulmonary disease, dia-
betes, cancer, low platelet count, low hemoglobin level, high CRP
level, and high serum creatinine level. Meanwhile, factors such as
age <75 years, oxygen supply, chronic pulmonary disease and high
levels of CRP, hemoglobin, and serum creatinine were associated
with ICU hospitalization. Extrapulmonary complications mostly
occurred in ICU patients, with AKI and cardiovascular events being
the most common. This study highlighted the main risk factors
for ICU hospitalization and death caused by severe COVID-19 and
the frequency of a wide range of extrapulmonary complications in
France, suggesting that these complications should be prevented
and monitored for better patient follow-up and outcomes.
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