
Critical Care Explorations www.ccejournal.org 1

Critical Care 
Explorations

Crit Care Expl 2020; 2:e0173

DOI: 10.1097/CCE.0000000000000173

1Division of Intensive Care, Geneva University Hospitals and the University of 
Geneva Faculty of Medicine, Geneva, Switzerland.

2Division of Anesthesiology, Geneva University Hospitals and the University of 
Geneva Faculty of Medicine, Geneva, Switzerland.

3Department of Research, University Hospital of Caen, Caen, France.
4Department of Pediatric Surgery, University Hospital of Caen, Caen, France.
5Clinical Trial Unit, Division of Clinical Epidemiology, Geneva University 
Hospitals and the University of Geneva Faculty of Medicine, Geneva, 
Switzerland.

6Division of Infectious Diseases, Geneva University Hospitals and the 
University of Geneva Faculty of Medicine, Geneva, Switzerland.

Copyright © 2020 The Authors. Published by Wolters Kluwer Health, Inc. 
on behalf of the Society of Critical Care Medicine. This is an open-access 
article distributed under the terms of the Creative Commons Attribution-Non 
Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permis-
sible to download and share the work provided it is properly cited. The work 
cannot be changed in any way or used commercially without permission from 
the journal.

Observational Study

Preparedness and Reorganization of Care 
for Coronavirus Disease 2019 Patients in a 
Swiss ICU: Characteristics and Outcomes  
of 129 Patients

Steve Primmaz, MD1; Christophe Le Terrier, MD1; Noémie Suh, MD1; François Ventura, MD1,2;  
Filippo Boroli, MD1; Karim Bendjelid, MD1; Sara Cereghetti, MD1; Raphaël Giraud, MD1;  
Claudia Heidegger, MD1; Deborah Pugin, MD1; Nils Siegenthaler, MD1; Didier Tassaux, MD1;  
Jean-Clément Cabrol, MD1; Nathan Dolet, MD3,4; Christoph Ellenberger, MD2; Gleicy Keli Barcelos, MD2;  
Marc-Joseph Licker, MD2; Georges Savoldelli, MD2; Eduardo Schiffer, MD2; Angèle Gayet-Ageron, MD5;  
Laurent Kaiser, MD6; Martin R. Tramèr, MD2; Jérôme Pugin, MD1

Objectives: In many countries, large numbers of critically ill patients 
with coronavirus disease 2019 are admitted to the ICUs within a short 
period of time, overwhelming usual care capacities. Preparedness 
and reorganization ahead of the wave to increase ICU surge capac-
ity may be associated with favorable outcome. The purpose of this 
study was to report our experience in terms of ICU organization and 
anticipation, as well as reporting patient characteristics, treatment, 
and outcomes.
Design: A prospective observational study.
Setting: The division of intensive care at the Geneva University 
Hospitals (Geneva, Switzerland).

Patients: All consecutive adult patients with acute respiratory failure 
due to coronavirus disease 2019 admitted in the ICU between March 9,  
2020, and May 19, 2020, were enrolled. Patients’ demographic data, 
comorbidities, laboratory values, treatments, and clinical outcomes 
were collected.
Interventions: None.
Measurements and Main Results: The ICU was reorganized into cells 
of six to eight patients under the care of three physicians and five 
nurses. Its capacity increased from 30 to 110 beds, fully equipped 
and staffed, transforming the surgical intermediate care unit, the post-
operative care facility, and operating theaters into ICUs. Surge capac-
ity has always exceeded the number of patients hospitalized. Among 
129 critically ill patients with severe acute hypoxemic respiratory 
failure, 96% required invasive mechanical ventilation. A total of 105 
patients (81%) were discharged alive and 24 died, corresponding to 
a mortality of 19%. Patients who died were significantly older, with 
higher severity scores at admission, had higher levels of d-dimers, 
plasma creatinine, high-sensitive troponin T, C-reactive protein, and 
procalcitonin, and required more frequent prone sessions.
Conclusions: A rapid increase in ICU bed capacity, including ade-
quate equipment and staffing, allowed for a large number of criti-
cally ill coronavirus disease 2019 patients to be taken care of within 
a short period of time. Anticipation and preparedness ahead of the 
wave may account for the low mortality observed in our center. These 
results highlight the importance of resources management strategy 
in the context of the ongoing coronavirus disease 2019 pandemic.
Key Words: acute respiratory distress syndrome; coronavirus 
disease 2019; intensive care unit; mortality; severe acute respiratory 
syndrome coronavirus 2; surge capacity
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On February 24, 2020, the first infected person with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
was diagnosed in Switzerland. On March 9, 2020, the 

first patient requiring mechanical ventilation was admitted to the 
intensive care division at Geneva University Hospitals, the largest 
healthcare complex in Switzerland. The complex serves a popu-
lation of 506,000 inhabitants, with a 30-bed medical and surgi-
cal ICU and a full technical plateau (1). Switzerland has been one 
of the most affected countries in the world, with a prevalence 
increasing from 7.2 to 357 cases per 100,000 inhabitants between 
March 9, 2020, and May 19, 2020 (2, 3).

At the end of February 2020, Geneva University Hospitals 
received a mandate from the health authorities to prepare to receive 
an important wave of patients with coronavirus disease 2019 
(COVID-19). It was decided that the university hospital would 
become the “COVID-19 hospital,” and the surrounding private 
hospitals would care for non-COVID-19 patients. Consecutively 
all patients diagnosed with COVID-19 in surrounding hospi-
tals as well as ambulatory patients with suspected COVID-19 
requiring hospitalization were transferred to Geneva University 
Hospitals. A hospital preparedness committee was initiated on 
February 28, 2020, and transformed into a crisis cell on March 
18, 2020. The Swiss government decided on March 13, 2020, to 
partially confine the population (4). Predictions based on early 
local epidemiological data estimated that Geneva may need more 
than 180 ICU beds at the peak. At that time, it was reported that 
5% to 32% of COVID-19 patients required ICU admission (5, 6),  
with very high mortality rates both in China and in the United 
States (7–11). An Italian study of 1,591 ICU patients reported a 
mortality of 26% for the whole cohort, but of 61% when consider-
ing only patients discharged from the ICU (12).

The purpose of this study was to report the experience of our 
center in terms of ICU organization and anticipation, as well as 
reporting patient characteristics, treatment, and outcomes.

MATERIALS AND METHODS

Study Design and Participants
This single-center prospective observational study was con-
ducted at the ICU of University Hospitals of Geneva (Geneva, 
Switzerland), between March 9, 2020, and May 19, 2020. All adult 
patients admitted to the ICU with acute respiratory failure due to 
SARS-CoV-2 infection were included. SARS-CoV-2 infection was 
defined by a positive reverse transcriptase-polymerase chain reac-
tion testing on a nasopharyngeal swab and/or bronchoalveolar 
lavage (BAL) fluid. Criteria for ICU admission followed Swiss tri-
age and ethics guidelines (13). Only patients requiring mechanical 
ventilation or Fio2 greater than 80% were admitted to the ICU. 
The institutional ethics committee approved the study (BASEC 
Number: 2020-00917). An informed consent was obtained either 
from the patient or the next-of-kin.

ICU Preparedness and Reorganization
The ICU was reorganized to accommodate a larger number of 
patients by transforming the surgical intermediate care unit, the 
postoperative care facility, and operating theaters into ICUs (Fig. S1, 

Supplemental Digital Content 1, http://links.lww.com/CCX/A249). 
ICU cells of 8–10 patients were created, and each cell was staffed with 
two physicians, five nurses, and two assistant nurses. One attending 
physician and one physical therapist were available for two cells. The 
trigger for opening a new ICU cell was dependent on the inflow of 
new COVID-19 patients. New cells were prepared and staffed in 
order to always have 10 to 15 beds available for new incomings. The 
opening of new units was decided by an ICU direction cell com-
posed of the chief of the ICU and two attending physicians. Medical 
and nursing staff was mainly recruited from anesthesia since all elec-
tive surgery was stopped. Only a few physicians, nurses, and assistant 
nurses were recruited from internal medicine and PICU. Former 
intensivists, both physicians and nurses, working elsewhere in the 
hospital were also recruited. Intermediate care units were densified 
and expanded to other locations in order to provide pre- and post-
ICU care with trained and dedicated staff. In these units, patients 
could receive noninvasive ventilation, continuous positive airway 
pressure, and high-flow nasal oxygenation (HFNO).

Two shock rooms for handling incoming COVID-19 
patients were set up at the entrance of the ICU with a team of 
experienced physicians and nurses, wearing Tyvek gowns, filter 
facepiece class 2 (FFP2) masks, and eye protections (Fig. 1). 
The incoming patient was intubated and fully equipped before 
being taken care of in the COVID-19 cells (14). The ventilator 
management was under the primary responsibility of the phy-
sicians taking care of the patients in the ICU cell. Nurses with 
specific ICU formation could manage the ventilators mainly 
during the weaning period but always under control of the phy-
sician in charge. Physical therapy resources have indeed been 
very helpful in the management of ventilated patients. Physical 
therapists helped managing the ventilators for patients needing 
noninvasive ventilation or during the weaning and extubation 
phases. The team of physical therapists of the ICU has been 
reinforced by physical therapists from other wards of the hos-
pital and worked 24/7 during that period of time.

ICU-specific procedures and therapies were protocolized and 
taught using regular teaching and e-learning modules. Medical 
care followed international standards, such as lung-protective 
ventilation (15), neuromuscular blockade (16), prone positioning 
(17), inhaled nitric oxide (iNO), and venovenous extracorporeal 
membrane oxygenation (ECMO). Systemic glucocorticoids were 
considered in patients remaining with poor oxygenation from day 
10 onwards after intubation (18). Usual strategies for the prevention 
and control of infection, surveillance, and diagnosis of healthcare-
associated infections were maintained, including the use of a ven-
tilator-associated pneumonia (VAP) bundle for all patients (19).  
A detailed description of ICU organization and protocols for 
admission criteria, prevention and infection control, mechanical 
ventilation, including weaning, use of neuromuscular blocking 
agents and sedative drugs, prone positioning, use of noninvasive 
mechanical ventilation (NIV) and HFNO in nonintubated patients, 
renal replacement therapy (RRT), venovenous ECMO, tracheos-
tomy, thromboprophylaxis, nutrition, family communication, and 
end-of-life care can be found in the ICU Preparedness and the 
COVID-19 specific ICU protocols sections of the Supplemental 
Digital Content (http://links.lww.com/CCX/A249), respectively. 
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Wellness of Caregivers
The institution organized free meals delivered to the ICU, free 
parking, free accommodation in neighboring hotels, grocery pick-
up, and hairdressers at the hospital. Two psychologic therapists 
were present in the ICU, interacting, and debriefing with health-
care workers (HCWs). Hypnosis sessions, massages, and spiritual 
support were also a daily resource available during breaks or after 
work.

Contacts With Families
Next-of-kin were not allowed to visit patients in the ICU. 
Families were called every day using a dedicated smartphone 
using video calls and were able to see and talk to the patients 
directly. If distress was detected, family members could call a 
hotline number and be directed to psychologic therapists. An 
electronic diary where caregivers and families could write or 
put pictures in was also set up and given to patients or fami-
lies upon discharge or death. Families, protected according to 
COVID-19 hospital hygiene standards, were allowed to come 
to the ICU in the context of end-of-life to see the patient before 
and after death.

Data Collection
Patients were classified in two groups: nonsurvivors and patients 
discharged alive from the ICU on May 19, 2020. Demographics, 
comorbidities, severity scores, and a panel of biological vari-
ables were collected at the time of admission. Treatments such 
as mechanical ventilation, antibiotics, vasoactive drugs, corti-
costeroids, iNO and venovenous ECMO, and potential antivi-
rals were recorded. Complications during the ICU stay were 
recorded prospectively, including venous thromboembolic 
events, VAP, septic shock (20), and acute renal failure requiring 
RRT and pressure sores. Patients were followed-up until hospi-
tal discharge or death.

Statistical Analysis
Continuous variables are presented as 
median and interquartile range (IQR). 
Categorical variables are expressed as 
the number of patients (percentage). 
Proportions are presented with 95% 
CI. Patients were grouped by vital 
status at ICU discharge (discharged 
alive and nonsurvivors). The Mann-
Whitney U test was used to compare 
nonparametric continuous variables 
among two groups. chi-square or 
Fisher exact test was used for cat-
egorical variables, as appropriate. We 
estimated the cumulative incidence 
of death in the ICU and discharge by 
time from admission to the ICU (d) 
using a competing risk survival model 
based on Fine and Gray proportional 
sub hazards model. We calculated 
the incidence of VAP per 1,000 days 
of ventilation and the 95% CI within 

each group. All reported p values are two-sided and statistical sig-
nificance was defined as p value of less than 0.05. Analyses were 
performed using Stata IC 16.0 (StataCorp, College Station, TX) 
and R Version 3.6.2 (R project, St. Louis, MI).

RESULTS
A total of 129 patients with acute respiratory failure due to 
COVID-19 were admitted to the ICU during the study period. 
SARS-CoV-2 infection was confirmed by nasopharyngeal swab 
and BAL in 119 and 10 patients, respectively. We reported data by 
vital status at ICU discharge according to those discharged alive  
(n = 105) and those who died in the ICU (n = 24). ICU mortality 
was 19% (95% CI, 13–27%).

Table  1 shows the demographic and clinical characteristics of 
patients. Overall, 99 patients (76.7%) were male and similarly dis-
tributed among the two groups. Median age was 64 years (range, 
25–86 yr). Patients who died in the ICU were significantly older than 
those discharged alive. Patients were similar among the two groups 
with regards to their body mass index. More than 80% (104 patients) 
were overweight, including 35.7% (46 patients) obese patients.

The COVID-19 intermediate care units cared for a total of 295 
patients during that period of time. Of those, 61 were transferred 
to the ICU and 87 were transferred from the ICU. Thirty-three 
patients were admitted to the ICU from a medical ward.

One-hundred one patients (78.3%) had at least one comorbid-
ity. Hypertension was the most common comorbidity, affecting 
61 patients (47.3%). Other frequent comorbidities were diabetes 
(26.4%), hypercholesterolemia (27.1%), and cardiomyopathy or 
heart failure (24%). No difference was observed in the proportion 
of patients affected by each comorbidity among the two groups, 
except for malignancy that was significantly more represented in 
the group of patients who died in the ICU. Only 19 patients (14.7%) 
were active smokers. Patients who died in the ICU had higher 
severity scores at admission compared with those discharged alive.

Figure 1. Shock room with two patients requiring intubation by a dedicated team of intensivists and 
anesthetists, wearing Tyvek gowns, filter facepiece class 2 masks, gloves, and goggles.
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Regarding laboratory data, patients were admitted 
with severe lymphopenia; 94 (72.9%) had less than 109 
lymphocytes/L, irrespective of the groups. d-dimers, creati-
nine, high-sensitive troponin T (hsTnT), procalcitonin, and 

C-reactive protein were all significantly higher in the group 
of nonsurvivors.

Table  2 shows treatments, complications, and outcomes 
of COVID-19 patients admitted to the ICU. Almost all 

TABLE 1. Demographic and Clinical Characteristics of Patients Admitted to the ICU

Patients' Characteristics
Total  

(n = 129)

Patients  
Discharged Alive  

From ICU (n = 105)
Nonsurvivors  

(n = 24) p

Age, median (IQR), yr 64 (57–73) 62 (55–71) 69 (62–76.3) 0.012a

 < 40, n (%) 8 (6.2) 7 (6.7) 1 (4.2) 0.620c

 40–49, n (%) 5 (3.9) 5 (4.8) 0 (0)

 50–59, n (%) 35 (27.1) 32 (30.5) 3 (12.5)

 60–69, n (%) 39 (30.2) 30 (28.6) 9 (37.5)

 70–79, n (%) 32 (24.8) 25 (23.8) 7 (29.2)

 ≥ 80, n (%) 10 (7.8) 6 (5.7) 4 (16.7)

Sex, n (%)    0.434b

 Female 30 (23.2) 23 (21.9) 7 (29.2)  

 Male 99 (76.7) 82 (78.1) 17 (70.8)

Body mass index, median (IQR), kg/m2 27.8 (25.5–31.9) 28.2 (25.4–31.8) 27.7 (25.7–32.7) 0.851a

 < 25, n (%) 25 (19.4) 22 (21.0) 3 (12.5) 0.523c

 25–29, n (%) 58 (45.0) 44 (41.9) 14 (58.3)

 30–34, n (%) 33 (25.6) 28 (26.7) 5 (20.8)

 35–39, n (%) 10 (7.8) 9 (8.6) 1 (4.2)

 ≥ 40, n (%) 3 (2.3) 2 (1.9) 1 (4.2)

Duration of symptoms before hospital admission, median (IQR), d 7 (4–9) 6 (4–9) 8 (4.25–10) 0.275a

Time from hospital to ICU admission, median (IQR), d 2 (0–3) 2 (0–3) 1 (0–3.25) 0.520a

Comorbidities, n (%)

 None 28 (21.7) 24 (22.9) 4 (16.7) 0.507b

 Hypertension 61 (47.3) 48 (45.7) 13 (54.2) 0.453b

 Diabetes 34 (26.4) 26 (24.8) 8 (33.3) 0.390b

 Hypercholesterolemia 35 (27.1) 28 (26.7) 7 (29.2) 0.803b

 Cardiomyopathy and heart failure 31 (24.0) 23 (21.9) 8 (33.3) 0.237b

 Smoker 19 (14.7) 16 (15.2) 3 (12.5) > 0.99c

 Chronic obstructive pulmonary disease 9 (7.0) 7 (6.7) 2 (8.3) 0.673c

 Cerebrovascular disease 7 (5.4) 4 (3.8) 3 (12.5) 0.120c

 Malignancyd 10 (7.8) 4 (3.8) 6 (25.0) 0.003c

 Chronic kidney disease 10 (7.8) 8 (7.6) 2 (8.3) > 0.99c

Severity scores at the admission, median (IQR)

 Acute Physiology And Chronic Health Evaluation II score 22 (14–28) 21 (13–26) 27 (19.8–33) 0.004a

 Simplified Acute Physiology Score II score 52 (40–64) 50 (35–60) 67 (56.5–75) < 0.001a

 Sequential Organ Failure Assessment score 6 (4–7) 6 (4–7) 6 (5–8) 0.138a

(Continued)
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received invasive mechanical ventilation (96.1%). All patients 
had moderate to severe acute respiratory distress syndrome 
(ARDS) (21). At the time of admission, the oxygenation and 
ventilator variables were similar among the two groups. In 
nonsurvivors, the proportion of patients receiving iNO and 
the number of prone sessions were significantly higher. 
Eleven patients (8.5%) required venovenous ECMO. Twenty-
three patients (17.8%) were tracheostomized. Regarding 
other medical treatment, the proportions of patients treated 
with antibiotics and their duration were similar across the 
two groups. The proportion of patients treated with gluco-
corticoids for ARDS was higher among nonsurvivors. The 
proportion of patients treated with hydroxychloroquine was 
higher among the group of patients discharged alive from the 
ICU. The distribution of other anti-SARS-CoV-2 treatments 
were similar across groups.

Regarding complications, only septic shock significantly dif-
fered among the two groups, and it was significantly higher in 
patients who died in the ICU. The incidence density of VAP was 
low (2.9 VAP episodes/1,000 ventilation days). Fifteen of 120 
patients (11.6%) required RRT.

Among patients discharged alive from the ICU, 87 (82.9%) 
were transferred to an intermediate care ward and 18 (17.1%) 
to a medical care ward; two patients died after limitation of care 
on the ward after ICU discharge. Median duration of ICU stay 
was 15 days (IQR, 10–21 d), but it was not significantly longer in 
patients discharged alive from the ICU (median, 16 d [IQR, 11–21 
d] vs 12.5 d [IQR, 9–18 d] for nonsurvivors (p = 0.346). Eighty-
five patients (81%) were discharged from the acute care facility 
on May 19, 2020, after a median stay of 28 days (IQR, 21–36 d). 
Fifty-two patients (61.2%) required rehabilitation and 33 (38.8%) 
went home.

The cumulative mortality rate in the ICU by time from admis-
sion and the cumulative incidence of those discharged alive from 
the ICU are shown in Figure 2. The cumulative mortality rate pla-
teaued after 15 days from admission. The cumulative incidence 
of discharge alive from the ICU increased gradually after 7 days 
from admission to the ICU and plateaued after more than 30 days. 
Patients died following therapeutic withdrawal in the context of 
refractory hypoxemia and/or multiple organ failure (21 patients), 
sudden hypoxemic cardiac arrest (two patients), and cerebral 
hemorrhage under venovenous ECMO (one patient).

Laboratory data, median (IQR)

 WBC count, ×109/L 8 (5.8–10.7) 8 (5.9–10.43) 7.7 (5.3–11.9) 0.973a

 Neutrophil count, ×109/L 6.58 (4.98–9.66) 6.57 (4.99–9.43) 6.68 (4.64–10.6) 0.821a

 Lymphocyte count, ×109/L 0.55 (0.39–0.83) 0.56 (0.43–0.83) 0.48 (0.29–0.95) 0.340a

  Lymphocyte count < 1 × 109/L, n (%) 94 (72.9) 76 (72.4) 18 (75.0) 0.795b

 Neutrophils/lymphocytes ratio (95% CI) 11.36 (6.59–19.11) 11.17 (6.63–18.28) 13.8 (5.66–22.8) 0.435a

 Platelet count, ×109/L 200 (158–250) 197 (162.5–244.8) 211.5 (137.2–259.5) 0.845a

 d-dimer, µg/L 1,561 (969–2,464) 1,432 (927–2,053) 2,181 (1,486–8,033) 0.005a

 Creatinine, mg/dL 0.92 (0.75–1.18) 0.87 (0.74–1.11) 1.14 (0.87–1.51) 0.005a

  Creatinine ≥ 1.5 mg/dL, n (%) 10 (7.8) 6 (5.7) 4 (16.7) 0.09c

 Aspartate aminotransferase, U/L 54 (42–79) 53 (42–79) 56 (44.3–87) 0.848a

 Alanine aminotransferase, U/L 35 (27–55) 36 (29–62) 29 (23.8–37.3) 0.038a

 Total bilirubin, mg/dL 0.53 (0.35–0.82) 0.53 (0.35–0.82) 0.5 (0.29–0.73) 0.441a

 hsTnT, ng/L 18 (11–44) 15.5 (10.25–35) 34 (22–53.5) 0.001a

  hsTnT ≥ 14 ng/Le, n (%) 75 (58.1) 54 (51.4) 21 (87.5) 0.001b

 Procalcitonin, ng/mL 0.41 (0.21–1.14) 0.35 (0.2–0.75) 1.34 (0.39–2.55) 0.003a

 C-reactive protein, mg/L 157.9 (101–207.7) 141 (93.9–200) 200 (157.4–260.8) 0.010a

 Arterial lactate, mmol/L 0.9 (0.7–1.1) 0.9 (0.7–1.1) 0.9 (0.7–1.88) 0.332a

hsTnT = high-sensitive troponin T, IQR = interquartile range.
aMann-Whitney U test.
bχ2 test.
cFisher exact test.
dMalignancy includes active solid or hematologic neoplasia and solid or hematologic neoplasia in remission.
eConcentration of hsTnT defining myocardial injury (99th percentile of the upper reference limit).

TABLE 1. (Continued). Demographic and Clinical Characteristics of Patients Admitted to the ICU

Total  
(n = 129)

Patients  
Discharged Alive  

From ICU (n = 105)
Nonsurvivors  

(n = 24) p
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Total bed capacity was constantly above the number of beds 
occupied by COVID-19 patients (Fig. 3A). The evolution and 
balance over time between patients admitted and discharged are 
shown in Figure 3B. The total number of HCWs increased by a 

factor of 2.3; medical staff increased from 45 to 146; nursing staff 
(nurses and assistant nurses); and physical therapists increased 
from 150 to 296 and from 8 to 18, respectively. Temporal increase 
of staff compared to bed occupancy is shown in Figure S2a and 

TABLE 2. Treatments, Complications, and Outcome of Patients Admitted to the ICU

Treatments and Complications
Total  

(n = 129)

Patients  
Discharged Alive  

From ICU (n = 105)
Nonsurvivors  

(n = 24) p

Respiratory support

 Invasive mechanical ventilation, n (%) 124 (96.1) 101 (96.2) 23 (95.8) 0.935b

  Duration of invasive mechanical ventilation, median (IQR), d 12.5 (9–17) 12 (9–17) 13 (9–19) 0.53a

 Noninvasive mechanical ventilation, n (%) 54 (41.9) 52 (49.5) 2 (8.3) < 0.001b

 High-flow nasal oxygenation, n (%) 33 (25.6) 33 (31.4) 0 (0) 0.002b

Oxygenation and ventilatory variables at admission, median (IQR)

 Fio2, % 60 (45–71) 60 (45–72) 60 (50–68) 0.715a

 Pao2/Fio2 ratio, mm Hg 135 (98–172) 135 (98–180) 150 (90–172) 0.782a

 Respiratory rate at admission, breaths/min 32 (28–36) 32 (28–36) 32.5 (30.3–35.8) 0.26a

 Positive end-expiratory pressure, cm H2O 11 (10–12) 11 (10–12) 11.5 (10–12.3) 0.574a

Nonventilatory ARDS therapies

 Neuromuscular blockade, n (%) 116 (89.9) 93 (88.6) 23 (95.8) 0.286b

  Days under neuromuscular blockade, median (IQR) 4 (2–7) 4 (2–6) 6 (4–10) 0.11a

 Prone positioning, n (%) 95 (73.6) 74 (70.5) 21 (87.5) 0.171b

  Prone sessions per patient, median (IQR) 2 (1–4) 2 (1–4) 4 (2–5) 0.003a

 Inhaled nitric oxide, n (%) 30 (23.2) 20 (19.0) 10 (41.7) 0.018b

 Extracorporeal membrane oxygenation, n (%) 11 (8.5) 5 (4.8) 6 (25.0) 0.005c

Coronavirus disease 2019 specific medical treatments, n (%)

 Hydroxychloroquine 115 (89.1) 97 (92.4) 18 (75.0) 0.014b

 Azithromycin 112 (86.9) 94 (89.6) 18 (75.0) 0.058b

 Lopinavir/ritonavir 52 (40.3) 44 (41.9) 8 (33.3) 0.440b

 Remdesivir 9 (7.0) 7 (6.7) 2 (8.3) 0.673c

 Anakinra 16 (12.4) 14 (13.3) 2 (8.3) 0.735c

Other medical treatments

 Antibiotics, n (%) 126 (97.7) 102 (97.1) 24 (100) 0.402b

  Duration of antibiotics, median (IQR), d 8 (6–12) 8 (5.5–12) 8.5 (6.8–12.5) 0.704a

 Glucocorticoids, n (%) 41 (31.8) 30 (28.6) 11 (45.8) 0.101b

  Indications to glucocorticoids

   Septic shock 13 (10.1) 9 (8.6) 4 (16.7) 0.261c

   ARDS 21 (16.3) 14 (13.3) 7 (29.2) 0.070c

   Othersd 5 (3.9) 5 (4.8) 0 (0) 0.583c

 Norepinephrine, n (%) 114 (88.4) 91 (86.7) 23 (95.8) 0.206b

  Norepinephrine > 0.1 µg/kg/min 65 (50.4) 49 (46.7) 16 (66.7) 0.077b

(Continued)
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S2b (Supplemental Digital Content 1, http://links.lww.com/CCX/
A249). During the study period, 21 HCWs (21/460; 4.6%), five 
physicians, 14 nurses, and two physical therapists were found to 
be positive with SARS-CoV-2. They all had minor symptoms.

DISCUSSION
On May 19, 2020, 30,672 COVID-19 cases were laboratory-con-
firmed in Switzerland for a population of 8.6 million, correspond-
ing to an incidence of 357 cases/100,000 inhabitants, with 1,636 
COVID-19-related deaths. In the canton of Geneva, the inci-
dence was 1,043 cases/100,000 inhabitants, with 267 deaths (2). 
At that time, the local epidemic curve reached zero, with no new 
admission.

In this study, we describe the rapid adaptive ICU reorganiza-
tion to the incoming wave of severe COVID-19 patients, as well 
as the care and the outcome of the 129 critically ill COVID-19 
patients admitted to our unit. This represents the first report of a 
complete wave of COVID-19 critically ill patients admitted to an 
ICU. We report a mortality rate lower to that previously reported 
in COVID-19 ICU patients in other countries with similar severity 
patients (6, 8, 12, 22, 23), with a mortality rate of 19%. We associate 
this favorable outcome with an effective upstream preparation and 
organization to care for the sickest COVID-19 patients and a rapid 
expansion of ICU beds to novel nearby locations, together with 
the necessary human resources, material, training, protocolized 
care, and a strong program to prevent secondary infections (24). 
At no time during this period, we experienced a shortage of staff, 
beds, ventilators, sedatives, neuromuscular blocking agents, anti-
biotics, disposable items, gowns, and FFP2 or surgical masks. To 
staff additional beds, a rapid recruitment of physicians, essentially 
anesthetists, and nurses was made possible by the interruption of 
all elective surgery.

Almost all patients were intubated. Patients with marked 
hypoxemia requiring HFNO or NIV were generally kept out of the 
ICU in well-equipped intermediary care units. Caring only for the 
sickest patients may explain that initial oxygenation variables were 
more severe in our patients compared with other patient cohorts 

(11, 12). We used neuromuscular blockade in practically all intu-
bated patients (16) and prone positioning frequently (73.6% of 
patients) at the beginning of mechanical ventilation, which may 
also have had a favorable impact on patient outcome (17). In the 

most severely ill patients who did not respond to this treatment, 
nonventilatory additional treatments were used, such as iNO and 
venovenous ECMO. Mortality rate of patients requiring venove-
nous ECMO was in line with mortality rates recently reported in 
severe COVID-19 patients (25).

Prevention of secondary bacterial infections was a priority 
from the beginning, including a VAP prevention bundle (19), ini-
tial empirical antibiotic therapy, and antibiotic stewardship. The 

Complications, n (%)

 Septic shock 25 (19.4) 16 (15.2) 9 (37.5) 0.021c

 Thromboembolic evente 19 (14.8) 15 (14.3) 4 (16.7) 0.754c

 Acute renal failure requiring renal replacement therapy 15 (11.6) 12 (11.4) 3 (12.5) > 0.99c

 Ventilatory-associated pneumonia, n (%) 5 (3.9) 5 (4.8) 0 (0) 0.583c

  Ventilator-associated pneumonia, density  
incidence, cases/1,000 d of ventilation (95% CI)

2.9 (2.8–3) 3.7 (3.6–3.8) 0 (0) f

 Pressure sores, n (%) 36 (27.9) 31 (29.5) 5 (20.8) 0.392b

  Stage ≥ 3 (n = 36) 7 (5.4) 6 (5.7) 1 (4.2) > 0.99c

ARDS = acute respiratory distress syndrome, IQR = interquartile range.
aMann-Whitney U test.
bχ2 test.
cFisher exact test.
dOther includes vasculitis, chronic obstructive pulmonary disease/asthma, or corticoids as usual treatment.
eThromboembolic event includes deep vein thrombosis and pulmonary embolism.
fDue to the small number of events, no comparison analysis was made.

Figure 2. Cumulative mortality rate within the ICU by time from admission 
and the cumulative incidence of patients discharged alive from the ICU. 
The gray line represents the cumulative mortality rate in the ICU by time of 
admission, and the black line shows the cumulative incidence of patients 
discharged alive from the ICU.

TABLE 2. (Continued). Treatments, Complications, and Outcome of Patients Admitted to the ICU

Treatments and Complications
Total  

(n = 129)

Patients  
Discharged Alive  

From ICU (n = 105)
Nonsurvivors  

(n = 24) p

http://links.lww.com/CCX/A249
http://links.lww.com/CCX/A249


Primmaz et al

8 www.ccejournal.org 2020 • Volume 2 • e0173

Figure 3. Capacity and occupancy of ICU beds by coronavirus disease 2019 patients, and balance of patients with time. A, Capacity and occupancy of ICU beds 
by coronavirus disease 2019 patients. Navy blue bars represent the actual bed occupancy across time. The light blue area represents the total bed capacity. 
Total bed capacity constantly exceeded the number of occupied beds. B, Balance (black line) of patients across time between admissions (red bars), patients 
discharged from the ICU (blue bars), and deaths (gray bars).
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low measured VAP incidence density of 2.9 VAP/1,000 ventilation 
days during this period was in the same range as those measured 
previously in 2018 (5.4) and in 2019 (2.5) in our unit, which may 
have contributed to the favorable outcome. Among other com-
plications, the incidence of septic shock was low compared with 
other reports (26). Venous thromboembolic events were diag-
nosed in 14.8% of patients. Incidence of thromboembolic events 
in our cohort was lower than recently reported (27). The use of a 
thromboprophylaxis regimen with an increased dose of heparin, 
rather than standard dose, may account for these results.

Obesity has been associated with a higher risk for the need of 
invasive mechanical ventilation in COVID-19 patients (28). Most 
of our patients were overweighed (80.6%), and frequently obese 
(35.7%), suggesting a link between obesity and severe SARS-
CoV-2 infection. Similar to other studies (10–12, 29), we found 
that most COVID-19 patients had comorbidities (73.3%), mainly 
hypertension, diabetes, hypercholesterolemia, and cardiac disease. 
Surprisingly, active smokers were underrepresented in our patients 
compared to the proportion of smokers in the Swiss population 
(14.7% vs 27.1%, respectively) (30). Similarly, a low proportion of 
smokers was also found in COVID-19 patients from China (5, 8). 
However, smoking seems to be associated with a worse outcome 
(31). Patients who died were older and had a higher Simplified 
Acute Physiology Score II score. Patients requiring frequent prone 
sessions, as well as those who developed secondary sepsis, were 
also more likely to die. Higher levels of d-dimers, plasma creati-
nine, hsTnT, C-reactive protein, and procalcitonin at the time of 
admission were found in patients who died, possibly related to a 
more important inflammatory response (6). Patients were admit-
ted with more profound lymphopenia than in previously described 
cohorts (9–11). In contrast with the study of Liu et al (32),  
the neutrophil/lymphocyte ratio was not different between survi-
vors and nonsurvivors.

Some patients arriving from the ward were treated with lopi-
navir/ritonavir; this was generally stopped at ICU admission. 
Most patients received an initial treatment with hydroxychloro-
quine and azithromycin. Patients who died in the ICU were sig-
nificantly less frequently treated with hydroxychloroquine. This 
result should be taken with caution due to the small number of 
subjects. Most of the recent studies report a lack of efficacity of 
hydroxychloroquine (33–36). However, at this time, no random-
ized double-blind controlled trial has been published yet.

As families were not allowed to visit patients, we set up daily 
teleconferences using dedicated smartphones and offered the 
possibility of support in the case of psychologic distress through 
a hotline. In contrast with some centers, we encouraged families 
to come during the end-of-life period, in a dedicated room, using 
appropriate personal protective measures. An electronic diary was 
implemented during ICU stay where both caregivers and families 
could write and post pictures. By these measures, it is our hope that 
these measures will help families to prevent stress and anxiety (37).

Our study has some limitations. First, it is monocentric. Second, 
the small number of nonsurvivors did not allow to identify inde-
pendent prognostic factors in a multivariate analysis. Although 
probable, a direct causality link between ICU preparedness, surge 
capacity, and the outcome of patients cannot be ascertained in our 

setting. In a trauma setting, overwhelmed hospitals lead to supple-
mental deaths (38); such analysis has not been described in the 
context of the current COVID-19 pandemic.

In conclusion, the anticipation and preparation ahead of the 
wave of incoming severe COVID-19 patients by upgrading mas-
sively the number of ICU beds and staffing with external aid 
allowed to maintain a good quality of care, which translated into 
a low mortality rate.
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