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1  | INTRODUC TION

For COVID-19 patients in need of mechanical ventilation, reported 
mortality rates are high, exceeding 50% in early cohort studies.1 Still, 
reported mortality rates vary markedly.2 The precise reasons for this 

are yet undetermined, but higher overall age and heavier burden of 
comorbid conditions in some populations could increase suscepti-
bility to acute respiratory distress syndrome (ARDS) .3 Differences 
in access to and surge capacity of healthcare systems likely play a 
major role, and triage and treatment protocols may be of importance. 
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Background: Mortality rates in COVID-19 patients in need of mechanical ventilation 
are high, with wide variations between countries. Most studies were retrospective, 
and results may not be generalizable due to differences in demographics, health-
care organization and surge capacity. We present a cohort of mechanically ventilated 
COVID-19 patients from a resource-rich, publicly financed healthcare system.
Methods: Prospective study from a tertiary hospital. Consecutive SARS-CoV-2 posi-
tive adult patients admitted to the ICU for mechanical ventilation from 10 March 
2020 to 04 May 2020 were included. Triage and treatment were protocolized. High-
dose dalteparin was adjusted by D-dimer. Demographics, treatments and high-res-
olution physiological variables were collected. Outcomes were 30-day and hospital 
mortality. Data are medians (quartiles).
Results: Of the 1484 persons in the hospital catchment area testing positive for 
SARS-CoV-2, 201 (13.5%) were hospitalized. Thirty-eight (19%) patients were me-
chanically ventilated, of whom five (13%) died. Of the 163 patients treated with sup-
plemental oxygen, eight (5%) died.
In ventilated patients (75% males, age 61 (53-70) years), severe, moderate and mild 
ARDS was present in 25%, 70% and 5%. Tidal volume ≤8 mL/kg ideal bodyweight 
was achieved in 34 (94%) patients. Proning and neuromuscular blockers were used in 
19 (54%) and 20 (61%) patients. Duration of ventilation was 12 days (8-23). D-dimer 
peaked at 3.8  mg/L (2.1-5.3), and maximum dalteparin dose was 15  000  IU/24  h 
(10  000-15  000). Despite organizational changes, a high degree of adherence to 
treatment protocols was achieved.
Conclusion: In a prospective cohort study of mechanically ventilated COVID-19 pa-
tients treated in a resource-rich, publicly financed healthcare system, mortality was 
considerably lower than previously reported in retrospective studies.
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Variable inclusion criteria, outcome definitions and completeness of 
data further complicate comparison between studies.2

The SARS-CoV-2 pandemic hit Norway in early March 2020 with 
a surge of cases, many of them travellers returning from skiing holi-
days in Italy and Austria. The geographic distribution of patients was 
uneven, and in the study period, approximately 20% of Norwegian 
COVID-19 cases in need of hospital and intensive care unit (ICU) ad-
mission were referred to our institution.

Within days of the first admissions of COVID-19 patients, a 
prospective observational study was set up, encompassing all hos-
pitalized patients with confirmed SARS-CoV-2 infection in our in-
stitution's catchment area. The aim of this sub-study was to explore 
the clinical characteristics, management and mortality rates in a 
completely followed-up consecutive cohort of COVID-19 patients in 
need of ICU admittance and mechanical ventilation.

2  | METHODS

2.1 | Setting and participants

The prospective, observational Coronavirus disease Mechanisms 
(COVID MECH) cohort study (ClinicalTrials.gov Identifier: 
NCT04314232) took place at Akershus University Hospital (AUH), 
Norway, 10 March 2020-04 May 2020, with follow-up through 07 
July 2020. Eligible for inclusion were patients ≥18 years with a posi-
tive SARS-CoV-2 real-time polymerase chain reaction nasopharyn-
geal swab and COVID-19 symptoms as main reason for admission. 
The present study evaluated the sub-sample of COVID MECH en-
rolled patients who were admitted to the ICU and received invasive 
or non-invasive mechanical ventilation. Sample size was not pre-
defined. Data from COVID MECH enrolled patients not receiving 
mechanical ventilation are provided for comparison. For capacity 
reasons, COVID-19 patients not receiving mechanical ventilation 
were almost exclusively treated in dedicated bed wards, not in the 
ICU.

Patients received written and oral information explaining the na-
ture of the study and their right to withdraw. For patients unable 
to consent, next-of-kin was offered to consent. Patients were ex-
plained that results would be published, but in a form that not in any 
form divulged their identity. The study was approved by the institu-
tional Data Protection Officer (Ref.no: 20/02873, 18 March 2020) 
and the Regional Committee for Medical and Health Research Ethics 
(Ref.no. 117 589, 14 March 2020).

AUH is a tertiary hospital serving a population of 560 000 in the 
greater Oslo area. In 2019, 66  300 patients were admitted. AUH 
does not provide ECMO, cardiac- or neurosurgery, and patients with 
major trauma are referred elsewhere. Two mixed medical-surgical 
ICUs provide 12 invasive and six non-invasive ventilator beds (2.1 
and 1.0 per 100 000 population respectively), with intensivist/con-
sultant anaesthesiologist present 24/7 and with a nurse:patient ratio 
of 1:1. Pre-COVID-19, annual ICU admittance was 63 per 100 000 
population, of whom 87% were mechanically ventilated.

2.2 | Organization and patient flows

Norwegian emergency departments (EDs) are integrated divisions of 
the hospital. Although acutely ill patients may arrive directly, EDs re-
ceive mainly pre-triaged patients from community doctors and local 
emergency medical centres. Early in the pandemic, recommended 
criteria for referring suspected COVID-19 patients to hospital were 
disseminated by the AUH Department of Infectious Disease to en-
sure timely referral (Table S1).

Upon ED arrival, patients were immediately evaluated by a med-
ical doctor in a dedicated triage area including facilities for chest 
x-ray and arterial blood gas analysis. A protocolized triage system 
defined eligibility for hospitalization. Suspected COVID-19 patients 
in obvious respiratory distress were met by a fully equipped crit-
ical care team; stable patients were treated in dedicated isolation 
wards. Patients’ physical reserve and burden of comorbid conditions 
were evaluated early to support potential decisions on treatment 
limitations. Chronological age alone was not considered a valid rea-
son for withholding advanced treatment, for example, mechanical 
ventilation.

Detailed protocols for safe stabilization, intubation and intrahos-
pital patient transfer were developed and disseminated by intensive 
care physicians in close cooperation with infectious disease special-
ists, ED doctors and nurses. Early on-site simulation training was 
used to evaluate and improve the protocols.

On COVID-19 isolation wards, senior physicians monitored 
each patient. If pre-specified severity thresholds for National Early 
Warning Score (NEWS2), flow rates of supplemental oxygen neces-
sary to obtain specified oxygen saturations, or patient exhaustion at 
rest and during ambulation were reached, a dedicated on-call ICU 
doctor immediately evaluated the patient for need of transfer to the 
ICU for mechanical ventilation (Table S2).

2.3 | Variables and outcomes

Overall counts of positive SARS-CoV-2 tests in AUH’s catchment 
area were obtained from the Norwegian Surveillance System for C
ommunicable Disease (MSIS), Norwegian Institute of Public Health. 
Overall counts and discharge survival status of admitted SARS-
CoV-2 positive patients at AUH were obtained from the hospital 
pandemic registry.

Data for included patients were manually collected from elec-
tronic hospital records. These included high-resolution data from 

Editorial Comment

In this prospective observational study of COVID-19 pa-
tients needing mechanical ventilation in a single university 
hospital system, the clinical experience is reported which 
can be compared to other reporting centres.
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medical equipment, survival status at the time of review (updated 
from the Norwegian Population Registry) and discharge summaries 
from a collaborating hospital to which some ICU patients were trans-
ferred for capacity reasons or, in one instance, extracorporeal mem-
brane oxygenation.

Clinical and ventilator data were noted for the following time 
points: (1) ED arrival, (2) immediately before ICU admission, (3) best 
6-hour period during the initial 24 hours after start of mechanical 
ventilation, (4) worst 24-hour period on mechanical ventilation and 
(5) 6-hour period immediately before extubation/death. The ratio 
of arterial oxygen tension to fraction of inspired oxygen (PaO2/
FiO2-ratio) was used to determine these periods. ARDS severity was 
graded as severe (PaO2/FiO2 ratio ≤13.6 kPa), moderate (PaO2/FiO2 
ratio 13.7-26.7 kPa) and mild (PaO2/FiO2 ratio 26.7-40 kPa).4

The primary outcome was all-cause hospital mortality. The sec-
ondary outcome was 30-day mortality.

2.4 | Treatment protocols

Mechanical ventilation was carried out according to a dedicated 
COVID-19 ARDS protocol, which was posted in every ICU room. 
Overall ICU treatment strategy is summarized in Table  S3. Based 
on early reports on sudden respiratory deterioration in COVID-19 
patients5 and concern about staff safety, we aimed for early intuba-
tion and restricted the use of non-invasive ventilation. The routine 
anticoagulation protocol in COVID-19 patients was subcutaneous 
dalteparin 5000 IU × 2 for bodyweight <75 kg and 7500 IU × 2 for 
bodyweight ≥75 kg. Dalteparin doses were adjusted at the treating 
physician's discretion in response to D-dimer levels.

2.5 | Statistical methods

Data are medians with 25th–75th centiles if not stated otherwise. 
Linear mixed-effects multiple regression (Fit Model platform, 
Method REML, SAS-JMP13, SAS Institute, NC, USA) was used to 
analyse the increase in thrombocyte count with time, using subject 
identity as random effect to account for correlation between re-
peated observations within the same subject.

3  | RESULTS

3.1 | Hospitalization and mortality rates

A flow diagram illustrated the study population and overall survival 
rates (Figure 1). Of the 1484 persons in AUH’s catchment area with 
a positive SARS-CoV-2 test in the study period (265 per 100  000 
population), 201 COVID-19 patients (13.5%) were admitted to the 
hospital. Thirty-eight of the 201 patients (19%) received ICU treat-
ment with mechanical ventilation, and five of these (13%), one with 
a ‘do-not-intubate’ directive, died. Of the remaining 163 patients, 

eight patients (5%) with severe comorbidities and treatment limita-
tion directives died. In two of these, internists attempted non-inva-
sive ventilation for a short period in a high-dependency area, but 
discontinued upon patient request.

3.2 | Study population

Consent to inclusion in the COVID MECH study was obtained in 
36/38 patients receiving mechanical ventilation and 99/163 sponta-
neously breathing patients. Reasons for non-inclusion were logistic 
difficulties, language barriers and early discharge due to moderate 
symptoms. For included patients, follow-up was complete (range 
43-83 days).

Demographics and clinical presentation on ED arrival are listed 
in Table 1. Overall, patients were elderly, 57% had ≥1 comorbidity 

F I G U R E  1   Study population and overall survival rates of 
SARS-CoV-2 positive patients. Numbers of SARS-CoV-2 positive 
patients in our institution's catchment area in the study period, 
their hospital admission rate, treatment with mechanical ventilation 
and survival status (solid-line boxes). Inclusion in the COVID MECH 
study (dashed-line boxes)

Hospital and
30-day survival 
N = 33 (87%)

Hospital and
30-day survival 

N = 155 (95%)

Admitted to ICU
from ED 
N = 13

Admitted to ICU
from ward 

N = 25

Admitted to 
Hospital ED 

N = 201

Admitted to Ward 
N = 188

Hospital catchment
area 

N = 560,000

SARS-CoV-2 positive
from area 
N = 1484

Dead in Ward 

N = 8 

Treatment 
limitations

ICU patients included 
N = 36

Declining
inclusion
N = 2

Non-ICU included 
N = 99

Treated in ward 
N = 163

Dead
with treatment

limitations
N = 1

Dead 
with full
treatment 
N = 4
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and 47% were of non-Caucasian ethnicity. Symptom duration before 
hospitalization was 9 (5-11) days. Patients presented with isolated 
respiratory failure.

Patients treated with mechanical ventilation were more often 
male, presenting lower oxygen saturations and systolic blood pressure 
and higher body temperature, respiratory rate, NEWS2, white blood 
cell count and C-reactive protein level on ED arrival. The proportion 
of patients with obesity, diabetes mellitus, chronic hypertension, 
heart disease, chronic kidney disease and use of angiotensin-convert-
ing-enzyme inhibitors or angiotensin II blockers was similar in me-
chanically ventilated and spontaneously breathing patients.

On ICU admission, patients were severely respiratory distressed, 
hypoxaemic and often hypocapnic, but with stable circulatory mea-
surements (Table 2). In 13/38 patients, mechanical ventilation was 

TA B L E  1   Study population

Supplemental O2 
only: N = 99

Mechanically 
ventilated: N = 36

Age 56.0 (46.0, 73.0) 61.0 (53.0, 70.0)

Male gender 56 (56.6%) 27 (75.0%)

Caucasian 53 (53.5%) 19 (52.8%)

BMI 27.7 (24.5, 30.3) 28.2 (25.7, 31.5)

Obesity 30 (30.3%) 11 (30.6%)

Diabetes mellitus 
I or II

16 (16.2%) 7 (21.2%)

Chronic 
hypertension

28 (28.9%) 12 (33.3%)

Heart disease 13 (13.1%) 5 (15.2%)

Chronic 
pulmonary 
disease

5 (5.1%) 1 (3.0%)

Chronic kidney 
disease

8 (8.1%) 1 (2.8%)

ACE-inhibitors 8 (8.1%) 2 (6.1%)

A-II receptor 
blockers

20 (20.2%) 8 (24.2%)

Days with 
symptoms 
pre-admission

9.0 (5.0, 11.0) 9.0 (7.0, 12.0)

Fever 78 (78.8%) 30 (90.9%)

Cough 81 (81.8%) 26 (78.8%)

Dyspnoea 69 (69.7%) 26 (78.8%)

Values on hospital admission

Temperature 
(°C)

37.9 (37.3, 38.5) 38.6 (38.0, 39.0)

Heart rate 90 (78, 99) 90 (82, 100)

Respiratory rate 24 (20, 28) 30 (26, 38)

Systolic BP 
(mm Hg)

133 (122, 142) 123 (118, 131)

Diastolic BP 
(mm Hg)

74 (67, 82) 72 (68, 82)

Oxygen 
saturation (%)

95 (93, 96) 90 (88, 94)

PaO2 (kPa)* 9.5 (8.5, 10.8) 9.3 (7.6, 9.7)

PaCO2 (kPa)* 4.3 (3.9, 4.8) 4.2 (3.9, 4.9)

NEWS2 score 4 (2, 6) 8 (6, 10)

Haemoglobin 
(g/dL)

14.0 (12.9, 14.9) 13.3 (12.3, 14.6)

White 
blood cell 
count × 109/L

5.8 (4.4, 7.7) 7.5 (5.8, 10.0)

Thrombocyte 
count × 109/L

185 (147, 236) 209 (168, 281)

D-dimer (mg/L) 0.5 (0.3, 1.0) 0.7 (0.5, 1.1)

INR 1.0 (0.9, 1.1) 1.0 (1.0, 1.2)

eGFR (mL/min) 90.0 (72.0, 107.0) 82.0 (69.5, 98.0)

(Continues)

Supplemental O2 
only: N = 99

Mechanically 
ventilated: N = 36

Lactate 
(mmol/L)

0.9 (0.7, 1.1) 1.1 (0.8, 1.3)

CRP (mg/L) 60 (26, 110) 135 (55, 250)

Note: Values are N (%) and medians (25th–75th centiles). *Blood gas 
analysis with supplemental oxygen. BMI, body mass index; Obesity: 
BMI ≥30; Heart disease: History of myocardial infarction, heart failure 
or atrial fibrillation; COPD, chronic obstructive pulmonary disease; ACE, 
angiotensin-converting enzyme; AII, angiotensin II; NEWS2, National 
Early Warning Score version 2. D-dimer reference area (0-0.5 mg/L). 
Estimated glomerular filtration rate (eGFR) calculated from creatinine 
concentrations by the modification of diet in renal disease (MDRD) 
formula.

TA B L E  1   (Continued)

TA B L E  2   Clinical presentation on ICU admission

Median (25th–
75th centile)

NEWS2 sum 9 (7-10)

Respiratory rate 36 (28-40)

Supplemental O2 (L/min)* 8 (5-10)

SpO2 (%) 89 (86-91)

PaO2 (kPa) 8.38 (7.51-9.05)

PaCO2 (kPa) 4.23 (3.85-4.90)

pH 7.49 (7.44-7.50)

Heart rate 90 (80-107)

Systolic BP (mm Hg) 118 (108-126)

Diastolic BP (mm Hg) 67 (58-74)

Temperature (°C) 38.0 (37.4-38.5)

Altered mentation 6 (17%)

Exhaustion 36 (100%)

Note: Data from 36 COVID-19 patients admitted for mechanical 
ventilation.
Oxygen* was delivered via variable-performance face mask with or 
without reservoir.
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instituted immediately after ED arrival, while 25 patients were trans-
ferred to the ICU after median 2 [range 1-6] days (Figure 1).

ICU treatments and outcomes are listed in Table  3. Illness 
courses were protracted; ICU stays exceeded 40 days in one of four 
survivors. Maximum hospital stay was 83 days. Many patients were 
discharged to rehabilitation facilities rather than their home.

3.3 | Organ failure

In patients treated with mechanical ventilation, severe, moderate and 
mild ARDS was present in 25%, 70% and 5% respectively. Prone posi-
tioning and infusion of neuromuscular blocker were used in 19 (54%) 
and 20 (61%), respectively, including all non-survivors. Two survivors 

TA B L E  3   Demographic and clinical data in mechanically ventilated COVID-19 patients

All patients
N = 36 (median, quartiles)

Survivors
N = 32 (median, range)

Non-survivors
N = 4 (median, range)

Demographics

Age 61 (53-70) 59 [44-83] 70 [62-75]

Male gender 27 (75) 23 (72) 4 (100)

Caucasian 19 (53) 16 (50) 3 (75)

BMI 28.2 (26-31) 28.5 [22-56] 25.4 [23-28]

Asthma 7 (19) 6 (19) 1 (25)

Hypertension 12 (33) 11 (34) 1 (25)

ACE or AII blocker drugs 10 (28) 9 (28) 1 (25)

Baseline characteristics

SAPS II score 35 (32-40) 35 [21-49] 47 [39-48]

Creatinine on admission (µmol/L) 78 (71-93) 76 [58-160] 107 [93-186]

Treatments

NIV prior to intubation 14 (39) 11 (34) 3 (75)

Invasive ventilation 34 (94) 30 (94) 4 (100)

Tracheotomy 8 (22) 8 (25) 0 (0)

Prone positioning 19 (54) 15 (48) 4 (100)

Neuromuscular blocker infusion 20 (61) 16 (55) 4 (100)

Haemodialysis 2 (6) 0 (0) 2 (50)

Intermediate outcomes

Hours of mechanical ventilation 290 (196-559) 288 [29-1224] 334 [136-604]

PaO2/FiO2 ratio worst 24-h (kPa) 19.3 (15.2-22.3) 20.6 [7.5-29.2] 9.5 [8.7-12.0]

A/a gradient worst 24-h (kPa) 25.8 (20.0-36.9) 23.8 [13.7-48.8] 63.3 [51.0-64.6]

Pneumothorax/-mediastinum 4 (11) 3 (10) 1 (25)

Peak noradrenaline dose (µg/kg/min) 0.07 (0.04; 0.12) 0.06 [0.0; 0,26] 0.16 [0.13; 0.70]

Weight* increase 1st ICU week (kg) 0.5 (−1.5; 4.0) 0.5 [−7; 19] −1.5 (−4; 1)

Cumulative fluid balance 1st week (L) 0.93 (−0.75; 1.92) 0.64 [−4.78; 5.45] 2.95 [1.15; 8.47]

Peak creatinine (µmol/L) 93 (81-144) 92 [61-294] 261 [154-360]

PE/Central venous thrombi 8 (23) 8 (26) 0 (0)

Peak D-dimer (mg/L) 3.8 (2.1-5.3) 3.9 [0.9; >20] 13.5 [3.7; >20]

Maximum dose/24 h dalteparin (IU) 15 000 (10 000-15 000) 13 750 [5 000-25 000] 16 250 [15 000-20 000]

Delirium post-extubation 14 (44) NA

Final outcomes

Length of ICU stay 17 (11-31) 17 [4-67] 14 [7-30]

Length of Hospital stay 25 (17-36) 28 [11-83] 14 [7-31]

Discharged alive 32 (89) 32 (100) NA

30-day survival 33 (91.7) 32 (100) 1 (25)

Note: Data from 36 SARS-CoV-2 positive ICU patients. Values are N (%) and medians with (25th–75th centiles) or [range]. BMI, Body mass index; ACE, 
Angiotensin-converting enzyme; AII, Angiotensin II; SAPS, simplified acute physiology score; NIV, non-invasive ventilation; PE, pulmonary embolism 
verified by CT. Fluid balance calculation included estimated temperature-corrected insensitive fluid loss. D-dimer reference area (0-0.5 mg/L). *ICU 
admission patient weight was often estimated; this was a source of uncertainty.
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were managed with non-invasive ventilation only; one survivor was 
treated with extracorporeal membrane oxygenation for 27 days.

Ventilator and oxygenation data are shown in Figure 2. During con-
trolled ventilation modes (first two measurement periods), tidal volume 
<8 mL/kg ideal bodyweight and peak inspiratory pressure <30 cmH2O 
were achieved in 34/36 (94%) and 31/36 (86%) patients respectively. 
After initial lung recruitment and adjustment of positive end expiratory 
pressure (PEEP) to 14 (12.5-15.3) cmH2O, A/a gradients were moder-
ate. During the most critical phase, more variable PEEP, higher set re-
spiratory rate, high A/a gradients and moderate hypercapnia (PaCO2 
6.68 (5.79-7.77)) kPa were seen. Dynamic compliance varied widely. 
On spontaneous ventilator modes before extubation, many survivors 
were tachypnoeic, some with large tidal volumes and relative hyper-
capnia considering their large ventilatory minute volume.

Survivors generally remained in single-organ failure, with low ac-
cumulated fluid balance, low noradrenaline doses and moderate in-
crease in creatinine (Table 3). Post-extubation delirium was prominent 
in almost half of survivors. Non-survivors had higher Simplified Acute 
Physiology Score II, developed marked circulatory and renal failure, 
and 2/4 received continuous renal replacement therapy. The terminal 
phase was characterized by refractory hypercapnic hypoxaemia.

Activation of the coagulation system was apparent in all me-
chanically ventilated COVID-19 patients. One in four survivors had 
major central venous thrombi or emboli verified by CT performed on 
clinical indications. Overall, thrombocyte counts increased from ad-
mission (Table 1) over the next 3 weeks (coeff. 19 per day, P < .001, 
R2 = 0.73). D-dimer levels exceeded upper reference level in >90% 

of analysed samples, and peak levels were especially high in non-sur-
vivors (Table 3). Abrupt D-dimer peaks were also observed late in 
the course of illness. Doses of administered dalteparin were high. 
No patient had overt bleeding from the gastrointestinal tract or 
puncture sites. Red blood cell transfusions were given to four sur-
vivors for moderate anaemia during prolonged ICU stays and to one 
non-survivor after clotting of a haemodialysis circuit.

4  | DISCUSSION

The main finding of this observational prospective cohort study, com-
prising all ICU patients receiving mechanical ventilation for COVID-19 
in our catchment area, was a comparatively low hospital and 30-day 
mortality rate of 13%. Though limited by a small study sample, this 
rate is far lower than reported early from Chinese,1 Italian6 and US7,8 
cohorts and compares favourably with studies presented in a recent 
meta-analysis where overall ICU mortality was 40.2%.2

4.1 | Referral rates for COVID-19 patients

Selection bias for ICU admittance and mechanical ventilation at 
AUH cannot alone account for this difference. Mortality rates for 
COVID-19 patients treated on regular wards were low (5%), ruling 
out an overly restrictive policy for ICU admittance. The percentage 
of hospitalized COVID-19 patients at AUH who received mechanical 

F I G U R E  2   Mechanical ventilation data 
in 36 prospectively included COVID-19 
patients. Median values were collected 
for the 1) best 6-hour period of the initial 
24-hour period after start of mechanical 
ventilation, 2) worst 24-hour period 
on mechanical ventilation and 3) final 
6-hour period before extubation or death. 
Controlled ventilator modes were used in 
periods 1 and 2. PaO2/FiO2 ratios were 
used to determine periods. Boxes are 
25th–75th centiles with medians; whiskers 
are 10th and 90th centiles. Superimposed 
circles are individual data points for 
survivors (grey) and non-survivors (red). 
BW: Bodyweight. Dynamic pulmonary 
compliance was available for 24/36 
patients treated with a newer ventilator 
type [Colour figure can be viewed at 
wileyonlinelibrary.com]
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ventilation (19%) was similar to that in New York and California,7-9 
but lower than reported from Wuhan, China (33%),10 metropolitan 
Detroit (32%)11 and designated COVID-19 centres in Vancouver, 
Canada (63.2%).12 Clearly, population care-seeking behaviour and 
institutional admittance and transfer policies will affect such num-
bers. Severity of respiratory failure in our cohort was substantial: 
70% and 25% of patients fulfilled the Berlin criteria4 for moderate 
and severe ARDS respectively.

Overall case fatality rate, defined as number of deaths per 
SARS-CoV-2 positive test, was 2.65% in Norway in the study period 
(www.fhi.no). Though clearly a crude and biased measure of COVID-
19 mortality, this case fatality rate was nevertheless in the lower 
range of published estimates.13 With 1484 persons testing positive 
for SARS-CoV-2 in our catchment area, the 13 COVID-19 deaths at 
AUH amount to one third of expected fatalities. Norwegian national 
statistics show that 64% of COVID-19 fatalities have been patients 
≥80 years old (www.fhi.no), mostly residents in nursing homes. This 
suggests that hospital referral rates from our primary healthcare 
system were conservative, and comparable to other nationalized 
healthcare systems.14

4.2 | Population characteristics

Patient age, the main determinant for outcome in COVID-19, was 
61 (53-70) years in this cohort of mechanically ventilated patients. 
This is similar to ICU data from the UK (60 (51-68) years; ICU mor-
tality 41%),14 Italy (61 (50-72) years; 30-day mortality 19.7%),15 the 
US (61 ± 16 years; mortality 25%)16 and Canada (69 (60-75) years; 
mortality 17%).12 As in previous studies,6,7,14 a high proportion were 
male. Non-Caucasian ethnicity was common, but not over-repre-
sented among mechanically ventilated patients. UK data have sug-
gested that Black, Asian and minority ethnic patients have increased 
risk of fatal outcome in COVID-19.17

The burden of comorbidities in mechanically ventilated COVID-
19 patients at AUH was comparable to findings from China, Italy 
and Canada,1,6,10,12 while US cohorts had much higher prevalence of 
heart disease (71%), hypertension (52%-79%), diabetes (43%-52%) 
and chronic kidney disease (59%).8,9,11,18 Obesity, an established 
risk factor for poor outcome in COVID-19,15,19 was found in 31% of 
our cohort. This is a higher prevalence than reported from Italy and 
China15,20 but lower than reported from USA (46%-62%)8,9,11,18 and 
France (73%).19 Overall, our population may have been in the mid-
range of risk due to comorbidities.

4.3 | Management of patient surge

AUH responded to the expected surge of COVID-19 patients with 
a state of emergency. The ED redesigned both physical premises 
and patient logistics to enable effective triage and avoid spread of 
infection, overcrowding and chaos. Cross-specialist and cross-pro-
fessional development of treatment and transfer protocols and use 

of on-site simulation training facilitated communication and likely 
improved patient safety along the patient care pathway. Signs of pa-
tient deterioration in COVID-19 may be subtle until sudden collapse 
occurs5; quality of treatment was probably improved by having sen-
ior physicians front-line in ED triage and on the wards.

The ICU department experienced a rapid surge situation to a 
threefold increase in mechanically ventilated patients compared to 
ordinary operation. New ICU areas were opened and extensive use 
of non-specialist nurses to tend ventilated patients was necessary. 
By putting all non-oncologic elective surgery on hold, the number 
of intensivists and ICU competent anaesthesiologists on call could 
be increased. Our institution thus could respond with adequate re-
sources to the sudden increase in demand; this could have played a 
role in keeping mortality rates low.

4.4 | Organ failure

Adherence to ARDS goals for protective ventilation was surprisingly 
tight (Figure 2) given a high patient load and many non-specialist nurses 
in the ICU. The finding probably resulted from a clearly communicated 
ventilator strategy for COVID-19 patients (Table S3) and ongoing su-
pervision and review of treatment by senior intensivists. The focus on 
PaO2/FiO2 ratios as a trigger for prone positioning clearly stimulated 
ICU nurses to more frequently use extreme-lateral patient position-
ing; this may have contributed to an ‘open lung’ strategy.4

Vasopressors were used at modest rates to uphold blood pres-
sure and diuresis in deeply sedated patients. Circulatory shock was 
uncommon; during their most critical phase, only one in 20 survivors 
received noradrenaline doses >0.19  µg/kg/min. Intravascular vol-
ume resuscitation was performed at the treating physician's discre-
tion, and non-survivors received more fluids than survivors (Table 3). 
Still, close attention to fluid balance resulted in very modest median 
weight gains over the first ICU week.

Many patients had a transient increase in creatinine level 
(Table 3), but haemodialysis was used only in two non-survivors, 
that is, 5% of the entire cohort. This is markedly lower than rates 
of haemodialysis reported from COVID-19 ICU cohorts in New 
York (35%),8 Atlanta (29%)18 and Detroit (17%)11 USA, Vancouver, 
Canada (14%),12 the UK (27%)14 and China (20%).1 Reasons for this 
notable difference are unclear and probably multifactorial, but 
varying prevalence of hypertension and chronic renal failure likely 
contributed.

Enteral nutrition was started per protocol and also continued 
during prone positioning. Enteral feeding facilitates fluid restriction, 
particularly if given as high-energy formulae.

4.5 | Disease-modifying treatments

Corticosteroids were avoided in all patients due to fear of prolonged 
viral shedding and pulmonary superinfection.21 Remdesivir was not 
given.

http://www.fhi.no
http://www.fhi.no
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Two early thromboembolic events prompted departmental 
consensus on increasing dalteparin dosing in COVID-19 patients 
from regular prophylaxis (5000  IU once daily) to treatment doses 
and above (Table S3). There was no randomized controlled trial to 
support this strategy, but an association between hypercoagula-
tive states and death had been reported.1 Diffuse thrombosis of 
pulmonary peripheral vessels on autopsy on patients succumbed 
to COVID-1922 and pro-coagulative effects of SARS-CoV-2 similar 
to other coronaviruses (SARS-CoV-1 and MERS-CoV)23 have since 
been demonstrated. More aggressive anticoagulation regimens in 
COVID-19 ICU patients are therefore recommended,16,24-26 although 
caution is advised due to fear of haemorrhagic complications. No 
bleeding was observed in our patient cohort. Of interest, heparin 
compounds have anti-inflammatory effects27 which could conceiv-
ably contribute positively in patients with viral ARDS.

4.6 | Strengths and limitations

Strengths of this study are its prospective design and complete data on 
ICU admissions, clinical course and long-term outcomes for all hospital-
ized COVID-19 patients in our institution's catchment area. Limitations 
are small sample size and lack of exact numbers of out-of-hospital 
COVID-related deaths. Extrapolations from national data carry uncer-
tainties, as deaths in nursing homes were unevenly distributed.

Our findings should be generalizable to settings with high cov-
erage of medical treatment and adequate hospital surge capacity. 
In settings where primary and hospital healthcare services are less 
developed or less available, the general health of the population and 
therefore its resilience to COVID-19 may be poorer.

4.7 | Conclusions

In a prospective cohort of mechanically ventilated COVID-19 pa-
tients treated in a resource-rich, publicly financed healthcare system 
with universal coverage, hospital and 30-day mortality were lower 
than reported in previously published retrospective studies. High 
adherence to defined triage and ARDS treatment protocols including 
aggressive anticoagulation therapy was achieved, despite unusually 
high demand on ICU resources.
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