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Objectives: To determine the nationwide demographics and hos-
pital mortality of patients with severe acute respiratory syndrome
coronavirus 2 infection requiring admission to the ICU for corona-
virus disease 2019 in Iceland.

Design: Prospective observational study.

Setting: All ICUs in Iceland (Landspitali University Hospital and
Akureyri Regional Hospital).

Patients: All patients admitted to the ICU for management of co-
ronavirus disease 2019 between March 14, 2020, and April 13,
2020, with follow-up through May 5, 2020.

Interventions: None.

Measurements and Main Results: A total of 27 patients were
admitted to the ICU for coronavirus disease 2019 out of 1,788
severe acute respiratory syndrome coronavirus 2 positive
cases, rendering an overall admission ratio of 1.5% (95% ClI,
1.0-2.2%). The population rate of ICU admission for corona-
virus disease 2019 was 7.4 (95% Cl, 4.9-10.8) admissions per
100,000 individuals. The hospital mortality of patients admit-
ted to the ICU was 15% (95% ClI, 4-349%), and the mortality
of patients receiving mechanical ventilation was 19% (95% CI,
4-46%).

Conclusions: We report a lower overall ratio of ICU admissions for
coronavirus disease 2019 among severe acute respiratory syn-
drome coronavirus 2 positive patients and a lower hospital mor-
tality for patients treated in the ICU for coronavirus disease 2019
compared with initial reports from Italy and China. Our results
could be explained by the early adoption of widespread testing
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and a successful national response to the pandemic. (Crit Care
Med 2020; 48:00-00)
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ith the onset of coronavirus disease 2019 (COVID-
W19) epidemic, there was a global concern that the

number of patients requiring ICU treatment would
greatly surpass the ICU capacity. This was based on initial
reports suggesting that up to 5-12% of patients with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection required intensive care (1, 2). It is very likely that this
ratio was heavily influenced by the availability of clinical test-
ing for SARS-CoV-2. Additionally, the reported outcomes of
patients admitted to the ICU for management for COVID-19
have varied substantially, with reports of up to 50-78% mor-
tality among those admitted to the ICU (3-5). However, a
substantial number of patients had not completed their ICU
course at the time of reporting.

The population of Iceland was 364,134 on January 1, 2020.
The first SARS-CoV-2 infection was confirmed on February
28,2020, resulting in the launch of extensive population health
measures. This included quarantine of infected patients and
identified contacts, social distancing, and a gathering ban.
Additionally, targeted testing among symptomatic individu-
als and extensive population screening of individuals from so-
ciety with no or mild symptoms was initiated (6). Landspitali
University Hospital established a specialized outpatient clinic
to oversee the follow-up of all SARS-CoV-2 positive patients in
Iceland, with frequent follow-up phone-calls to patients and
immediate access outpatient visits for those deteriorating at
home. Patients were subsequently referred for inpatient man-
agement as needed, including intensive care.

During normal conditions, the ICU capacity in Iceland
is 16 beds (4.3 beds/100,000 population), compared with an
average of 9.5 beds/100,000 population in Europe (7). Plans
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were developed for a scaled increase in the ICU capacity up to
a maximum of 45 ICU beds. This was done by postponing all
elective surgeries and converting postoperative recovery rooms
into ICU wards staffed by nurses with prior ICU experience
transferred from other wards. All patients were treated by crit-
ical care physicians and nurses in ICU environment specified
for SARS-CoV-2-positive patients, in collaboration with con-
sultants from infectious diseases and pulmonology.

Here we describe the nationwide incidence of ICU admis-
sions for COVID-19 in a nation with an early adoption of wide-
spread targeted testing and population screening. In addition,
we describe the initial outcomes of patients with COVID-19 that
required ICU admission during the initial peak of the pandemic.

MATERIALS AND METHODS

This prospective cohort study included all patients with con-
firmed SARS-CoV-2 managed in the ICUs of Landspitali Uni-
versity Hospital and Akureyri Hospital, the only two hospitals
offering ICU care in Iceland. In general, all patients with a pro-
gressive hypoxic respiratory failure secondary to COVID-19
were evaluated for a potential ICU admission by the on-call
critical care physician following consultation with internal or
emergency medicine physicians. Patients considered at high
risk of requiring mechanical ventilation were admitted to the
ICU, after weighing the benefits of ICU admission with under-
lying comorbidities and frailty.

Clinical data were prospectively collected using Research elec-
tronic data capture (REDCap), a secure, web-based data capture
platform. The primary outcomes were the incidence of ICU ad-
mission for COVID-19 following SARS-CoV-2 diagnosis and the
incidence of all-cause hospital mortality among those patients

admitted to the ICU for COVID-19. In addition to descriptive
statistics, incidence and survival ratios are reported with 95%
CI using the Clopper-Pearson exact method with the “binom”
package. All statistics and image processing were performed in R,
Version 3.4.3 (R Foundation for Statistical Computing, Vienna,
Austria), using RStudio, Version 1.1.423 (RStudio, Boston, MA).
The study was approved by the National Bioethics Committee
(VSN-20-071), waiving individual consent.

RESULTS

Out of 51,622 individuals tested on May 5, 2020, 18,357
(35.6%) were tested for symptoms suggestive of SARS-CoV-2
and the remainder were tested as a part of population screen-
ing. Of all tested, 1,799 (3.5%; 95% CI, 3.3-3.6%) were positive
for SARS-CoV-2, and of those, 118 (6.7%, 95% CI 5.5-7.8%)
were admitted to the hospital. The first patient was admitted
to the ICU on March 14, 2020, and the last patient was admit-
ted on April 13, 2020. In total, 27 out of 1,799 (1.5%; 95% ClI,
1.0-2.2%) SARS-CoV-2 positive individuals were admitted
to the ICU due to COVID-19. Two patients admitted to the
ICU for other indications (hemorrhagic shock and urosepsis)
were positive for SARS-CoV-2 but were excluded from further
analysis as they were minimally symptomatic or had recovered
from COVID-19. The population incidence of an ICU ad-
mission for COVID-19 was, therefore, 7.4 (95% CI, 4.9-10.8)
admissions per 100,000 individuals.

The clinical course for all 27 patients is shown in Figure 1,
and patient characteristics, laboratory profile, and ward man-
agement prior to admission are described in Table 1. Most
patients were admitted to the ICU due to hypoxic respiratory
failure after clinical deterioration on the general ward. Of the
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Figure 1. The clinical course of all patients admitted to the ICU in Iceland for coronavirus disease 2019. Shown is the timeline for each patient from
symptom onset to date of death or discharge from the hospital. The case number reflects the duration of disease from shortest to longest.
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TABLE 1. Patient Characteristics

Characteristics and
Ward Management

Age, yr
Male gender
Body mass index, kg/m?
Past medical history
Hypertension
Ischemic heart disease
Diabetes
Obstructive lung disease
Sleep apnea
Cancer
Smoking
Never
Previously
Current
Unknown
Rockwood clinical frailty scale

Time from symptom onset to ICU
admission, d

Time from hospital admission to
ICU admission, d

Acute Physiology and Chronic Health
Evaluation Il

Inflammatory laboratory markers at admission

WBCs, x 10° cells/L
Lymphocytes, x 10° cells/L
C-reactive protein, mg/L
Ferritin, ng/L
Procalcitonin, pg/L
Interleukin-6, ng/L

Treatment prior to ICU admission
Oxygen (nasal cannula/mask)
Hydroxychloroquine
Azithromycin
Other antibiotics
Antiviral medications
Tocilizumab

Steroids

n (%) or

Median (Range)

64 (37-80)
18 (67)
31 (26-59)

12 (565)
4 (15)
5(19)
8 (30)
3(11)
2(7)

13 (48)
11.(41)

0
3(11)
3(1-6)
9 (4-16)

1(0-10)

14 (4-27)

72(3.1-13.4)

0.9 (0.3-3.0)

132 (3-295)
1,063 (28-9,173)
0.22 (0.02-278)

63 (4-9,068)

27 (100)
19 (70)
20 (74)
16 (59)
0(0)
7 (26)
2(7)

The table shows the underlying health of patients admitted to the ICU for
coronavirus disease 19, the assessment of underlying frailty and severity
of acute iliness on admission to the ICU, and ward treatment prior to ICU

admission.
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TABLE 2. ICU Management

n (%) or

Management Strategy Median (Range)

Noninvasive positive pressure 2(7)
ventilation
High-flow nasal cannula oxygen 0(0)
Invasive mechanical ventilation 16 (59)
Prone position 13 (48)
Tracheostomy 1(4)
Neuromuscular blockade 1(4)
Extracorporeal membrane 0 (0)
oxygenation
Norepinephrine 16 (59)
Hydroxychloroquine 23 (8bH)
Azithromycin 20 (74)
Other antibiotics 23 (8bH)
Antiviral medications 0 (0)
Tocilizumab 14 (592)
Steroids 2 (7)
Diuretics 292 (81)
Daily fluid balance, mL -288 (-4,437 to —3,650)
Continuous renal replacement 2 (7)

therapy

The table shows treatment administered to patients with coronavirus disease
19 following admission to the ICU.

27 patients admitted to the ICU, 16 required mechanical ven-
tilation, and prone positioning and diuretics were frequently
used (Table 2).

The last patient was discharged from the ICU on April 28,
2020, and on final follow-up, May 6, 2020, four patients had
died, but the other 23 patients were all discharged from both
the ICU and the hospital. Out of 16 patients receiving inva-
sive mechanical ventilation, three died, but the other 13 had
been successfully liberated from mechanical ventilation. The
hospital mortality of all patients who required ICU admission
due to COVID-19 was, therefore, four of 27 (15%, 95% CI,
4-34%), and the mortality of all patients who required me-
chanical ventilation was three of 16 (19%; 95% CI, 4-46%).

DISCUSSION

When determining the ratio of ICU admissions among
COVID-19 patients, it is of paramount importance to elim-
inate bias due to tertiary care referrals or restricted ability to
screen for SARS-CoV-2. We found that in our cohort, 1.5%
of all patients with a confirmed SARS-CoV-2 required ICU
for COVID-19. This estimate is substantially lower than ini-
tial published estimates from Italy and China, predicting that
around 5-7% of positive patients would require ICU (1, 2).
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The population screening performed in Iceland indicated a
low prevalence among asymptomatic individuals at the peak of
the pandemic, with only 0.6% of randomly screened individu-
als positive for SARS-CoV-2 compared with 13.3% of patients
with symptoms suggestive of COVID-19 (6). It is, therefore,
likely that our reported rate differs from prior reports due to
extensive testing of individuals that likely captures more cases,
including patients with milder symptoms.

Our mortality ratio of 15% compares favorably to initial
population reports describing up to 50-78% mortality among
patients treated for COVID-19 in the ICU (3-5). There could
be several explanations for this, including better overall health
of the admitted patients as well as nationwide approval and
participation in population health measures resulting reduced
incidence of COVID-19. This contributed to a pandemic that
was managed within the capacity of the entire healthcare
system, including the ICU. The centralized follow-up of all
SARS-CoV-2 positive patients provided frequent contact with
patients at home and an early evaluation of patients deteriorat-
ing at home, including an evaluation for ICU admission. This
strategy can potentially both decrease the chance of an ICU
admission as well as improve the ICU outcomes. Additionally,
a careful multidisciplinary assessment weighing the benefit
of ICU care of each individual against disease status and the
overall burden of comorbidity and frailty was performed, and
this can result in fewer ICU admissions and better outcomes.
Among limitations is the small size of the Icelandic popula-
tion that is genetically homogenous and geographically iso-
lated. This might render our findings less applicable to other
populations.

We hope that in addition to assisting with surge planning
for COVID-19, our findings will encourage other nationwide
reports of ICU outcomes. This would allow a dialogue on how
different response strategies to COVID-19 are associated with
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ICU outcomes, with the hope that the response to future pan-
demics could be improved.
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