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Abstract Objective: To document
the outcome and determine prognos-
tic factors for patients with severe
acute respiratory syndrome who re-
quire admission to an intensive care
unit. Design: Observational cohort
study involving retrospective analysis
of demographic, clinical, laboratory
and radiological data. Setting: Adult
intensive care unit in a tertiary re-
ferral university hospital involved in
a major outbreak of severe acute
respiratory syndrome (SARS).
Patients: The first 54 patients admit-
ted with SARS to an intensive care
unit (ICU). All were treated with
corticosteroids, ribavirin, broad
spectrum antimicrobials and support-
ive therapy. Interventions: None.
Measurements and results: All pa-
tients were admitted for respiratory
failure. The median APACHE II
score was 11 (interquartile range 8–
13). At 28 days 34 patients (63%;
95% CI 49.6–74.6) were alive and
not mechanically ventilated. Six pa-
tients were alive but ventilated
(11.3%; 95% confidence interval
5.3–22.6) and 14 had died (25.9%; CI
16.1–38.9). Seven of 27 ventilated

patients developed evidence of baro-
trauma (25.9%; 95% CI 13.2–44.7).
Median maximal multiple-organ
dysfunction score was 5 (interquartile
range 3.3–9). Median maximal res-
piratory dysfunction score was 3
(interquartile range 3–4). Increased
age, severity of illness, lymphocyte
count, decreased steroid dose, posi-
tive fluid balance, chronic disease or
immunosuppression and nosocomial
sepsis were associated with poor
outcome on univariate analysis. Poor
outcome was defined as death or need
for mechanical ventilation at 28 days
after ICU admission. Conclusions:
Mortality amongst critically ill pa-
tients with SARS is high. It causes
predominantly severe respiratory
failure, with little other organ failure,
and a high incidence of barotrauma
amongst those requiring mechanical
ventilation.
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Introduction

Severe acute respiratory syndrome (SARS) is a new
infectious disease that has rapidly spread around the
world [1]. The causative agent is the new SARS
coronavirus [2, 3, 4]. The virus is readily transmissible

and the resulting disease clinically severe, with approx-
imately 20% of cases requiring intensive care unit (ICU)
admission, almost always as a consequence of respiratory
failure [5]. Although no new cases have been reported
since 8 September 2003 (http://www.who.int/csr/don/
2003_09_24/en/; accessed 15 October 2003), the trans-



382

missible nature of the disease and the high proportion of
patients who require ICU admission means a recurrence
of the epidemic may again result in a large number of
critically ill patients with SARS. In order to be better
prepared to both care for these patients and to carry out
further research, it is useful to know the clinical course
and outcome of the disease amongst those who require
ICU and to know the factors which are associated with
prognosis.

The overall mortality rate has not yet been confirmed
but may be as high as 7–13% for younger patients and
40–55% for patients older than 60 years [6]. The overall
case fatality ratio for probable SARS cases reported to the
World Health Organization is 9.6% (http://www.who.int/
csr/sars/country/table2003_09_23/en/; accessed 15 Octo-
ber 2003). Data for critically ill patients is sparse and is
limited to case series of 38 patients with SARS admitted
to ICU in Toronto and 46 patients admitted to ICU in
Singapore [7, 8].

Data from large series of patients, some of whom
became critically ill, indicate that advanced age, high
peak serum lactate dehydrogenase concentration, absolute
neutrophilia, diabetes and other co-morbidities are inde-
pendently associated with poor outcome [5, 9, 10]. There
are few data specifically related to prognostic factors in
critically ill patients with SARS. The Toronto study did
not examine prognostic factors and the Singapore study
only examined the relationship between respiratory
parameters and outcome.

In view of the relative lack of data related to critically
ill patients with SARS, we carried out a retrospective
analysis of the first 54 patients admitted to our ICU with
SARS to describe the clinical course and outcome of
these patients and to carry out a preliminary investigation
of factors associated with prognosis.

Materials and methods

We undertook, with institutional approval, a retrospective analysis
of demographic, clinical, laboratory and radiological data on SARS
cases admitted to our university hospital ICU from 12 March to 18
April 2003. During this period only patients suspected of having or
confirmed to have SARS were admitted to the ICU.

Definitions

The definition of SARS used in our cohort was based on Centers for
Disease Control and Prevention (CDC) criteria [11]: fever (tem-
perature >38�C); radiological evidence of consolidation [by either
plain radiograph or computerized tomographic (CT) scan of the
thorax], with or without respiratory symptoms; and a history of
exposure to a person with SARS, or direct contact with a person
who later became ill with SARS.

The data collected and data definitions are given in Table 1.
Data were collected until the day of discharge or death or for the
first 28 days of the ICU stay, whichever was shorter. Physiological
data were extracted from patient charts by a trained research nurse.

Microbiological data were prospectively collected by three ICU
doctors and radiological data by two radiologists.

Patient management

Decisions regarding admission and management of individual
patients were made by the individual intensive care and referring
specialists, but there was broad consensus on a number of clinical
issues.

Admission to the ICU was required when severe respiratory
failure developed. Severe respiratory failure was evidenced by
failure to maintain an arterial oxygen saturation of at least 90%
while receiving supplemental oxygen of 50%, and/or a respiratory
rate greater than 35 breaths per minute. Criteria for intubation and
positive pressure ventilation were persistent failure to achieve
arterial oxygen saturation of 90% while receiving 15 l/min of
oxygen via a non-rebreathing mask and/or onset of respiratory
muscle fatigue as evidenced by an increase in PaCO2, sweating,
tachycardia, tachypnoea and/or a subjective feeling of exhaustion.

A low-tidal-volume, low-pressure strategy was used for me-
chanical ventilation. The predominant modes of ventilation were
volume control, pressure control, pressure-regulated volume control
and pressure support. The low-tidal-volume protocol used in the
Acute Respiratory Distress Syndrome Network study [12] was
adapted to produce guidelines for setting tidal volume, driving
pressure and respiratory rate (see electronic supplementary material
for details). The target tidal volume was 4–6 ml/kg predicted body
weight during controlled ventilation, but this was allowed to rise
during the weaning phase. Positive end-expiratory pressure (PEEP)
was set by titrating PEEP against oxygenation and compliance. In
pressure-control mode the compliance was assessed from the
measured tidal volume. In volume-control mode the compliance
was assessed by measuring the plateau pressure. In pressure-
regulated volume control it was assessed from the driving pressure
required to achieve the set tidal volume. Inspired oxygen concen-
tration was titrated to achieve an arterial saturation of 88–94%.
Non-invasive positive pressure ventilation was avoided because of
the potential risk of increased viral transmission resulting from
mask leakage and high gas flow.

In general, there was a policy of using vasopressors to maintain
an adequate blood pressure in preference to infusion of fluid and
there was an attempt to keep patients in a fluid input/output balance
of zero (excluding insensible loss).

Medical therapy evolved during the outbreak. The treatment of
patients admitted early in the epidemic has been described
previously [5] and was broadly similar to treatment outlined in a
previous review [13], except that lower doses of ribavirin and
higher doses of corticosteroids were used. Briefly, it consisted of
broad-spectrum antibiotics, ribavirin and low-dose corticosteroids.
Except in the initial phase of the epidemic, patients who
deteriorated despite this treatment were given additional methyl-
prednisolone in 500 mg pulses up to a total of 3 g. As the epidemic
progressed, this maximum dose was increased to up to 5 g and in
addition some patients were given convalescent serum donated by
patients who had recovered from SARS and/or IgM-enriched
immunoglobulin. Broad-spectrum antibiotics were administered at
the time of institution of high-dose pulse methylprednisolone
therapy. In the absence of clinical sepsis in the first 3–5 days
following high-dose steroid therapy, antibiotics were withdrawn.
Suspected infection was treated early with empirical broad
spectrum antibiotics and, if necessary, anti-fungal agents. Antibi-
otics were modified according to bacterial culture of sputum,
tracheal aspirate and blood. The dose of ribavirin was 8 mg/kg
every 8 h intravenously for 7–10 days followed by 4 mg/kg
enterally for another 11–14 days.
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Table 1 Data collected from each patient and data definitions

Data item Definition

Age Age at last birthday
Gender

Delay between hospital and ICU
admission

Calendar days

Delay between symptom onset and
ICU admission

Calendar days

Outcome Alive and ventilator free (good outcome) or mechanically ventilated or dead (bad outcome) 28 days
after ICU admission

APACHE II score Calculated from worst values in the first 24 h of ICU admission using the method described by
Knaus et al. [14]

Admission and maximal multiple
organ dysfunction scores

Calculated using the method described by Marshall et al [15]. Maximal score was the sum of the
highest daily respiratory, cardiovascular, renal, hepatic, haematological and neurological scores
during the ICU stay. Daily scores were calculated from data recorded at 0600 hours each day

Daily fluid balance Includes all fluids administered; not corrected for insensible fluid losses

Respiratory rate Measured or recorded at time of admission (day of admission) or at 0600 hours (all other days). In
patients who were not mechanically ventilated inspired oxygen concentration was estimated as
follows: patients receiving oxygen at 15 l/min via a non-rebreathing reservoir mask were estimated to
be receiving 80% oxygen; otherwise, estimated oxygen concentration=100 � (0.2093+(1.242 � flow
rate/peak inspiratory flow rate) [21]. A value of 35 l/min was assumed for peak inspiratory flow rate.

Mode of ventilation
Inspired oxygen concentration

Tidal volume per kilogram of
predicted body weight

Measured in mechanically ventilated patients only. Values at time of admission (day of admission)
or at 0600 hours (all other days). Predicted body weight (PBW) calculated from following formulae
[12]:
For females: PBW=45.5+[0.91x(Height in cm�152.4)]
For males: PBW=50+[0.91x(Height in cm�152.4)]

Peak Paw

Positive end-expiratory pressure

Presence of air leak from
respiratory tract

Pneumothorax, pneumomediastinum or surgical emphysema during ICU stay or first 28 days after
ICU admission (whichever was shorter). Chest X-rays were performed daily and reviewed by a
radiologist

Renal replacement therapy? Requirement for renal replacement therapy during ICU stay

Inotropes or vasopressor? Requirement for inotropes or vasopressors during ICU stay

Serum lactate dehydrogenase
concentration

Serum concentration at time of admission (day of admission) or at 0600 hours (all other days)

Lymphocyte count Blood lymphocyte count at time of admission (day of admission) or at 0600 hours (all other days)

Presence of acute respiratory
distress syndrome

Bilateral infiltrates on the chest X-ray, absence of left atrial hypertension and PaO2/FIO2 ratio
<200 mmHg [22]

Total daily dose of corticosteroids Dose expressed as equivalents of methylprednisolone based on the following conversion:
5 mg hydrocortisone=1 mg methylprednisolone
5 mg prednisolone=4 mg methylprednisolone

Nosocomial sepsis? Positive microbiological cultures and high enough clinical suspicion of infection to warrant
treatment

Bacteraemia? For coagulase negative staphylococci: �2 positive blood cultures; for all other organisms: �1
positive blood culture

Chronic disease or immuno
suppression?

One or more of the following:
Heart failure. Systolic or diastolic dysfunction documented by history, examination and
investigation (chest X-ray, echocardiogram, multi-gated acquisition scan or ventriculogram)
Chronic liver disease; clinical or biospy diagnosis of cirrhosis or other chronic liver disease such as
chronic active hepatitis
Chronic renal impairment; history of chronic renal impairment or documented abnormal urea or
creatinine
Cerebrovascular disease; stroke or transient ischaemic attack diagnosed clinically or documented by
magnetic resonance imaging or computerized tomography
Active malignancy. Any malignancy except basal or squamous cell carcinoma of skin that was
active on presentation or diagnosed <1 year before presentation
Immunosuppression; currently taking immunosuppressive drugs or suffering from an immunosup-
pressive disorder
Diabetes mellitus

Independent in activities of daily
living?

Activities of daily living: eating; continence; voiding; transferring; bathing; dressing and walking
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Statistical analysis

Continuous normally distributed data were compared using
Student’s unpaired t test, categorical data using the c2 test and
ordinal or non-normally distributed continuous data using the
Mann-Whitney U test. All statistical calculations were made using
SPSS for Windows 11.5 (SPSS, Chicago, Ill.), Excel 2000
(Microsoft, Redmond, Wash.) or Hutchon’s confidence interval
calculator (http://www.hutchon.freeserve.co.uk/Wilsons.htm). A p
value <0.05 was considered significant. As the purpose of the
univariate analysis of factors associated with outcomes was to
generate hypotheses, no correction was made for multiple com-
parisons. After finding that fluid balance was associated with
outcome, it was decided post hoc to further evaluate the relation-
ship by analyzing the fluid balance in the first and second half of
the patients’ stay separately.

Results

The study population consisted of 54 patients with SARS
who required admission to ICU. All patients were
admitted for respiratory failure. Summary data for
continuous normally distributed data are presented as
mean and standard deviation, for categorical data as
percentages and for ordinal data or non-normally dis-
tributed data as median and interquartile range. The mean
age was 49.6 years (SD 16.9 years) and 57% of the
patients were male. The median APACHE II score was 11
[interquartile range (IQR) 8–13], the mean PaO2/FIO2
ratio on admission was 152 (SD 71) and the median
admission multiple-organ dysfunction (MOD) score was 3
(IQR 2–4). The mean delay between hospital and ICU
admission was 6.4 day (SD 6.0 days) and the mean delay
between symptom onset and ICU admission was 9.6 days
(SD 4.6 days).

At 28 days after ICU admission 34 patients (63%; 95%
CI 49.6–74.6) were alive and not mechanically ventilated.
Six patients were alive but still ventilated (11.3%; 95% CI
5.3–22.6) and 14 had died (25.9%; CI 16.1–38.9). The
median length of ICU stay was 8.5 days (IQR 5–22.3).

Forty-seven patients (87.0%; 95% CI 75.6–93.6) met
criteria for the acute respiratory distress syndrome
(ARDS) during their ICU stay and 27 (50.9%; 95% CI
37.9–63.9) required mechanical ventilation during their
ICU admission. Of those who required mechanical
ventilation 13 (48%; CI 30.7–66.0) had died by 28 days.
Mean tidal volume was 7.7 ml/kg predicted body weight
(SD 2.2 ml/kg) and mean PEEP was 8.3 cm H2O (SD

2.5 cm H2O). The median duration of mechanical
ventilation was 14 days (IQR 8–25). Seven of 27
ventilated patients developed evidence of barotrauma
(25.9%; 95% CI 13.2–44.7). Five patients developed a
pneumothorax, accompanied in two cases by a pneumo-
mediastinum. Two additional patients developed a pneu-
momediastinum without a pneumothorax. In most cases
the pneumothorax or pneumomediastinum was accompa-
nied by surgical emphysema. No patients developed
surgical emphysema alone. There were no statistically
significant differences in peak airway pressure, PEEP and
tidal volume between those patients who developed an air
leak on mechanical ventilation and those who did not
(Table 2). One other patient developed a spontaneous
pneumothorax while breathing unassisted and two others
developed a pneumothorax following central venous
cannulation.

Twenty-four patients (44.4%; 95% CI 32.0–57.6)
required inotropes and 6 (11.1%; 95% CI 5.2–22.2)
required renal replacement therapy. Median maximal
MOD score was 5 (IQR 3.3–9), of which the median
respiratory component was 3 (IQR 3–4).

In the 39 patients who received pulsed methylprednis-
olone the mean PaO2/FIO2 ratio (was 153 (SD 79) prior to
the first pulse and 157 (SD 76) the following day. This
difference was not statistically significant.

Results of univariate analysis of potential factors
predicting poor outcome (death or mechanical ventilation
28 days after admission to ICU) are given in Table 3.

Discussion

The main findings of our study are as follows: firstly, in
patients requiring ICU admission SARS is associated with
considerable mortality and morbidity. Secondly, SARS
predominantly causes respiratory failure. Thirdly, on
univariate analysis advanced age, more severe illness,
shorter delay between symptom onset and ICU admission,
chronic disease or immunosuppression, lower steroid
dose, higher lymphocyte count, nosocomial sepsis and
positive fluid balance were associated with poor outcome.

At 28 days 20 of 54 patients (37%) were either still
mechanically ventilated or dead, indicating that SARS
causes considerable mortality and morbidity, although the
mortality is probably no greater than that associated with

Table 2 Ventilatory parameters. Values are expressed as mean (SD in parentheses). There were no significant differences between
patients who did not develop an air leak on mechanical ventilation

Tidal volume (ml/kg predicted
body weight)

Peak airway pressure (cm H2O) PEEP (cm H2O)

Patients who did not develop an air leak 8.0 (2.4) 25.6 (4.8) 8.3 (2.8)
Patients who developed an air leak
Over the whole study period 6.9 (1.7) 26.7 (3.5) 8.4 (1.8)
Prior to development of leak 6.8 (1.7) 26.5 (3.1) 9.6 (2.9)
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other forms of respiratory infection. Based on the
APACHE II scores of our patients and the diagnostic
category of respiratory failure due to infection, the
predicted hospital mortality would be approximately
50% [14]. Similar results have been reported by other
investigators with a 28-day ICU mortality of 34–37%
[7,8]. In the Toronto series an additional 16% of patients
were alive but mechanically ventilated at 28 days [7].

The MOD score is a validated scoring system for
quantifying multiple-organ dysfunction [15, 16]. It is
made up of six component scores (respiratory, cardiovas-
cular, neurological, hepatic, renal and haematological)
each of which is scored from 0–4, giving a maximum
possible score of 24. The median maximal MOD score in
our patients was only 5, of which the median respiratory
component was 3, indicating that SARS causes predom-
inantly respiratory failure with little in the way of other
organ failure. The large number of patients who required
vasopressors or inotropes probably reflects our tendency
to use these drugs instead of fluids to treat hypotension in
patients with SARS. The severity of the respiratory failure
is reflected by the fact that 47 of the 54 patients met
criteria for ARDS at some stage in their ICU stay and the
mean admission PaO2/FIO2 ratio on admission to the ICU
was only 152 mmHg. The incidence of barotrauma
(25.9%) was high compared with the 7–11% previously
reported for ARDS [17, 12, 18]. Again, the Toronto and
Singapore series show similar results with a 34 and 23%

incidence of barotrauma despite the fact that in all three
series the clinicians used low-volume, low-pressure
strategies. Unfortunately, we did not record plateau
pressures; however, the plateau pressure cannot exceed
the peak airway pressure and the mean peak airway
pressure prior to the development of an air leak was only
26.5 cm H2O. This suggests that the high incidence of air
leaks was not due to excessive inflation pressures.
Similarly, the mean tidal volume prior to development
of an air leak was 6.79 ml/kg predicted body weight,
which is similar to the values achieved in the low tidal
volume group of the ARDSnet study [12]. This high
incidence of adverse effects suggests that it may be
preferable to avoid mechanical ventilation unless it is
absolutely essential.

Univariate analysis demonstrated that a number of
factors are associated with poor outcome in critically ill
patients with SARS. It is likely that there was consider-
able confounding amongst these factors and that some of
these factors would not be found to be independently
associated with outcome on multivariate analysis. For
example, both age and chronic disease are components of
the APACHE II score [14] and both APACHE II and
admission MOD score reflect severity of illness [15, 14].
In addition, the delay between symptom onset and
admission to ICU is likely to reflect severity of illness
with more severely ill patients deteriorating more rapidly
and requiring earlier ICU admission. Unfortunately, the

Table 3 Results of univariate analysis of potential prognostic factors. Data are presented as median (interquartile range) unless otherwise
stated. NS not significant

Factor Outcome at 28 days Significance
(p)

Alive and not ventilated
(n=34)

Dead or ventilated
(n=20)

Age (years; mean€SD) 41€12 64€13 <0.001
Male (%) 53 65 NS
APACHE II 9 (7–11) 13 (11–21) <0.001
Delay between symptom onset and ICU admission (days) 10 (8–12) 6 (4–11) <0.05
Delay between hospital admission and ICU admission (days) 6 (2–8) 6 (2–8) NS
Chronic disease or immunosuppression (%) 15 40 <0.05
Independent in activities of daily life (%) 91 95 NS
PaO2/FIO2 ratio (mean€SD) 161 (76) 138 (62) NS
Admission multiple-organ dysfunction score 3 (2–3) 3 (3–5) <0.05
Mean daily steroid dose (mg) 173 (141–308) 163 (94–207) <0.01
Admission lymphocyte count (�106/ml) (mean€SD) 0.47€0.26 0.69€0.52 <0.05
Change in lymphocyte count (x106/ml; mean€SD) from admission

to ICU discharge, death or 28 days (whichever was shortest)
0.23€0.37 �0.28€0.56 <0.001

No. of episodes of nosocomial sepsis 0 (0–0) 1 (0–1) <0.001
Patients with bacteraemia (%) 2.9 25 <0.05
Mean daily fluid balance (mean€SD)
Overall 74€316 700€677 <0.001
First half of ICU stay 194€480 793€773 <0.001a

Second half of ICU stay �47€431 606€883 <0.001a

Admission serum lactate dehydrogenase concentration (IU/l;
mean€SD)

472€299 598€245 NS

Change in serum lactate dehydrogenase concentration (IU/l;
mean€SD)

�91€302 �145€266 NS

aAnalysis of fluid balance by phase of ICU stay was carried out after initial univariate analysis showing that fluid balance was significantly
associated with outcome
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