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ABSTRACT: The aim of this study was to investigate pulmonary function and exercise
capacity in a group of survivors of the severe acute respiratory syndrome (SARS).

At 3 months after hospital discharge, 46 survivors of SARS underwent the following
evaluation: spirometry, static lung volumes and carbon monoxide transfer factor
(TL,CO). In total, 44 of these patients underwent cardiopulmonary exercise testing.

No abnormalities were detected in the pulmonary function tests in 23 (50%) of the
patients. Abnormalities of forced vital capacity (FVC), forced expiratory volume in one
second (FEV1), FEV1/FVC and TL,CO were detected in seven (15%), 12 (26%), one
(2%) and 18 (39%) patients, respectively. All of these abnormalities were mild except in
one case. In 18 patients (41%), the maximum aerobic capacity was below the lower limit
of the normal range. Breathing reserve was low in four patients and significant oxygen
desaturation was detected in a further four patients. Comparison of the measured
exercise capacity with resting pulmonary function tests showed many cases of
discordance in impairment.

In conclusion, pulmonary function defects were detected in half of the recovered
severe acute respiratory syndrome patients 3 months after hospital discharge, but the
impairment was mild in almost all cases. Many patients had reduced exercise capacity
that cannot be accounted for by impairment of pulmonary function.
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Severe acute respiratory syndrome (SARS) is an acute
respiratory illness caused by infection with a new coronavirus
(SARS-CoV) [1]. This is a novel condition characterised by
both atypical pneumonia and efficient nosocomial transmis-
sion. First recognised in mid-March 2003, SARS was success-
fully contained inv4 months. Much of what has been learned
about SARS, including its causation and clinical manifesta-
tions, has been derived from studies done and observations
made during the acute infection. However, knowledge about
the sequelae of SARS-CoV infection remains limited.

It is well known that survivors of severe illness associated
with lung injury, such as acute respiratory distress syndrome
(ARDS), have persistent morbidity from lung function
impairment [2]. As most patients with SARS survive the
illness [3], there is a growing need to understand the long-term
effects of this condition and its treatment. In Singapore, as in
other countries affected by SARS, medical personnel,
physicians, nurses and hospital workers are among those
commonly infected. Hence, a further requirement for the
identification and quantification of morbidity among survi-
vors is for the purpose of the evaluation of impairment and
disability.

The aim of this study was to investigate pulmonary func-
tion and exercise capacity in a group of SARS survivors. As
all of the studied patients appear to have stabilised in their
symptoms and resolution of chest radiograph (CXR) abnor-
malities at follow-up 3 months after hospital discharge, the
current authors chose to investigate the patient population at
that uniform time-point following hospital discharge.

Methods

Patient selection

There were 206 cases of SARS in Singapore that were
reported to the World Health Organization (WHO) as of 26
June 2003 [4]. All of these patients were diagnosed to have
"probable SARS" according to the WHO Case Definition [5]
and were admitted to a single hospital (Tan Tock Seng
Hospital, Singapore). Survivors at 3 months after hospital
discharge were eligible for enrolment if they were o21 yrs old
and had duration of illness o12 days from the onset of
symptoms. Patients were excluded if they were immobile before
being admitted to hospital for SARS, had a history of
pulmonary resection or had a documented neurological or
psychiatric disease. Written informed consent from patients
was obtained prior to pulmonary function and exercise testing.
This study was approved by the institutional ethics committee.

A total of 174 consecutive SARS survivors were evaluated
for this study (fig. 1). In total, 50 patients were excluded for
reasons that are outlined in figure 1. Thirty-five patients
were not included as it was already w3 months after their
hospital discharge during the study period, which was over 10
weeks from July–September 2003. In addition, another two
patients were also not included, as the time interval between
hospital discharge and the study period was v3 months. A
total of 19 patients were uncontactable and two were overseas
during the study period. Of the remaining 66 patients, 20
declined to participate in this study.
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Pulmonary function testing

Pulmonary function tests performed 3 months after hos-
pital discharge included: spirometry, measurements of total
lung capacity and carbon monoxide transfer factor (TL,CO).
Spirometry was performed in accordance with recommended
standards [6]. All lung function tests were performed with the
subject seated and on the same day, but before the exercise
test. Forced vital capacity (FVC) and forced expiratory
volume in one second (FEV1) were measured with a clinical
spirometer (Vmax 229; SensorMedics, Yorba Linda, CA,
USA). In accordance with the American Thoracic Society
(ATS) recommendations [7], if obstruction was present, the
spirometry measurements were repeated after the administra-
tion of a bronchodilator (two puffs of salbutamol) and the
repeated measurements were used for analysis. Total lung
capacity and its subdivisions were measured by the nitrogen
washout method with the Vmax 229 (SensorMedics), adher-
ing to standard criteria [8]. TL,CO was determined by the
single-breath carbon monoxide technique [9] using an infrared
analyser (Vmax 229; SensorMedics), which utilises methane
as an inert tracer gas. TL,CO was adjusted for the haemo-
globin concentration evaluated within 2 weeks of the pulmo-
nary function testing, when this was available. If not, TL,CO

was adjusted for a haemoglobin concentration of 14.6 g?dL-1

for males and 13.4 g?dL-1 for females [9]. The spirometry,
lung volumes and TL,CO measurements were expressed as
percentages of predicted normal values using reference values
taken from the prediction equations of CHIA et al. [10] and
POH and CHIA [11].

Cardiopulmonary exercise testing

The instructions given to the subjects were similar to the
routine instructions sent to patients coming to the laboratory
for clinical exercise testing [12]. Symptom-limited cardio-
pulmonary exercise testing (CPET) was performed using
an electronically braked cycle ergometer (Ergometrics 800S;
SensorMedics). CPET was performed under the supervision
of a physician with defined criteria for stopping, such as
serious cardiac arrhythmias, hypotension, electrocardio-
graphic changes and severe oxygen desaturation. An incre-
mental exercise protocol was used, in which the work rate was
increased by 10 W?min-1 after an initial 3 min of unloaded

pedalling. Standard 12-lead electrocardiograms were obtained
at rest, every 3 min during exercise, at peak exercise and for
5 min into the recovery phase, whereas blood pressures were
measured using a standard cuff sphygmomanometer at similar
intervals. Subjects wore nose-clips and breathed through a
mouthpiece connected to a pneumotachograph. Measure-
ments of mixed expired oxygen, mixed expired carbon dioxide
and expired volume were determined at rest and for each
breath throughout exercise using a metabolic cart (Vmax 229;
SensorMedics). The gas analyser was calibrated for accuracy
and linearity prior to each test. Oxygen uptake (V9O2;
measured in mL?min-1; standard temperature and pressure,
dry), carbon dioxide production (V9CO2; measured in
mL?min-1), gas exchange ratio, minute ventilation (V9E;
measured in L?min-1; at body temperature, ambient pressure
and saturated with water vapour), respiratory rate, tidal
volume (VT), dead space (VD) and the ventilatory equivalent
for carbon dioxide (V9E/V9CO2) was determined and averaged
every 30 s. The peak oxygen uptake (V9O2,max), V9E, ratio of
dead space to tidal volume (VD/VT) and heart rate (HR) were
selected as the highest values obtained from any 30-s measure-
ment period. Maximum work rate was defined as the highest
work level that was reached. The anaerobic threshold (AT)
was identified for each subject using the V-slope method [13].
The AT% was defined as follows:

(V ’O2 at AT=predicted V ’O2,max)|100 ð1Þ
Oxygen saturation via pulse oximetry and HR by electro-
cardiography were recorded continuously throughout exercise
and during recovery. At the end of exercise, the reasons for
termination, as well as the Borg dyspnoea score [14], were
obtained from the subjects. The predicted V9O2,max was
derived from regressions based on age, sex, weight and height
from published data obtained from the local population [15].

Statistical analysis

The relationship between two sets of data was analysed
using the Pearson correlation test. Comparisons between
groups were performed with unpaired t-tests for normally
distributed continuous variables and Mann-Whitney U-tests
for non-normally distributed continuous variables. Results
were expressed as mean¡SD. The conventional level of statis-
tical significance of 0.05 was used for all analyses.

Results

The baseline characteristics of the enrolled patients during
their hospital admission for SARS are shown in table 1. A
total of 23 of the 46 patients (50%) were healthcare workers.
The mean¡SD of the percentage of lung involvement based on
the worst CXR appearance during the acute illness, using
a scoring system similar to that of WONG et al. [16], was
40.6¡29.9%. In total, 10 patients (22%) required admission
to the intensive care unit (ICU) and the mean arterial oxygen
tension (Pa,O2)/inspiratory oxygen fraction (FI,O2) ratio
among these patients in the ICU was 95.5¡65.6. Seven of
these patients required mechanical ventilation. All seven
patients had a Pa,O2/FI,O2 ratio of f200 while receiving
mechanical ventilation with a positive end-expiratory pressure
of o5 cm of water and evidence of air-space changes in all
four quadrants on CXR. Overall, three patients had a history
of cigarette smoking. A total of 26 patients (57%) had
pre-existing medical conditions. The four most common pre-
existing illnesses were hypertension, peptic ulcer disease,
diabetes mellitus and endometriosis. Eight patients (17%) had
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Fig. 1. – Enrolment of patients and follow-up at 3 months after
hospital discharge. SARS: severe acute respiratory syndrome.
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pre-existing pulmonary disease; these were previous history of
pulmonary tuberculosis (n=3), pneumonia (n=1), chronic
bronchitis (n=2) and bronchial asthma (n=2).

During follow-up at 3 months after hospital discharge, 19
patients (41%) complained of cough, 16 (35%) had increased
sputum production, 21 (46%) had shortness of breath, and
four (9%) had occasional wheezing. All 46 patients had
returned to their original work. The mean body mass index of
the group at this time was 23.7¡4.4. Follow-up CXR at this
time did not show any significant abnormalities except mild
ground-glass opacification (n=3), peripheral scarring (n=2),
and loculated pleural effusion in the right minor fissure (n=1).
The pulmonary function tests of the 46 patients are shown
in table 2. The group means of FEV1, static lung volumes and
diffusion capacity were all within normal limits (w80%
predicted). However, several cases of abnormalities in FVC,
FEV1, FEV1/FVC ratio and TL,CO were detected. According
to the ATS recommendations for evaluating respiratory
impairment [7], seven patients (15%) had mild impairment
of FVC, 12 (26%) had mild impairment of FEV1, one (2%)
had mild impairment of FEV1/FVC and 17 (37%) had mild
impairment of TL,CO. There was one patient (2%) who had
moderate impairment of TL,CO. As there were cases with
impairment in more than one of the previous four variables,

the number of patients with mild and moderate impairment
according to the above recommendations was 22 (48%) and
one (2%), respectively. Table 3 shows the pulmonary function
data of 23 patients who had pulmonary function abnor-
malities. The majority of the impairment in FEV1 and FVC
suggests a restrictive abnormality, but the total lung capacity
was slightly less than 80% pred in only four patients. Only one
patient had obstructive abnormality with a FEV1/FVC ratio
v70% pred and this patient (patient 7 in table 3) had a history
of poorly controlled bronchial asthma. In accordance with the
ATS recommendations [7], this patient received a broncho-
dilator and there was improvement in FEV1 (150 mL) and the
FEV1 % pred (12%) in this patient. The postbronchodilator
spirometry values were used in the analysis. In 41 patients, the
TL,CO was adjusted for a measured haemoglobin level and,
in five patients, the TL,CO was adjusted with the estimated
haemoglobin level.

As shown in table 3, among patients who had pulmonary
function abnormalities, eight patients had a history of medical
illnesses that may affect pulmonary function. These included
treated pulmonary tuberculosis, a previous episode of pneu-
monia, valvular heart disease, hypertension, hypothyroidism
and diabetes mellitus. All of these conditions were either
healed, or stable and well controlled at the time of testing
during the study. The patient with valvular heart disease had
mild aortic and tricuspid regurgitation with normal valve
morphology, and normal left ventricular systolic and diastolic
function on echocardiography.

CPET was performed in only 44 patients, as two patients
refused to undergo exercise evaluation. In total, 34 patients
stopped exercising due to leg fatigue, six stopped exercising
due to dyspnoea and, in four patients, leg fatigue and
dyspnoea were of equal intensity and limited further exercise.
V9O2,max was normal in 26 patients (59%). Classifying impair-
ment of measured exercise capacity [7], 10 patients (23%) had
a V9O2,max o25 mL?kg-1?min-1, 28 patients (64%) had a
V9O2,max 15–25 mL?kg-1?min-1 and six patients (14%) had a
V9O2,max v15 mL?kg-1?min-1. None of the patients had
ventilatory limitation of exercise as defined by all three of
the following criteria: 1) a ratio of the V9E at peak exercise
(V9E,max) to the maximal voluntary ventilation (MVV;
calculated as FEV1645.12–15.85 [16]) w0.8; 2) MVV–
V9E,max v12 L?min-1; and 3) maximum HR v90% pred. In
four patients, the breathing reserve was low and the first two
of the previous criteria were achieved. Four patients had
significant oxygen desaturation by pulse oximetryw4% during
incremental exercise. The peak exercise data are summarised
in table 4. In 34 patients, the AT was detected during exercise
testing. The mean AT%¡SD of these patients was 69.6¡12.9%.

In 18 patients (41%), the V9O2,max was below the lower
limit of the normal range, which is defined as reference value
minus 1.64 SD. Among these 18 patients, the mean V9O2,max

% pred was 63%, but none of the patients had a V9O2,max

v40% pred. In total, 11 of these patients had circulatory
limitation of exercise as defined by a heart rate reserve
(predicted maximum heart rate (calculated as 220–age)–HR at
peak exercise) v15 beats?min-1. One of the 11 patients had
combined circulatory and ventilatory limitation of exercise, as
she had ventilatory limitation as defined by the following
criteria: 1) a ratio of the V9E,max to MVV [17] w0.8, and 2)
MVV–V9E,max v12 L?min-1. In the remaining seven patients,
there was no evidence of circulatory or ventilatory limitation,
but six of them reported leg fatigue as the predominant
symptom-limiting exercise and, in one patient, the exercise
limitation is likely to be due to psychogenic dyspnoea, as this
patient complained of sudden onset of dyspnoea (Borg
dyspnoea score 9) towards the end of unloaded cycling with
refusal to continue exercise testing. Four of the 18 patients
with low V9O2,max had pre-existing medical conditions that

Table 1. – Characteristics of patients with severe acute
respiratory syndrome during hospital admission

Characteristics

Age yrs 37.3¡10.7
Males % 26
Pre-existing medical illnesses % 56
Pre-existing pulmonary diseases % 28
Smokers % 6.5
Length of hospitalisation days 20.4¡17.3
ICU admission % 22
Highest serum LDH level U?L-1 1033.3¡539.0
Ribavarin prescription % 57
Steroids prescription % 15

Data are presented as mean¡SD and %. ICU: intensive care unit; LDH:
lactic dehydrogenase. n=46.

Table 2. – Results of pulmonary function tests on follow-up

Pulmonary function tests

FEV1 L 2.5¡0.6 (1.4–4.2)
FEV1 % pred 94.9¡16.3 (47.0–128.0)
FVC L 2.9¡0.8 (1.8–5.5)
FVC % pred 100.1¡18.6 (72.0–133.0)
FEV1/FVC % 86.0¡6.9 (61.0–99.0)
TLC L 4.4¡1.0 (2.9–8.4)
TLC % pred 101.6¡16.6 (74.0–143.0)
RV L 1.4¡0.4 (0.7–2.7)
RV % pred 108.8¡34.9 (57.0–201.0)
FRC L 2.2¡0.7 (1.2–4.3)
FRC % pred 101.5¡24.3 (46.0–158.0)
VC L 3.0¡0.8 (1.9–5.7)
VC % pred 103.2¡17.5 (74.0–138.0)
TL,CO 6.9¡1.6 (4.5–11.1)
TL,CO % pred 85.5¡13.6 (55.0–114.0)
KCO 1.7¡0.2 (1.2–2.4)
KCO % pred 84.6¡11.8 (65.0–125.0)

Data are presented as mean¡SD (range). FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; TLC: total lung
capacity; RV: residual volume; FRC: functional residual capacity; VC:
vital capacity; TL,CO: carbon monoxide transfer factor; KCO: carbon
monoxide transfer coefficient. n=46.
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may affect cardiopulmonary function. These were as follows:
hypertension and ischaemic heart disease in one patient;
valvular heart disease, hypertension and diabetes mellitus
in one patient; diabetes mellitus in one patient; and treated
pulmonary tuberculosis in another patient. None of these
patients gave a history of limitation in activities of daily
living, including occupational activities in patients who were
working, before hospitalisation for SARS. Table 5 shows the
selected parameters during exercise testing of patients with
pulmonary function impairment at rest.

Comparison of the measured exercise capacity with resting
pulmonary function test results showed many cases of dis-
cordance in impairment, as assessed by pulmonary function
and exercise testing. In 11 of the 23 patients (42%) with rest-
ing pulmonary function impairment, the measured exercise

capacity was normal. In contrast, six of the 18 patients (33%)
whose measured exercise capacity was below the lower limit
of the normal range did not have any resting pulmonary
function impairment. Two of the four patients who had
significant oxygen desaturation at peak exercise had pulmo-
nary function impairment at rest (patient nos 8 and 23 in
tables 3 and 5).

Comparing the lung function and exercise capacity of
patients who required ICU care and mechanical ventilation
with those who did not, there was no significant difference in
FVC, FEV1, FEV1/FVC ratio, TL,CO and V9O2,max between
the two groups. There was no significant correlation between
the FVC, FEV1, FEV1/FVC ratio, TL,CO and the worst CXR
score [16], as well as the serum lactic dehydrogenase level,
during the acute illness. Neither was there any significant
correlation between these pulmonary function data and the
administration of steroid or ribavarine during the acute phase
of the illness.

Discussion

The main findings of this study were: 1) residual pulmonary
function defects were detected in half of the recovered SARS
patients 3 months after hospital discharge, but the impair-
ment was mild in almost all cases; and 2) 41% of the patients
had impairment of exercise capacity not due to ventilatory
limitation.

Abnormality in TL,CO was the most common cause of
impairment in pulmonary function in the patients in the
current study. This finding is consistent with a follow-up
study [18] of 89 patients with SARS ranging 0.5–3.4 months
during the convalescent period, in which mild-to-moderate
abnormalities in pulmonary function were found in 48
patients (54%). TL,CO was impaired in 38 patients (43%); in
seven patients (8%), lung function was restrictive defect
combined with TL,CO impairment. However, direct compar-
ison with other studies cannot be made as, unlike the present

Table 3. – Clinical and pulmonary function data of patients with pulmonary function impairment

Patient no. Age yrs Pre-existing illnesses FVC FEV1 FEV1/FVC TL,CO TLC

1 34 91 90 90 73 99
2 26 89 77 81 71 90
3 28 Pneumonia 109 93 80 78 105
4 36 90 78 79 95 103
5 48 VHD, hypertension, DM 72 71 87 90 98
6 38 DM 93 92 88 75 96
7 56 Asthma, hypertension 90 64 61 108 110
8 60 78 90 94 55 94
9 37 89 91 92 77 97
10 36 75 76 93 95 76
11 56 Ankylosing spondylitis 80 82 84 62 90
12 45 94 100 89 70 85
13 39 78 71 83 61 75
14 22 88 86 94 77 99
15 41 Pulmonary TB 76 74 87 70 82
16 37 117 104 82 74 103
17 37 80 79 87 74 74
18 41 107 109 89 78 92
19 23 116 114 95 79 110
20 21 Pulmonary TB 78 73 92 65 85
21 38 72 67 85 79 77
22 34 81 78 90 71 83
23 42 Hypothyroidism 85 79 84 93 86

Pulmonary function data are presented as percentages of predicted values except forced expiratory volume in one second (FEV1)/forced vital capacity
(FVC), which is a percentage. TL,CO: carbon monoxide transfer factor; TLC: total lung capacity; VHD: valvular heart disease; DM: diabetes
mellitus; TB: tuberculosis. n=23.

Table 4. – Selected parameters at peak exercise during
incremental cardiopulmonary exercise testing

WRmax W 95.3¡30.4 (0.0–164.0)#

WRmax % pred 80.0¡21.2 (0.0–125.3)#

V9O2,max L?min-1 1.2¡0.4 (0.6–2.2)
V9O2,max/BW mL?min-1?kg-1 20.3¡5.1 (11.2–30.6)
V9O2,max % pred 78.6¡17.0 (44.4–113.8)
V9E,max L?min-1 50.2¡15.7 (25.3–95.4)
Breathing reserve L?min-1 45.7¡26.4 (-8.9–97.5)
RER 1.1¡0.1 (1.0–1.3)
HRmax beats?min-1 161.3¡23.1 (105.0–208.0)
HRR beats?min-1 7¡22 (-37–64)
Sa,O2 % 97.4¡2.0 (91.0–100.0)
VD/VT 0.3¡0.1 (0.1–0.4)
Borg dyspnoea score 3.4¡2.4 (0–9)

Data are presented as mean¡SD (range). WRmax: maximum work rate;
V9O2,max: maximum oxygen uptake; V9O2,max/BW: maximum oxygen
uptake per kg body weight; V9E,max: maximal minute ventilation; RER:
respiratory exchange ratio; HRmax: maximum heart rate; HRR: heart
rate reserve; Sa,O2: oxygen saturation; VD/VT: ratio of dead space to
tidal volume. #: one patient stopped exercise during unloaded cycling,
possibly due to psychogenic dyspnoea. n=44.
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study, pulmonary function testing was not performed at uni-
form time-points in any of the previous studies on recovered
SARS patients [18–20]. The findings presented here are
comparable to recent studies on survivors of ARDS that have
also confirmed the persistence of a low diffusion capacity as
the most common abnormality in pulmonary function testing
[21, 22].

The discordance in the results of pulmonary function and
exercise testing in the present study supports the recommen-
dation to use CPET in impairment evaluation, especially
in patients with symptoms inconsistent with the degree of
impairment defined by resting pulmonary function testing
[23]. Recently, NEDER et al. [24] proposed expressing exercise
disability using V9O2,max % pred rather than V9O2,max in
mL?kg-1?min-1, in contrast with some of the ATS recommen-
dations [7], reasoning that the former was more useful in the
evaluation of impairment. Most of the subjects (77%) in this
study had impairment defined by the ATS exercise criteria [7]
(V9O2,maxv25 mL?min-1?kg-1) and 41% had impairment using
V9O2,max % pred. If impairment in exercise testing had been
defined using the ATS criteria instead of comparison with
predicted values, the discordance between impairment, as
evaluated by exercise and resting pulmonary function tests,
is likely to have been greater. Whatever the method used
to define impairment in exercise capacity, the limitation in
exercise of the current patients are not likely to be accounted
for by pulmonary function impairment alone, as the resting
pulmonary function abnormalities were generally mild. In
addition, there was no evidence of exercise limitation due to
ventilatory constraints solely and the number of patients with
significant oxygen desaturation during exercise was very few.
Nonventilatory limitation during exercise was also noted
in the majority of patients in previous studies evaluating the
role of exercise testing in determination of impairment in

asbestos-exposed shipyard workers [25] and in patients who
have recovered from severe ARDS [26].

There is an emerging body of evidence suggesting that
morbidity following critical illness is multifactorial and may
be viewed as a sum of physical disability and cognitive and/or
psychological impairment [22]. Exercise testing, while analys-
ing the integrated influence of multiple factors, e.g. pulmo-
nary mechanics, pulmonary circulation, cardiac, peripheral
muscle and psychosocial factors that determine an individual
patient9s functional level, may thus provide a more suitable
assessment tool of functional outcome than resting pulmo-
nary function tests in these patients. The present results
suggest that the inability to exercise in recovered SARS
patients is primarily due to extrapulmonary disease and our
impression is that impaired muscle function has an important
effect on the long-term outcomes of these patients. It is
postulated that this may be due in part to critical-illness
associated myopathy or physical deconditioning. Cortico-
steroid myopathy may be another contributory factor, but
only a small percentage of the studied patients had received
treatment with steroids during their acute illness.

The findings of this study indicate that, as with patients
who have recovered from critical illness, global assessment of
SARS survivors is necessary to fully comprehend the long-
term physical and neuropsychological consequences of SARS.
In survivors of ARDS, lung function, especially diffusion
capacity, is known to improve for up to 1 yr after discharge
from the ICU [2, 22]. Hence, further follow-up studies are
imperative in determining whether the abnormalities in
pulmonary function that have been identified in this study
will persist and contribute to permanent impairment and
disability. Future studies should also give emphasis to the
evaluation of extrapulmonary causes of morbidity. The
finding of reduced ability to exercise without significantly

Table 5. – Selected parameters during incremental cardiopulmonary exercise testing of patients with pulmonary function
impairment

Patient
no.

WRmax

% pred
V9O2,max

% pred
BR

L?min-1
HRR

beats?min-1
VD/VT

at rest
VD/VT at

peak exercise
Oxygen pulse

mL?beat-1
AT%

1 59.6 49.4 47.3 41 0.5 0.3 4.9 ND
2 83.3 62.1 27.7 12 0.7 0.4 5.2 ND
3 76.5 75.0 31.1 -8 0.5 0.2 6.4 70.8
4 70.6 68.6 20.2 11 0.6 0.3 5.9 68.6
5 70.7 69.9 12.0 -8 0.5 0.3 5.1 42.0
6 62.0 44.4 69.7 64 0.6 0.3 9.6 ND
7 98.8 87.2 -8.9 -8 0.5 0.3 6.4 75.2
8 79.3 82.0 28.5 -15 0.4 0.3 8.2 68.4
9#

10} 0 32.3 50.3 59 0.4 0.4 4.8 ND
11 76.9 77.3 22.8 25 0.6 0.3 10.3 ND
12 63.4 50.9 93.3 15 0.4 0.4 6.4 51.7
13 74.3 68.8 21.4 11 0.4 0.4 6.2 67.4
14 60.0 66.1 46.4 29 0.6 0.3 6.1 48.2
15 91.9 89.2 10.5 6 0.3 0.3 7.2 73.9
16 85.8 70.6 59.0 -14 0.3 0.3 5.3 61.4
17 66.5 97.2 2.3 -37 0.5 0.3 10.3 85.9
18 89.2 100.1 38.1 6 0.4 0.2 12.4 75.7
19 114.2 113.8 67.0 -1 0.6 0.2 9.3 87.1
20 67.2 67.7 32.3 -9 0.5 0.3 5.4 57.6
21 69.2 70.4 7.2 7 0.6 0.3 6.2 64.2
22 59.7 53.2 37.8 15 0.6 0.4 5.0 ND
23 111.8 99.6 5.1 -22 0.6 0.3 7.1 79.8

WRmax: maximum work rate; V9O2,max: maximum oxygen uptake; VD/VT: ratio of dead space to tidal volume; BR: breathing reserve=maximal
voluntary ventilation–minute ventilation at peak exercise; HRR: heart rate reserve=predicted maximum heart rate–heart rate at peak exercise; AT%:
anaerobic threshold per cent, AT%=(V9O2 at AT/predicted V9O2,max)6100; ND: anaerobic threshold not detected. #: patient no. 9 refused to
participate in exercise testing; }: patient no. 10 terminated exercise at the end of unloaded cycling. n=23.
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impaired lung function in most of the studied patients also
suggests that emphasis on physical and psychosocial rehabi-
litation after their acute illness is likely to contribute to
improved management of SARS patients.

There are several limitations of the current study. First, the
study enrolled only a subpopulation of all the SARS cases in
Singapore and, thus, the findings may not be representative of
all recovered SARS cases in this or other countries. With the
relatively large proportion of patients who declined evalu-
ation 3 months after hospital discharge, there may be a bias
towards selection of sicker patients with abnormal pulmonary
function. This may be likely as most of these patients offered
a lack of symptoms and inconvenience as the main reasons for
declining participation. Secondly, 26 patients (57%) had pre-
existing medical conditions, which may affect or account for
the pulmonary function and exercise abnormalities that were
detected. Nonetheless, we believe that the abnormalities that
were detected in this study were representative of the conse-
quences of SARS. Many of the existing medical conditions,
such as peptic ulcer disease and endometriosis, were not likely
to affect pulmonary function or exercise capacity. Excluding
these conditions, there are only 14 patients (30%) with
medical conditions, such as hypertension, diabetes mellitus,
hypothyroidism, valvular heart disease, ischaemic heart
disease and all pre-existing pulmonary disease, that may
possibly affect pulmonary function or exercise capacity. In
addition, among the 23 patients with abnormal pulmonary
function, the proportion of patients with pre-existing medical
conditions that can affect pulmonary function was corre-
spondingly small (35%; table 3). Hence, the majority of
patients with impaired lung function in the current study did
not have any co-existing illnesses that could have accounted
for the abnormalities. Furthermore, all the pre-existing
medical conditions were either healed or stable and well
controlled at the time of testing during the study. With regard
to pre-existing medical conditions affecting the results of
cardiopulmonary exercise testing, only four of the 18 patients
(22%) with a V9O2,max below the lower limit of the normal
range had significant co-morbid conditions. Thus, the majo-
rity of these patients also did not have co-existing illnesses
that could have accounted for the impaired exercise capacity.
Thirdly, the heterogeneity of acute lung disease, encompassed
by the case definition of SARS, may account for the observed
variation in pulmonary and extrapulmonary sequelae among
the studied patients. Fourthly, evaluation of arterial blood
gases (ABG) was not made and the only assessment of
pulmonary gas exchange during exercise was by estimated
VD/VT measurements. The noninvasive determination of
VD/VT, as opposed to ABG-determined VD/VT measure-
ments, may not be reliable and is known to produce higher
VD/VT values in patients without significant lung disease [27].
This may account for the high values noted at rest in some
patients (table 5). Nonetheless, the normal decreasing VD/VT

response to incremental exercise in all of the patients with
high resting values (w0.4) is further indication of the absence
of significant lung abnormalities in these patients.

In conclusion, residual pulmonary function defects were
detected in half of the recovered severe acute respiratory
syndrome patients 3 months after hospital discharge, but the
impairment was mild in almost all cases. Maximum exercise
capacity was below the lower limit of the normal range in 41%
of the patients. In most of the patients with reduced exercise
capacity, the exercise limitation cannot be accounted for by
impairment in pulmonary function, suggesting extrapulmo-
nary causes for the functional outcomes of these patients.
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