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ORIGINAL ARTICLE

Eight-Month Prospective

Study of 14 Patients With

Hospital-Acquired Severe Acute Respiratory Syndrome

Cuni-Huel CHiang, MD; EN-Fu SHiH, MD; WEI-JuiN Su, MD; anp Reury-PernG Perng, MD

OBJECTIVE: To define the clinical characteristics and clinical
course of hospital-acquired severe acute respiratory syndrome
(SARS).

PATIENTS AND METHODS: This 8-month prospective study of 14
patients with hospital-acquired SARS in Taipei, Taiwan, was con-
ducted from April through December 2003.

RESULTS: The most common presenting symptoms in our 14
patients with hospital-acquired SARS were fever, dyspnea, dizzi-
ness, malaise, diarrhea, dry cough, muscle pain, and chills. Lym-
phopenia and elevated serum levels of lactate dehydrogenase
(LDH) and C-reactive protein (CRP) were the most common initial
laboratory findings. Initial chest radiographs revealed various pat-
tern abnormalities and normal results. Five of the 14 patients
required mechanical ventilation. The need for mechanical ventila-
tion was associated with bilateral lung involvement on the initial
chest radiograph and higher peak levels of LDH and CRP. Clinical
severity of disease varied from mild to severe. At 8 months after
disease onset, patients with mild or moderate SARS had normal
findings or only focal fibrosis on chest high-resolution computed
tomography. However, bilateral fibrotic changes remained in the 4
patients who had recovered from severe SARS, 1 of whom had
mild restrictive ventilatory impairment. One patient with severe
SARS died; she was elderly and had other comorbidities. Five
additional patients had reduced diffusing capacity.

CONCLUSION: The clinical picture of our patients presenting with
hospital-acquired SARS revealed atypical pneumonia associated
with lymphopenia, elevated serum levels of LDH, rapid clinical
deterioration, and lack of response to empirical antibiotic therapy.
Substantially elevated levels of LDH and CRP correlated with
severe illness requiring mechanical ventilatory support. In those
receiving mechanical ventilation, pulmonary function was only
mildly reduced at 6 to 8 months after acute illness, consistent
with the natural history of acute respiratory distress syndrome due
to other causes.

Mayo Clin Proc. 2004;79(11):1372-1379

ALT = alanine aminotransferase; ARDS = acute respiratory distress
syndrome; AST = aspartate aminotransferase; CK = creatine kinase;
CRP = C-reactive protein; FEV, = forced expiratory volume in 1 second;
Fio, = fraction of inspired oxygen; FVC = forced vital capacity; HRCT =
high-resolution computed tomography; LDH = lactate dehydrogenase;
RT-PCR = reverse transcriptase—polymerase chain reaction; SARS =
severe acute respiratory syndrome; TLC = total lung capacity

n November 2002, there were reports from the Guar

contagious, severe atypical pneumonia of unknown c¢&us

definition3 During an outbreak of atypical pneumonia in
Hong Kong, scientists at the Centers for Disease Control
and Prevention and in Hong Kong announced that a new
coronavirus had been isolated from patients with SARS.
Additional cases of suspected SARS were reported world-
wide? but China, Hong Kong, Singapore, Toronto (Canada),
and Taiwan have borne the brunt of the caseload.

The first case of SARS occurred in Taiwan in February
2003: a merchant was returning to Taipei from the Guang-
dong Province via Hong Kong. On March 14 and 17, 2003,
his wife and son, respectively, pre-
sented with probablle SARS.__So NEor editorial
thereafter, other Taiwanese citizeNScomment
returning from mainland China andl see page 1359
Hong Kong were diagnosed as having
SARS. During the early stages of the additional outbreaks
in Taiwan, awareness of this new communicable disease
was poor, and stringent infection control procedures had
not been implemented in the hospitals, leading to a series of
hospital-acquired infections.

Although several case series of SARS have been re-
ported’® to our knowledge, a prospective clinical study
including long-term follow-up assessment by chest radiog-
raphy, chest high-resolution computed tomography
(HRCT), and pulmonary function testing has not been re-
ported, particularly for hospital-acquired cases. This
prompted us to study prospectively the presenting manifes-
tations and the eventual clinical outcome of 14 patients
with hospital-acquired SARS.

PATIENTS AND METHODS

This study was approved by the ethics committee of the
Veterans General Hospital, Taipei, Taiwan.
The index patient with SARS visited the emergency
department of Hospital A on April 9, 2003, and hospital-
g-acquired infections spread in Hospital A (a community

dong Province in southern China of 305 cases of highly hospital). Subsequently, index patients with SARS seen at

a)

On March 13, 2003, as this novel infectious disease spr
beyond China’s borders, the World Health Organizatic
issued a global alert and initiated worldwide surveillanc
By this time, the US Centers for Disease Control a
Prevention had named the conditesvere acute respira-
tory syndromgSARS) and had provided a clinical cas

Eagrom the Chest Department, Taipei Veterans General Hospital, National Yang-
N Ming University, Taipei, Taiwan.
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HOSPITAL-ACQUIRED SARS IN TAIPEI, TAIWAN

Hospital B (another community hospital) resulted in addi-
tional cases of hospital-acquired SARS. Hospitals A and B
were closed subsequently. The Taipei Veterans General
Hospital (Hospital C), the largest tertiary and national
teaching hospital in Taipei City, was ordered by the gov-
ernment to admit the 12 patients with hospital-acquired
SARS from Hospitals A and B. Two hospital staff mem-
bers (a physician and an emergency department nurse) §
Taipei Veterans General Hospital also acquired the SAR
infection.

We conducted the initial management and data-collect-
ing protocol on April 20, 2003, and enrolled these 14
patients from April 25 to May 7, 2003; follow-up extended
through December 2003. All 14 patients met the World
Health Organization case definition, established on April FIGURE 1. Reverse transcriptase-polymerase chain reaction (RT-

17, 2003, for SARS: fever (emperaturs3§°C), coughor 5915 15 e desrese e sees e e e
shortness of breath, and pulmonary infiltration in the ab- through 1.5% agarose gel electrophoresis. As shown in the S1
sence of an alternative diagnosis to explain the clinical column, RT-PCR was done with the serum from this patient on
presentation, combined with a history of direct exposure toNoSPital day 8, and resuits were positive; product size was 368

. . base pairs (bp). However, the same procedure was repeated with
SARS or returning from a SARS-infected area. Although the serum from this patient on hospital day 50, and resuits were
the initial chest x-ray films were normal in 3 patients, negative, as shown in the S2 column. This finding indicated that the
radiographic abnormalities were noted on films obtained l‘c’iiirsu:m‘)";sre’ériens?;‘; I‘;‘t;hpehﬁs'gogf Siire";iethe initial phase but had
to 2 days later. All 14 of these patients with SARS were )
admitted to the isolation wards at Taipei Veterans General
Hospital. We classified the severity of SARS into 3 groups (Roche, Mannheim, Germany) to carry out RT-PCR. The
on the basis of the oxygenation status of the patients aPCR products were observed through 1.5% agarose gel
enroliment:mild was defined by a normal &amoderate electrophoresis (Figure 1). The primers of RT-PCR were
was defined by an abnormally lowd®&ut a Pa /fraction Cor-p-F2 (+) BCTAACATGCTTAGGATAATGG3
of inspired oxygen (B,) ratio of 200 mm Hg or higher, and and Cor-p-R1 (-) ®AGGTAAGCGTAAAACTCATC3.
severewas defined by a BgFio, ratio lower than 200 mm  The product size (Cor-p-F2/Cor-p-R1) was 368 base
Hg. (Patients with severe SARS developed adult respira-pairs®
tory distress syndrome [ARDS] and required mechanical

ventilation.) MANAGEMENT ProTOCOL
All patients received oral ribavirin at 2000 mg/d for 10
LABORATORY AND RADIOLOGICAL ASSESSMENT days, intravenous injection of levofloxacin at 500 mg/d for

For all patients, hematologic (complete blood cell counts 7 days, and intravenous immunoglobulin at 1 g/kg per day
with differential leukocyte count and coagulation profile) for 2 days after symptom onset. In cases of acute lung
and biochemical (electrolytes, liver and renal function, cre- injury (Pao,/Fio, ratio <200 mm Hg), methylprednisolone
atine kinase [CK], lactate dehydrogenase [LDH]) tests at 2 mg/kg per day was administered intravenously, and the
were performed every 2 days during hospitalization. Chestdosage was tapered subsequently according to clinical re-
radiographs were obtained every 2 days during hospitaliza-sponse. The criteria for tracheal intubation and mechanical
tion and monthly after hospital discharge. Chest HRCT ventilation included an absolute indicationpf&o, ratio

was performed every 3 months. less than 100 mm Hg, and a relative indicatior Fe,
ratio of 100 to 200 mm Hg. Mechanical ventilation was

REVERSE TRANSCRIPTASE—POLYMERASE CHAIN REACTION FOR used with a low tidal volume (6-8 mL/kg), plateau pressure

DiacNosis oF SARS lower than 30 to 35 cm J@, and adequate positive end-

Blood samples, throat swabs, and/or sputum were collectedexpiratory pressure to lessen the likelihood of baro-
on the first day of admission. Molecular diagnosis of SARS trauma!

was performed by extracting the viral RNA according to a

viral RNA kit (QIAGEN, Hilden, Germany), followed by  FoLLow-up AFTER HosPITAL DISCHARGE

the use of a 1-step reverse transcriptase—polymerase chaiffter discharge from the hospital, patients were followed
reaction (RT-PCR) kit with coronavirus-specific primers up as outpatients with chest radiography, HRCT, and pul-
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HOSPITAL-ACQUIRED SARS IN TAIPEI, TAIWAN

TABLE 1. Epidemiological Characteristics of the
14 Patients With SARS*

Male 3
Female 11
Mean= SD age (y) 36.1+13.9
Smoker
Yes 0
No 14
Occupation (hospital where exposure occurred)
Clerical staff 1(A)
Laboratory technician 1(B)
Physician 1(C)
Merchant 1(B)
Nurses 7(A5;B,1;C, 1)
Patient 1(B)
X-ray technician 2 (B)
History
Asthma 1
Diabetes mellitus and congestive heart failure 1
Hepatitis B virus carrier 1
Hyperthyroidism 1
None 10
Travel
None 14

Exposure to SARS
Emergency department of Hospital C
Patient in Hospital A
Patient in Hospital B
SARS in Hospital B

OO N

*SARS = severe acute respiratory syndrome.

range, 25-74 years). Other epidemiological characteristics
are shown in Table 1. All patients were Chinese, and all
were exposed to SARS in the hospital setting. Twelve of
these 14 patients (86%) were health care workers (1 physi-
cian, 7 nurses, 2 radiology technicians, 1 clerical staff, and
1 laboratory technician). Most patients had been healthy
before exposure to SARS.

INITIAL SYMPTOMS AND PHYSICAL EXAMINATION FINDINGS

The most common symptoms of the patients at presentation
were fever (n=14 [100%)]), dyspnea (n=12 [86%]), dizzi-
ness (n=11 [79%]), diarrhea (n=11 [79%]), malaise (n=11
[79%]), dry cough (n=10 [71%]), muscle pain (n=9 [64%]),
and chills (n=8 [57%]). Less common symptoms included
sore throat (n=3 [21%]), sputum production (n=4 [29%]),
nausea (n=2 [14%)]), chest pain (n=2 [14%]), and vomiting
(n=2 [14%)]). Physical examination at admission revealed
fever and inspiratory crackles in all patients. Rash, lymph-
adenopathy, and purpura were not observed.

INITIAL LABORATORY FINDINGS

Initial abnormal laboratory findings included leukopenia
(n=4 [29%)]), lymphopenia (n=14 [100%]), thrombocy-

topenia (n=2 [17%]), anemia (n=3 [21%]), and leukocy-
tosis (n=6 [43%]), as well as elevated serum levels of

monary function tests (Automated Body Plethysmograph aspartate aminotransferase (AST) (n=4 [29%)]), alanine
6200 Autobox DL, SensorMedics, Loma Linda, Calif). The aminotransferase (ALT) (n=4 [29%]), LDH (n=10 [71%)]),
impairment of pulmonary function was assessed accordingCK (n=1 [7%]), and C-reactive protein (CRP) (n=11

to the guidelines of the American Thoracic Soctéfjhe

[79%]). All 14 patients had positive findings on RT-PCR

pulmonary function test result was interpreted as within assay of SARS coronavirus.

normal limits if the total lung capacity (TLC), forced vital

capacity (FVC), forced expiratory volume in 1 second INmiAL RADIOLOGICAL FINDINGS
(FEV)), and diffusing capacity were greater than 80% of In 3 patients (21%), the initial chest radiographs appeared

the predicted normal value and the EEY/C ratio was
greater than 0.70.

DATA ANALYSES
Continuous data are expressed as the me&D or a

normal, but radiological opacities were noted within 2 days

of admission (Table 2). In the other 11 patients with abnor-

mal chest radiographs on admission, the predominant pat-
tern of abnormality was haziness (n=4 [36%]), consolida-

tion (n=3 [27%]), and interstitial infiltrates (n=4 [36%]).

percentage. The Wilcoxon rank sum test was used to deterThe pattern of distribution was unilateral focal opacity
mine whether there was an association between any of thén=6 [55%]), unilateral multifocal opacities (n=4 [36%]),
clinical and laboratory variables and mechanical ventila- and bilateral opacities (n=1 [9%]).

tion. The Fisher exact test was used to determine whether

there was an association between categorical variablesFoLLow-up RabioLogicaL FINDINGS

P<.05 was regarded as statistically significant. Statistical Chest radiographs revealed maximal infiltrates at a mean
analysis was performed with SYSTAT software (Version SD of 8.43.8 days (range, 3-17 days) after onset of fever.

7.0, SPSS, Chicago, Ill).

RESULTS

EPIDEMIOLOGICAL CHARACTERISTICS

The mean+ SD age of the 14 patients with hospital-
acquired SARS was 36:13.9 years (median, 30 years;

1374 Mayo Clin Proc. e
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The pattern of radiographic lung involvement varied dra-
matically among the patients. In 6 patients with only a focal
opacity on initial chest radiographs, progression to bilateral
lung involvement was seen, including ARDS in 1 patient
(Figure 2). In 5 patients presenting with bilateral lung

involvement on initial chest radiographs, continued radio-
logical deterioration was seen, with 4 of these patients

www.mayo.edu/proceedings



HOSPITAL-ACQUIRED SARS IN TAIPEI, TAIWAN

developing ARDS (Figure 3). There was a significant asso- ~ TABLE 2. Initial and Subsequent Findings on Chest Imaging
ciation between bilateral lung involvement and develop- In 14 Patients With SARS
ment of ARDS (B.02; Fisher exact test). Thus, patients Clinical severity of illness

presenting with bilateral or multifocal involvement on mg(éerate g
initial chest radiography appeared to be at an increased risk Severe 5
of developing ARDS compared with those presenting with ~ Chest radiograph on admission
onlv a focal opacit Bilateral diffuse interstitial infiltrates 1
y p Y- Consolidation
RML 1
UNIVARIATE ANALYSES CORRELATING CLINICAL AND LABORATORY RUL, RLL 1
VaRIABLES WiTH Use oF MECHANICAL VENTILATION Hazl_'rljfss 2
Initial laboratory findings included leukopenia, lymphope- RLL 1
nia, thrombocytopenia, anemia, leukocytosis, and elevated RUL, IR,'-][-_I 1
serum levels of AST, ALT, LDH, CK, and CRP. Lym- Intersital inflirates N
phopenia and elevated CK and LDH levels were the most RLL, LLL 2
common. The peak elevation of serum LDH (occurring a g‘ormal al idation RUL i
egmental consolidation
mean of 10 days after onset of fever) and CRP (a mean of  hest radiograph at peak illness
8 days after onset of fever), maximal lymphopenia (a Bilateral diffuse alveolar infiltrates 1
mean of 9 days after onset of fever), and maximal infil- Bilateral diffuse alveolar infiltrates, pneumothorax 1
. . Bilateral diffuse haziness, pneumothorax 1
trates on chest imaging (_a r.nean'of.8.7 days after o.nset Consolidation RLL. haziness RLL 1
of fever) appeared to coincide within a 48-hour period Consolidation
during the course of illness in 5 patients with severe LLL 1
SARS. Higher peak levels of CRP and LDH were signifi- Ett’ 'geld‘l_ LLL i’
cantly associated with the need for mechanical ventilation RUL 1
(Table 3). RUL, LLL 1
RUL, RLL 1
6-month follow-up HRCT
TREATMENT OUTCOME Bilateral basilar fibrosis with ground-glass opacities 1
During hospitalization, 10 of the 14 patients needed sup- Foﬁa' f'br?SO'IS '—'B'— 3
plemental oxygen therapy. Of these 10 patients, 5 (36% of ponospial featn 1
the total 14) had progression to ARDS and required me- Multifocal fibrosis with ground-glass opacities 2
chanical ventilation. The clinical course of the 14 patients Multifocal fibrosis with ground-glass opacities
was generally characterized by defervescence and gradual NSrIHIm_élLLL é

clinical improvement as well as normalization of blood cell - : :
counts and diminishing lung infiltrates during a course of 2 "F'{'T_ET:TISL%%T;?'IUJ&” ;OI\TLpgtﬁgr:?nr:]?g(;?ep:ggel_;LFIe_UTiﬂrilgme;;L?)Z?;
weeks of Inpatlent management. In this cohort of 14 Pa- lobe; SARS = severe acute respiratory syndrome.
tients, 1 died. This patient was elderly and had comor-
bidities, including diabetes mellitus and congestive heart
failure. Her iliness progressed to ARDS and was compli- FoLLow-up PuLMONARY FUNCTION TESTING AND CHEST IMAGING
cated by bilateral pneumothorax and multiorgan failure Of the 13 survivors, 4 refused follow-up assessment of
(respiratory, heart, and renal failure). pulmonary function because they had recovered fully and
The mearx SD duration of hospitalization for the entire  had no residual functional impairment. The 9 patients
cohort was 245.7 days. In the 4 patients with ARDS who subjected to follow-up pulmonary function testing 6
required mechanical ventilation (excluding the 1 patient months after discharge were 4 who survived ARDS and 5
who died), the duration of hospitalization was 38.3 who did not have ARDS; in 3 of these 9 patients, results
days. were normal (Table 4). Mild restrictive impairment was
At discharge from the hospital, chest imaging showed observed in only 1 patient who had survived ARDS
normal results in 4 patients and residual infiltrates in 9 associated with SARS; this patient required 2 episodes of
patients. Only 1 patient had continuing need for supple- mechanical ventilation. A reduced diffusing capacity was
mental oxygen therapy at the time of hospital discharge. found in 5 additional patients. The mearSD diffusing
Hair loss and joint pain occurred in patients with severe capacity of ARDS survivors who also had SARS was
SARS but resolved within 3 months. Generalized anxi- reduced to 51.5%31.0% of the predicted normal value but
ety disorder persisted in 1 patient and required medicalwas 83.8%16% of that predicted in SARS patients who
attention. did not have ARDS.
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HOSPITAL-ACQUIRED SARS IN TAIPEI, TAIWAN

FIGURE 2. Images of patient 3 who had severe acute respiratory syndrome complicated by acute respiratory distress syndrome. Left, Chest
radiograph on day 8 reveals bilateral consolidation and infiltrates (endotracheal tube was placed for mechanical ventilation). Middle, Chest
radiograph performed 6 months after hospital discharge shows residual fibrotic infiltrates in the lower lung zones. Right, High-resolution
computed tomography performed 6 months after hospital discharge reveals patchy ground-glass opacities and fibrotic infiltrates. Results of
pulmonary function testing showed mild restrictive ventilatory impairment with a total lung capacity of 71%, forced expiratory volume in 1
second of 67%, and diffusing capacity of lung for carbon monoxide of 52%.

In the 13 survivors, chest HRCT performed 6 months patients. Some patients had increased levels of AST, ALT,
after hospital discharge showed normal results in 5, focaland CK, as well as thrombocytopenia and anemia. Al-
fibrosis in 3, multifocal fibrosis in 1, and multifocal fibro- though the symptoms and laboratory findings of SARS are
sis with ground-glass opacities in 4 with ARDS associated nonspecific, the constellation of these features should alert
with SARS. medical practitioners to the possibility of SARS.

Lymphopenia was an extremely common finding in our
patients, as reported in previous studies (69.7%-98:696).
Depletion of lymphocytes may be secondary to the direct
Our study population of 14 patients with hospital-acquired effect of the virus on the lymphocytes, the effect of various
SARS included 12 health care workers. In Taiwan, the cytokines involved in SARS, or a stress respohS&imi-
outbreak of hospital-acquired SARS infection occurred ini- lar to findings in other reports®'’ some of our patients
tially in Hospital A and then in Hospital BThese unfortu-  with SARS had thrombocytopenia. Wong €t atported
nate events occurred because the health care workers avidence of active bone marrow with normal megakaryo-
these 2 hospitals had not been informed of SARS, andcytes as part of postmortem findings in patients with
infection control measures had not been instituted in thesg¢hrombocytopenia; these findings favor an immune cause
hospitals. Thus, most cases of SARS in Taiwan were re-of thrombocytopenia.
lated to hospital exposure. Health care workers in the hos-  Similar to previous reports;*®our results show that the
pitals became infected because of their prolonged exposurg@rimary radiological appearance of SARS is focal airspace
to and close contact with patients harboring SARS. shadowing (hazy/ground-glass opacities or consolidation

At initial presentation, the main symptoms of SARS in predominantly affecting the lower lobes) or an interstitial
our patients were fever, dyspnea, diarrhea, and dry coughpattern. Although the initial radiographic appearance may
Our patients experienced diarrhea more commonly thanbe normal in some patients, all our patients had radiological
SARS patients reported in other studi€sHowever, as  abnormalities within 1 or 2 days of presentation, with in-
many as 66% of the patients in the SARS outbreak in thecreasing extent of involvement and consolidation. Radio-
Amoy Gardensn Hong Kong also had diarrhea, contrib- logical opacities progressed from focal to multiple, from
uting to a significant virus load being discharged in the unilateral to bilateral, or from focal to bilateral diffuse lung
sewagé? In addition, 4 (29%) of our patients had mildly involvement. Abnormalities seen on chest x-ray films were
elevated serum aminotransferase levels during hospitalthe most severe at a mean of 8.7 days after onset of fever.
ization, and 2 patients experienced nausea and vomitingCompared with patients who had only unilateral focal lung
Our clinical findings are consistent with those of Zh#éng, infiltrates, those with bilateral or multifocal pulmonary
who noted that the SARS virus can involve the digestive infiltrates on initial presentation had a higher risk of devel-
system. oping respiratory failure.

Lymphopenia and elevated serum levels of LDH and  Radiologically, SARS may be indistinguishable from
CRP were the most common laboratory findings in our bacterial bronchopneumonia or viral infections. Therefore,

DISCUSSION
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'

FIGURE 3. Serial radiographic studies of patient 5, a 30-year-old nurse from Hospital B, who had severe acute respiratory syndrome complicated
by acute respiratory distress syndrome. Upper Left, Chest radiograph on admission shows bilateral consolidation and infiltrates involving the
right upper lung, right lower lung, and left lower lung. Upper Middle, Chest radiograph on hospital day 2 shows progression of infiltration
associated with development of severe hypoxia; mechanical ventilation was needed. Upper Right, Chest radiograph on hospital day 25 shows
gradual resolution of consolidation and lung fibrotic infiltrates. Lower Left, Chest radiograph 3 months after disease onset shows near-normal
findings, except for mild fibrotic lesion in left lower lung. Lower Middle and Lower Right, High-resolution computed tomography performed 3 and
6 months, respectively, after hospital discharge shows ground-glass opacities in the bilateral lower lung and fibrotic infiltrates in the left lower
lung. Compared with 3-month scan, the 6-month scan shows that the area of ground glass was smaller but denser and reveals a fibrotic lesion.
At 6-month follow-up, results of pulmonary function testing showed a total lung capacity of 82%, forced expiratory volume in 1 second of 53%,
and diffusing capacity of lung for carbon monoxide of 39%.

the clinical and radiological characteristics of SARS do not for mechanical ventilation. Our findings are similar to
appear to be helpful in differentiating SARS from other those reported by Lee et®lyho noted that high peak
pathogens involved in atypical pneumonias. On the basis ofserum LDH levels were an independent predictor of an
the aforementioned findings, we suggest that atypical adverse outcome.
pneumonia with lymphopenia, elevation of LDH levels, Our treatment protocol included an initial regimen of
rapid clinical deterioration, and lack of response to empiri- broad-spectrum antibacterial and antiviral therapy. When
cal antibiotic therapy must raise the suspicion of SARS, severe refractory hypoxemia occurred, mechanical ventila-
especially in the context of suspected exposure. tion was initiated by using a protective ventilatory strategy,
We evaluated the patients’ clinical and laboratory data and intravenous methylprednisolone therapy was adminis-
to determine which factors correlated with a need for me- tered. In our cohort of 14 patients, only 1 patient died. The
chanical ventilation. High serum LDH levels are often clinical course of this elderly patient was complicated by
associated with other forms of lung tissue damage. TheARDS, superimposed bacterial infections, and multiorgan
CRP level generally correlates with the severity of inflam- failure. According to previous reports, old age, diabetes
mation. Therefore, peak CK and LDH levels might reflect mellitus, hepatitis, and other comorbidities (chronic ob-
severity of inflammation and damage in the lungs, respec-structive pulmonary disease, cancer, or cardiac disease)
tively. Not surprisingly, we found that bilateral lung in- increase the risk of a poor outcome. Our patient who died
volvement on the initial chest x-ray film and higher serum had 3 risk factors: old age, diabetes mellitus, and conges-
peak levels of LDH and CRP were associated with the needtive heart failure. In previous reports, the overall mortality
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TABLE 3. Univariate Analyses Correlating Clinical and tients (36%) developed ARDS and required mechanical
Laboratory Variables With Mechanical Ventilation Outcome* ventilation compared with 20% and 23% reported in 2
Mechanical ventilation previous studie%® Preliminary results from our treatment
_ No Yes P regimen, which resulted in a relatively low mortality rate,
Variablet (n=9) (n=5) valuet  appear promising but need further evaluation in clinical
Age (y) 33:10 41:19 27 trials.
N?thr?ff'('):gl(’;b 0251 11630 . In this 8-month follow-up evaluation of patients with
Lymphocyte count T o ' SARS, 9 of 13 survivors had residual focal, multifocal, or
(1.0-8.0x 10/L) 0.8:0.3 0.6:0.4 17 bilateral lung infiltrates on chest HRCT. Only 1 patient had
Platelet count i icti i i -
(150.350x 10/L) 16256 178.38 59 rmldly restrictive pulmongry |r_npa|rment_, and 5 other pa
Activated partial tients had a decreased diffusing capacity. All our patients
thromboplastin time who survived ARDS had abnormal diffusing capacity that
S(%tff (51?’,07?22§)mEq n 2193;;1;;_2 Maes0 o was reduced compared with that in our SARS patients who
Urea nitrogen (7-20 mg/dL) 1289 10.21.9 17 did not have ARDS. Orme et&lound that approximately
Creatinine (0.5-1.5 mg/dL) 0.88.22 0.720.08 13 80% of their ARDS survivors who did not have SARS had
e ((%‘_j% lLJJ//'L)) Bos2a  8eI82 x reduced diffusing capacity. Our study found no evidence of
CK (24-168 UIL) T o ' pronounced airway obstruction in SARS survivors, an out-
Initial 422:27.0  69.%69.2 42 come similar to that reported by Aggarwal et @nd
LDI—T?§|5(-213 m 954:101  57.624.7 44 Schelling et af® In the latter study, surviving SARS pa-
Initial 273.1:83.4  371.8146.0 13 tients not experiencing ARDS had no long-term airflow
Peak 377.570.8  510.6136.0 .03 limitations. In contrast, Orme et?ateported that 20% of
Peak CRP (0-0.5 mg/dL) 28830 16.868 <.001 their ARDS survivors who did not have SARS had long-

*Values are presented as mea8D unless indicated otherwise. ALT = term airflow obstruction. Although the discrepancy of air-
e e ot s Semersgtyasa 12y ODSUUCton i unclear, i might be due (0 patient selec-
tAll laboratory values are initial values unless indicated otherwise. Refer- tion bias because some ARDS survivors had a history of
ence ranges are shown parenthetically. chronic airway disease. In our study, 1 SARS-ARDS survi-
#Wilcoxon rank sum test. vor (25%) had long-term mildly restrictive pulmonary im-
pairment with reduced TLC. The main reason for impaired
rate has ranged from 3.6% 16.8%:'%2°Variable mortal- pulmonary function might be the same as for all ARDS
ity rates were associated with variations in age, comor-survivors, regardless of whether they experienced SARS.
bid disease states, access to medical support care, and thighe reduced TLC and reduced FVC were due to lung
approach to medical management. Age appears to affecfibrosis and neuromuscular weakness, respectf@éur
the mortality rate associated with SARS, which has beenfindings in SARS-ARDS survivors showed only mild re-
estimated to be a mean of 13.2% (range, 9.8%-16.8%) forductions in pulmonary function 6 to 8 months after the
patients younger than 60 years and 43.3% (range, 35.2%acute severe illness, consistent with the natural history of
52.4%) for patients older than 60 ye&rEive of our pa- ARDS survivors in other studiés??

TABLE 4. Results of Pulmonary Function Tests in 9 Patients With SARS
6 Months After Discharge From the Hospital*

Diffusing

TLC FVvC FEV, FEV/FVC capacity
Patient (L) (L) (L) ratio (mL/min/mm Hg)
1 512 (100)  3.20(96) 2.80(97)  88(98) 24.30 (98)
2 4.21 (94) 2.06 (69) 1.52 (62) 74 (92) 15.40 (63)
3 293 (71) 1.92(67) 1.87(77)  98(115) 12.79 (52)
4 4.90 (98) 2.90 (95) 2.60 (97) 86 (97) 20.30 (98)
5 371 (82) 1.74(53) 1.67(59) 96 (111) 10.20 (39)
6 3.99 (94) 2.33 (80) 2.19 (90) 94 (113) 16.17 (66)
7 452 (103)  2.87(91) 252(92)  88(102) 18.34 (71)
8 3.85 (87) 1.85 (57) 1.64 (58) 88 (101) 12.20 (49)
9 418 (100)  2.56(84)  2.41(90) 94 (106) 22.90 (89)

*Values in parentheses are percentage predicted, EHdrced expiratory volume in 1
second; FVC = forced vital capacity; SARS = severe acute respiratory syndrome; TLC =
total lung capacity.
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