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Purpose: The purpose of this study was to retrospectively evaluate whether computed tomography (CT)
findings have prognostic value for the prediction of mortality and severity of the clinical course in patients
presenting with early stage of acute respiratory distress syndrome (ARDS) due to swine-origin influenza
A (S-OIV).
Materials and methods: Chest CT (16-/64-row multidetector CT) of 23 patients (of whom 9 patients died)
were retrospectively reviewed by three independent blinded observers. The CT findings were graded on
a 3-point scale (1: normal attenuation, 2: ground-glass attenuation, 3: consolidation). The extent of each
abnormality was determined by visually estimating the percentage (to the nearest 10%) of the affected
lung parenchyma in each zone and multiplied by the CT-score described above.
Results: All patients presented with a mixture of bilateral patchy consolidations and ground glass opac-
ities. Spearman rank correlation in evaluation of the presence and extent of lung abnormalities by the
three different observers was good (correlation coefficient, 0.876–0.922; p < 0.001). The overall CT-score
in survivors (mean, 96.0 (±26.2); range, 53–158) was significantly lower than that in non-survivors (mean,

116.2 (±14.0); range, 101–139). ROC analysis revealed an area under curve of 0.79 (p = 0.021) for the CT
score with an optimal cutoff value of a CT-score of 100 for prediction of survival, with a sensitivity of
100% and a specificity of 64% (accuracy, 78%). For this optimal cutoff, Kaplan–Meier estimator showed a
significant difference for the survival ratio (p = 0.011).
Conclusion: In patients with severe ARDS due to S-OIV-infection, the CT-score has a prognostic value in
the prediction of mortality.
. Introduction

Swine-origin influenza A (S-OIV; H1N1 2009) had been
escribed initially in Mexico in April 2009 and has spread rapidly all
ver the world since then [1]. In June 2009, the World Health Orga-
ization (WHO) raised the alert level to pandemic phase 6 for the
-OIV infection [2]. Until August 2010, worldwide more than 214
ountries have reported laboratory confirmed cases of pandemic
nfluenza H1N1 2009, including over 18,449 deaths [3]. In most

ases, mild clinical symptoms with influenza-like illness is present,
owever, acute respiratory distress syndrome (ARDS) may occur

n some cases. ARDS is a severe clinical condition that requires a
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multimodal treatment approach [4,5]. This includes in severe cases
invasive adjuvant strategies, for instance extracorporal membrane
oxygenation (ECMO), that may reduce the ventilator-induced lung
injury and mortality [6,7]. Mortality varies due to inhomogeneous
patient collective. According to the published data approximately
35–60% of patients with ARDS die in the course of the disease [8].

The general radiological findings in ARDS are ground-glass
opacity and airspace consolidation mostly in the basal and pos-
terior parts. Viral pneumonias in general are represented by poorly
defined nodules, patchy areas of peribronchal ground-glass opacity,
and air-space consolidation; hyperinflation is commonly present
due to the associated bronchiolitis [9]. The progressive form of viral
pneumonia shows rapidly confluent areas of diffuse alveolar dam-
age, consisting of homogeneous or patchy unilateral or bilateral
air-space consolidation and ground-glass opacity or poorly defined

centrilobular nodules [10]. Recent studies of S-OIV infection in
adults have reported radiographic findings in patients with an
advanced clinical course of S-OIV infection and radiologic patterns
in the pediatric patient population [9,11–14]. Chest CT patterns and
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heir eventual prognostic value in ARDS, however, remain to be
nvestigated.

The aim of the present study was to retrospectively evaluate
hether the CT appearance can predict mortality in patients with
clinically early stage of ARDS in patients with microbiologically

onfirmed S-OIV infection.

. Materials and methods

.1. Patients

A total of 23 consecutive patients suffering from ARDS (female,
; male, 16; mean age, 42.2 ± 16 years), who had chest CT upon
linical onset of laboratory confirmed H1N1 related ARDS, were
ransferred to our center of specialty between November 2009
nd February 2010 for further intensive care and ECMO ther-
py if necessary. A complete digital CT-dataset of the lung and
comprehensive clinical documentation had to be present. The

etrospective study was approved by the institutional review
oard.

.2. Computed tomography

CT data were obtained with 16- or 64-row (Lightspeed Pro16,
ightspeed VCT; GE Medical Systems, Milwaukee, IL) multidetector
T. After injection of iodinated non-ionic contrast material (iopro-
ide [Ultravist 370®; BayerSchering Pharma, Berlin, Germany];

olume, 100 mL; flow, 2.5 mL/s) a contrast-enhanced examination
f the entire thorax and abdomen during venous phase (60 s delay)
as acquired (voltage, 120 kV; tube current (regulated by auto-
atic dose modulation), 100–350 mA; rotation time, 0.7 s; detector

ollimation, 16 mm × 1.25 mm and 64 mm × 0.625 mm; table feed,
5 mm/gantry rotation). Primary image reconstruction was per-
ormed at a slice thickness of 1.25 mm (increment, 0.5) using a lung
ernel.

.3. Image analysis

For CT analysis, a dedicated viewing workstation (Advantage
indows 4.3; GE Medical Systems) was used. Three experienced

adiologists (2, 5, and 22 years of experience in thoracic CT reading)
ndependently evaluated all CT data. The reviewers were aware of
he diagnosis of S-OIV infection, but they were blinded to clinical
ata.

The CT findings were graded on a 3-point scale on the basis of
he classification system previously described [15,16], score of 1,
ormal attenuation; score of 2, ground-glass attenuation; score of
, consolidation. Ground-glass opacity was diagnosed when there
as a hazy area of increased opacity without obscuration of the
nderlying vessels and airway walls. Consolidation was defined as
n area of increased opacity that obscured the margins of vessels
nd airway walls, with or without air bronchograms.

The presence of the abnormalities described above was assessed
ndependently in three (upper, middle, and lower) zones of each
ung (in total 6 zones). The upper zone was defined as the area
bove the level of the carina, the middle zone as the area between
he level of the carina and the level of infrapulmonary vein, and the
ower zone as the area below the level of infrapulmonary vein. The
xtent of each abnormality was determined by visually estimating
he percentage (to the nearest 10%) of the affected lung parenchyma
n each zone and multiplied by the classification system described

bove. The assessments of the three observers were averaged. The
verall CT score for each patient was obtained by adding the six
veraged scores. Furthermore, the Hounsfield Units (HU) of the dif-
erent zones were measured. The pleural space was evaluated for
Radiology 81 (2012) 389–394

the presence of effusion; heart effusion was also evaluated. The hila
and the mediastinum were evaluated for lymphadenopathy.

2.4. Clinical data

Age, sex, underlying medical conditions, clinical scores and clin-
ical outcome from S-OIV infection were recorded for each patient.
Severity of illness was assessed using the Simplified Acute Phys-
iology Score (SAPS II) score [17], the Sequential Organ Failure
Assessment (SOFA) score [18], the Acute Physiology and Chronic
Health Evaluation (APACHE II) score [19], and the Murray Lung
Injury score [20]. The Lung Injury score describes the severity of
lung failure based on four entities: PEEP, compliance, number of
consolidation quadrants on chest x-ray and P/F ratio. Mortality is
not predicted by the Murray score [6]. Endpoints of the study were
death or transfer from intensive care unit.

2.5. Statistical analysis

Statistical analyses were performed using the SPSS-software
(release 11.0.4; SPSS Inc., Chicago, IL) and the R software (Ver-
sion 2.8.1; The R Foundation for Statistical Computing, Vienna,
Austria). Data are expressed as mean (± standard deviation
(SD)). Interobserver variability was assessed with spearman rank
correlation coefficient. Differences between survivors and non-
survivors and ECMO and non-ECMO patients were analyzed by
using the Mann–Whitney U-test. Receiver operator characteristic
(ROC) curves were used to analyse the association of the CT-score.
The optimal cut-off value was defined by the point on the ROC curve
with the minimal distance between the 0% false positive and the
100% true positive rate. To estimate the survival ratio Kaplan–Meier
estimator was used. For all statistical analyses a p-value of less than
0.05 was considered to indicate a significant difference.

3. Results

3.1. Baseline clinical characteristics

The CT Data of 23 (male, 16; female, 7, of which 3 were preg-
nant) patients, of whom 9 patients died, were retrospectively
analyzed. A subset of patients (n = 12) received ECMO therapy
with 50% survival. Two patients presented with chronic lung dis-
eases: one had lung metastases from germinoma, the other patient
had lung fibrosis (this information was provided to the reviewers
to enable differentiation of the nodules and the fibrotic changes
from the ARDS-related findings). Two patients had a chronic lym-
phatic leukemia. One patient was HIV-positive, and 1 patient had
a common variable immunodeficiency. The demographic data and
clinical parameters on the day of CT for all 23 patients are shown
in Tables 1 and 2. Regarding the age, a significant difference for
survivors and non-survivors was found (p = 0.016); for the sex no
significant difference was found (p > 0.05), Table 1.

3.2. CT findings and score

All patients presented with a mixture of patchy consolidations
and ground glass opacities (Fig. 1). The abnormalities were bilateral
in all of the 23 patients; nodular opacities (except the metastatic
lesions in 1 patient) were not evident on CT. The distribution of
parenchymal abnormalities was diffuse without regional predom-
inance in 17 patients (74%). In 6 patients, the changes were seen

predominantly in the lower lung fields (24%). Sixteen patients pre-
sented with pleural effusions (70%); none of the patients had a
heart effusion; 2 patients had hilar and mediastinal lymphadenopa-
thy (9%). Spearman rank correlation in evaluation of the presence
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Table 1
Clinical characteristics of patients with ARDS at time of CT Examination (survivors versus non-survivors).

Characteristics All patients Survivors Non-survivors p-Value

Number 23 14 9
Age 42.2 ± 16.4 36.2 ± 15.1 51.5 ± 14.5 p = 0.016
Sex

Male 16 10 6 NS
Female 7 4 3 NS

Time from onset (days) 3.55 ± 2.1 3.71 ± 3 3.46 ± 1.5 NS
Chronic lung disease 3 0 3 NS
Pregnancy 3 3 0 NS
HIV 1 1 0 NS
Common variable immunodeficiency 1 0 1 NS
Chronic lymphatic leukemia 2 0 2 NS
CT score 103.9 ± 24.0 96.0 ± 26.2 116.2 ± 14.0 p = 0.021
Distribution of findings

Diffuse 17 10 7 NS
Dorsal 6 4 2 NS

SAPS II 54.7 ± 17.3 48.9 ± 17.6 63.1 ± 13.7 p = 0.038
SOFA 12.4 ± 3.1 12.1 ± 3.2 12.9 ± 3.2 NS
APACHE II 26.8 ± 10.3 22.1 ± 9.5 33.6 ± 7.4 p = 0.008
Murray 3.4 ± 0.4 3.3 ± 0.4 3.7 ± 0.4 p = 0.003
P/F ratio (paO2/FiO2) 91.3 ± 45.2 101.5 ± 53.4 75.6 ± 23.0 NS
P/F score (oxygenation index) 3.6 ± 0.7 3.4 ± 0.8 3.9 ± 0.4 NS

Table 2
Clinical characteristics of patients with ARDS and following ECMO therapy at time of CT examination.

Characteristics All patients ECMO therapy Non-ECMO therapy p-Value

Number 23 12 11 NS
Survivors 14 6 8 NS
Age 42.2 ± 16.38 42.66 ± 15.98 41.69 ± 17.58 NS
Sex

Male 16 7 9 NS
Female 7 5 2 NS

Time from onset (days) 3.55 ± 2.1 3.71 ± 3 3.46 ± 1.5 NS
Chronic lung disease 3 3 0 NS
Pregnancy 3 2 1 NS
HIV 1 1 0 NS
Common variable immunodeficiency 1 1 0 NS
Chronic lymphatic leukemia 2 2 0 NS
CT score 103.91 ± 24.04 115 ± 19.56 91.82 ± 23.29 p = 0.022
Distribution of findings

Diffuse 17 8 9 NS
Dorsal 6 4 2 NS

SAPS II 54.73 ± 17.32 54.83 ± 17.17 55.8 ± 18.36 NS
SOFA 12.41 ± 3.13 13.83 ± 3.33 10.7 ± 1.83 p = 0.013
APACHE II 26.77 ± 10.3 27.25 ± 10.83 26.2 ± 10.16 NS

o
(

5
1
r

Murray 3.43 ± 0.42
P/F ratio (paO2/FiO2) 91.34 ± 45.22
P/F score (oxygenation index) 3.59 ± 0.67

f these abnormalities by the three different observers was high
correlation coefficient, 0.876–0.922; p < 0.001).
The overall CT score in survivors (mean, 96 (±26.2); range,
3–158) was significantly lower than that in non-survivors (mean,
16.2 (±14.0); range, 101–139; Table 1; Fig. 2). ROC analysis
evealed an area under the curve (AUC) of 0.79 (p = 0.021) for the CT

Fig. 1. CT of a 47 year old male patient (no survival; CT score of 117) with ground glas
3.69 ± 0.26 3.13 ± 0.38 p = 0.002
66.83 ± 20.99 118.08 ± 50.07 p = 0.004
3.83 ± 0.39 3.3 ± 0.82 p = 0.077

score with an optimal cutoff value of a CT score of 100 for predic-
tion of survival (sensitivity, 100%; specificity, 64%; accuracy, 78%;

Fig. 3). For this optimal cutoff, Kaplan–Meier estimator showed a
significant difference for the survival ratio (p = 0.011; Fig. 4).

The overall CT score in patients with ECMO therapy (mean, 115
(±19.6); range, 89–158) was significantly higher than the score

s opacity mostly in the upper parts (A) and consolidation in the lower parts (B).
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Fig. 2. CT score for prediction of survival.
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Fig. 3. ROC analysis of the CT score for prediction of survival.
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Fig. 4. Kaplan–Meier estimator showed a significant difference for the survival ratio
for a CT-Score cut-off of 100.
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Fig. 5. CT score of patients with ECMO therapy.
in patients without ECMO therapy (mean, 91.8 (±23.3); range,
53–139; Table 2; Fig. 5). ROC analysis revealed an AUC of 0.78
(p = 0.022) for the CT score with an optimal cutoff value of a CT score
of 98.5 for prediction of ECMO therapy (sensitivity, 75%; specificity,
54%; Fig. 6).

The results for the clinical scores on the day of CT are shown in
Tables 1 and 2. Regarding mortality, a significant difference for sur-
vival was found for the APACHE II (p = 0.008), SAPS II (p = 0.038)
and the Murray (p = 0.003) score (Table 1). The SOFA score was
not significant in our patient collective (p > 0.05). However, only
for the Murray score, a significant correlation to the CT score
was found (Spearman rank correlation coefficient, 0.59; p = 0.003)
whereas correlation for the CT score and all other clinical scores
were not significant (p > 0.05). The SOFA (p = 0.013) and Murray
(p = 0.002) scores were significantly higher in the ECMO group
whereas the APACHE II and SAPS II scores were not significantly
different (p > 0.05, Table 2).

For areas with normal attenuation, the averaged score was
−698.5 (±124.1) HU, for ground-glass attenuation −326.7 (±149.3)
HU, and for consolidation 9.6 (±68.3) HU.
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Fig. 6. ROC analysis of the CT score for prediction of ECMO therapy.
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. Discussion

ARDS is an inflammatory disorder of the lung, which is acute
n onset and characterized by arterial hypoxemia due to increased
ntrapulmonary shunt perfusion and diffuse radiological infiltrates
n the absence of clinical evidence of left atrial hypertension [21].
RDS can be caused by a variety of insults including viral pneu-
onias such as S-OIV infection. Most cases with S-OIV infection

re mild and self-limited, but a small percentage of patients have
severe course that may result in ARDS [22]. The high-risk group

ncludes young children and older adults; this is reflected by the fact
hat we found a significant difference for the age in survivors and
on-survivors. Furthermore, analogue to our results, patients with
hronic underlying conditions and immunosuppressed patients
ave a higher risk for an increased mortality. A high APACHE II
p = 0.008), SAPS II (p = 0.038) and Murray (p = 0.003) score are inde-
endently associated with mortality, which is reflected by our
esults. For the Murray score, this is in contrast to previous results
s described by Rubenfeld and Herridge [8]. However, only for the
urray score, a significant correlation to the CT score was found

p = 0.003; correlation coefficient of 0.59). This is not surprising as
he Murray score is the clinical score which reflects pulmonary
unction and where the numbers of quadrants with infiltration seen
n chest x-ray are included [20]. All other clinical scores include
ifferent clinical parameters [17–19]. The SOFA score, which is also
nown as an important predictor of survival, was not significant
n our patient collective (p > 0.05; [15,23,24]. However, this may
e due to the high baseline SOFA score in our patient population
range, 10–12) which means that most of the patients already had
three or four organ failure (lung, circulation, kidney, coagulation)
nd CNS or liver failure is rarely seen in our patient collective.

Other studies described nodular opacities in viral pneumo-
ias [25]. However, previous reports of influenza have shown
atchy areas of ground-glass attenuation mixed with consolida-
ion [9,22,26–28]. All our patients with a severe ARDS due to S-OIV
nfection presented with a mixture of patchy consolidations and
round glass opacity. Marchiori et al. stated, that patients who
xhibit consolidations on CT have a more severe clinical course
han those who present with ground-glass opacities, furthermore,
hese abnormalities can be pathologically correlated with diffuse
lveolar damage [12]. In our study, average HU score was −326.7
±149.3) for ground-glass attenuation and 9.64 (±68.3) for consoli-
ation areas. None of the patients had nodular opacities or reticular
attern such as architectural distortion and traction bronchiec-
asis or bronchiolectasis and honeycombing (except the patient
ith known pre-existing lung fibrosis). Ichikado and colleagues

bserved that certain CT findings correlate with the stages of dif-
use alveolar damage [15,16] Therefore, architectural distortion and
raction bronchiectasis or bronchiolectasis were almost invariably
ssociated with the late proliferative or fibrotic phases of ARDS.
he distribution of parenchymal abnormality was diffuse with-
ut regional predominance in most patients (p > 0.001). Follow-up
tudies after treated ARDS have revealed that many patients have
esidual morphologic lung injury such as chronic pulmonary fibro-
is [29–31]. High-pressure ventilation may lead to hyperinflation
f non-atelectatic lung segments causing a ventilator induced lung
njury (VILI) predominantly in the ventral lung sections [30]. How-
ver, in our study, no follow up CT data was available for all of
he patients. Therefore, further studies are necessary to prove this
tatement for S-OIV related ARDS.

All our patients required mechanical ventilation; 9 patients died.
he overall CT score was significantly lower in survivors compared

o non-survivors (p = 0.021). Regarding the prediction of survival,
e found an optimal cutoff value of a CT score of 100 (accu-

acy of 78%). For this optimal cutoff, a significant difference for
he survival ratio was found (p = 0.011). A subset of our patients
Radiology 81 (2012) 389–394 393

(n = 12) underwent therapy intensification due to their poor clin-
ical and respiratory condition with ECMO therapy; 6 of whom
died. In patients treated with ECMO chronic underlying condi-
tions, immunosuppression, and pregnancy were more frequently
present. The SOFA (p = 0.013) and Murray (p = 0.002) scores were
significantly higher in the ECMO group whereas the APACHE II and
SAPS II scores were not significantly different (p > 0.05). The overall
CT score in patients with ECMO therapy was significantly higher
than that in patients without ECMO therapy (p = 0.022). The opti-
mal cutoff value of the CT score for prediction of an ECMO therapy
was 98.5 with a sensitivity of 75% and a specificity of 54%. However,
these patients treated with ECMO therapy presented with a severe
disease and may not have survived without this therapy treatment.

Spearman rank correlation in evaluation of the presence of lung
abnormalities by the three different observers was good (correla-
tion coefficient, 0.876–0.922; p < 0.001).

All our CT examinations were performed in expiratory breath-
hold. However, Helm et al. stated that inspiratory breath-hold CT
will overestimate the degree of lung aeration and underestimate
the degree of atelectasis; conversely expiratory breath-hold CT is
likely to underestimate aerated lung and overestimate atelectatic
lung [32]. Therefore, dynamic CT is potentially more accurate than
traditional breath-hold CT in the assessment of ARDS; however,
in terms of clinical application, radiation dose might be a limiting
factor for the use of dynamic CT [32].

Regarding possible limitations of the study, the small sample
size has to be mentioned. Furthermore, preexisting diseases of the
lung, like present in two of the patients, can bias the CT score. How-
ever, S-OIV infection will also occur in chronic pulmonary disease
and it is a common quest for radiologists to tell chronic and acute
changes apart even without prior examinations available, which
was possible in the present two cases. Concerning the intensi-
fied therapy using ECMO therapy, results might be hampered by
the therapy decision, which is of course an individual decision
influenced by many factors, even though a standardized decision
algorithm exists. Whether this explains the limited (but still sig-
nificantly accurate) ability of the CT score to foresee the necessity
of ECMO despite good correlation with a variety of clinical scoring
systems, or whether the mortality prediction was falsified by suc-
cessful salvage therapy using ECMO cannot be concluded from the
present data.

In conclusion, we have evaluated the prognostic implication of
a CT score assessed by determining the extent of patchy areas of
ground-glass attenuation mixed with consolidation at imaging in
patients in the early stage of ARDS from S-OIV infection. With this
CT score, risk stratification can be done. Furthermore, in combina-
tion with the presented clinical scores and the therapy outcome, the
CT score may play a role in therapy decision making in the future,
especially regarding intensified therapy with ECMO.
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