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Abstract: Objective: It is not rational to predict outcomes by chest imaging scores, regardless of illness severity, or
to evaluate illness severity without considering imaging characteristics. Therefore, this study utilized a summed
score of initial imaging and APACHE II/SOFA for evaluation of illness severity on ICU admission and prediction of
ICU mortality in avian influenza (AI) H7N9. Methods: This retrospective study was conducted to record scores of
radiographs, CT scans, APACHE II, SOFA, incidence of ARDS, multiple system organ failure (MSOF), and mortality.
The aim of this study was to determine predictive accuracy and cut-off values of initial radiographic or CT scores
(IRS/ICS), APACHE II, SOFA, (IRS/ICS + APACHE II), and (IRS/ICS + SOFA) and analyze correlation of each score to
mortality in 22 patients with AI H7N9 at an ICU in Wuhan, China. Results: ARDS, MSOF, and mortality, respectively,
occurred in 22 (100%), 17 (77.3%) and 10 (45.5%) patients. Cut-off values of (IRS + APACHE II), (IRS + SOFA), (ICS +
APACHE II), and (ICS + SOFA) were 37.0, 28.0, 41.5 and 31.5, respectively, with sensitivity of 100%, 77.8%, 62.5%,
and 62.5%, and specificity of 90.9%, 81.8%, 100% and 87.5% (P < 0.001, P = 0.020, 0.021, and 0.074). Mortality
was positively correlated to (IRS + APACHE II), (IRS + SOFA), and (ICS + APACHE II) (Ρ = 0.839, 0.534 and 0.597; all
P < 0.05). Conclusion: The summed score of initial radiograph and APACHE II appears to be a preferable indicator
for evaluation of illness severity on admission and for prediction of ICU mortality in AI H7N9.
Keywords: Avian influenza (AI) H7N9, radiography, computed tomography (CT), acute physiology and chronic
health evaluation (APACHE) II score, sequential organ failure assessment (SOFA) score, mortality

Introduction
Since avian influenza (AI) H7N9 virus infection
is a potentially fatal disease [1, 2], it is important to identify initial imaging findings as potential risk stratification to help triage patients,
guide treatment, and monitor disease progression and treatment response. It may be indicative that more aggressive treatment and close
monitoring of disease progression should be
applied to patients with higher overall radiologic scores [2].
In a previous study conducted by Feng et al. [2]
on chest imaging of patients with AI H7N9,
chest radiographic and CT scores were assessed by determining the extent of patchy
areas of ground-glass attenuation mixed with
consolidation, which could be pathologically

correlated with diffuse alveolar damage in
lungs [2, 3]. However, there were some limitations in this study. It is not rational to predict
clinical outcomes merely by initial imaging
scores. Imaging severity is only one of numerous variables associated with illness severity
and outcomes. Others include scores of acute
physiology and chronic health evaluation (APACHE) and sequential organ failure assessment (SOFA). On the other hand, it is not reasonable to evaluate illness severity only by
APACHE or SOFA scores, without considering
imaging characteristics, as most clinicians previously have done.
Therefore, this study introduced an easier scoring method of evaluation of imaging findings in
AI H7N9 and attempted to adopt a sum of initial
imaging and illness severity scores (APACHE II
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or SOFA) for a comprehensive evaluation of illness severity. Additionally, this study explored
correlation of the summed score to incidence
of MSOF and ICU mortality, utilizing the summed
score for prediction of ICU mortality.
Materials and methods
This study is a retrospective review of clinical
and chest imaging data obtained from 22
patients with laboratory-confirmed AI H7N9,
hospitalized at the ICU of Wuhan Medical Treatment Center, China, from April 2015 to April
2017.
Ethics issues
This study complied with necessary ethical
guidelines and was approved by the Research
Ethics Board of Wuhan Medical Treatment Center. Informed consent was not required for this
retrospective study.
Diagnostic criteria
AI H7N9 confirmed cases were defined according to positive test results for AI H7N9 viral RNA
with pharyngeal swabs using reverse transcriptase polymerase chain reaction (RT-PCR), as
described previously [4]. Mild or severe cases
of H7N9 were defined as individuals with confirmed H7N9 virus infections that met the respiratory infection criteria, presenting with mild or
severe respiratory symptoms and with or without any complications (including ARDS, shock,
multi-organ failure, or hypoxemia) throughout
the clinical course [5]. The objective index for
severe cases was as follows: (1) X-rays showing
lesions in multiple lobes or disease progression
> 50% within 48 hours; (2) Dyspnea with a
respiratory rate > 24 breaths per minute; (3)
Hypoxemia with oxygen saturation ≤ 92% on
oxygen at a flow rate of 3-5 L/minute; and (4)
Shock, ARDS, or multiple organ dysfunction
syndrome [6]. Accordingly, all 22 patients were
identified as “severe” AI H7N9 cases.
Chest radiograph and CT scan
Chest radiographs were carried out by portable computed radiography at bedside with
anteroposterior projection. All CT examinations were performed with patients in the supine position without administration of contrast
material.
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Scoring system
Chest radiographs and CT scans were assessed particularly for the presence and distribution of parenchymal abnormalities [7]. According to established knowledge, chest radiographic and CT findings included nodule or
patchy opacity, fibrotic opacity, ground glass
opacity (GGO), consolidation, air bronchograms,
pleuritis, pleural effusion, and lymphadenopathy [2, 7]. GGO was defined as hazy areas of
increased opacity or attenuation without concealing underlying vessels. Consolidation was
defined as homogeneous opacification of the
parenchyma obscuring underlying vessels. The
extent of involvement of each abnormality was
assessed independently for each of three
zones: upper (above the carina), middle (below
the carina and above the inferior pulmonary
vein), and lower (below the inferior pulmonary
vein) [2]. Reading radiologists used a standard
0 to 3 scoring system (0: no infiltration; 1: focal
haziness or even small patchy lesion; 2: ground
glass picture; 3: lobar consolidation), according
to the severity of infiltration in each lung field
(three lung fields in both right and left lungs).
Scores were then added up to a total of 0-18
for assessment of each radiographic and CT
film, as described by Hsu et al. [8].
Randomization and blindness
To avoid bias reading the chest radiologic films, radiologists were blinded to the information in terms of study procedures and patient
clinical conditions, except for the knowledge
that these were cases of AI H7N9 virus infection. Two radiologists reviewed and gave scores
of the chest radiographs and CT scans, independently, with a final decision reached concerning findings by consensus when there was
a discrepancy.
Evaluation of illness severity
APACHE II scores and SOFA scores were calculated for evaluation of illness severity on the
day of admission to ICU in all patients, as previously depicted [9-11].
Interventions
All 22 patients were administered an antiviral
regime, antibiotics, and methylprednisolone.
Oxygen inhalation through a high-flow nasal oxygenator (OptiflowTM) was used in 12 patients
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Table 1. Comparison of demographics and baseline characteristics between survivors (n = 12) and
non-survivors (n = 10)
Clinical Characteristic
Gender, male, n (%)
Age, years
Mean ± SD
Median (IQR)
Age distribution, n (%)
18-49
50-64
≥ 65
Type of residence, n (%)
Urban
Rural
Occupation, n (%)
Worker
Farmer
Civil servant or company employee
Retiree
Individual operator
Unemployed
Smoker, n (%)
Alcohol consumer, n (%)
Pre-existing condition, n (%)
COPD
CCVD
Viral hepatitis
Chronic renal disease
Diabetes
Obesity
Postpartum
Previous surgery
Others
Exposure to poultry, n (%)
Incubation period, days (n = 8)
Mean ± SD
Median (IQR)

Survivor (n = 12)
6 (27.3)

Non-survivor (n = 10)
9 (40.9)

Total (n = 22)
15 (68.2)

p
0.452

45.8 ± 10.6
44.5 (38.5-54.5)

57.2 ± 18.6
62.0 (44.8-72.3)

51.0 ± 15.5
51.0 (39.5-65.3)

0.086

2 (9.1)
3 (13.6)
5 (22.7)

7 (31.8)
5 (22.7)
0 (0)

9 (40.9)
8 (36.4)
5 (22.7)

6 (27.3)
4 (18.2)

8 (36.4)
4 (18.2)

14 (63.6)
8 (36.4)

1 (4.5)
4 (18.2)
1 (4.5)
2 (9.1)
0 (0)
2 (9.1)
2 (9.1)
1 (4.5)
8 (66.7)
1 (4.5)
4 (18.2)
0 (0)
1 (4.5)
1 (4.5)
0 (0)
1 (4.5)
3 (13.6)
2 (9.1)
11 (50.0)

2 (9.1)
2 (9.1)
3 (13.6)
0 (0)
3 (13.6)
2 (9.1)
5 (22.7)
4 (18.2)
7 (70.0)
0 (0)
4 (18.2)
1 (4.5)
0 (0)
2 (9.1)
2 (9.1)
0 (0)
7 (31.8)
2 (9.1)
7 (31.8)

3 (13.6)
6 (27.3)
4 (18.2)
2 (9.1)
3 (13.6)
4 (18.2)
7 (31.8)
5 (22.7)
15 (68.2)
1 (4.5)
8 (36.4)
1 (4.5)
1 (4.5)
3 (13.6)
2 (9.1)
1 (4.5)
10 (45.5)
4 (18.2)
18 (81.8)

5.5 ± 0.6
5.5 (5.0-6.0)

6.3 ± 4.6
6 (2.0-10.8)

5.9 ± 3.0
5.5 (5.0-6.8)

0.017

0.746

0.230

0.277
0.193
0.867
0.262
0.746
0.350
0.262
0.650
0.176
0.262
0.184
0.840
0.190
0.756

Note: SD = standard deviation, IQR = interquartile range, COPD = chronic obstructive pulmonary disease, CCVD = cardio-cerebrovascular disease.

(54.5%). Non-invasive mechanical ventilator
was adopted in nine patients (40.9%) and tracheal intubation and mechanical ventilation
were executed in 14 patients (63.6%). Bronchoscopy was undertaken in seven patients
(31.8%). Continuous venus-venus hemodiafiltration (CVVHDF) was given in ten patients
(45.5%) for renal replacement or clearance of
inflammatory cytokines. Extracorporeal membrane oxygenation (ECMO) treatment was performed in six patients (27.3%).
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Complications and outcomes
Severe complications and clinical outcomes
were recorded, including incidence of ARDS,
multiple system organ failure (MSOF), and mortality during ICU stay, referring to diagnostic criteria [12, 13].
Data collection
Medical data from every patient were extracted
and reviewed, including demographic details,
Int J Clin Exp Med 2018;11(10):10562-10573
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Figure 1. Anteroposterior chest radiographs obtained with portable bedside
unit in a 38-year-old man with AI H7N9 from survival group show extensive
bilateral infiltrates of patchy opacity (black arrowhead), GGO (short arrow),
and consolidation (long arrow) in lower zone, and obscure hilum (white arrowhead) one day after ICU admission (10 days after symptom onset) (A), and
decreased area of patchy opacity, GGO, and consolidation 15 days after ICU
admission (i4 days after initial radiograph) (B). AI = Avian Influenza; GGO =
ground glass opacity.

pendent-samples t-test. Differences between groups were
evaluated by one-way analysis of variance (ANOVA). Pearson’s Chi-square test or
Fisher’s exact test was used
to compare categorical variables. Pearson’s or Spearman’s correlation analysis or
Chi-square test was used and
correlation coefficients (r, ρ,
or φ) were calculated, as appropriate. The predictive accuracy of initial radiographic/
CT scores (IRS/ICS), APACHE
II scores, SOFA scores, and a
summed score of initial imaging and APACHE II/SOFA (IRS/
ICS + APACHE II/SOFA) for
prediction of ICU mortality
was analyzed. Area under the
curve (AUC), sensitivity and
specificity, and cut-off values
were determined by their
receiver operating characteristic (ROC) curves. All analyses were two-tailed and a
p-value of < 0.05 was considered statistically significant.
Statistical analyses were conducted using IBM SPSS
Statistics version 19.0 (IBM
Corp., Armonk, NY, USA).
Results

Figure 2. Anteroposterior chest radiographs obtained with portable bedside
unit in a 25-year-old woman with AI H7N9 from non-survivor group show
patchy opacities (black arrowhead) in upper zones, GGOs (short arrow) in
middle zones, consolidation (long arrow) in lower zones and obscure hilum
(white arrowhead) on both sides the right day on ICU admission (8 days after
onset) (A), and complete whiteout on both sides 11 days after ICU admission
(11 days after initial radiograph) (B). AI = Avian Influenza; GGO = ground
glass opacity.

pre-existing conditions, exposure history, radiographic and CT findings, APACHE II and SOFA
scores, severe complications, and clinical
outcomes.
Statistical analysis
Continuous variables are expressed as mean ±
standard deviations (SD) and median (interquartile range, IQR). Categorical variables are
expressed as frequencies (percentages). Continuous variables were compared using inde10565

Demographic and epidemiological data

In the present study, there
were no differences in gender,
age, type of residence, occupation composition, smoking
or drinking habits, pre-existing conditions, or history of exposure to poultry
between survivors and non-survivors (P > 0.05),
except that there was a higher percentage of
patients aged 18-49 years old in non-survivors
than in survivors (P = 0.017) (Table 1).
Radiologic features
Twenty patients (90.9%) underwent initial chest
radiographs within 24 hours after admission to
ICU and 21 (95.5%) received final ones within
48 hours before death or before discharge
Int J Clin Exp Med 2018;11(10):10562-10573
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Table 2. Pairwise comparisons of radiographic features between initials for survivors (n = 11), initials for non-survivors (n = 9), finals for survivors (n = 12) and finals for non-survivors (n = 9)
Radiographic Feature

p
Group 1 Initial for Group 2 Initial for Group 3 Final for Group 4 Final for
Group
1
vs.
Group
3
vs.
Group 1 vs. Group 2 vs.
Survivor (n = 11) Non-survivor (n = 9) Survivor (n = 12) Non-survivor (n = 9)
Group 2
Group 4
Group 3
Group 4

Interval between symptom onset and radiograph
Mean ± SD, days

7.7 ± 3.0

11.1 ± 6.5

19.0 ± 7.7

23.6 ± 12.4

7.0 (6.0-10.0)

9.0 (8.5-10.5)

16.5 (14.3-20.8)

14.0 (14.0-36.0)

10 (90.9)

9 (100)

11 (91.7)

0 (0)

0 (0)

0 (0)

GGO

9 (81.8)

9 (100)

10 (83.3)

7 (77.8)

0.178

Consolidation

2 (18.2)

0 (0)

3 (25.0)

2 (22.2)

0.178

GGO and consolidation

3 (27.3)

0 (0)

3 (25.0)

2 (22.2)

0.089

0.882

0.692

0.134

Enlarged or obscure hilum

5 (45.5)

2 (22.2)

5 (41.7)

3 (33.3)

0.279

0.697

0.855

0.599

Pleuritis

6 (54.5)

6 (66.7)

6 (50.0)

5 (55.6)

0.582

0.801

0.827

0.629

Pleural effusion

4 (36.4)

2 (22.2)

6 (50.0)

4 (44.4)

0.492

0.801

0.510

0.317

Pulmonary edema

3 (27.3)

3 (33.3)

4 (33.3)

1 (11.1)

0.769

0.237

0.752

0.257

Atelectasis

1 (9.1)

1 (11.1)

3 (25.0)

1 (11.1)

0.881

0.422

0.315

1.000

Left

9 (81.8)

9 (100)

12 (100)

9 (100)

0.178

NA

0.122

NA

Right

10 (90.9)

9 (100)

12 (100)

9 (100)

0.353

NA

0.286

NA

Unilateral

1 (9.1)

0 (0)

0 (0)

0 (0)

0.353

NA

0.286

NA

Bilateral

9 (81.8)

9 (100)

12 (100)

9 (100)

0.178

NA

0.122

NA

Right upper

8 (72.7)

8 (88.9)

10 (83.3)

9 (100)

0.369

0.198

0.538

0.303

Right middle

10 (90.9)

9 (100)

11 (91.7)

9 (100)

0.353

0.375

0.949

NA

Right lower

10 (90.9)

9 (100)

12 (100)

9 (100)

0.353

NA

0.286

NA

Left upper

7 (63.6)

8 (88.9)

9 (75.0)

8 (88.9)

0.194

0.422

0.554

1.000

Left middle

9 (81.8)

9 (100)

11 (91.7)

9 (100)

0.178

0.375

0.484

NA

Left lower

9 (81.8)

9 (100)

12 (100)

9 (100)

0.178

NA

0.122

NA

0.586

< 0.001

0.111

0.005

Median (IQR), days

0.140

0.350

< 0.001

0.020

9 (100)

0.353

0.375

0.949

NA

1 (11.1)

NA

0.237

NA

0.303

0.748

0.924

0.134

0.882

0.692

0.134

Abnormality, n (%)
Nodule or patchy opacity
Fibrotic opacity

Side distribution, n (%)

Zone distribution, n (%)

Radiographic score
Mean ± SD
Median (IQR)

17.5 ± 7.2

19.0 ± 4.7

13.4 ± 4.2

25.0 ± 2.8

17.0 (16.0-22.0)

19.0 (18.0-21.0)

14.0 (11.0-17.0)

24.0 (24.0-27.0)

Note: SD = standard deviation; IQR = interquartile range, GGO = ground glass opacity, NA = not available.
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Figure 3. ROC curves (A) and accuracy analyses (B) for prediction of ICU mortality, indicating a cut-off value of 37.0 and 28.0 for (IRS + APACHE II) and
(IRS + SOFA) with a sensitivity of 100% and 77.8%, and a specificity of 90.9%
and 81.8%, respectively (P < 0.001 and P = 0.020). N = 20. ROC = receiver
operating characteristic; IRS = initial radiographic score; APACHE = acute
physiology and chronic health evaluation; SOFA = sequential organ failure
assessment; AUC = area under curve; CI = confidence interval.

Figure 4. Axial CT images obtained in a 55-year-old woman with AI H7N9 from
survival group show patchy opacity (black arrowhead), extensive GGO (short
black arrow), and consolidation (long black arrow) appearing as a geographic
pattern, reticulation (white arrowhead) superimposed on GGO, consolidation
with air bronchograms (short white arrow) and extensive bilateral infiltrates
predominantly in middle and lower zones 1 day after admission (7 days after
onset) (A), and partial resorption of patchy opacity, GGO, consolidation, reticulation and air bronchograms 18 days after ICU admission (17 days after
initial CT scan) (B). AI = Avian Influenza; GGO = ground glass opacity.

from ICU (Figures 1 and 2). Median interval
between symptom onset and initial radiographs was 9.0 days (IQR, 7.0-10.0 days).
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Median interval between symptom onset and final radiographs was 15.0 days (IQR,
14.0-24.0 days). As Table 2
exhibits, nodule or patchy opacity was the most common
finding on both initial and final radiographs (95.0% and
95.2% of the radiographs,
respectively). The 41 radiographs were divided into four
groups according to different
time phases (initial or final) or
outcomes (survival or death).
This study compared frequency, distribution, and scores of
radiographic findings between
the four groups. As Table 2
shows, the mean score of
final radiographs in non-survivors was statistically higher
than that in survivors (25.0
vs. 13.4, P < 0.001), also statistically higher than the mean
score of initial radiographs in
non-survivors (25.0 vs. 19.0,
P = 0.005). AUCs, sensitivity,
specificity, and cut-off values
of IRS, APACHE II, SOFA, (IRS
+ APACHE II), and (IRS + SOFA)
for prediction of ICU mortality
are manifested in Figure 3. As
the figure shows, a cut-off
value of 17.5 for IRS had sensitivity of 77.8% and specificity of 54.5% (P = 0.595) with
an AUC of 0.571 [95% confidence interval (CI), 0.3100.831], while a cut-off value
of 37.0 and 28.0 for (IRS +
APACHE II) and (IRS + SOFA)
had sensitivity of 100% and
77.8% and specificity of
90.9% and 81.8%, respectively (P < 0.001 and P =
0.020).
CT findings

Initial CT scans were carried
out in 16 patients (72.7%) a
median of 7.0 days (IQR, 4.0-8.5 days) after
symptom onset. Final ones were executed in
ten patients (72.2%) a median of 17.0 days
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Table 3. Comparison of initial CT features between survivors (n = 8) and non-survivors (n = 8), and of
CT features in survivors between initials (n = 8) and finals (n = 9)
CT Feature

Group 1 Initial
for Survivor
(n = 8)

p
Group 2 Initial for
Group 3 Final for
Non-survivor
Survivor (n = 9) Group1 vs. Group1 vs.
(n = 8)
Group2
Group3

Interval between onset and CT scan
Mean ± SD, days

6.6 ± 2.7

5.8 ± 2.9

21.3 ± 12.8

7.5 (4.5-8.5)

5.5 (4.0-8.5)

17.0 (15.0-24.0)

Nodule or patchy opacity

7 (87.5)

6 (75.0)

9 (100)

0.522

0.274

Funicular opacity

3 (37.5)

0 (0)

4 (44.4)

0.055

0.772

Air bronchograms

3 (37.5)

5 (62.5)

6 (66.7)

0.317

0.229

0 (0)

1 (12.5)

2 (22.2)

0.302

0.156

Pleuritis

7 (87.5)

6 (75.0)

8 (88.9)

0.522

0.929

Pleural effusion

2 (25.0)

4 (50.0)

3 (33.3)

0.302

0.707

0 (0)

3 (37.5)

0 (0)

0.055

NA

GGO

4 (50.0)

7 (87.5)

8 (88.9)

0.106

0.079

Consolidation

6 (75.0)

7 (87.5)

8 (88.9)

0.522

0.453

GGO and consolidation

4 (50.0)

6 (75.0)

7 (77.8)

0.302

0.232

Left

6 (75.0)

6 (75.0)

9 (100)

1.000

0.110

Right

8 (100)

7 (87.5)

9 (100)

0.302

NA

Unilateral

2 (25.0)

3 (37.5)

0 (0)

0.590

0.110

Bilateral

6 (75.0)

5 (62.5)

9 (100)

0.590

0.110

Right upper

7 (87.5)

5 (62.5)

9 (100)

0.248

0.274

Right middle

6 (75.0)

5 (62.5)

8 (88.9)

0.590

0.453

Median (IQR), days

0.545

0.006

Abnormality, n (%)

Atelectasis

Hilar lymphadenopathy

Side distribution, n (%)

Zone distribution, n (%)

Right lower

8 (100)

7 (87.5)

9 (100)

0.302

NA

Left upper

4 (50.0)

5 (62.5)

7 (77.8)

0.614

0.232

Left middle

5 (62.5)

6 (75.0)

8 (88.9)

0.590

0.200

Left lower

6 (75.0)

4 (50.0)

9 (100)

0.302

0.110

0.350

0.576

CT score
Mean ± SD
Median (IQR)

14.5 ± 10.8

19.8 ± 10.9

16.9 ± 4.6

11.5 (6.0-24.5)

24.0 (9.0-29.0)

15.0 (14.0-21.0)

Note: SD = standard deviation, IQR = interquartile range, GGO = ground glass opacity, NA = not available.

(IQR, 15.0-24.0 days) following symptom onset
(Figure 4). As Table 3 shows, nodule or patchy
opacity, pleuritis, and consolidation were equally the most common findings on initial chest CT
scans (13/16, 81.3%). Nodule or patchy opacity
was the most frequent finding on final CT scans
(10/10, 100%). Similarly, 25 CT scans were
divided into three groups according to diverse
time phases and outcomes. This study compared frequency, distribution, and scores of
lung findings on CT scans between the three
groups. One final CT scan on a non-survivor
was exempt from comparison due to small
sample size. As Table 3 displays, there were not
any substantial differences with respect to frequency, distribution, or scores of CT findings
between non-survivors and survivors on initial
CT scans, or between initial CT scans and final
10568

CT scans in survivors (all P > 0.05). AUCs, sensitivity, specificity, and cut-off values of ICS,
APACHE II, SOFA, (ICS + APACHE II), and (ICS +
SOFA) for prediction of ICU mortality are presented in Figure 5. As the figure shows, a cutoff value of 27.0 for ICS had sensitivity of 50.0%
and specificity of 87.5% (P = 0.401) with an AUC
of 0.625 (95% CI, 0.337-0.913), while cut-off
values of 41.5 and 31.5 for (ICS + APAHE II) and
(ICS + SOFA) had sensitivity of 62.5% and
62.5% and specificity of 100% and 87.5%,
respectively (P = 0.021 and 0.074).
Complications and outcomes
Ten patients (45.5%) died, while the other 12
survived and were discharged from ICU. Nonsurvivors had an appreciably higher percentInt J Clin Exp Med 2018;11(10):10562-10573
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and 0.597; P < 0.001, P =
0.001 and 0.015).
Discussion
In the present study, demographics, pre-existing conditions, and history of exposure
to poultry were comparable
between survivors and nonsurvivors. Thus, there were
not any confounding factors
originating from demographic and epidemiological characteristics that potentially influenced comparisons of imaging and illness severity
between survivors and nonsurvivors.
Regarding the imaging scoring system, Soepandi et al.
[10] used a crude classification of chest X-ray (CXR) findings by simply categorizing
the degree of consolidation
as > 50% or not and whether
Figure 5. ROC curves (A) and accuracy analyses (B) for prediction of ICU morconsolidation was unilateral
tality, demonstrating a cut-off value of 41.5 and 31.5 for (ICS + APAHE II)
or bilateral. This type of sysand (ICS + SOFA) with a sensitivity of 62.5% and 62.5%, and a specificity of
tem may be helpful to busy
100% and 87.5%, respectively (P = 0.021 and 0.074). N = 16. ROC = receiver
operating characteristic; ICS = initial CT score; APACHE = acute physiology
clinicians but lacks the finesse
and chronic health evaluation; SOFA = sequential organ failure assessment
of imaging characteristics. In
= AUC, area under curve; CI = confidence interval.
Feng et al.’s scoring system
[2], the location of lesions
age of patients with mechanical ventilation
was additionally defined as peripheral or central, as well as upper, middle, or lower. Acrequired (100% vs. 50%, P = 0.009), MSOF incicordingly, a total of twelve lung zones in each
dence (100% vs. 58.3%, P = 0.020), mean
patient were subjected to radiograph and CT
APACHE II (24.6 vs. 9.3, P < 0.001), and mean
assessment. Moreover, all lesions in each lung
SOFA score (11.4 vs. 4.6, P < 0.001) than survizone were scaled to the extent of affected
vors (Table 4).
parenchyma according to the percentage of
Correlation
abnormal lung. These complex procedures are
undoubtedly unsuitable for busy physicians
Correlation analyses, as shown in Table 5,
and radiologists in emergency settings. This
revealed a positive correlation of (1) APACHE II,
study came across a scoring method develSOFA, and (IRS + APACHE II) to MSOF incidence
oped by the same principle for radiographic
(Ρ = 0.582, 0.476 and 0.552; P = 0.007, 0.034
and CT scoring as Feng et al. and used in a cliniand 0.012), (2) APACHE II, SOFA, (IRS + APACHE
cal study on SARS by Hsu et al. [8]. This method
II), and (IRS + SOFA) to ICU mortality (Ρ = 0.864,
was much easier to perform than that used by
0.864, 0.839 and 0.534; P < 0.001, P < 0.001,
Feng et al. Thus, this study attempted to introP < 0.001, and P = 0.015), (3) frequency of left
duce this easier scoring method into evaluation
upper zone involved and APACHE II to MSOF
of radiographic and CT features for AI H7N9.
incidence (φ = 0.545, Ρ = 0.539; P = 0.035 and
0.031), and (4) APACHE II, SOFA, and (ICS +
In comparison, it was found that mean scores
APACHE II) to ICU mortality (Ρ = 0.774, 0.738
of final radiographs in non-survivors were near10569
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Table 4. Comparison of incidence of ARDS and MSOF, and APACHE II and SOFA scores between survivors (n = 12) and non-survivors (n = 10)
Complication
ARDS
Mechanical ventilation required
MSOF
APACHE II score
Mean ± SD
Median (IQR)
SOFA score
Mean ± SD
Median (IQR)

Survivor (n = 12)

Non-survivor (n = 12)

Total (n = 22)

p

12 (100)
6 (50.0)
7 (58.3)

10 (100)
10(100)
10 (100)

22 (100)
16 (72.7)
17 (77.3)

NA
0.009
0.020

9.3 ± 5.6
7.5 (6.0-12.0)

24.6 ± 5.2
23.0 (19.8-30.3)

16.2 ± 9.4
16.0 (7.0-23.0)

< 0.001

4.6 ± 1.4
4.0 (4.0-5.0)

11.4 ± 2.4
11.5 (9.8-12.5)

7.7 ± 3.9
7.0 (4.0-11.0)

< 0.001

Note: ARDS = acute respiratory distress syndrome, MSOF = multiple systems organ failure, APACHE = acute physiology and
chronic health evaluation, SOFA = sepsis organ-related failure assessment, SD = standard deviation, IQR = interquartile, NA =
not available.

ly twice as high as that in survivors. It was also
found that mean scores of final radiographs
were much higher than that of initial radiographs in non-survivors. These results implied
that patients with mortal outcomes had more
diffuse and progressive alveolar damage than
those with survival outcomes, which were pathologically correlated with consolidation and
GGO [2, 3] and contributive to hypoxemia [1, 2].
Unlike radiographic scores, there were no
appreciable differences concerning scores of
CT features between initial and final CT scans
in survivors or between survivors and non-survivors on initial CT scans. This lack of statistical
significance could be, in part, attributed to the
small size of sample in patients receiving initial
and final CT scans.
Avian influenza progresses rapidly to severe
pneumonia, ARDS, and respiratory failure,
resulting in the requirement for ICU admission
and mechanical ventilation. It may also lead to
development of acute kidney injury, shock,
MSOF, and even death [1, 2, 7, 14-16]. ARDS
reflects the severity of respiratory failure [2,
17]. It is considered as a strong predictor of
mortality [2, 17] since the development of
ARDS has consistently been shown to be associated with fatal outcomes in avian influenza
[15, 18]. However, correlation of ARDS to ICU
mortality could not be analyzed because all
22 patients in the present study had already
developed ARDS on admission to CU. APACHE II
and SOFA scores are well-acknowledged indicators for evaluation of acute physiology, chronic
health, and sequential organ failure. They may
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be helpful in identifying at-risk patients on ICU
admission [10, 11]. In the present study, the
mean score of SOFA and APACHE II on admission was apparently higher in patients with
mortal outcomes than in those with opposite
outcomes. This has been consistently reported
in previous studies in patients with AI H7N9 or
AI H5N1 [10, 19]. Correlation analyses unveiled
a moderate positive correlation of summed
score of initial imaging and APACHE II to incidence of MSOF or ICU mortality, with correlation coefficients approximately equal to or
slightly lower than that of APACHE II. Using a
grading method, scores at initial chest radiographs and CT images had significance in prediction of clinical outcomes [2].
Regarding prediction of ICU mortality, this study
produced a cutoff value of 17.5 and 27 for an
initial radiographic and CT scores, respectively.
The cut-off value and sensitivity of initial radiographic scores and specificity of the cut-off
value of initial CT scores were similar to that in
the study by Feng et al.. However, it is still not
rational to predict clinical outcomes merely by
initial imaging scores in that imaging severity is
only one of numerous variables assessing illness severity and influenced outcomes. Other
indicators, such as APACHE or SOFA scores,
ought to be considered. Merely taking prognostic value into account, initial APACHE and SOFA
scores are two optimal predictive indicators
relying on their sensitivity and specificity of
approximate 100%. Despite the indispensable
role of chest imaging in assessment of illness
severity and progression, APACHE or SOFA scorInt J Clin Exp Med 2018;11(10):10562-10573
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Table 5. Correlation of initial radiographic (n = 20) and CT features (n = 16) to MSOF incidence and ICU mortality
Initial Radiographic Feature (n = 20)
Abnormality
Nodule or patchy opacity
GGO
Consolidation
GGO and consolidation
Pleuritis
Pleural effusion
Fibrotic opacity
Atelectasis
Enlarged or obscure hilum
Pulmonary edema
Side distribution
Left
Right
Unilateral
Bilateral
Zone distribution
Right upper
Right middle
Right lower
Left upper
Left middle
Left lower
Imaging or clinical score
IRS
APACHE II
SOFA
IRS + APACHE II
IRS + SOFA

MSOF Incidence
Correlation
p
Coefficient

ICU Mortality
Correlation
p
Coefficient

-0.132
0.192
-0.192
-0.192
0.236
-0.378
NA
-0.192
-0.303
0.126

0.564
0.402
0.402
0.402
0.304
0.099
NA
0.402
0.187
0.583

0.208
0.302
-0.302
-0.302
0.123
-0.154
NA
0.034
-0.242
0.066

0.366
0.189
0.189
0.189
0.592
0.503
NA
0.884
0.291
0.774

0.192
-0.132
-0.397
0.192

0.402
0.564
0.083
0.402

0.302
0.208
-0.208
0.302

0.189
0.366
0.366
0.189

0.000
-0.132
-0.132
0.200
0.192
0.192

1.000
0.564
0.564
0.383
0.402
0.402

0.201
0.208
0.208
0.290
0.302
0.302

0.381
0.366
0.366
0.206
0.189
0.189

0.201
0.582
0.476
0.552
0.372

0.395
0.007
0.034
0.012
0.106

0.123
0.864
0.864
0.839
0.534

0.607
< 0.001
< 0.001
< 0.001
0.015

Initial CT Feature (n = 16)
Abnormality
Nodule or patchy opacity
GGO
Consolidation
GGO and consolidation
Pleuritis
Pleural effusion
Fibrotic opacity
Atelectasis
Hilar lymphadenopathy
Air bronchograms
Side distribution
Left
Right
Unilateral
Bilateral
Zone distribution
Right upper
Right middle
Right lower
Left upper
Left middle
Left lower
Imaging or clinical score
ICS
APACHE II
SOFA
ICS + APACHE II
ICS + SOFA

MSOF Incidence
Correlation
p
Coefficient

ICU Mortality
Correlation
p
Coefficient

-0.231
0.022
0.179
-0.041
0.179
0.372
-0.179
0.124
0.231
-0.160

0.371
0.933
0.487
0.873
0.487
0.150
0.487
0.631
0.371
0.535

-0.160
0.405
0.160
0.258
-0.160
0.258
-0.480
0.258
0.480
0.250

0.535
0.117
0.535
0.317
0.535
0.317
0.063
0.317
0.063
0.333

0.092
-0.124
-0.022
0.022

0.720
0.631
0.933
0.933

< 0.001
-0.258
0.135
-0.135

1.000
0.317
0.602
0.602

0.092
0.022
-0.124
0.545
0.367
-0.041

0.720
0.933
0.631
0.035
0.155
0.873

-0.289
-0.135
-0.258
0.126
0.135
-0.258

0.264
0.602
0.317
0.626
0.602
0.317

0.261
0.539
0.473
0.435
0.400

0.329
0.031
0.064
0.093
0.125

0.217
0.774
0.738
0.597
0.461

0.419
< 0.001
0.001
0.015
0.072

Note: MSOF = multiple systems organ failure, GGO = ground glass opacity, IRS = initial radiographic score, ICS = initial CT score, APACHE = acute physiology and chronic health
evaluation, SOFA = sequential organ failure assessment, NA = not available.
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ing systems consist of no radiographic or CT
components and, thus, are far from being considered adequate and ideal. Therefore, it is
necessary and urgent that a series of indicators be developed for comprehensive evaluation of illness severity as well as precise prediction of clinical outcomes.
Approvingly, a summed score of initial radiograph and APACHE II met both expectations
above. It reflected the frequency and distribution of such radiographic characteristics as
GGO and consolidation pathologically associated with alveolar injury and anoxia, while having
potent prognostic power for ICU mortality. ROC
analyses revealed that this combined score
had a much more competent performance in
prediction of ICU mortality than a single radiographic score. Due to its positive correlation to
ICU mortality, this combined score can function
as a better indicator for both evaluation of illness severity and prediction of outcomes.
This study concludes that a summed score of
initial radiograph and APACHE II demonstrates
high sensitivity and specificity in prediction of
ICU mortality, with strong positive correlation
to ICU mortality. This combined score is a preferable indicator for comprehensive evaluation
of illness severity on admission and for accurate prediction of ICU mortality in AI H7N9
patients. If applied in clinical practice with larger sample sizes, this novel scoring method may
shed new light regarding better clinical evaluation and management, possibly leading to even
better outcomes for this globally life-threatening disease.
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