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Acute respiratory failure (ARF) is the leading cause of inten-
sive care unit (ICU) admission in immunocompromised patients 
[1] and is associated to a very high risk of mortality [2-3]. Early 
identification of the cause of ARF is associated with improved 
outcomes [4]. Therefore, identifying ARF aetiology while op-
timizing patient’s oxygenation and providing appropriate organ 
support at the same time, are cornerstones for the initial man-
agement of these patients. ARF can have various aetiologies, but 
pulmonary infection and its sequelae remain the most frequent 
precipitants in those that require ICU. Among the different infec-
tious agents which cause pulmonary infection in immunocom-
promised patients, pneumonia caused by respiratory virus has 
been associated with a particularly high mortality rate [3-5]. 

Discriminating the viral ARF cause in critically ill haemato-
logical patients remains problematic due to nonspecific clinical 
presentation which has considerable overlaps among them [6]. 
Current strategies to diagnosed viral ARF aetiology in these 
patients are based on PCR assays on airway samples [7-8]. A 
broad use of polymerase chain reaction (PCR) methods has per-
mitted to increasingly recognised viral pathogen in this clinically 
challenging setting [9, 10]. However, the clinical significance of 
respiratory virus detection in critically ill haematology patients 
is a still moot issue. A positive virus PCR test on upper airway 
samples might reflect either upper/lower respiratory tract infec-
tion, or also indicate asymptomatic carriage, perhaps with an 
increased viral burden because of worsening of immunosuppres-
sion [11]. 

Although there is only low-level evidence to recommend use 
of radiological assessments in this context, computerized to-
mography (CT) scan is frequently used to provide highly needed 
information about respiratory system structural integrity. Never-
theless, data on the radiological findings of the individual viruses 
are very limited and the frequency of particular CT scan patterns 
in favour of bronchial/bronchiolar (bronchial wall thickening, 
tree-in bud opacities), parenchymal (multifocal consolidations) 
and interstitial (ground-glass opacities, reticulations, honey-
combing) lung anomalies and their associations with specific 

respiratory virus in critically ill immunocompromised patients 
have not yet been described [12-14]. It is worth noting that the 
radiological appearances of respiratory virus on immunocom-
promised patients are unclear, because they may be accompa-
nied by other bacteria or fungi pathogens [15], and there is no 
data on the usefulness of CT scan to disentangle between these 
aetiologies. Finally, despite the promise hold by CT scan use for 
risk stratification of critically ill haematological patients with 
ARF and detected respiratory virus, we lack data on the value 
of early acquired chest CT scan to predict relevant outcomes, 
both in terms of need of invasive respiratory support need and 
ICU mortality.

The global objective of this study was to assess the clinical 
relevance of chest CT scan for the management of critically ill 
haematological patients with ARF and respiratory virus detec-
tion. Hence, we retrospectively assessed prospectively collect-
ed CT scan, clinical and virology data. We hypothesized that: i) 
CT scan patterns will help to differentiate virus-only pneumonia 
from co-infections, ii) among virus-only infection patients, par-
ticular CT scan features will be associated to specific viruses, iii) 
CT scan data will have a predictive value for invasive mechani-
cal ventilation (MV) and ICU mortality.

Methods
Study design and patient selection

This is retrospective observational study performed in ten 
University affiliated centers in France, belonging to a research 
network on critical respiratory diseases in patients with malig-
nancies (“Groupe de Recherche en Réanimation Respiratoire 
en Onco-Hématologie”, GRRR-OH). All consecutive patients 
were included between January 1st, 2008 and April 8th, 2018. 
This study was approved by the Ethic Committee of University 
Teaching Hospital of Toulouse. Patient’s inclusion criteria were: 
adult ≥ 18 years of age, haematological malignancy (HM), ARF 
(PaO2 < 60mmHg or SpO2 < 90% ambient air, oxygen thera-
py ≥ 3 L/min for SpO2 > 92%, requiring more than 6 L/min, 
dyspnea or tachypnea > 30 cycles per minute at rest or cyanosis 
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and signs of acute respiratory distress) [16], detection of one or 
more respiratory viruses by multiplex PCR from upper (naso-
pharyngeal swab or sputum) or lower (broncho-alveolar lavage) 
respiratory sample (Supplementary material1) [17-18]. Were 
excluded patients admitted to ICU for other reasons than ARF, 
and patients for whom CT scans were acquired more than 5 days 
before or after ICU admission. 

Data collected through the medical record included baseline 
characteristics at ICU admission, microbiological sampling 
results, ICU evolution, final diagnosis of ARF and patient out-
come. Comorbidities were assessed through Charlson index [19] 
and performance status through Eastern Cooperative Oncology 
Group (ECOG) score [20]. Disease severity and predicted mor-
tality were quantified using Simplified Acute Physiology Score 
(SAPS) 2 and Sequential Organ Failure Assessment (SOFA) 
scores [21-22], while Kidney Disease Improving Global Out-
come (KDIGO) classification [23] was used to determine and 
score acute renal injury. 

Radiological procedures and CT scan criteria

Thoracic CT scan images were acquired in all patients. All 
CT scan were obtained in the supine position. Images were re-
constructed with a slice thickness of 1 mm and an interval of 1 
mm, respectively. Reconstructed images were transmitted to the 
workstation and picture archiving and communication systems 
(PACS) of Toulouse University Hospital. Images were analyzed 
by two radiologists (AN and MJ, both senior thoracic radiol-
ogists). All Digital Imaging and Communication in Medicine 
(DICOM) images from the CT studies were analyzed without 
access to clinical or laboratory findings. The evaluators inde-
pendently and freely assessed the CT features using both axial 
CT images and multiplanar reconstruction images. After sepa-
rate evaluations, any disagreement was resolved by discussion 
and consensus.

CT scan findings were preferentially defined according to the 
criteria of the Fleischner Society glossary of terms [24]. Bron-
chial radiological semiotics encompassed bronchial wall thick-
ening, tree-in bud opacities, centro-lobular nodules and bron-
chial tubes dilatation. Interstitial syndrome was defined by the 
presence of lung reticulation, septal thickening and ground-glass 
opacities. Finally, alveolar damage was defined by the recogni-
tion of multifocal consolidations (Figure 2). An “aggregate le-
sion intensity score” was used to assess the total amount of lung 
parenchyma involvement and was defined by summing up indi-
vidual score from 20 lung segments or 6 lung lobes (upper left 
lobe subdivided into culmen and lingula). Score of 0 or 1 were 
respectively assigned for each segment / lobe if an elementary 
lesion was detected. 

Populations

The primary aim analysis was performed on the whole pop-
ulation, comparing CT data for viral-only pneumonia, bacterial 
co-infections and fungal co-infections. Then, the subpopulation 
which exclusively consisted of patients diagnosed with viral-on-
ly pneumonia was analysed. A comparison of the CT data was 
only performed for the groups of viruses which were represented 
in large enough numbers. Factors associated with the use of MV 
and ICU mortality, were analysed on the entire study population.

Statistical analysis 

Statistical analyses were performed with the Stata software 
(Statistical Software: Release 14.2. Stata Corporation, College 
Station, Texas, USA). All reported p-values were two-sided 
and the significance threshold was set <5%. Quantitative data 
were described with their median and interquartile range (IQR). 
Qualitative data were described using number and frequency. 
Comparisons between groups were performed using either Chi-
2 test or Fisher’s exact test, Student's t-test or non-parametric 
Mann-Whitney/Wilcoxon test, analysis of variance (ANOVA) or 
a Kruskall-Wallis test depending on the type of comparison being 
analysed.

The multivariate analysis was performed using a logistic re-
gression model, including first non-collinear predictive variables 
(CT and non-CT characteristics) with a p-value lower than 0.20 
in bivariate analysis. Stepwise analysis was then used to assess 
variables that were significantly and independently associated 
with the endpoints. Interactions between all potential confound-
ing factors were tested and none were significant. Area under 
receiver operating characteristic (ROC) curve (AUC) was cal-
culated to evaluate the discriminatory ability of each prediction 
model. 

Results
Population

A total of 104 patients were enrolled during the study period 
(Figure 1). Patient characteristics at admission to ICU are de-
scribed in table 1. The most frequently HM was acute myeloid 
leukaemia (26%), 54% of cohort patients were at diagnosis or 
in the first-line therapy, 59.6% were in remission and 22.1% had 
received an allo-SCT. Median SAPS 2 and SOFA scores were 
56 [IQR: 44; 67] and 8 [5; 11] respectively. All patients had re-
spiratory symptoms (dyspnea: 97.1%, crackles: 65.4%, cough: 
49% and wheezing: 27%) whereas only 10.6% had ear nose and 
throat (ENT) symptoms and 71.2% of them were febrile. Severe 
neutropenia and lymphocytopenia were observed in 36 (35.3%) 
and 64 (62.7%) of patients, respectively.

Concerning life-supporting interventions (Table 2), high-flow 
oxygen or non-invasive ventilation was initiated in 42.3% and 
48.1% of patients. MV (invasive mechanical ventilation) was re-
quired in 67.3% (n = 70) of patients after a median waiting time 
of 0 [0; 1] days and for a median length of 9 [5; 19] days. Over 
half of the patients (57/104) had ARDS (54.8%). Five patients 
(4.8%) required veno-venous extra corporeal membrane oxygen-
ation (VV-ECMO) assistance. Catecholamines and renal replace-
ment therapy (RRT) were initiated in 67 (64.4%) and 18 (17.0%) 
of patients, respectively. Multiple organ dysfunction syndrome 
(MODS) was observed in 37 patients (35.6%). The median dura-
tion of the ICU stay was 9 [5; 17] days. ICU and hospital mortal-
ity were 40.4% and 46.2%, respectively. 

Microbiological diagnosis

Regarding the diagnosis of respiratory viruses, proximal alone, 
distal alone and both proximal and distal samples were positive 
in 33.7% (n=35/104), 42.3% (n=44/104) and 24.0% (n=25/104) 
respectively (Supplementary Table 1). 93.2% (n = 69/74) of dis-
tal samples and 91.0% (n = 60/66) of proximal samples were 
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Number (%) or median [IQR]
Study population

N=104

Baseline characteristics

Male gender 66 (63.5) 

Age (years) 61 [53.5; 70.5]

Charlson comorbidity index 4 [3; 5]

ECOG performance status ≤ 2 85 (81.7)

Hematological malignancy

Lymphoid 65 (62.5)

B/T cell lymphoma 27 (26)

Multiple myeloma 23 (22.1)

Chronic lymphocytic leukemia 12 (11.5)

B/T-cell acute lymphoblastic leukemia 3 (2.9)

Myeloid 39 (37.5)

 Acute myeloid leukemia 27 (26.0)

 Myelodysplastic / myeloproliferative disease 12 (11.5)

Treatment phase  
Diagnosis/1st line 54 (51.9)

≥ 2nd line 50 (48.1)

Malignancy status  
Newly diagnosed 11 (10.6)

Complete or partial remission 62 (59.6)

Progression 13 (12.5)

Unknown 18 (17.3)

Treatment in the previous month 56 (53.8)

Time from haematological diagnosis to ICU 
admission (months) 19.9 [3.5; 61.4]

Corticosteroids in the previous month 58 (55.8)

Allogeneic stem cell transplantation 23 (22.1)

Autologous stem cell transplantation 23 (22.1)

Clinical symptoms

Fever 74 (71.2)

ENT symptoms 11 (10.6)

Respiratory symptoms 104 (100.0)

Dyspnea 101 (97.1)

Cough 51 (49.0)

Purulent sputum 15 (14.4)

Focal or diffuse crackles 24 (23.1) / 44 (42.3)

Wheezing 28 (27.0)

Rhonchi 22 (21.1)

Chest pain 8 (7.7)

Laboratory parameters

Lymphocyte count < 0.5 G/L 64 (61.5)

Neutrophil count < 0.5 G/L 36 (34.6)

Platelet count < 50 G/L 47 (45.2)

Disseminated intravascular coagulation 5 (4.8)

Lactic acidosis > 1 N 25 (24.0)

Hypoalbuminemia (< 35 g/L), n = 67* 67 (93.0)

KDIGO classification  
No acute renal failure / Stage 1 84 (80.8)

Stage 2 / Stage 3 20 (19.2)

Organ dysfunction scores  

SAPS II score 56 [44; 67]

SOFA score day 1 8 [5; 11]

Table 1. Patients’ characteristics at ICU admission. ECOG : Eastern Cooperative Oncology Group; ENT : ear, nose and 
throat; ICU : intensive care unit; IQR : Inter Quartile Range (25th 
and 75th quartiles); KDIGO : Kidney Disease Improving Global Out-
comes. *Missing data for 32 patients.

Number (%) or median [IQR]
Study population

N=104

Study population

SOFA score day 7 8 [4; 14] (n= 71)

Delta SOFA (SOFA day 7 - SOFA day 1) 0 [-3; 5] (n= 71)

Life-supporting interventions

Standard oxygen therapy 10 (9.6)

High-flow oxygen therapy 44 (42.3)

Non-invasive mechanical ventilation 50 (48.1)

Invasive mechanical ventilation 70 (67.3)

Invasive mechanical ventilation  - delay 
since ICU admission (days) 0 [0; 1]

Invasive mechanical ventilation - length 
(days) 9 [5; 19]

ARDS 57 (54.8)

ECMO 5 (4.8)

Catecholamines 67 (64.4)

Renal replacement therapy 26 (25)

MODS 37 (35.6)

Final ARF aetiological diagnosis

Infectious pneumonia  104 (100)

            Viral-only 60 (57.7)

            Bacterial co-infection 17 (16.3)

            Pneumocystis jirovecii co-infection 10 (9.6)

            Filamentous fungal co-infection 8 (7.7)

            Multiple co-infections 9 (8.7)

Acute pulmonary cardiogenic oedema 5 (4.8)

Pulmonary embolism 4 (3.9)

Pleural effusion 2 (1.9)

Malignancy-related pulmonary involvement 1 (1)

Outcomes

Limitation or discontinuation of invasive 
treatments 31(29.8) / 17 (16.3)

ICU LOS (days) 9 [5; 17] (n=104)

Hospitalisation LOS (days) 26 [14; 47] (n=102)

ICU mortality 42 (40.4)

Hospital mortality 48 (46.2)

Overall survival since ICU admission 
[n=66/104] (months) 3.4 [0.4; NR]

ARDS: acute respiratory distress syndrome; ARF: acute respiratory 
failure; ECMO: Extracorporeal Membrane Oxygenation; ICU: in-
tensive care unit; IQR: interquartile range (25th and 75th quartiles); 
LOS: length of stay; MODS: multiple organ dysfunction syndrome; 
NR: not reached; SAPS II: Simplified Acute Physiology Score II; 
SOFA: Sequential Organ Failure Assessment.

Table 2. Patient’s characteristics during ICU follow up. 
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Figure 2. Methodology flowchart. ARF: acute respiratory failure, CT: computed tomography; ICU: intensive care unit; 
MV: mechanical ventilation; PCR: polymerase chain reaction.

positive. Forty-three (41.3%) airway samples were positive for 
Influenza, 23 (22.1%) for respiratory syncytial virus (RSV), 
15 (14.4%) for human Metapneumovirus (hMPV), 14 (13.5%) 
for Rhinovirus/Enterovirus, 10 (9.6%) for Parainfluenza virus 
(PIV), 9 (8.7%) for Coronavirus, and 1(1%) for Bocavirus. In 
10.6% (n = 11) of cases the same patient was infected with two 
viruses (Supplementary Table 1). Thirty-nine (37.5%) patients 
received oseltamivir and 13 (12.5%) ribavirin. Sixty (57.7%) 
patients had virus-only infections (4 patients had a non-respi-
ratory viral co-infection), 17 (16.3%) patients had an isolated 

bacterial co-infection, 10 (9.6%) an isolated Pneumocystis ji-
rovecii co-infection, 8 (7.7%) an isolated fungal co-infection and 
9 (8.7%) patients had multiple co-infections (Figure 1, Supple-
mentary table 2). Almost all (n = 103, 99%) of the cohort initial-
ly received anti-bacterial treatments, while 60.6% of patients (n 
= 63) anti-fungal treatments and only 16.4% (n = 17) non-respi-
ratory anti-viral treatments.

Analysis according radiological data

As regards iconographic data, thoracic radiography was 
anomalous in 94.1% (95/101) of cases (diffuse interstitial 
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Figure 1. Study Flowchart. ARF: acute respiratory failure; CT scan: computed tomography scan; ICU: intensive care unit.

(55.8%), diffuse alveolar (41.3%) or focal (25%) abnormalities). 
All patients underwent a thoracic CT scan, which was abnormal 
in all cases. Intravenous contrast agents were used in 54.8% of 
CT scans.

CT scan characteristics of the whole cohort

CT scan characteristics of the whole cohort (n = 104) are sum-
marized in Figure 2. Alveolar syndrome was most frequently en-
countered (n = 72, 69.2%) followed by bronchial syndrome (n = 
61, 58.7%) and interstitial syndrome (n = 59, 56.7%). The most 
prevalent primary lesions were centro-lobular nodules (n = 56, 
53.8%) and tree-in-bud opacities (n = 35, 33.7%) for bronchial 
syndrome and ground-glass opacification (n = 52, 50.0%) for in-
terstitial changes. The median aggregate lesion intensity extended 
to 12 [8.0; 17.3] segments and 5 [3.0; 5.0] lobes.

To assess the added value of thoracic CT scan to disentangle 
virus-only from respiratory co-infections, we compared patients 
with respiratory virus alone, patients with viral and bacterial 
co-infection and finally, patients with viral infection plus mul-
tiple co-infections, including fungal infections (Supplementary 
table 3). We only observed a significant difference in the case of 
interstitial lesions which were more frequently associated with a 
virus-only infection (n = 36, 60%) or with a fungal co-infection (n 
= 18, 66.7%) than with a bacterial co-infection (n = 5, 29.4%) (p 
= 0.038). No significant differences were detected for bronchial, 
alveolar syndromes or in terms of lesion intensities.

CT scan characteristics of patients with viral identification 
alone

Regarding the ability of radiological appearances to diagnose 
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specific virus species among virus-only infection, we anal-
ysed CT scan features of 56 patients (53.8%) after excluding 
patients with associated parenchymal disease (Figure 1). Anal-
ysis of CT scan characteristics by respiratory virus group was 
performed by comparing the two main virus groups of our co-
hort: Orthomyxovirus alone (37.5% of patients with Influenza) 
and Paramyxovirus/Pneumovirus alone (46.4% of patients with 
RSV or hMPV or PIV) (Supplementary table 4). The most fre-
quently observed primary lesions were centro-lobular nodules 
(n = 29, 51.8%) and tree-in-bud opacities (n = 20, 35.7%) for 
bronchial syndrome (n = 33, 58.9%); ground-glass opacifica-
tion (n = 29, 51.8%) for interstitial changes (n = 33, 58.9%) 
and consolidations (n = 35, 62.5%) for alveolar syndrome. The 
most prevalent associations occurred with alveolo-interstitial 
(39.3%) and broncho-alveolar (33.9%) syndromes. The median 
aggregate lesion intensity extended to 12 [8.0; 18.0] segments 
and 5 [3.0; 5.0] lobes. Alveolar syndrome was notably, but not 
significantly, overrepresented in patients with Orthomyxovirus 
infections (76.2% vs 50%, p=0.066). This was also the case for 
broncho-alveolar syndrome, but the association reached statis-
tical significance in this particular instance (52.4% vs 15.4%, 
p=0.007). The median aggregate lesion expressed in number of 
segments was higher for Orthomyxovirus (16 [8; 20] vs 11.5 [6; 
15]) but did not reach statistical significance (p = 0.067). 

Outcome assessments

Finally, we have assessed the potential relationship between 
CT scan data and patient’s outcome, in term of need of MV or 
ICU mortality. CT scan patterns and aggregate lesion intensi-

ty scores were significantly associated with MV requirement 
or ICU mortality (Table 3, Supplementary table 5,6 and Sup-
plementary figure1). In multivariate analysis, aggregate lesion 
intensity score (number of lobes) was significantly and inde-
pendently associated with MV and ICU mortality (OR =1.88 for 
each lobe with lesion [95% CI: 1.27; 2.80], p = 0.002 and OR 
=1.64 [95% CI:  1.10; 2.44], p = 0.002; respectively) with a cu-
mulative effect based on the number of affected lobes. Whereas, 
bronchial syndrome was significantly inversely associated with 
MV (OR =0.21 [95% CI:  0.06; 0.69], p = 0.010. For non-CT 
scan characteristics, SAPS II score (≥ median) was associated 
with MV (OR =20.72 [95% CI:  5.45; 78.79], p < 0.001) and 
SAPS II score (≥ median), lactic acidosis and MODS were asso-
ciated with ICU mortality (OR =4.37 [95% CI:  1.45; 13.17], p = 
0.009; OR =5.82 [95% CI: 1.55; 21.80], p = 0.009; OR =12.04 
[95% CI:  3.76; 38.56], p < 0.001 respectively).

Discussion
Among the different infectious agents which cause pulmonary 

infection in critically ill haematological patients, pneumonia 
caused by respiratory virus has been associated with a particu-
larly high risk of death [3-5]. Although there is no recommen-
dation for routine use of radiological assessments in this chal-
lenging clinical setting [3, 25], chest CT scan is broadly used. 
The vast majority of reported studies in this field, have almost 
exclusively addressed the description of radiological semiotics 
[25-29], but did not provide the still lacking information about 
the usefulness of chest CT scan in terms of diagnosis and prog-
nostication in this population. To the extent of our knowledge, 
our study provides the first evidence about the added clinical 
value of early performed chest CT scan in critically ill immuno-
compromised patients with ARF and respiratory viral detection, 
both to facilitate the etiological diagnosis and to predict patient’s 
ICU clinical course and outcome. 

The radiological appearances of viral lower respiratory tract 
infection in immunocompromised patients are unclear, because 
they are frequently accompanied by infections by bacteria, 
fungi or other virus, and data on the radiologic findings of the 
individual viruses are very limited [30-34]. Through a careful 
comparison between CT-scan data from patients with virus-only 
and bacterial/fungal co-infection we have clearly identified that 
a radiological interstitial pattern was more frequently observed 
in patients with viral infection alone or with fungal co-infection. 
Opposite to previous reports, alveolar pattern detection, cor-
responding to a significant lung loss of aeration and generally 
associated to the diagnosis of bacterial pneumonia in immuno-
competent patients, was not solely related to bacterial co-infec-
tion in our cohort. We think that our data support the idea of 
combining radiological examination and adapted microbiolog-
ical examination to accurately identify potential overlapping 
co-infection.

Aiming to assess the ability of CT scan data to diagnose spe-
cific virus species among virus-only infection, we analysed 
pre-defined specific radiological features after excluding pa-
tients with associated parenchymal disease. In line with previ-
ous reports [35-37], bronchial, interstitial and alveolar radiolog-
ical patterns were evenly distributed across all respiratory virus 

Associated factors Adjusted 
odds ratio 95% CI P value

INVASIVE MECHANI-
CAL VENTILATION    

Bronchial syndrome 0.21 [0.06; 0.69] 0.01

Aggregate lesion intensi-
ty score/number of lobes 1.88 [1.27; 2.80] 0.002

SAPS II score    
< 56 (median) 1  

<0.001
≥ 56 20.72 [5.45; 78.79]

AUC 0.88 [0.82; 0.94]

ICU MORTALITY    

Aggregate lesion intensi-
ty score/number of lobes 1.64 [1.10; 2.44] 0.015

SAPS II score    

< 56 (median) 1  
0.009

≥ 56 4.37 [1.45; 13.17]

Lactic acidosis 5.82 [1.55; 21.80] 0.009

Multiple organ dysfunc-
tion syndrome 12.04 [3.76; 38.56] <0.001

AUC 0.90 [0.84; 0.96]

Table 3. Multivariate analysis of factors independently associated 
with invasive mechanical ventilation and ICU mortality. Aggregate 
lesion intensity score/number of lobes is a quantitative variable so OR 
corresponds to an increase for a lobe. 

AUC: area under ROC curve (Receiver Operating Characteristic); 
95% CI: 95% confidence interval; ICU: intensive care unit; OR: 
odds-ratio; SAPS II: Simplified Acute Physiology Score
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groups. Interestingly, we have identified a higher prevalence of 
a broncho-alveolar association in the Orthomyxovirus (52.4%) 
group when compared to the Paramyxovirus/Pneumovirus group 
(15.4%). We suggest that this association may provide support-
ive evidence in favour of an early empirical treatment with a 
neuraminidase inhibitor in this specific case [38-42].

Besides the impact in terms of diagnosis, this study identifies 
two radiological factors significantly and independently associ-
ated with the use of invasive mechanical ventilation and patient’s 
ICU mortality, namely the identification of a bronchial features 
and the aggregate lesion intensity score. Overall, the bronchial 
radiological pattern was associated to better patient’s ICU out-
come. We think that this result is in agreement with the current 
view of acute respiratory distress syndrome pathophysiology 
[43], which posits that a bronchial, rather that alveolar damage, 
should have a lesser impact on alveolar gas exchange, and there-
fore in terms of ARF severity and potential of recovery. And 
last but not the least, we also identified a significant relationship 
between the total amount of lung injury rated by the aggregate 
lesion integrity score and patient’s outcome. Future prospective 
studies are warranted to further assess and potentially validate 
this promising radiological tool for prognostication.

Our results must be interpreted with caution and a number of 
limitations should be borne in mind. The first is related to the 
study retrospective design, and a lengthy study inclusion peri-
od, extended back to 2008 and prolonged over a ten-year peri-
od. Therefore, we cannot eliminate changes in thoracic imaging 
procedures, PCR kits performance or clinical care across this 
period. Hence, a prospective validation of these findings is cer-
tainly needed. As a second limitation, we acknowledge that the 
limited sample size limits the generalizability of our finding and 
might be responsible of the reported modest p-value associations 
and broad calculated 95% confidence intervals for Odds Ratio. 
Consequently, the reported evidence requires confirmation from 
large-scale perspective trials with strict recruitment criteria. The 
main strengths of our study are the multicentric inclusions with 
pre-defined, centralized and independent evaluation of the radio-
logical findings. Actually, ours is probably the largest detailed 
description of CT scan findings in critically ill haematological 
patients with acute respiratory failure and respiratory virus de-
tection.

In conclusion, we observed that: i) the broncho-alveolar radio-
logical feature was more frequently observed in patients infected 
by Orthomyxovirus, ii) the presence of bronchial radiological 
pattern and the extension of lung injuries were significantly relat-
ed to patient’s outcome. Future studies should focus on prospec-
tively testing the prognostic value of these radiological markers. 
The poor outcome that we report, highlight the need of further 
research to design more personalized intervention strategies for 
these patients, which will be at least in part build upon CT scan 
data.
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