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What is the key question? 

What are the imaging features of acute chest syndrome (ACS) complicating sickle cell disease on 

computed tomography (CT) and what is the diagnostic performance of bedside chest radiograph 

(CR)? 

 

What is the bottom line? 

Lung consolidations were the most frequent infiltrates and predominated in lower lobes whereas 

ground-glass opacities and atelectasis were less frequent and had a more homogenous 

distribution. Patients with segmental consolidations on CT scan had a more severe presentation 

and outcome as compared to those without. Bedside CR had a good sensitivity but a weak 

specificity for the radiological diagnosis of ACS. 

 

Why read on? 

Upper lung-limited opacities might question the positive diagnosis of ACS. The bedside imaging 

diagnosis of ACS needs to be improved. 
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ABSTRACT  

Introduction: The lung computed tomography (CT) features of acute chest syndrome (ACS) 

in sickle cell disease patients is not well described and the diagnostic performance of bedside 

chest radiograph (CR) has not been tested. Our objectives were to describe CT features of 

ACS and evaluate the reproducibility and diagnostic performance of bedside CR.  

Methods: We screened 127 consecutive patients during 166 ACS episodes and 145 CT scans 

(in 118 consecutive patients) were included in the study. 

Results:Among the 145 CT scans, 139 (96%) exhibited a new pulmonary opacity and 84 

(58%) exhibited at least one complete lung segment consolidation. Consolidations were 

predominant as compared to ground-glass opacities and atelectasis. Lung parenchyma was 

increasingly consolidated from apex to base; the right and left inferior lobes were almost 

always involved in patients with a new complete lung segment consolidation on CT scan 

(98% and 95% of cases respectively). Patients with a new complete lung segment 

consolidation on CT scan had a more severe presentation and course as compared to 

others.The sensitivity of bedside CR for the diagnosis of ACS using CT as a reference was 

good (>85%) whereas the specificity was weak (<60%).  

Conclusion: ACS more frequently presented on CT as a consolidation pattern, predominating 

in lung bases. The reproducibility and diagnostic capacity of bedside CR were far from 

perfect. These findings may help improve the bedside imaging diagnosis of ACS.  
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INTRODUCTION 

The term acute chest syndrome (ACS) was first proposed in patients with sickle cell 

disease (SCD) by Charache et al in 1979 as a description for “the combination of chest pain, 

fever, increased leukocytosis,and appearance of a new shadow on chest radiograph (CR)”.[1] 

Since then, many studies have focussed on this common complication of SCD thatcontributes 

significantly to mortality in adults,[2]but the diagnostic criteria used varied from one report to 

another. The main difference between these criteria concerns the lung imaging definition 

which is more or less restrictive, including: “a new pulmonary opacity”,[3] “an acute 

pulmonary disease involving at least one complete lung segment”,[4] or “a new pulmonary 

opacity involving at least one complete lung segment that is consistent with the presence of 

alveolar consolidation, but excluding atelectasis”.[5] Identifying the characteristic lung 

imaging abnormalities of ACS may be challenging, especially when using bedside CR, which 

has been shown to have moderate accuracy in other forms of acute lung injury.[6] To be 

consistently useful, interpretation of a radiological investigation must be reliable. A 

reproducible radiological definition of ACS is crucial to ensure that study populations are 

homogeneous, especially in clinical trials that may consider ACS as an inclusion criterion or 

as a study outcome. Finally, the exact feature and distribution of lung lesions associated with 

ACS have not been described to date. CT scan, which is currently considered the reference 

imaging tool for lung structure exploration may help achieve this goal. The aim of the present 

study was triple: i) use CT scan to describe the main lung pathologic entities during ACS; ii) 

compare the characteristics and outcomes of patients with ACS according to the radiological 

definition used; for this purpose, we compared the most liberal definition (“a new pulmonary 

opacity”),[1, 3, 7]to the most conservative one (“a new pulmonary opacity involving at least 

one complete lung segment that is consistent with the presence of alveolar consolidation, but 
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excluding atelectasis”);[5] iii) assess the value of the bedside CR for the diagnosis of ACS, 

using CT scan as a reference.  

 

 

 

METHODS 

 

Patients 

Consecutive adults (≥18 years) with SCD admitted between July 2007 and December 

2009 to Henri Mondor University Hospital(Créteil, France) with a diagnosis of ACS were 

prospectively included.The diagnosis of ACS by the attending physician was based on the 

association of a respiratory symptom (dyspnoea or chest pain), an abnormal lung sound at 

auscultation, and a new pulmonary opacity on the chest radiograph.[8]The study was 

approved by our institutional ethics committee (Comité de Protection des Personnes Ile de 

France IX) as a component of standard care, and written and oral information was given to the 

patients. All patients received a uniform standardized treatment protocol of ACS,[9] and low 

molecular weight heparin for thromboembolic disease prophylaxis. In patients diagnosed with 

ACS, a CT scan was ordered by the attending physician to search for pulmonary artery 

thrombosis unless there was a contraindication to iodine agents or the CT machine was 

unavailable. This study includes some patients previously described in a report focusing on 

pulmonary artery thrombosis during ACS.[8] 

 

CT scan and bedside CR  

All CT scan examinations were performed using a 64-row multidetector CT (Lightspeed 

VCT, GE, USA) with the following parameters: 600 mAs, 120 kV, collimation of 0.625 mm, 

reconstruction slice thickness of 0.625 mm, pitch of 1, and rotation time of 500 ms. Axial 

scan was performed from the lung apices to the diaphragm. Typical scan time was 4 s. 
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Injection protocol consisted of the administration of 100 mL of non-ionic contrast medium 

(Iomeron 400, Bracco Imaging, France) injected at a rate of 3.5 mL/s via a 18-gauge 

peripheral intravenous catheter inserted in the antecubital vein or a central catheter, followed 

by a 40 mL saline flush, with bolus tracking. The approximate median CT volume dose index 

was 721 mGy.cm. Anterior bedside CRs were obtained by using a Mobilett Plus apparatus 

(Siemens, France). All radiographs were obtained in supine or semirecumbent position, with 

standardized parameters (65 kV, 4–8 mAs according to body mass index) and focus-film 

distance (1 m).  

 

Image analysis 

Bedside CR images were first interpreted by attending physicians as part of their daily clinical 

work (a new pulmonary opacity was routinely required for ACS diagnosis).[8, 10] CR images 

underwent a subsequent review at the end of the study by two separate readers, both experts 

in the field of ACS (a senior radiologist and a senior pulmonologist),independently and 

without knowledge of the initial interpretation. They also blindly reviewed CT scan images by 

consensus at the end of the study. Two radiological definitions of ACS were used by 

reviewers: a liberal definition (“a new pulmonary opacity”)[1, 3, 7]and a conservative 

definition (“a new pulmonary opacity involving at least one complete lung segment that is 

consistent with the presence of alveolar consolidation, but excluding atelectasis”).[5]Lung 

opacities on CR and CT scan were defined according to the Fleischner Society Glossary 

ofTerms for Thoracic Imaging.[11]Briefly, a consolidation was defined as a homogeneous 

increase in pulmonary parenchymal attenuation that obscured the margins of vessels and 

airway walls (an air bronchogram might be present). Atelectasis was defined by a reduced 

volume, accompanied by increased opacity (CR) or attenuation (CT scan) in the affected part 

of the lung. Ground-glass opacity was defined on CR as an area of hazy increased lung 
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opacity, usually extensive, within which margins of pulmonary vessels may be indistinct; on 

CT scans, it was defined as hazy increased opacity of lung, with preservation of bronchial and 

vascular margins. 

For each type of lung opacity on CT scan (consolidation, ground-glass and atelectasis), the 

reviewers rated the extent of involvement (subsegmental, segmental or lobar) in each lung 

lobe. The number of quadrants involved on bedside CR was also rated, based on the Lung 

Injury Score.[12]All visible consolidations on CR were considered as involving at least one 

complete lung segment.Pulmonary artery thrombosis on CT scan was defined as a thrombus 

up to the segmental level or multiple thrombi at the subsegmental level.[8, 13]Analysis of 

right ventricle/left ventricle dimension ratios were performed in reconstructed four-chamber 

views, as previously described.[14] 

 

Statistical analysis 

Data were analyzed using the SPSS Base 16.0 statistical software package (SPSS Inc, 

Chicago, IL). Normally distributed continuous data (according to the Kolmogorov-Smirnov 

test) were expressed as mean ± standard deviation and compared using the Student T test. 

Non-normally distributed continuous data were expressed as median [25th–75th percentiles] 

and compared using the Mann-Whitney test. Categorical variables, expressed as percentages, 

were evaluated using the chi-square test or Fisher’s exact test. We tested the performance of 

reviewed bedside CRs for ACS diagnosis for each radiological definition (liberal and 

conservative), using CT scan as the reference. The agreement between blinded readers of 

bedside CRs was estimated for each radiological definition.[15] We calculated raw 

agreement, chance-corrected agreement (kappa coefficient, to correct for high agreement by 

chance),[16] and chance-independent agreement (phi coefficient, to take into account the 
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proportion of positive ratings).[17] Two-sided P values less than 0.05 were considered 

significant. 

 

RESULTS 

ACS episodes 

The study flow chart is shown in Figure 1. Among a total of 166 consecutive ACS episodes 

(in 127 patients), 21 were excluded because no CT scan was performed. The remaining 145 

episodes explored with CT scan occurred in 118 patients, of whom 100 had a single ACS 

episode, eleven had two episodes, five had three episodes and two had four episodes. 102 

patients had hematological and hemoglobin profiles indicating SS disease, twelve had SC 

disease, and four had hemoglobin S–βthalassemia disease.  

 

Findings from CT scans 

CT scans were performed within 1 [0-3] day of ACS onset, without any complication. Among 

the 145 CT scans, four showed no opacity, and two exhibited isolated chronic opacities 

suggestive of interstitial pneumonia; 139 (96%) CT scans were identified as positive for ACS 

according to the liberal definition (a new pulmonary opacity) whereas 84 (58%) were 

identified as positive according to the conservative definition (a new complete lung segment 

consolidation) (Figure 1). An illustrative example of positive CT scans according to the 

conservative definition is provided in Figure 2. The anatomical distribution of lung opacities 

in patients with positive CT scans according to the two definitions is presented in Figure 3A 

and Figure 3B. Lung parenchyma was increasingly consolidated from apex to base; the right 

and left inferior lobes were involved frequently in patients with a new opacity on CT scan 

(83% and 80% of cases respectively, Figure 3A), and almost always in patients with a new 

complete lung segment consolidation on CT scan (98% and 95% of cases respectively, Figure 
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3B). Consolidations were predominant as compared to ground-glass opacities and atelectasis 

(47%, 23% and 8% of lobes involved respectively in patients with a new opacity on CT scan, 

Figure 3A; and 58%, 26% and 6% of lobes involved respectively in patients with a new 

complete lung segment consolidation on CT scan, Figure 3B). CT scans with a new opacity 

not involving at least one complete lung segment consolidation on CT scan showed 

subsegmental consolidations (in 29% of lobes), ground-glass opacities (in 19% of lobes) and 

atelectasis (in 10% of lobes). Among patients with a new pulmonary opacity on CT scan, 

moderate to large pleural effusions were more frequent in those with at least one complete 

lung segment consolidation as compared to others, whereas the right ventricle/left ventricle 

ratio and pulmonary artery thrombosis prevalence were similar between groups (Table 1). 

 

Association between CT scan findings and clinical and laboratory data  

Table 1 shows the clinical characteristics of patients with a new pulmonary opacity on CT 

scan at time of diagnosis of ACS. A precipitating factor for ACS was identified in 81 (58%) 

cases, and was more frequent in patients with a new complete lung segment consolidation on 

CT scan as compared with others (Table 1). Patients with a new complete lung segment 

consolidation on CT scan had less extrathoracic pain and higher respiratory rate during ACS; 

other physical findings were comparable between groups (Table 1). At time of diagnosis of 

ACS and during hospital stay, white-cell count and C-reactive protein concentration were 

higher in patients with a new complete lung segment consolidation on CT scan; other 

laboratory data, including hemolysis parameters were similar between groups (Table 1 and 

Table 2). The 139 ACS episodes with a new opacity on CT scan involved 116 patients, 

including 75 with at least one complete lung segment consolidation during at least one ACS 

episode and 41 without. Patients with a new complete lung segment consolidation on CT scan 
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during at least one ACS episode were younger as compared to others; other baseline 

characteristics were similar between groups (Table 3). 

 

Association between CT scan findings and outcome 

Treatments and outcomes of patients with a new pulmonary opacity on CT are reported in 

Table 4. There was more need for antibiotic treatment and red blood cells transfusion in 

patients with a new complete lung segment consolidation on CT scan as compared to others. 

The maximal nasal oxygen flow was higher in patients with a new complete lung segment 

consolidation on CT scan, whereas the need for mechanical ventilation, the hospital lengths of 

stay and hospital deaths were similar between groups.  

 

Diagnostic capacity of CR 

Raw agreement between the two reviewers of bedside CR was substantial (0.77 for the liberal 

definition and 0.78 for the conservative definition) whereas chance corrected-agreement was 

fair to moderate (0.25 for the liberal definition and 0.46 for the conservative definition) and 

chance-independent agreement was substantial (0.63 for the liberal definition and 0.68 for the 

conservative definition). The anatomical distribution of lung opacities in patients with 

positive CR according to the two definitions is presented in Figure S1A and Figure S1B (see 

ESM). Lower quadrants were more often involved as compared to upper quadrants. Among 

the 145 CT scans performed, a bedside CR was available within 24 hours of CT scan during 

114 episodes. The value of the bedside CR for the diagnosis of ACS using CT as a reference 

could not be assessed for the liberal definition because all analyzed 114 CT scans were 

positive for that definition. Results for the conservative definition are shown in Table S1 (see 

ESM): the sensitivity of bedside CR was good for both readers (86% and 93%) whereas the 

specificity was weak (51% and 56%). Illustrative examples of discrepancies between CT and 
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CR are shown in Figure 4. For both readers, the overall diagnostic accuracy of CR was 

comparable whether CT scans were performed on the day of ACS onset or later: 0.79 vs. 0.71 

and 0.79 vs. 0.80 respectively. 

 

Sensitivity analysis 

In order to test the robustness of our study, we verified the main findings while restricting the 

analysis to the first ACS episode. All main results were similar to those obtained while 

considering all ACS episodes (see ESM). 

 

DISCUSSION 

Our study is the first to give a broad description of the main lung imaging pathologic 

entities during ACS using CT scan technology. Lung consolidations were the most frequent 

opacities and predominated in the bases; ground-glass opacities and atelectasis were less 

frequent and had a more homogenous distribution. Patients with a new complete lung segment 

consolidation on CT scan had a more severe presentation and outcome as compared to those 

without. Bedside CR had a good sensitivity but a weak specificity for the radiological 

diagnosis of ACS.  

Lung consolidations were present in approximately one half of lung lobes, ground-

glass opacities in approximately one quarter of lung lobes and atelectasis in <10% of lung 

lobes. The predominance of lung consolidations during ACS as compared to other types of 

lung opacities is in accordance with previous studies.[18]Consolidations are due to exudates 

or other products of disease that replace alveolar air, rendering the lung solid.[11] Among 

suggested mechanisms responsible for the ACS, infection[5] and infarction[8] may typically 

induce lung consolidation. Ground-glass opacities are caused by partial filling of airspaces, 

partial collapse of alveoli, interstitial thickening, increased capillary blood volume, or a 
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combination of these.[19, 20] Ground-glass opacity and consolidations may therefore belong 

to a common continuum in which alveolar air is displaced (ground-glass) or replaced 

(consolidation) by fluids or other products of disease. From this perspective, consolidations 

may correspond to a more severe disease as compared to ground-glass opacities. This 

hypothesis is in accordance with the finding that patients with at least one complete lung 

segment consolidation on CT scan had a more severe presentation and outcome as compared 

to those without a complete lung segment consolidation. Specifically, compared to patients 

with infiltrates without consolidation, the patients with at least one complete lung segment 

consolidated on CT scan had greater lung functional impairment (suggested by greater 

supplemental oxygen requirement), more severe inflammatory status (leukocyte count and C-

reactive protein levels) at diagnosis and during the ACS episode and a need for larger 

transfusions. These associations emphasize the ability of CT scan findings to accurately 

predict clinical severity, as well as the important role of inflammation in the pathophysiology 

of ACS. The use of a conservative radiological definition of ACS may therefore allow the 

selection of a relatively homogenous group of patients (while excluding the less severely ill) 

and this may be important when comparing studies and testing new therapeutic agents. 

Despite its rarity, atelectasis was present in some patients even when using the conservative 

definition. Atelectasis occurs because of reduced inflation of some part of the lung.[11, 21] 

The possible mechanisms during ACS may include respiratory inhibition because of pain and 

morphine treatment, passive collapse because of pleural effusion and supine position, 

resorption of air distal to airway obstruction being less likely. 

 The predominance of consolidations in lower lobes is in opposition to classical 

bacterial pneumonia (which usually shows no zonal predilection),[22] but in accordance with 

findings in more diffuse forms of acute lung injury. Studies in patients with ARDS lying in 

the supine position found a basal predominance of consolidations[23] that may be explained 
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by increased lung weight caused by a high permeability type edema leading to a pressure 

gradient along the anteroposterior axis,[24] a cephalic displacement of the diaphragm 

secondary to increased intra-abdominal pressure,[23] or the pressure exerted by a dilated heart 

on subjacentlower lobes.[25, 26] Several of these mechanisms may act during ACS. In 

particular, SCD patients may be prone to heart dilatation either due to chronic heart 

disease[27] or acute cor pulmonale during severe episodes of ACS.[28] These patients may 

also exhibit abdominal compartment syndrome in relation to immobilisation and morphine 

use for pain relief. Lung perfusion is anatomically mainly distributed towards the bases. 

Whether this distribution renders lung bases more prone to injury in the context of ACS 

where the increase in pulmonary vascular permeability may be typically haematologically-

driven needs further research.  

In our study, chance-corrected agreement (kappa) between bedside CR readers was 

fair to moderate whereas chance-independent agreement (phi) was substantial. This 

discrepancy may result from a limitation of the kappa coefficient,[16] which is affected by the 

prevalence of the condition under consideration.[29] Contrary to phi, kappa automatically 

decreases as the proportion of positive ratings becomes extreme (as for the liberal definition 

in our cohort), even if the way the raters interpret films does not change.[29]The value of the 

bedside CR for the diagnosis of ACS (according to the conservative definition and using CT 

as a reference) was acceptable in terms of sensitivity but with a poor specificity. Previous 

reports highlighted that bedside CR was poorly correlated to lung CT images in patients with 

ARDS.[30, 31] Although bedside CR remains the main lung imaging modality in bedridden 

patients, technical limitations often reduce its quality, even with a careful procedure.[32] 

These limitations include chest wall movements, patient rotation, and supine position. 

Moreover, pleural effusion may be misdiagnosed as pulmonary consolidation or collapse on 

supine radiograph. Bedside lung ultrasonography has been shown as highlysensitive, specific, 



 13 

and reproducible for diagnosing the main lung pathologic entities in patients with ARDS, with 

a higher diagnostic accuracy as compared to auscultation and bedside CR.[31] Lung 

ultrasonography is also very accurate to discriminate pleural effusion and consolidation. In 

addition, given the recurrence of ACS episodes during the lifespan of SCD patients, lung 

ultrasonography may allow reducing X-ray exposure. Further research is needed to test 

whether this imaging modality may prove useful in the bedside exploration of patients with 

ACS.  

 Our study has some limitations. First, we analyzed a single CT scan during each ACS 

episode and could not assess its progression over time. Second, we included all ACS episodes 

during the study period as commonly performed in the ACS literature which is by nature a 

relapsing disease [5, 8, 28]. Because all episodes may not be considered as being independent 

of one another, we confirmed our findings by a sensitivity analysis restricted to the first ACS 

episode. 

 

In conclusion, ACS more frequently presented as a consolidation pattern followed by a 

ground-glass pattern on CT. Consolidation distribution was characterized by major gravity 

dependence. Upper lung-limited opacities might question the positive diagnosis of ACS. The 

diagnostic capacity of bedside CR is perfectible and the bedside radiological diagnosis of 

ACS needs to be improved.  
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Table 1. Clinical and biological data at presentation of patients with acute chest syndrome and a new pulmonary opacity on computed 

tomography 

 At least one complete lung segment consolidation on CT  

 

Parameter 

No  

(n=55) 

Yes 

(n=84) 

 

P value 

Presence of a precipitating factor 24 (44%) 57 (68%) <0.01 

Type of precipitating factor   0.02 

Extrathoracic pain before ACS 7 (13%) 30 (15%)  

Surgery 2 (4%) 5 (6%)  

Infection 2 (4%) 6 (7%)  

Other 13 (24%) 16 (19%)  

Symptoms    

Fever 18 (34%) 37 (45%) 0.22 

Chest pain 51 (96%) 81 (96%) >0.99 

Extrathoracic pain during ACS 47 (89%) 60 (71%) 0.02 

Hemoptysis 0 (0%) 2 (2%) 0.52 

Cough 22 (42%) 34 (41%) 0.91 

Pulmonary crackles 39 (74%) 71 (85%) 0.12 

Jugular venous distension 2 (4%) 7 (8%) 0.48 

Blood pressure, mm Hg    

Systolic 120 [110-130] 120 [114-130] 0.07 

Diastolic 66 [65-74] 70 [65-76] 0.20 

Heart rate, beats/minute 100 [99-120] 110 [100-120] 0.12 

Respiratory rate, breaths/minute 26 [24-28] 28 [26-30] <0.01 

Blood gases    

PaO2, mmHg 74 [64-93] 77 [65-96] 0.49 

PaO2/FiO2 ratio, mmHg 305±75 285±101 0.22 

PaCO2, mmHg 43±7 44±6 0.21 

pH 7.41±0.05 7.40±0.05 0.29 

HCO3
-
, mmol/L 28±3 28±3 0.98 

SaO2, % 95 [90-97] 94 [91-98] 0.70 

Laboratory values at ACS diagnosis    



 15 

White-cell count, 10
9
/L 14.6±5.3 18.0±6.0 <0.01 

Platelet count,10
9
/L 353±143 374±218 0.54 

Total hemoglobin, g/dL    

All patients 9.1±1.5 8.7±1.6 0.26 

SS patients only (n= 123 episodes) 9.0±1.5 8.5±1.5 0.07 

Creatinine, µmol/L 65±21 60±28 0.24 

C-reactive protein, mg/L 98±94 141±94 0.02 

Alkaline phosphatase, IU/L  91 [73-126] 101 [76-136] 0.41 

Aspartate aminotransferase, IU/L 48 [31-66] 40 [29-68] 0.40 

Alanine aminotransferase, IU/L 28 [20-59] 29 [18-48] 0.89 

Total bilirubin, µmol/L 45 [29-71] 39 [26-64] 0.57 

Direct bilirubin, µmol/L 11 [7-15] 12 [8-19] 0.27 

Lactate dehydrogenase, IU/L 552 [389-734] 491 [360-652] 0.17 

CT    

Pulmonary artery thrombosis 9 (16%) 17 (20%) 0.57 

Right ventricle/left ventricle ratio 0.92 [0.81-1.05] 0.91 [0.81-1.09] 0.89 

Moderate to large pleural effusion 6 (11%) 27 (32%) <0.01 

Data are presented as mean ± standard deviation, median [25th-75th percentiles] or number (percentage). ACS=acute chest syndrome; 

CT=computed tomography. 
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Table 2. Laboratory tests values recorded during the hospital stay of patients with acute chest syndrome explored and a new pulmonary 

opacity on computed tomography 

 

 At least one complete lung segment 

consolidation on CT 

 

 

Parameter 

No  

(n=55) 

Yes 

(n=84) 

 

P value 

Highest leukocyte count, 10
9
/L 15.6 [11.9-19.3] 17.8 [15.1-24.6] <0.01 

Highest platelet count, 10
9
/L 411 [313-529] 457 [341-623] 0.23 

Lowest platelet count, 10
9
/L 271 [203-334] 240 [171-344] 0.19 

Highest creatinine, µmol/L 67 [57-80] 62 [53-78] 0.20 

Highest C-reactive protein, mg/L 103±99 143±95 0.03 

Highest alkaline phosphatise, IU/L 98 [77-172] 129 [87-189] 0.10 

Highest aspartate aminotransferase, IU/L 52 [34-99] 52 [35-83] 0.84 

Highest alanine aminotransferase, IU/L 38 [22-69] 36 [24-58] 0.94 

Highest total bilirubin, µmol/L 54 [35-84] 43 [30-74] 0.27 

Highest direct bilirubin, µmol/L 14 [9-22] 15 [10-25] 0.47 

Highest lactate dehydrogenase, IU/L 623 [403-780] 557 [378-820] 0.60 

Data are presented as mean ± standard deviation, or median [25th-75th percentiles].  
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Table 3. Baseline characteristics of patients presenting with acute chest syndrome and a new pulmonary opacity on computed 

tomography 

 

 

 At least one complete lung segment 

consolidation during at least one ACS 

episode 

 

 

Parameter 

No 

(n=41) 

Yes 

(n=75) 

 

P value 

Age, years 30 [24-40] 27 [23-32] 0.04 

Male gender 18 (44%) 31 (41%) 0.79 

Body mass index, kg/m
2
 21±2  21±2 0.28 

SS genotype 35 (85%) 65 (87%) 0.85 

Baseline total Hb, g/dL 9.0 [8.0-10.0] 9.0 [8.0-9.0] 0.89 

Past medical history:    

Previous ACS 34 (85%) 62 (83%) 0.75 

Number of previous ACS episodes 2 [1-3] 2 [1-3] 0.84 

Previous vasoocclusive pain crisis 41 (100%) 19 (100%) >0.99 

Stroke 0 (0%) 2 (3%) 0.54 

Retinopathy 5 (12%) 8 (11%) 0.77 

Priapism, % males 3 (17%) 7 (23%) >0.99 

Bone necrosis 10 (24%) 17 (23%) 0.83 

Heart disease 8 (20%) 5 (7%) 0.06 

Treatments    

Chronic transfusions 5 (13%) 7 (9%) 0.75 

Chronic hydroxyurea treatment 18 (45%) 23 (31%) 0.13 

Long-term home oxygen therapy, % 2 (5%) 3 (4%) >0.99 

Data are presented as mean ± standard deviation, median [25th-75th percentiles] or number (percentage). ACS=acute chest syndrome 
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Table 4. Treatment and outcome of patients with acute chest syndrome explored and a new pulmonary opacity on computed 

tomography 

 

 At least one complete lung segment 

consolidation on CT 

 

 

Parameter 

No  

(n=55) 

Yes 

(n=84) 

 

P value 

Treatment    

Maximal nasal oxygen, L/min 4 [3-6] 6 [4-10] <0.01 

Mechanical ventilation    

Non-invasive  2 (4%) 5 (6%) 0.70 

Invasive 1 (2%) 3 (4%) >0.99 

Antibiotic treatment 26 (48%) 77 (93%) <0.01 

Transfusions and phlebotomies   0.06 

Simple transfusion 8 (15%) 9 (11%)  

Partial-exchange transfusion 20 (36%) 49 (58%)  

Simple phlebotomy 1 (2%) 0 (0%)  

Total number of transfused red blood cell units  

(in patients with simple transfusion or partial-exchange transfusion) 

1.0 [0.0-2.0] 2.0 [0.0-4.0] <0.01 

Total volume of exsanguinated blood, mL  

(in patients with partial-exchange transfusion or phlebotomy) 

0 [0-350] 275 [0-700] 0.01 

Outcome     

Complicated ACS* 28 (51%) 58 (69%) 0.03 

Hospital stay, days 8 [6-13] 11 [7-13] 0.09 

Hospital deaths  1 (2%) 0 (0%) 0.40 

Data are presented as mean ± standard deviation, median [25th-75th percentiles] or number (percentage). *Complications included need for 

mechanical ventilation, transfusion or death.
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FIGURE LEGENDS 
 

Figure 1. Study flow chart. ACS=acute chest syndrome. CT = computed tomography. 

CR=chest radiograph 

 

Figure 2: Illustrative example of a patient with acute chest syndrome and bilateral 

consolidations predominating at lung bases on chest radiograph (panel A) and computed 

tomography (panels B, C and D). 

 

Figure 3. Distribution of lung opacities on computed tomography according to lung 

segmentation during acute chest syndrome episodes with a new pulmonary opacity 

(panel A, n=139), or with a new pulmonary opacity including at least one new segmental 

consolidation (panel B, n=84). UL=upper lobe. ML=middle lobe. LL=lower lobe. 

LIN=lingual. CUL=culmen 

 

Figure 4: Illustrative examples of discrepancies between computed tomography (CT) 

and chest radiograph (CR) in patients with acute chest syndrome: Near-normal CR 

interpreted as showing minimal opacities with segmental consolidation on CT (panel A), 

CR interpreted as showing segmental consolidations with ground glass opacities on CT 

(panels B and C). 

 

 

Figure S1. Distribution of lung opacities on bedside chest radiographs quadrants during 

acute chest syndrome episodes with a new pulmonary opacity (panel A, n=98 and 122 

for readers 1 and 2 respectively), or with a new pulmonary opacity including at least one 

new segmental consolidation (panel B, n=93 and 96 for readers 1 and 2 respectively). 

UQ=upper quadrant. LL=lower quadrant.  
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