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Take home message: Children with sickle cell disease have a pulmonary capillary blood volume that 

is already dilated at rest and that may initiate a restrictive defect 
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To the editor: 

It has consistently been shown that patients with sickle cell disease (SCD) exhibit a compensatory 

increase in pulmonary capillary blood volume (PCBV), at least in a specific subgroup of patients [1]. 

This increase in PCBV could be related to the anaemia-induced increase in cardiac output [2]. 

Chaudry and colleagues showed that SCD patients failed to recruit and dilate their pulmonary 

capillary bed to the same extent as control subjects for a given rise in effective pulmonary blood 

flow [3]. One may therefore hypothesise that PCBV is already maximally recruited at rest; however, 

this is yet to be confirmed. Furthermore, it is not clear whether this potential defective pulmonary 

vascular recruitment is related to SCD history.  

Our first objective was to measure PCBV in children with SCD and control children of the same 

ethnicity, and to compare their ability to recruit the PCBV using an easier method than the exercise 

test, i.e. sitting and supine diffusion measurements. Our second objective was to identify factors 

that are associated with resting PCBV and its ability to be recruited.  

This cross-sectional case control study (STROBE checklist) was approved by an ethical 

committee (CPP IDF II, ID-RCB: 2007-A00913-50) and informed consent was obtained. The 

study was proposed to SCD patients before the annual assessment of their respiratory 

function. The exclusion criteria were the appointment of the testing unit not honoured and the 

inability to perform the measurement of diffusing capacity of the lungs for carbon monoxide 

(DLCO) or for nitric oxide (DLNO) in either sitting and / or supine position. 

Children underwent spirometry, static lung volume measurements (helium dilution technique) and 

single-breath DLCO/DLNO, allowing the calculation of DLCO, DLNO, and membrane diffusing capacity 



(DM) and PCBV using an infinite NO value. The ability to recruit the PCBV was evaluated using 

repeated DLCO/DLNO measurements after 5 min in the supine position (a maximum of 3 tests was 

performed in sitting position and 2 tests in supine position). The averages of at least two acceptable 

tests in each position were reported, allowing the calculation of sitting and supine PCBV. All tests 

were performed according to ATS-ERS 2005 recommendations. The predicted values were those 

published by the Global Lung Initiative (GLI-2012) for spirometry [4], those of Silvester and 

colleagues for static lung volumes [5] and those of Kim and colleagues for CO transfer [6], adapted 

for ethnicity. 

Haematological data were obtained from blood tests performed within 3 months of PFT. SCD 

complications were recorded at the time of tests. 

Regarding the sample size, we planned to include three SCD cases per control subject matched on 

age (± 1 year) and sex since three clusters of lung function were described among SCD children [1]. 

Matching on age was done because we demonstrated that sport practice ameliorated pulmonary 

vascular recruitment [7]. The effect of sex on vascular functions is also well-known [8]. Based on the 

literature, we estimated that the standard deviation of PCBV would be 13 mL, thus the inclusion of 

25 children in the healthy group and 73 children with SCD would allow us to demonstrate a 10 mL 

difference between the two groups (= 0.05 and = 0.10). The results were expressed as median 

[25th–75th percentile] for continuous data and as frequency (percentage) for categorical data. 

Despite the case-control design, due to the restricted sample size, we chose to use unconditional 

analyses with non-parametric tests. Comparisons between sitting and supine positions were 

performed using the Wilcoxon rank paired test. Comparisons of continuous variables between the 

two groups of children or between subgroups were performed using the Mann-Whitney U-test. 

Correlations were evaluated using Spearman’s rank correlation coefficient. Categorical variables 

were compared using a chi-square test. A P-value <0.05 was deemed statistically significant. All 

statistical tests were two-tailed.  



One hundred and twenty children were evaluated for eligibility, 90 had SCD and 30 were 

healthy children. Twenty-two children were excluded (1 of Maghreb ethnicity, 3 for failure of 

DLCO/DLNO measurements and 18 for appointment not honoured (their sex was not 

different but they were younger (10.3 years [8.3; 12.8], p=0.001) than the included children), 

leaving 98 children aged between 8 and 18 years of either sub-Saharan or Caribbean ethnicity 

(n=75 and n=23, respectively). Of these children, 72 had SCD without any respiratory disease 

except asthma or asthma-like symptoms, and 26 were healthy children with no history of 

respiratory disease. The clinical and functional characteristics of the children are presented in 

Table 1.  

Repeatability of DLCO in sitting and supine positions was assessed using intraclass coefficient 

correlations for the different calculations (DLCO, PCBV, DMCO), which were between 0.86 and 0.96 

(good repeatability). PCBV was increased in the supine position when compared to the sitting 

position in control subjects (p = 0.020); however, there was no evidence of an increase in children 

with SCD (p = 0.67). Our study suggests that pulmonary vascular distensibility is reduced among SCD 

children. Whether it is due to already recruited vascular bed and / or early pulmonary hypertension, 

which may have been underestimated due to low haematocrit values, cannot be determined 

without right heart catheterisation and measurements of the distensibility factor α [9]. Furthermore, 

all the included children had a peak tricuspid regurgitant jet velocity <2.5 m/s on echocardiogram, 

which may suggest that a specific subgroup of SCD children was enrolled. 

Within SCD children there was no evidence of an association with severity (SS and S° versus SC and 

S+, or with versus without hydroxyurea) or vaso-occlusive history (n organ injured or acute chest 

syndrome (ACS), and children with versus without ACS) and PCBV/VA or change in PCBV. 

Sitting PCBV/VA (log transformed) was significantly negatively related to age, female sex, 

haemoglobin, haematocrit and predicted total lung capacity (TLC) percentage. A stepwise multiple 

linear regression analysis (p < 0.20 in univariate analyses, without haemoglobin due to collinearity 



with haematocrit) demonstrated that PCBV/VA remained independently related to sex, haematocrit 

and predicted TLC. The negative relationship between haematocrit and PCBV/VA suggests that 

increased blood viscosity was not responsible for pulmonary vascular recruitment/dilation, which 

may be related to the anaemia-induced increase in cardiac output. 

In adult SCD patients, Miller and Serjeant found that DLCO was reduced by anaemia, small lungs and 

a low DMCO, and that this reduction tended to be offset by an increase in PCBV [10]. In the current 

study, no difference in DLCO was found between the two groups though lower DMCO and higher 

PCBV were evidenced in SCD children when compared to healthy children. Interestingly, in a recent 

autopsy study of 30 SCD patients, Carstens and colleagues showed that focal lesions of pulmonary 

capillary haemangiomatosis were present in 87% of patients [11], which may explain the increased 

PCBV. The reduced DMCO/VA ratio could be related to the marked thickening of the alveolar walls, 

as previously demonstrated [11], which has been linked to dyspnoea [12]. The inability to recruit 

PCBV while supine is consistent with the results obtained in an exercise test [3], but were easier to 

obtain. This inability may explain the ventilation inefficiency observed in SCD patients during 

exercise tests [13]. 

Vaso-occlusive history and SCD severity did not modify PCBV/VA or recruitment that is consistent 

with the fact that abnormal lung function patterns have not been associated with prior vaso-

occlusive pain or ACS episodes in children [14]. The independent link between TLC and PCBV/VA may 

suggest that vascular recruitment is the primary contributor to subsequent restrictive abnormalities 

that are more prominent with increasing age [1]. Wedderburn and colleagues had shown increased 

PCBV in children with SCD that was associated with airway obstruction not improving with 

bronchodilator [15] and Lunt and colleagues suggested that children with an obstructive defect may 

further develop a restrictive defect [16].  In conclusion, the increased capillary blood volume in SCD 

children is not related to their vaso-occlusive history, but it may initiate restriction. It will be 



important to assess the ability of sport practice to improve pulmonary capillary bed recruitment 

among SCD children. 
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Table 1. Subject characteristics. 

 SCD children (n=72) Healthy children (n=26) P value* 

Sex, female / male 

Age, years 

Height, cm 

Weight, kg 

SCD type: 

SS, n patients (%) 

SC, n patients (%) 

S+, n patients (%) 

S°, n patients (%) 

G6PD deficit, n patients (%) 

SCD related organ injury, n patients (%) 

Vaso-occlusive organ injury, n organ# 

Lung complications 

ACS, n patients (%) 

ACS, n episodes 

Pulmonary hypertension, n patients§ 

Haemoglobin, g/dL 

Haematocrit, % 

White cell counts (x 109/L) 

Reticulocytes (x 109/L) 

Serum IgE, IU/L 

Treatments 

Hydroxyurea, n patients (%) 

Asthma treatment, n patients (%) 

42 / 30 

13.5 [11.9; 16.0] 

153 [146; 165] 

42.6 [35.7 ; 57.0] 

 

55 (76) 

13 (18) 

2 (3) 

2 (3) 

9 (13) 

50 (69) 

2 [1 ; 4] 

 

29 (40) 

1 [1 ; 2] 

0 

8.6 [7.6; 9.7] 

24.7 [21.8; 28.5] 

8.4 [6.4; 11.0] 

197 [162; 276] 

106 [28; 360] 

 

23 (32) 

35 (49) 

15 / 11 

14.4 [13.0; 15.3] 

165 [148; 169] 

53.0 [43.5; 61.0] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 

0 

0.95 

0.61 

0.08 

0.02 

Pulmonary function tests 

SpO2, % 

 

98 [97; 100] 

 

100 [99; 100] 

 

0.002 



FEV1, z-score 

FVC, z-score 

FEV1/FVC, z-score 

Obstructive defect, n patients (%)$ 

FEF25-75%, z-score 

TLC, % predicted 

FRC, % predicted 

RV, % predicted 

Sitting DLCO/DLNO 

DLCO corrected, mL.min-1.mmHg-1 

DLCO corrected, % predicted 

DMCO, mL.min-1.mmHg-1 

DMCO/VA, mL.min-1.mmHg-1.L-1 

PCBV, mL 

PCBV/VA, mL/L 

Supine DLCO/DLNO 

DLCO corrected, mL.min-1.mmHg-1 

DMCO, mL.min-1.mmHg-1 

DMCO/VA, mL.min-1.mmHg-1.L-1 

PCBV, mL 

PCBV/VA 

PCBV change, % sitting 

-0.56 [-1.10; -0.08] 

-0.38 [-0.91; +0.32] 

-0.42 [-0.99; -0.08] 

4 (6) 

+0.42 [+0.13; +0.77] 

97 [90; 109] 

81 [71; 91] 

84 [72 ; 101] 

 

20 [18; 25] 

123 [108 ; 135] 

41 [35; 50] 

12.8 [11.9 ; 14.3] 

60 [47; 70] 

17.5 [15.1; 21.3] 

 

20 [18; 24] 

39 [32; 46] 

13.3 [12.3 ; 14.8] 

59 [48; 72] 

20.1 (16.1; 24.9) 

+3 (-11; +13) 

+0.76 [-0.19; +1.40] 

+0.55 [+0.01; +1.36] 

-0.23 [-0.72; +0.62] 

0 

+0.83 [+0.32; +1.49] 

113 [105; 120] 

91 [85; 110] 

98 [80; 118] 

 

23 [19; 26] 

116 [103 ; 135] 

60 [46 ; 68] 

14.1 [13.5 ; 14.8] 

50 [44; 56] 

12.6 [11.8; 13.4] 

 

23 [19; 26] 

53 [43; 61] 

14.5 [13.6 ; 15.0] 

55 [46; 63] 

16.0 (14.1; 17.8) 

+12 (-2; +30) 

<0.0001 

0.0002 

0.12 

0.57 

0.03 

<0.0001 

0.002 

0.02 

 

0.24 

0.79 

<0.0001 

0.001 

0.01$ 

<0.0001 

 

0.10 

0.0001 

0.01 

0.25 

0.0003 

0.01
$
 

ACS denotes acute chest syndrome; DMCO: membrane diffusing capacity of CO 

 

# : within past two years; $: z-score FEV1/FVC<-1.645  

* : Mann Whitney (continuous variables) ; Chi-2 or Fisher exact (categorical variables) tests 

$: adjusted P values on sex and age were p=0.002 (sitting PCBV) and p=0.003 (PCBV change) 



§: a possible pulmonary hypertension was defined by peak tricuspid regurgitant jet velocity of ≥2.5 

m/s on echocardiogram, which is lower than that recently recommended of ≥2.9 m/s by the 6th 

World Symposium on Pulmonary Hypertension 

 


