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Objectives: To examine pulmonary function, dyspnea
and exercise capacity in adult Saudi sickle cell disease

(SCD) patients.

Methods: The patients were recruited from the
hematology clinic at King Khalid University Hospital
in Riyadh from January to December 2005. The study
involved 39 patients with stable SCD (20 women and 19
men), with a mean age of 22.7+7.1 years, hemoglobin
level of 95.5£14.6 g/L and hemoglobin F level of
13.7+8.6%. Patients underwent pulmonary function
tests (PFT) (forced expiratory volume in first second
[FEV1], forced vital capacity [FVC], and diffusion
capacity of carbon monoxide [DLco] data are presented
as a percentage of the normal prediction), a 6-minute
walk test (6MWT) and echocardiography. Dyspnea
was assessed using the Borg score. The 6MWT data
were compared to body mass index-matched healthy
controls.

Results: Forty-one percent of SCD patients had mild
dyspnea at rest, and this increased to 61% at the end of
the 6MWT. Pulmonary function tests were abnormal
in 51% (36% of patients had a restrictive pattern,
10% had isolated decrease in DLco, and 5% had a
mixed restrictive-obstructive pattern). The 6MWD
was shorter in SCD patients compared to the controls
(36867 versus 407+47m, p=0.005). No hematological

variables correlated with outcome variables.

Conclusion: Chronic pulmonary complications in
adult Saudi SCD patients are relatively mild but
common. Pulmonary function in these patients differs
from that published for African-origin SCD patients.
This difference may reflect a different natural history of
SCD in the 2 populations.
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ickle cell disease (SCD) is one of the most common

hereditary blood disorder and results from a
homozygotic mutation in the f-globin chain. This
mutated gene produces sickle hemoglobin (HbS), which
is less soluble than normal hemoglobin. The resulting
altered erythrocytes aggregate in the microvascular
circulation of many organs and cause vascular damage
and organ infarct. The lungs are affected by such vaso-
occlusive disease,' and chronic pulmonary complications
of SCD can be present in up to 77% of adult
patients.” Chronic sickle cell lung disease is identified
by pulmonary function tests indicating restrictive
impairment, decreased diffusion capacity of carbon
monoxide (DLco), obstructive ventilatory physiology
and hypoxia.>® A recent study of SCD patients found
that 90% had abnormal pulmonary function and
66% had restrictive ventilatory impairment.” Another
study of 49 SCD patients found that dyspnea and
exercise capacity correlated with DLco but not with
biochemical, spirometric, or lung volume variables.!
The Arab-Indian homozygous sickle cell form is the
predominant haplotype variant in the Saudi population,
and is characterized by elevated fetal hemoglobin (Hb
F) levels. This Saudi SCD from the Eastern province
is milder than African-origin SCD, and patients have
near normal survival.'' Patients from the Southern
and Western province have more severe disease which
resembles the African haplotype.'"* Common African-
origin SCD complications such as chronic neurological
damage, leg ulceration, and priapism are not commonly
observed even in Saudi SCD patients from southern
provinces who are thought to have more severe disease.'
Pulmonary complications associated with SCD have
not been previously reported in Saudi patients. It is
likely such complications will differ from those of other
SCD populations due to the milder form of disease in
Saudi patients. The present study examined pulmonary
function, breathlessness, and exercise capacity in adult
Saudi patients with homozygous SCD.

Methods. Consecutive referred patients diagnosed
with sickle cell anemia (HbSS) were recruited from the
hematology clinic at King Khalid University Hospital
in Riyadh from January to December 2005. The
study was conducted as part of a continuing routine
clinical assessment. The protocol was approved by the
Departmental Ethical Committeeand informed consent
was obtained from each patient. Inclusion criteria were
>14 years of age and a steady state clinical condition
defined as no acute illnesses during the 4 weeks before
assessment. Exclusion criteria were a history of cardiac
or pulmonary diseases (other than conditions related to
SCD) and a history of smoking. Blood was tested for
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hemoglobin, HbE, sickle hemoglobin (HbS) and other
pertinent biochemical markers, and was withdrawn
preferably within one week of the physiological testing.
The patients were divided in 2 groups according to their
drug history; patients on no medication except folic
acid and patients on hydroxyurea treatment for at least
one year before recruitment. Majority of the patients in
our study originated from the Southern province.

Pulmonary function test (PFT). Pulmonary function
tests (Jaegar Master Screen PFT, Germany) were
performed using the standard protocol recommended
by the American Thoracic Society (ATS)." All tests
were reviewed by a certified pulmonologist to ensure
quality. Each subject underwent spirometry, lung
volume, and DLco measurements. Forced vital capacity
(FVC), forced expiratory volume in one second (FEV1),
FEV1/FVC ratio and total lung capacity (TLC) were
determined. Diffusion capacity of carbon monoxide
was measured using the single breath holding technique,
and results were corrected for the level of hemoglobin.'
Pulmonary function test variables were presented as
the percentage of the value predicted according to age,
gender and height. Pulmonary function was classified
as being one of 5 patterns as previously described:’ 1.
Normal pattern = all parameters within normal ranges
(280% predicted). 2. Obstructive pattern = the FEV1/
FVC ratio was less than 70% of predicted, FEV1 was
less than 80%, with TLC, functional residual capacity
(FRC), and residual volume (RV) normal or elevated. 3.
Restrictive pattern = FEV1, FVC, and TLC < 80% of
predicted, with normal, or increased FEV1/FVC ratio or
reduced TLC and DLco <80% of the predicted value. 4.
Mixed obstructive and restrictive pattern = FEV1/FVC
ratio, TLC, FRC, and RV reduced to less than 80% of
predicted. 5. Isolated = decreased DLco with all other
normal parameters.

Six minute walk test (6MWT). The 6MWT was
performed according to ATS guidelines and was
supervised by a qualified respiratory technician."”
Before the test, blood pressure, heart rates and oxygen
saturation were recorded (CriticareVital Signs Monitor,
Wisconsin, USA). The awareness of dyspnea was
assessed using a printed modified Borg scale, where 0
= “no dyspnea’ and 10 = “maximum or intolerable.”
Patients were asked to walk at their own pace along a
30 m corridor and to cover as much ground as possible.
Subjects were allowed to stop or rest if they developed
leg cramps, dyspnea or other symptoms, and then asked
to continue as soon as possible. At the conclusion of
the test, patients were evaluated for any symptoms
and again underwent measurements of blood pressure,
heart rate and oxygen saturation and were assessed
using a Borg scale. As there is no published data on
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the predicted 6-minute walk distance (6MWD) for the
Saudi population, results were compared to the age-,
gender- and body mass index (BMI)-matched healthy
subjects (controls).

Echocardiography. Two dimensional, mode (M) and
color Doppler images were obtained using a 5500 HP
ultrasound system. Echocardiograms were reviewed by
a single cardiologist to eliminate observer variation.
Cardiac dimensions were measured according to the
American Society of Echocardiography criteria.'® Heart
chamber dimensions, left ventricular posterior wall and
interventricular septal thickness, ventricular function,
valve structure, and abnormal flow across the valves were
recorded. Pulmonary artery systolic pressure (PAP) was
estimated by measuring tricuspid valve regurgitant jet
velocity using continuous-wave Doppler ultrasound.

Statistical analysis was performed using statistical
package for the social sciences (SPSS) software for
Windows (version 13.0, Chicago, Illinois). Qualitative
variables were analyzed using chi-square tests. A 2-
sample Student’s t-test was used to compare continuous
variables between 2 groups. Pearson correlations were
used to determine the relationship between physiological
(dyspnea score, 6MWD, echocardiographic, and PFT
parameters) and hematological [total Hb, HbE HbS,
lactate dehydrogenase (LDH), S/ferritin, and bilirubin
level] variables. All data were expressed as mean+SD
and p values less than 0.05 were considered to indicate
a significant difference.

Results. Thirty-nine consecutive SCD patients were
recruited for the study. Patients’ demographic data are
shown in Table 1. There were 20 female and 19 male
patients, with a mean age of 22.7 years (range 14-41
years). Patients showed signs of mild hemolysis, elevated
reticulocyte levels, elevated LDH, and elevated indirect
bilirubin levels. Male and female patients were similar
in terms of age, BMI, hematological profiles, PFT
variables, and echocardiographic parameters. There were
21 patients on hydroxyurea and 18 on no treatment.
The patients on hydroxyurea were significantly older
than patients not on hydroxyurea (24.33+6.938
versus 19.78+6.449, p=0.042). However, there was no
significant difference in other demographic features,
hematological indices, or physiological parameters
between the 2 groups.

Dyspnea in SCD patients. Before commencement of
the 6MWT, the mean Borg score for all patients was
0.6+0.9, and 16 patients (41%) had dyspnea. At the
termination of the 6MWT, the mean Borg Score for
all patients was 1.3+1.8, and 24 patients (61%) had
dyspnea. This final Borg score was similar for both males
and females. There was a significant difference between
the Borg scores at the beginning and end of the 6GMWT

(p<0.0001), and the mean Borg scores for SCD patients
and matched healthy subjects (p=0.002). Dyspnea
did not correlate with any PFT, echocardiographic or
hematological variable.

Pulmonary function test. Twenty patients (51%)
showed abnormal PFT results. Lung volume was mildly
lower than predicted, with TLC. The predicted DLco
were corrected for the level of Hb. Diffusion capacity
of carbon monoxide was similar in both female and
male patients (p=0.067). Restrictive physiology was the

Table 1 - Characteristics and pulmonary function test results for 39
patients with sickle cell disease.

Variables (n=39) Mean+SD
Sex (male/female) 19/20
Age (years) 227+7.1
BMI 23.0+63
Total Hb (g/L) 95.5 + 14.6
HTC % 285+ 4.8
WBC (x10°/L) 11.2+5.2
Platelets (x10°/L) 416+ 152
Reticulocyte % 75+3.7
HbF % 13.7 £ 8.6
HbS % 72.49 £ 17.39
Ferritin (ng/mL) 628 + 743
LDH (U/L) 393 + 227
Total Bilirubin (jmol/L) 50 + 44
Indirect Bilirubin (mol/L) 42.8 +30.4
ALT (U/L) 415+ 10.5
Alkaline phosphatase (U/L) 173 + 199
Albumin (g/L) 40.9+5.2
GGT (U/L) 414294
Urea (mmol/L) 32+3.1
Creatinine (umol/L) 70+ 118

FVC % (pred) 79 + 18

FEV1 % (pred) 79 + 19
RATIO % (FEV1/FVC) 89+6
TLC % (pred) 78 + 17
FRC % (pred) 81 +22
DLco % (pred) 80 + 24
PAP (mmHg) 26+6

ALT - alanine aminotransferase, BMI - body mass index,

DLco - diffusion capacity of carbon monoxide, FVC - forced vital capacity
FEV1 - forced expiratory volume in one second, FRC - functional residual
capacity, GGT - gamma glutamyl transpeptidase, Hb - hemoglobin,
HDbF - fetal hemoglobin; HbS - sickle hemoglobin, HTC - hematocrit,
LDH - lactate dehydrogenase, PAP - pulmonary artery pressure,
TLC - total lung capacity, WBC - white blood cell.
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Table 2 - Comparison of demographic and physiological characteristics
between SCD patients and healthy controls at rest and at the
end of the 6-minute walk test.

Variables Control (N=36) SCD Patients (N=39) P -value
Age (years) 23.9+5.9 222+7.0 0.268
BMI 24.6+5.5 23.1+6.4 0.261
HR base (b/m) 82+13 88 +13 0.084
HR end (b/m) 88+ 16 99 + 20 0.010
0, base (%) 98.5 £ 0.6 97.3+24 0.002
0, end (%) 98.4+1.5 96.9 2.8 0.008
Borg Scale base 0.03 £0.17 0.60 + 0.91 0.0001
Borg Scale end 0.25 £ 0.65 1.33 +1.88 0.002
6MWD 407.6 + 47.9 368.2 + 67.8 0.005

Base - beginning of test, End - end of test, HR - heart rate at beat/minute,
BMI - body mass index, O, - oxygen saturation,
6MWD - 6-minute walk distance
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Figure 1 - Variables measured at the beginning (Base) and at end
(End) of the 6-minute walk test for SCD patients and
control subjects. a) Heart rate, b) oxygen saturation, c)
Borg dyspnea score.
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Figure 2 - Pulmonary function test patterns for the current and Klings
studies. Isolated DLco = isolated decrease in diffusion capacity
of carbon monoxide, Mix = mixed obstructive and restrictive

physiology.

most common abnormality observed, and was noted
in 15 patients (35.8%). Isolated decrease in DLco was
observed in 4 patients (10.1%), and was the second most
common presentation. While a mixed pattern was seen
in only one patient, there were no physiological changes
suggestive of obstructive impairment. A negative linear
correlation was observed between LDH and both FEV1
(r=-0.413, »=0.019) and FVC (r=-0.397, p=0.039). A
lower DLco value was associated with older age (r=-
0.398, p=0.040). Patients with normal pulmonary
function appeared to be younger (average age 19 versus
24 years). Patients with abnormal pulmonary function
were similar to those with normal function in terms
of hematological parameters, dyspnea level, oxygen
saturation, and echocardiographic findings.

Exercise capacity. All SCD patients completed the
6MWT. The demographic and physiological variables
of SCD patients and controls are shown in Table 2. The
average distance walked by SCD patients was less than
that for controls (368+67 versus 407+47 m, p=0.005).
Patients with abnormal PFT walked less than patients
with normal PFT (346 versus 390 m, p=0.042). The
distance walked was associated only with the level of
FEV1. Figure 1 shows data relating to variables measured
before and after the 6MWT. Oxygen saturation was
greater in controls (98.6%) compared to the SCD
patients  (97.3%). While control subjects showed
no significant changes in oxygen saturation before
and after the 6MWT, oxygen saturation dropped in
SCD patients (from 97.3-96.9%, p<0.0001). Oxygen
saturation at the beginning and end of the test correlated
with the hemoglobin level. Sickle cell disease patients
had a steeper heart rate increase in response to exercise
than controls (5.9% versus 2.9% increase in predicted
maximum heart rate, p=0.034).



Pulmonary function in sickle cell disease ... Alameri et al

Echocardiography in SCD patients. A mild rise
in systolic pulmonary artery pressure of >30 mmHg
was observed in 36% of SCD patients. There was no
correlation between echocardiographic findings and
dyspnea, 6MWD, or pulmonary function data.

Discussion. The present study found that 41% of
SCD patients experienced mild dyspnea at rest, 51%
of SCD patients had abnormal pulmonary function,
and that SCD patients had less exercise capacity than
healthy subjects. Sickle cell disease affects the respiratory
physiology resulting in respiratory symptoms and
physical limitations." While pulmonary complications
in adults with SCD have been examined in a variety
of ethnic populations."*?**?> The present study found
that 41% of patients with stable SCD had dyspnea
(a Borg score ranging from 1-4). The frequency and
the magnitude of dyspnea increased after exertion,
and were not associated with age, anemia, pulmonary
function parameters or echocardiographic findings.
Dyspnea is a complex phenomenon which is generally
the result of multiple mechanisms.” Few studies have
examined dyspnea symptoms in SCD patients. A recent
study reported that higher levels of dyspnea awareness
were associated with lower levels of DLco, but was not
associated with other physiological markers,'® consistent
with the present study. It is possible that dyspnea
causes were multifactorial in the current population
with the presence of mild anemia, mild pulmonary
vascular disease, and mild ventilatory impairment all
possibly contributing to breathlessness in this cohort.
Abnormal pulmonary function was observed in
approximately half of the current SCD patients (51%),
and a restrictive physiological pattern was noted in
38% of all SCD patients and in 75% of those with
abnormal PFT results. Klings et al’ demonstrated PFT
abnormalities in up to 90% of patients, and restrictive
changes in 74%. Differences in the frequencies of PFT
patterns between the 2 studies are shown in Figure
2. The average TLC was 78 and DLco was 80 in our
study compared to 70 and 64, subsequently, in the
Klings et al study. These findings support the concept
that the SCD is generally milder in Saudi Arabia,
with some complications being infrequent and lesser
pulmonary involvement. While the pathophysiology of
chronic lung disease in SCD patients is not completely
understood, 2 mechanisms have been proposed.* The
first mechanism describes an initial endothelial injury
causing alveolar wall necrosis, pulmonary edema, and
subsequent interstitial fibrosis. Physiologically, this may
be reflected in reduced lung volume with or without a
DLco decrease. A clinical example of this mechanism is
found in a study by Hijazi et al*® of 21 children (average

age 12 years) with Arab-Indian haplotype HbSS. The
restrictive ventilatory pattern was predominant in
those patients and none had a DLco abnormality. The
second proposed mechanism describes pulmonary vaso-
occlusive disease and increased capillary artery pressure
resulting in pulmonary hypertension. This is most likely
characterized by the observation of a decrease in DLco in
PFT. In the present study, an isolated decrease in DLco
was observed in 10% of patients, raising the possibility
that pulmonary vascular diseases were present. We
hypothesize from these findings that the 2 mechanisms
can progress independently, the former (restrictive
impairment) can occur at a younger age while the latter
(isolated decrease in DLco) develops later. We currently
have no specific evidence to support this theory, and
thus the cause(s) for these differences remains unclear.
Sickle cell anemia is known to limit physical capacity,
and this has been investigated using both maximal and
submaximal levels of exercise.!**¢28

In the current study, the distance walked by SCD
patients was less than that of matched healthy subjects.
Interestingly, the distance walked by the control subjects
was less than that reported to be walked by their
Caucasian counterparts.”*?! Thus, while the present
SCD patients walked less than SCD patients in other
studies, this difference is likely to reflect the relatively
shorter distance walked by healthy subjects instead
of Saudi SCD being more severe than the SCD from
other parts of the world. The only variables associated
with the 6MWD were spirometric parameters, with
neither lung volumes, nor DLco being associated. These
findings differ from those of Delclaux who reported
that DLco was associated with 6MWD in 49 patients
with SCD." The present findings are consistent with
previous reports showing that hematological values and
echocardiographic measurements do not correlate with
the walk distance. Lower oxygen saturation in SCD
patients was associated with lower levels of hemoglobin,
which may explain the increased heart rate and relatively
decreased oxygen saturation in response to exercise
compared to the healthy individuals.

Pulmonary hypertension has been recognized
a serious complication of SCD.? In a recent study,
pulmonary hypertension was observed in 38% of adult
Saudi SCD patients.** In the same study, 76% had mild
and 8% had severed pulmonary hypertension. While
hydroxyurea has been shown to decrease morbidity
and mortality of SCD by reducing the acute chest
syndrome events and painful crises,” it has no relation
with the development of pulmonary hypertension.** In
agreement with this finding, our study demonstrated no
difference in the presence or the severity of pulmonary
hypertension between the patients on hydroxyurea and
patients who were not.
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In addition, our study is the first to address the lack
of association between treatment with this agent and
the development of other chronic lung complications.
Furthermore, we also found that the exercise capacity
and perception of dyspnea were similar between the
group who received and the group who did not receive
hydroxyurea treatment. As hydroxyurea has an impact
on mortality by decreasing the acute fatal events, the
current observation may indicate that the long benefit
of this treatment on chronic complications of SCD is
still unknown.

The present study had some limitations. Firstly, most
patients were referred from primary and secondary care
hospitals, and were not followed-up primarily by our
institution. Although data regarding the frequency of
hospital admissions were available, documentations of
vaso-occlusive crises and acute chest syndrome episodes
were difficult to identify. Thus, we cannot evaluate
the effect of these events on the outcome variables.
However, several studies have shown that the frequency
of acute chest syndrome was not associated with worse
physiological parameters.*” Secondly, several other
variables were not considered in this study, including
respiratory and musculoskeletal muscle strength and
quality of life assessments that may influence the degree
of dyspnea and the limitation in physical capacity which
was beyond the objective of this study.

In summary, adult Saudi patients with SCD exhibited
mild but frequent chronic pulmonary complications.
They showed mild dyspnea and exercise limitations
with no correlation to the level of anemia, pulmonary,
or cardiac function. Mild restrictive lung disease and
possible pulmonary vascular disease were present in half
of the population, emphasizing the need for regular
follow-up with a complete pulmonary function test, not
just a spirometric test. Further, studies are required to
evaluate the prognostic value and significance of these
parameters in managing SCD patients.
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