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Abstract 
 
Background Sickle cell disease is hematological disease that affect the endothelial function. The 

hemoglobinopathy in this disease triggers erythrocyte polymerization and the sickling process leads 
to vascular occlusion, tissue hypoxia and subsequent reperfusion injury, thus inducing inflammation 
and endothelial injury. 

Objective To assess the value of brachial artery diameter measurement as a predictor of the state of 
endothelium in sickled individuals. 

Methods Thirty patients with sickle cell disease (15 females and 15 males) with a mean age of (27.0±8.9 yr) 
and 30 healthy controls (18 females and 12 males) with a mean age of (29.7±9.1 yr) participated in 
the study. Assessment of endothelial function done by studying physiological parameters, which 
included flow-mediated dilatation and endothelial-independent dilatation of the brachial artery 
depending on the measurement of the diameter of the blood vessel. 

Results Endothelial independent dilatation was significantly lower in sickle cell disease patients 
(21.71±6.96) in comparison with that of the control group (26.81±6.31) despite the findings that 
both base line brachial artery diameter and intima media thickness were not significantly different  
between both groups. 

Conclusion Brachial artery diameter assessment is a useful noninvasive predictor of endothelial dysfunction in 
patients with sickle cell disease. The reproducibility of the test in addition to its low cost and being 
free of biological hazards makes it optimum for assessing the state of the endothelium and may be 
used to monitor the response to treatment. 
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Introduction 

ickle cell disease (SCD) is an inherited 
disorder in which, the  adult hemoglobin 
(HbA) is replaced by sickle hemoglobin 

(HbS) due to a single base-pair change. This 
alteration leads to chronic hemolytic anemia, 
pain, and later to organ failure (1,2). HBS usually 

polymerizes when deoxygenated to form a 
gelatinous network of fibrous polymers that 
stiffen the erythrocyte membrane, increase 
viscosity, and cause dehydration due to 
potassium leakage and calcium influx. These 
changes also produce the sickle RBCs (3).  
The endothelium, the largest organ in the 
body, is the inner most layer of the blood 
vessels. It senses mechanical stimuli, such as 
pressure and shear stress, and, hormonal 
stimuli, such as vasoactive substances. In 
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response, it releases agents that regulate 
vasomotor function, trigger inflammatory 
processes, and affect hemostasis (4). The 
vascular endothelium is an active paracrine, 
endocrine, and autocrine organ that is 
indispensable for the regulation of vascular 
tone and the maintenance of vascular 
homeostasis (5,6). The endothelium also plays a 
pivotal role in regulating blood flow, generating 
an active antithrombotic surface that facilitates 
transit of plasma and cellular constituents 
throughout the vasculature. Thus, dysfunction 
or damage to the endothelium causes a 
vasodilator response of the blood vessels (7). 
Several vasomotor tests have been proposed 
to assess the state of the endothelium. These 
tests are based on the concept that certain 
stimuli trigger the release of nitrous oxide (NO) 
from the endothelium to mediate vascular 
relaxation. Quantitative coronary artery 
diameter assessment at angiography before 
and after infusion of vasoactive substances and 
strain-gauge venous impedance 
plethysmography for the forearm arteries are 
considered as sensitive tools. However, these 
tests are rather invasive procedures and 
reproducibility is questionable (5).  
An alternative method for assessment of 
endothelial function is the measurement of 
flow mediated dilation (FMD) of the brachial 
artery in response to increased shear stress 
during hyperemia, using high-resolution 
ultrasound; the technique was introduced in 
1992 by Celermajer and associates as a non-
invasive endothelial function test (8). 
Accordingly, it was demonstrated that flow-
dependent dilation of the radial and brachial 
arteries is largely sustained by NO synthase (9). 
This stimulus provokes the endothelium to 
release nitrous oxide (NO) with subsequent 
vasodilation that can be imaged and quantified 
as an index of vasomotor function. This 
technique is attractive because it is noninvasive 
and allows repeated measurements and 
therefore, provides a valuable “read-out” of 
vascular NO availability. The amount of 
vasodilatation is directly proportional to the 

amount of NO released by the endothelium 
and this allows us to evaluate endothelial 
function. The increase in flow and 
vasodilatation is measured by high-resolution 
ultrasonography of the brachial artery (10). 
The aim of this study was to assess the value of 
brachial artery diameter measurement as a 
predictor of the state of endothelium in sickled 
individuals. 
   
Methods 
The study was conducted at Ultrasound Unit at 
Al-Nahrain College of Medicine after being 
approved by the Research Ethical Committee at  
Al-Nahrain College of Medicine. A written 
consent was obtained from each participant 
after explaining the details of the procedure. 
The patients were recruited from Hematology 
Unit of Al-Imamein Al-Kadhimein Medical City, 
Department of Inherited Blood Diseases in Al-
Karama Teaching Hospital, and the National 
Center for hematology (NCH). All patients were 
previewed and examined by specialist or 
consultant hematologist to define eligibility to 
be enrolled in this study at the aforementioned 
centers. Patients were confirmed to have SCD 
clinically and by laboratory measures. The 
examination, assessment and the 
investigations needed for the research were 
done in the Central Laboratory of Al-Imamein 
Al-Kadhimein Medical City and in Al-Nahrain 
College of Medicine. 
The study had been conducted from April 2013 
to November 2014. A total of 60 subjects were 
included in this study; thirty of them (15 
females and 15 males) were patients with 
homozygous sickle cell disease proved by the 
result of hemoglobin electrophoresis, and 30 
(18 males and 12 females) were apparently 
healthy individuals with normal blood film 
findings and were considered as control, the 
latter subjects  included college staff and 
medical personnel. Both the patients and the 
controls were of a comparable age group. 
The inclusion criteria for the patients group 
were a homozygous Hb SS disease patient 
proved on clinical and laboratory basis aged 15 
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years old or above  with  Hb > 6 g/dL. Those 
SCA patients with severe anemia (Hb ≤ 6 g∕dl), 
recent crises within the last week or recent 
blood transfusion in the last 4 weeks were 
excluded from the study. Other exclusion 
criteria were pregnancy, intake of tonic 
supplement within the last week or on any 
statin drug within the last four weeks, patients 
with significant cardiac disease and/or ECG 
abnormalities. In addition, other conditions 
that may independently affect endothelial 
function, i.e., diabetes mellitus, cigarette 
smoking, and hypertension (diastolic blood 
pressure ˃ 90 mmHg) were not included in the 
study. 
Detailed history and general physical 
examinations were carried out for each 
individual included in this study, an assessment 
of vital signs, and systemic examination 

performed to assess any possible 
complications. The height and the weight of 
the patients were estimated to calculate the 
body mass index (BMI)   
For each individual included in this study, the 
physiological parameters of the endothelial 
function assessment  were done after an over-
night fasting.   
The ultrasound study was performed with a  
multi-frequency (5-13 MHz) linear array probe 
LOGIQ  P6 PRO, GE healthcare, Austria. All 
ultrasound scans were performed by a single 
radiologist experienced in vascular sonography. 
The ultrasound assessment was performed in 
the morning between 8 and 10 A.M.  
The brachial artery diameter was assessed 
using Gray scale and spectral doppler 
sonography (Figure 1).  

 

 
 

Figure 1. The ultrasound  assessment of the diameter of the brachial artery 
 
The patient/subject was asked to rest in a 
supine position for at least 10 min (for blood 
pressure stabilization), the right brachial artery 
was imaged 2-5 cm above the elbow. A 
segment with clear anterior and posterior 
intimal interfaces between the lumen and the 
vessel wall was selected for continuous gray 
scale imaging in longitudinal plane. During 
image acquisition, anatomical landmarks such 
as veins and fascial planes were noted to help 
maintain the same image of the artery 

throughout the study and the scanned area 
was marked to measure the same segment of 
brachial artery repeatedly i.e. at rest, after 
reactive hyperemia, and after administration of 
nitroglycerin (NTG). The Brachial artery 
diameter was  measured at the same time in 
the cardiac cycle, the latter was achieved  by 
using the spectral Doppler to define the  image  
of interest at the peak systolic time. At the sites 
where luminal areas were measured, the 
intima-media thickness (IMT) was defined as 
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the distance between the blood-intima 
interface (the intimal leading edge) and the 
media-adventitia interface (the leading edge of 
the next bright layer). All recorded values 
represent the average of three consecutive 
measurements   
A baseline rest image was acquired; the vessel 
diameter was measured with ultrasonic 
calipers from the leading edge of the anterior 
wall to the leading edge of the posterior wall of 
the brachial artery. Thereafter, arterial 
occlusion was created by sphygmomanometer 
cuff inflation to at least 50 mmHg above 
systolic pressure for 5 min to occlude arterial 
inflow.  
The same measurements were repeated within 
1 min after cuff deflation to assess FMD. 
Brachial artery diameter percent change was 
calculated and recorded as the FMD of the 
patient. The variability of the diameter 
measurement was minimized by calculating the 
average derived from 3 diameter 
measurements determined along the 
longitudinal segment of brachial artery. At least 
10 min of rest is needed after reactive 
hyperemia (i.e., FMD) before another image is 
acquired to reflect the re-established baseline 
condition. Then a single dose of (0.4 mg) of 
NTG sublingual tablet had been given for 5 
minutes to determine the maximum obtainable 
vasodilator response, and to serve as a 
measure of endothelium-independent 
vasodilation (EID) reflecting vascular smooth 
muscle function. After 5 min the NTG tablet 
was discarded and the same protocol for 
measurement of the diameter of the brachial 
artery was used as mentioned previously.   
The changes after both interventions i.e. after 
stress and after NTG were expressed as 
percentage change from pretreatment value. 
Percentage increase in lumen diameter during 
post ischemic hyperemia as compared to basal 
lumen diameter, labeled as flow-mediated 
dilation; a marker of endothelium dependent 
dilation, is calculated as the maximum change 
in diameter from baseline, expressed as a 
percentage according to following equation:-  

FMD = (d2-d1) x 100/d1; where d1 is the 
brachial artery baseline diameter and d2 is 
brachial artery diameter at 1 min of cuff 
release. The percentage increase in lumen 
diameter after administration of NTG tablet as 
compared to basal lumen diameter was labeled 
as NTG%. As a marker of endothelium 
independent dilation, is calculated as the 
maximum change from baseline, expressed as 
a percentage change in diameter, using the 
same equation  to assess the  EID, as follow:  
EID = (d3-d1) x 100/d1; where d1 is the brachial 
artery baseline diameter and d3 is brachial 
artery diameter after 5 min of administration 
of NTG tablet. 
Analysis of data was carried out using the 
available statistical package of SPSS-22 
(Statistical Packages for Social Sciences- version 
22). Data were presented in simple measures 
of frequency, percentage, mean, standard 
deviation, and range (minimum-maximum 
values). The significance of difference of 
different means (quantitative data) were 
tested using Students-t-test for difference 
between two independent means. The 
significance of difference of different 
percentages (qualitative data) were tested 
using Pearson Chi-square test (X2-test) with 
application of Yate's correction or Fisher exact 
test whenever applicable. Statistical 
significance was considered whenever the P 
value for the test of significance was equal or 
less than 0.05.  

 
Results 
The study enrolled 30 patients with SCD (age 
range 15-50 years, mean±SD= 27.0±8.9 years) 
and 30 apparently healthy subjects (age range 
18-49 years, mean±SD= 29.7±9.1). Significant 
difference was found between the patients` 
group and the control group regarding the BMI 
(22.9±4.0 kg/m2 for the SCD patients versus 
26.1±4.7 kg/m2 of the control group). 
Categorization of BMI was done according to 
the WHO criteria into 4 groups: Underweight 
(BMI: < 18.5), Normal (BMI: 18.5-24.9), 
Overweight (BMI: 25-29.9) and Obese (BMI: ≥ 
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30). In general, SCD patients appear to have 
lower BMI when compared to the control 
subjects (P = 0.006), and even when they were 

categorized (P = 0.022). Table 1 summarizes 
the distribution of BMI of both studied groups.  

   
Table 1. Body mass index of the sickle cell disease patients and control subjects 

 

BMI (kg/m2) 
SCD patients Control subjects 

P value 
No. % No. % 

Underweight (<18.5) 4 13.3 1 3.3 

0.022 
Normal (18.5 - 24.9) 20 66.7 12 40.0 

Overweight (25 - 29.9) 4 13.3 13 43.3 

Obese ( ≥ 30) 2 6.7 4 13.3 

Mean BMI ± SD 22.9±4.0 26.1±4.7 0.006 

 
 

Concerning the FMD, no significant difference 
was found in value of FMD% of the brachial 
artery when comparing the SCD patients and 
the control (13.02 vs. 15.91 respectively), 
however, the EID% in SCD patients (mean= 
21.71) was significantly lower (P < 0.05) than 

that of controls (mean = 26.81) (table 2). On 
the other hand, no significant differences was 
found in the basal brachial artery diameter and 
intima media thickness between both groups   
(Table 2).  
 

 
Table 2. Vascular physiological parameters for SCD patients and the control subjects 

 

Physiological 
Parameters 

SCD patients 
(Mean±SD) 

Control subjects 
(Mean±SD) 

P value 

FMD% 13.02±4.59 15.91±6.60 0.054 

EID% 21.71±6.96 26.81±6.31 0.004* 

BAD (mm) 3.41±0.52 3.55±0.43 0.27 

BAIMT (mm) 0.33±0.06 0.35±0.07 0.49 
BAD = brachial artery diameter, BAIMT = brachial artery intima media thickness, FMD = flow mediated dilatation, EID 
= endothelial independent dilatation,   * = significant difference 

 
Positive correlation had been demonstrated 
between the FMD and EID in SCD patients (r = 
0.752; p = 0.0001, figure2). However both 
parameters were negatively correlated with 
the base line diameter of the brachial artery in 
SCD patients (Figures 3,4). 
 
Discussion 
Sickle cell disease (SCD) is the commonest 
structural Hb variant; the outlook for patients 
with SCD continues to be poor. Today there is 
no doubt that general survival is improving 

with more medical care and improvement of 
environmental and social factor (11). 
This study had revealed that SCD patients have 
lower body mass index as compared to 
controls. This finding is in agreement with 
many previous studies (12,13), this finding could 
be a consequence of the increased resting 
energy expenditure caused by the increased 
erythropoietic and cardiac activities (14), or it 
could reflect the greater increase in height 
than weight usually seen in adolescents with 
SCD (11-15).  
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Figure 2. Correlation between flow mediated dilatation and endothelial-independent dilatation 
 
 

 
 

Figure 3. Correlation between flow mediated dilatation and brachial artery diameter in sickle 
cell disease patients 

 
 

 
 

Figure 4. Correlation between endothelial- independent dilatation and brachial artery diameter 
in sickle cell disease patients 

 
Decline in endothelial function was observed 
with increasing duration of symptoms and 
vaso-occlusive crisis/year in SCD cases. While 
others had mentioned that FMD was decreased 

or impaired in SCD patients in steady states (18-

20). One possible explanation for the 
insignificant difference in FMD could be due to 
fact that the control subjects enrolled in this 
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study had have higher BMI than patients. Other 
possible explanation is that the impaired FMD 
in the patients suggest failure of muscular 
arteries to adjust their internal diameter in 
response to mechanical stimulation. Overall, 
these results strongly suggest that systemic 
arteries in patients with SCD fail to adjust 
appropriately to chronic or acute increases in 
wall shear stress, which reflects mechanical 
forces exerted on endothelial cells.     
Flow-mediated and nitroglycerin-induced 
dilation were both impaired in SCD compared 
to controls. The impaired response raises the 
possibility that there is a generalized loss of the 
bioavailability of nitrous oxide or impairment 
of the function of vascular smooth muscle to 
response to nitrous oxide, which is produced 
either by the endothelium or by sublingual 
nitrate administration. 
This study showed no difference in brachial 
artery diameter and IMT in patients and 
control, this is in concordance with Eberhardt, 
2003 (18) and Belhassen, et al 2001 (21). 
Interestingly, baseline brachial artery diameter 
was similar in the patients and controls. It  had 
been shown that, at  a normal state, a 
sustained increment in the wall shear stress  
induces NO dependent increase in arterial 
diameter that normalizes wall shear stress 
regardless of blood flow. Therefore, in SCD, 
failure of vessels to adjust their diameter to 
wall shear stress changes probably reflects an 
impairment in the basal or stimulated release 
of nitrous oxide (21).  
The present study conclusion was brachial 
artery diameter assessment is a useful non-
invasive predictor of endothelial dysfunction in 
patients with sickle cell disease. The 
reproducibility of the test in addition to its low 
cost and being free of biological hazards makes 
it optimum for assessing the state of the 
endothelium and may be used to monitor the 
response to treatment. 
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