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ABSTRACT We studied gall bladder contractility in 61 children with beta-thalassaemia who were 
asymptomatic for gall bladder disease and 51 sex- and age-matched controls in Cairo, Egypt, using 
real-time ultrasonography. Multiple gall bladder stones were present in 18.0% of thalassaemia patients 
and sludge in 6.6%. There were statistically significant differences between thalassaemia patients and 
controls in gall bladder fasting volume, residual volume, emptying time and contraction index. There was 
significant positive correlation between fasting and residual volumes and age, weight and height, and 
between fasting volume and body mass index and serum ferritin level. Contraction index was negatively 
correlated with serum total bilirubin. Impaired gall bladder motility was evident in patients with beta-
thalassaemia and it may be related to disease duration, serum ferritin and total serum bilirubin level.
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Contractilité de la vésicule biliaire chez les enfants atteints de bêta-thalassémie 
RÉSUMÉ Nous avons étudié la contractilité de la vésicule biliaire chez 61 enfants qui souffraient de 
bêta-thalassémie et ne présentaient pas de symptômes de maladie de la vésicule biliaire et chez 
51 témoins appariés pour le sexe et l’âge, au Caire (Égypte), en utilisant l’ultrasonographie en temps 
réel. Dix-huit pour cent des sujets atteints de thalassémie présentaient des calculs vésiculaires et 
6,6 %, une bouillie vésiculaire. On a observé des différences statistiquement significatives entre les sujets 
malades et les sujets témoins en ce qui concerne le volume à jeun, le volume résiduel, la durée de 
vidange et l’indice de contractilité de la vésicule. Il existait une corrélation positive significative entre les 
volumes à jeun et résiduel et l’âge, le poids et la taille, et entre le volume à jeun et l’indice de masse 
corporelle et le niveau de ferritine sérique. À l’inverse, il existait une corrélation négative entre l’indice de 
contractilité et la bilirubine sérique totale. L’altération de la motricité vésiculaire était évidente chez les 
sujets atteints de bêta-thalassémie et elle peut être liée à la durée de la maladie, à la ferritine sérique 
et à la bilirubine sérique totale.

صيَّة المرارة لدى الأطفال المصابين بالثلاسيميا – بيتا تقلُّ
مني رمضان نصر، مريم شاكر، حسين مهدي، علية حافظ

– بيتا، ممن لا تظهر عليهم أعراض  61 طفلًا مصاباً بالثلاسيميا  صيَّة المرارة لدى  الباحثون تقلُّ الخلاصـة: درس 
هم شواهد؛  مرض مراري، إلى جانب 51 طفلًا يماثلونهم في الجنس والعمر من أطفال القاهرة في مصر، ويمكن عَدُّ
مرارية  حصيات  وجود  الباحثون  ولاحظ  الحقيقي.  بالزمن  الصوتي  فوق  التصوير  الدراسة  هذه  في  واستخدموا 
متعددة لدى 18% من مرضى الثلاسيميا، وطين مراري لدى 6.6% منهم. كما لاحظ الباحثون وجود تفاوت يعتدّ به 
ق بحجم المرارة على الريق وحجمها المتبقي وزمن إفراغها  إحصائياً بين مرضى الثلاسيميا وبين الشواهد في ما يتعلَّ
ومنسب تقلّصها، كما لاحظ الباحثون وجود ترابط إيجابي يعتدّ به إحصائياً بين الحجوم على الريق والحجوم المتبقية 
كتلة الجسم ومستوى فيريتين  الريق وبين منسب  المرارة على  والطول من جهة، وبين حجم  والوزن  العمر  وبين 
ص مترابطاً ترابُطاً سلبياً مع البيلروبين الإجمالي في المصل. وكان الخلل في حركية المرارة  المصل. وكان منسب التقلُّ
واضحاً لدى المرضى المصابين بالثلاسيميا - بيتا، وربّما تعلّق ذلك بمدة المرض ومستوى فيريتين المصل والبيلروبين 

الإجمالي في المصل.
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Introduction

Thalassaemias are among the most common 
genetic disorders in the world. Estimates 
suggest that 3% of the world’s population 
carry the genes for beta-thalassaemia [1]. 
The disease represents a major public health 
problem in the Mediterranean area, the 
Middle East, the Indian subcontinent and 
the Far East [2]. In Egypt over 1000 of the 
annual 1.5 million babies born are expected 
to be affected with this disorder [3]. 

In beta-thalassaemia, excessive produc-
tion of bilirubin from chronic haemolysis is a 
prerequisite for formation of pigment stones 
[4]. Gall-bladder dysmotility could also be 
a predisposing factor for formation of pig-
ment stones or sludge in beta-thalassaemia 
patients [5]. Gall-bladder motility could be 
the clue for symptomatic or asymptomatic 
gallstones, as sluggish gall-bladder motil-
ity could protect the patient from pain [6], 
while preserved gall-bladder motility in 
patients with small gallstones is a risk factor 
for developing severe complications, espe-
cially gallstone pancreatitis which can even 
be fatal [7]. Ultrasonography is an accurate 
and useful method for studying variations in 
gall-bladder volume and thus emptying and 
refilling or the gall bladder in humans [8]. 

The aim of the study was to determine 
the gall-bladder pathology and motor func-
tion in children with beta-thalassaemia who 
were asymptomatic for gall-bladder disease 
using real-time, grey-scale ultrasound, with 
a view to adjusting their treatment before 
the appearance of symptoms.

Methods

Patients and setting
The children for this study were selected 
from the paediatric thalassaemia unit of 
Ahmed Maher teaching hospital, Cairo, 
Egypt. The 612-bed hospital belongs to the 

General Organization of Teaching Hos-
pitals and Institutes (GOTHI) and serves 
outpatients and inpatients in 21 specialties. 
The thalassaemia unit was inaugurated in 
the Department of Paediatrics in 1997 and 
treats thalassaemia patients referred from 
governorates in both Upper and Lower 
Egypt. Approval for the study was obtained 
from the medical research committee of 
GOTHI in 2004 before the establishment of 
the research ethics committee in 2006. 

In all, 61 children with beta-thalassaemia 
were selected, 40 males and 21 females, 
with ages ranging between 2.5 and 18 years. 
All were diagnosed with beta-thalassaemia 
by history taking, clinical examination, 
complete blood picture and haemoglobin 
electrophoresis. They were regular attend-
ees for blood transfusion, chelation therapy 
by subcutaneous desferrioxamine and fol-
low up. Exclusion criteria were patients 
suffering from obesity, diabetes or liver 
cirrhosis. Since gall-bladder contractility 
may be influenced by different conditions 
such as obesity [9], viral hepatitis [10], 
liver cirrhosis [11] and diabetes mellitus 
[12]. We therefore chose patients who were 
not suffering from any of those conditions, 
which could be a complication of beta-
thalassaemia. 

The control group was 52 non-anaemic 
children with the same age and sex distribu-
tion selected from the paediatric outpatient 
clinic (chosen from relatives of patients 
with minor illness, not from the relatives 
of thalassaemia patients). Children with 
obesity, a history of diabetes or complaints 
of jaundice or colicky abdominal pain were 
excluded [13]. One child was excluded 
from the study when gallstones were found 
accidentally during the examinations. 

Data collection
After taking consent from the patients and 
the controls and their parents, we gave them 
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an appointment to come in a fasting state to 
give a blood sample and to have an abdomi-
nal ultrasound examination. If there were 
any refusals we looked for another partici-
pant fulfilling the same criteria. 

All patients and controls were subjected 
within the same day to: complete history-
taking; full clinical examination including 
anthropometry for body mass index (BMI); 
complete blood picture, serum ferritin [14], 
fasting blood sugar and liver function tests; 
and abdominal ultrasound examination 
while fasting 8–12 h with special emphasis 
on gall-bladder volume, contents and wall 
thickness. Gall-bladder volume (mL) was 
measured by the ellipsoid method [15]. 
Gallstones were diagnosed by the presence 
of mobile high-level echoes with acoustic 
shadows in the gall bladder, and sludge by 
the presence of mildly echogenic intralu-
minal sediment in the absence of acoustic 
shadows [16]. The gall bladder wall was 
considered thick if it was more than 3 mm 
wide [17]. 

Gall-bladder volumes were monitored 
every 15 min over 2 h after ingestion of a 
standard test meal of about 350 kcal which 
consisted of 1 egg, 10 g butter, 30 g bread 
and 25 g jam or honey followed by 100 
mL water [18]. Residual volume was the 
smallest volume recorded during the 2 h. 
Emptying time in minutes was recorded. 
Contraction index was calculated from the 
equation according to [5]:

Contraction index =
fasting volume – residual volume × 100

fasting volume

The ultrasound equipment used was the 
Aloka SSD-1700 equipped with a 4–6 MHz 
convex probe.

Statistical analysis
Statistical analysis of the results was done 
using SPSS, version 10, to describe the 
mean, standard deviation (SD) and percent-
ages. Student t-test was used to test the 
significance of numerical data and the chi-
squared test for the significance between 
percentages. The correlation coefficient 
(r) was used to correlate the parameters.  
P < 0.05 was considered significant. 

Results

The clinical and anthropometric data of the 
patients and the controls showed no statisti-
cally significant difference between the 2 
groups (Table 1).

The laboratory data of the patients and 
controls showed a statistically significant 
difference in haemoglobin, serum ferritin 
and indirect bilirubin levels (P < 0.005, P 
< 0.001 and P < 0.01 respectively). There 
was no statistically significant difference 
for blood sugar and direct bilirubin level or 
any of liver function tests (Table 2).

Gall-bladder pathology was found in 
24.6% of our patients; 18.0% had gallstones 

Table 1 Clinical data of children with beta-thalassaemia and controls

Clinical data Patients (n = 61) Controls (n = 51) Difference
Male:female ratio 40:21 35:16
Age [mean (SD) years] 11.35 (4.79) 10.31 (3.93) NS
Age range (years) 2.5–18 2.5–17
Height [mean (SD) cm] 131.87 (22.63) 128.83 (20.87) NS
Weight [mean (SD) kg] 33.22 (14.91) 29.17 (12.53) NS
Body mass index [mean (SD) kg/m2] 17.97 (3.29) 18.08 (3.32) NS
SD = standard deviation; NS = not significant.
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Table 2 Laboratory data of children with beta-thalassaemia and controls

Laboratory data Patients (n = 61) Controls (n = 51) Difference
Mean (SD) Mean (SD) 

Haemoglobin (g/dL) 7.03 (0.84) 11.56 (0.91) P < 0.005
Serum ferritin (ng/mL) 1112.56 (627.12) 16.29 (4.66) P < 0.001
Fasting blood sugar (mg/dL) 98 (9.43) 95 (11.24) NS
Serum total bilirubin (mg/dL) 1.81 (0.46) 0.77 (0.23) P < 0.01
Direct bilirubin (mg/dL) 0.23 (0.15) 0.18 (0.07) NS
Prothrombin time (s) 12.61 (1.76) 12.93 (1.84) NS
Prothrombin concentration (%) 89.41 (10.17) 85.97 (12.31) NS
Serum albumin (g/dL) 4.23 (0.81) 4.46 (1.62) NS
ALT (U/L) 42.17 (13.43) 39.36 (9.63) NS
AST (U/L) 31.21 (11.25) 29.78 (10.52) NS
ALT = alanine aminotransferase; AST = aspartate aminotransferase. 
SD = standard deviation; NS = not significant.

Table 3 Gall bladder ultrasound data in children with beta-thalassaemia and controls

Ultrasound data Patients (n = 61) Controls (n = 51) Difference
Gall bladder stones [No. (%)] 11 (18.0) 0 (0.0)
Gall bladder sludge [No. (%)] 4 (6.6) 0 (0.0)
Fasting volume [mean (SD) mL] 31.20 (20.66) 15.36 (8.94) P < 0.001
Residual volume [mean (SD) mL] 10.45 (3.63) 4.23 (2.74) P < 0.001
Emptying time [mean (SD) min] 74.02 (23.22) 42.65 (21.1) P < 0.01
Contraction index [mean (SD)] 57.02 (12.8) 73.79 (12.76) P < 0.02
SD = standard deviation.

and 6.6% had sludge (Table 3). There were 
statistically significant differences between 
children with beta-thalassaemia and the 
controls in all the gall-bladder function pa-
rameters. Mean emptying time and contrac-
tion index were also significantly different 
comparing the 2 groups (P < 0.01 and P 
< 0.02 respectively) (Table 3).

There were statistically significant 
positive correlations between fasting gall-
bladder volumes of children with beta-
thalassaemia and age, weight, height, BMI, 
serum ferritin level and indirect bilirubin 
(Table 4). There were also statistically sig-
nificant positive correlations between the 
gall-bladder residual volumes of the beta-
thalassaemia children and their age, weight, 
height and indirect bilirubin. The contrac-

tion index of our beta-thalassaemia children 
was significantly negatively correlated with 
their serum total and indirect bilirubin level 
(Table 4). 

Discussion 

Beta-thalassaemia is a disease of the chron-
ic haemolytic state which is a predisposing 
factor for formation of gallstones early in 
life. In our study we found gallstones in 
18% of the patients and sludge in 6.6%. 
The proportion with gallstones was similar 
to that reported by Kalayci et al. (11.8%) 
but for sludge, the proportion  was much 
lower than in the same study (29.4%); the 
small number with gallstones was attributed 
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Table 4 Correlation (r) between gall-bladder function parameters of children with beta-
thalassaemia and their clinical or laboratory data (n = 61)

Variable Fasting volume Residual volume Emptying time Contraction index
r P-value r P-value r P-value r P-value

Age 0.42 < 0.001 0.40 < 0.001 –0.03 NS –0.07 NS
Weight 0.42 < 0.001 0.35 < 0.01 –0.05 NS 0.05 NS
Height 0.35 < 0.01 0.29 < 0.01 0.02 NS 0.04 NS
Body mass index 0.36 < 0.01 0.21 NS –0.03 NS 0.13 NS
Haemoglobin –0.10 NS –0.03 NS –0.12 NS –0.01 NS
Ferritin 0.25 < 0.05 0.18 NS 0.18 NS 0.06 NS
Total bilirubin 0.02 NS 0.10 NS –0.08 NS –0.27 < 0.05
Indirect bilirubin 0.30 < 0.05 0.44 < 0.01 0.17 NS –0.26 < 0.05
NS = not significant.

to the availability of better therapeutic mo-
dalities such as hyper-transfusion regimens 
and concomitant desferroxamine thera-
py administered early in the patient’s life 
[5]. Galaello et al. suggested that the beta- 
thalassaemia genotype associated with Gil-
bert syndrome is a risk factor for develop-
ment of gallstones in thalassaemia patients 
[19]. 

As regards gall-bladder function pa-
rameters, fasting gallbladder volume and 
residual volume in our beta-thalassaemia 
patients were statistically significantly 
higher than those of the controls. These 
results agree with Kalayci et al., who also 
found statistically significant increases in 
the fasting and residual volumes in their 
beta-thalassaemia children compared to 
their controls [5], and with Portincasa et 
al. in their adult beta-thalassaemia patients 
[20]. 

Emptying time was significantly pro-
longed in our patients compared with con-
trols. This agrees with Portincasa et al., who 
found slightly slower emptying in thalas-
saemia patients than controls [20]. 

The contraction index was significantly 
decreased in our patients compared to con-
trols, also in agreement with Kalayci et 
al. [5]. However, we found a statistically 

significant negative correlation between the 
contraction index of thalassaemia children 
and their indirect serum bilirubin levels, 
whereas Kalayci et al. found no relation 
between gall-bladder function parameters 
and any index of ongoing haemolysis [5]. 
Excess bilirubin may have a direct effect on 
gall bladder smooth muscle contractility to 
promote stasis which helps stone formation, 
a point which needs further research. 

Our study also revealed a statistically 
significant positive correlation between 
fasting gall-bladder volume and serum 
ferritin level. This might be attributed to 
the effect of the reactive oxygen species, 
which have a role in impairing gall bladder 
emptying [21], or iron deposition in the 
gall-bladder wall. There was a statistically 
significant positive correlation between the 
fasting and residual gall-bladder volumes 
and age of our thalassaemia children, a 
result which might be attributed to the effect 
of disease duration. 

We also found a statistically significant 
positive correlation between gall-bladder 
fasting volume and height, weight and BMI. 
Lock et al. found a weak correlation be-
tween gall-bladder fasting volume and BMI 
in healthy volunteers, but they did not find 
any correlation with age [22]. Gall-bladder 
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residual volume in our study was statisti-
cally significantly correlated positively with 
weight and height, which agrees with Sari et 
al., who found a significant positive correla-
tion between gall-bladder fasting volume 
and body weight and BMI. They also found 
that postprandial gall-bladder motility was 
slower and postprandial volume was higher 
in obese than in non-obese women [18]. 

Conclusions

Ultrasound examination of the gall bladder 
for any pathology and volume measurement 
by the ellipsoid method during fasting and 
after oral stimulation is an easily applicable 
method. Contractility studies can give valu-
able information about the clinical course 
and prognosis of gall-bladder pathology.
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