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A B S T R A C T

Background

Beta thalassaemia is a common inherited blood disorder. The need for frequent blood transfusions in this condition poses a diKicult
problem to healthcare systems. The most common cause of morbidity and mortality is cardiac dysfunction from iron overload. The use
of iron chelation therapy has reduced the severity of systemic iron overload but specific, non-toxic treatment is required for removal of
iron from the myocardium.

Objectives

To assess the eKects of calcium channel blockers combined with standard iron chelation therapy in people with transfusion-dependent
beta thalassaemia on the amount of iron deposited in the myocardium, on parameters of heart function, and on the incidence of severe
heart failure or arrhythmias and related morbidity and mortality.

Search methods

We searched the Cochrane Haemoglobinopathies Trials Register, compiled from electronic database searches and handsearching of
journals and conference abstract books. We also searched ongoing trials databases, and the reference lists of relevant articles and reviews.

Date of last search: 24 February 2018.

Selection criteria

We included randomised controlled trials of calcium channel blockers combined with standard chelation therapy compared with standard
chelation therapy alone or combined with placebo in people with transfusion-dependent beta thalassaemia.

Data collection and analysis

Two authors independently applied the inclusion criteria for the selection of trials. Two authors assessed the risk of bias of trials and
extracted data and a third author verified these assessments. The authors used the GRADE system to assess the quality of the evidence.
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Main results

Two randomised controlled trials (n = 74) were included in the review; there were 35 participants in the amlodipine arms and 39 in the
control arms. The mean age of participants was 24.4 years with a standard deviation of 8.5 years. There was comparable participation from
both genders. Overall, the risk of bias in included trials was low. The quality of the evidence ranged across outcomes from low to high, but
the evidence for most outcomes was judged to be low quality.

Cardiac iron assessment, as measured by heart T2*, did not significantly improve in the amlodipine groups compared to the control
groups at six or 12 months (low-quality evidence). However, myocardial iron concentration decreased significantly in the amlodipine
groups compared to the control groups at both six months, mean diKerence -0.23 mg/g (95% confidence interval -0.07 to -0.39), and 12
months, mean diKerence -0.25 mg/g (95% confidence interval -0.44 to -0.05) (low-quality evidence). There were no significant diKerences
between treatment and control groups in serum ferritin (low-quality evidence), liver T2* (low-quality evidence), liver iron content (low-
quality evidence) and leD ventricular ejection fraction (low-quality evidence). There were no serious adverse events reported in either trial;
however, one trial (n = 59) reported mild adverse events, with no statistically significant diKerence between groups (low-quality evidence).

Authors' conclusions

The available evidence does not clearly suggest that the use of calcium channel blockers is associated with a reduction in myocardial
iron in people with transfusion-dependent beta thalassaemia, although a potential for this was seen. There is a need for more long-
term, multicentre trials to assess the eKicacy and safety of calcium channel blockers for myocardial iron overload, especially in younger
children. Future trials should be designed to compare commonly used iron chelation drugs with the addition of calcium channel blockers
to investigate the potential interplay of these treatments. In addition, the role of baseline myocardial iron content in aKecting the response
to calcium channel blockers should be investigated. An analysis of the cost-eKectiveness of the treatment is also required.

P L A I N   L A N G U A G E   S U M M A R Y

Calcium channel blockers for preventing heart dysfunction related with iron overload in transfusion-dependent beta thalassaemia

Review question

We reviewed the evidence on whether drugs can prevent heart dysfunction due to excessive iron deposits in the hearts of people with beta
thalassaemia who receive regular blood transfusions.

Background

Beta thalassaemia is a common inherited blood disorder that causes anaemia. People with this disorder need frequent blood transfusions
which result in excess iron deposited in the heart causing it to be damaged. Complications related to the heart are the most common cause
of death and disability in these individuals. High levels of iron in the heart strongly predicts subsequent heart failure. It is common practice
to give drugs to reduce iron in the body (known as chelators) but there is no specific treatment for reducing iron deposited in the heart
and protecting it from damage. Drugs that block calcium channels in the heart have been shown to reduce iron entering into this organ.
However, little is known about how eKective and safe these drugs are in people with beta thalassaemia.

Search date

The evidence is current to 24 February 2018.

Trial characteristics

We included two trials (74 participants) in the review, an earlier pilot study and the later larger study. Participants had beta thalassaemia,
significant iron overload, and were receiving standard chelation treatment; they had an average age of 24 years. They were randomly
selected to be treated for 12 months with either amlodipine (a calcium channel blocker) in addition to their chelation drugs or with
chelation drugs alone (in the earlier trial) or with chelation drugs together with a placebo (dummy drug with no active medication) in the
later trial.

Key results

Although there was no significant decrease in the amount of iron in the heart (main outcome) seen aDer 12 months of treatment with
amlodipine when measured in one way, there was a significant decrease aDer 12 months of treatment using another measurement. There
was no diKerence in other outcomes such as iron levels in the blood or the liver or in a further measure of heart function. Even though
no serious adverse events were noted, further trials are needed to assess the safety of this treatment. Further research with larger, long-
term trials is needed.

Quality of the evidence

Overall, the trials included in this review appeared to be well run. However, the main outcome was reported diKerently in both trials and
several other outcomes were missing details. The quality of evidence was low for all outcomes.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Amlodipine plus standard chelation therapy versus standard chelation therapy with or without
placebo

Amlodipine compared with control for myocardial iron overload in transfusion-dependent beta thalassaemia

Patient or population: aged 6 years or older with transfusion-dependent beta thalassaemia

Settings: any

Intervention: oral amlodipine 5 mg once daily (reduced to 2.5 mg once daily if adverse effects) plus standard chelation therapy

Comparison: standard chelation therapy with or without placebo

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Standard chelation
therapy with or with-
out placebo

Amlodipine 5 mg once dai-
ly plus standard chelation
therapy

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Mean change
in cardiac T2*
(msec)

Follow-up: at 12
months

The mean absolute
change in cardiac T2*
across the control
groups was -1.50 m/s.

The mean absolute change
in cardiac T2* in the interven-
tion group was 0.27 m/s lower
(2.66 lower to 2.11 higher).

N/A 74

(2 studies)

⊕⊕⊖⊖

low1,2

No statistically significant differ-
ence in cardiac T2* between the
amlodipine group and the control
group.

Mean change
in MIC (mg/g)

Follow-up: at 12
months

The mean absolute
change in MIC across
the control groups was
-0.041 mg/g.

The mean absolute change in
MIC in the intervention group
was 0.25 mg/g lower (0.44
lower to 0.05 lower).

N/A 74

(2 studies)

⊕⊕⊖⊖

low1,2

Statistically significant decrease in
MIC in the amlodipine group com-
pared to the control group.

Mean change
in serum fer-
ritin ng/mL

Follow-up: at 12
months

The mean absolute
change in serum fer-
ritin across the control
groups was -36.24 ng/
mL.

The mean absolute change in
serum ferritin in the interven-
tion group was 247.78 ng/mL
lower (741.61 lower to 246.05
higher).

N/A 71

(2 studies)

⊕⊕⊖⊖

low1,2

No statistically significant differ-
ence in serum ferritin between the
amlodipine group and the control
group.

Mean change
in liver T2* (m/
s)

The mean absolute
change in liver T2*

The mean absolute change
in liver T2* in the interven-

N/A 74

(2 studies)

⊕⊕⊖⊖

low1,2

No statistically significant differ-
ence in liver T2* between the am-

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



C
a

lciu
m

 ch
a

n
n

e
l b

lo
ck

e
rs fo

r p
re

v
e

n
tin

g
 ca

rd
io

m
y

o
p

a
th

y
 d

u
e

 to
 iro

n
 o

v
e

rlo
a

d
 in

 p
e

o
p

le
 w

ith
 tra

n
sfu

sio
n

-d
e

p
e

n
d

e
n

t b
e

ta
 th

a
la

ssa
e

m
ia

(R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2018 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

4

Follow-up: at 12
months

across the control
groups was 0.96 m/s.

tion group was 1.24 m/s lower
(2.76 lower to 0.27 higher).

lodipine group and the control
group.

Mean change
in LIC (mg/g)

Follow-up: at 12
months

The mean absolute
change in LIC in the
control group was 2.86
mg/g.

The mean absolute change in
LIC in the intervention group
was 2.01 mg/g lower (4.84
lower to 0.82 lower).

N/A 59

(1 study)

⊕⊕⊖⊖

low2, 3

Statistically significant decrease in
LIC in the amlodipine group com-
pared to the control group.

Mean change
in LVEF (%)

Follow-up: at 12
months

The mean absolute
change in LVEF cross
the control groups was
-0.63%.

The mean absolute change in
LVEF in the intervention group
was 0.40% lower (2.97 lower
to 2.17 higher).

N/A 72

(2 studies)

⊕⊕⊖⊖

low1,2

No statistically significant differ-
ence in LVEF between the amlodip-
ine group and the control group.

Adverse events

Follow-up: at 12
months

There were no events
in the control group.

There were 4 events in the in-
tervention group.

RR 8.71

(95% CI 0.49 to
154.89)

59

(1 study)

⊕⊕⊖⊖

low2, 3

Amlodipine dose was reduced in 2
participants due to oedema in the
lower extremities and in 1 partici-
pant due to dizziness. 1 participant
discontinued amlodipine use due
to a mild cutaneous allergy. There
was 1 death reported due to liver
cirrhosis that existed prior to trial
enrolment.

*The authors calculated the assumed risk as the mean of the effect size of the control group in each study.

The corresponding risk (and it's 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; MD: mean difference; RR: risk ratio; MIC: myocardial iron concentration; LIC: liver iron concentration; LVEF: leD ventricular ejection fraction.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Downgraded once for risk of bias: unclear information on random sequence generation and allocation concealment and lack of blinding
2. Downgraded once due to indirectness as the results are not applicable to the wider population as both trials were conducted in Brazil, included mainly adolescents and young
adults and results pertain only to the calcium channel blocker amlodipine at a dose and frequency of 5 mg once daily.
3. Downgraded once due to wide CIs so uncertainty about results.
 

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Please see the glossary for an explanation of terms used in this
review (Appendix 1).

Description of the condition

Beta thalassaemia is a common inherited blood disorder that
results from genetic mutations. It is associated with severe anaemia
that requires frequent blood transfusions, oDen on a monthly
or bi-monthly basis. Beta thalassaemia trait (minor), disease
(major) and beta thalassaemia of intermediate severity (Hb E)
are prevalent in the Indian sub-continent, Southeast and Central
Asia, Southern China, the Mediterranean, North Africa, and the
Middle East. In these regions, the World Health Organisation
(WHO) estimates a carrier frequency of between 1% and 20%
(Weatherall 2001). Population movements have resulted in the
introduction of thalassaemia genes into Northern Europe, North
America and Australia, where this disease was once very rare.
Indigenous populations in Northern Europe have a thalassaemia
carrier rate of 0.1% (Modell 2007), but the carrier rate in immigrant
populations within European countries is much higher (e.g. 0.68%
in immigrants in Belgium) (Angastiniotis 2013). However, while the
number of thalassaemia cases has been declining progressively
in some parts of the world such as the USA and Europe due to
eKective prevention methods (Cao 2002), the situation in low- and
middle-income countries is diKerent. According to a public health
review conducted in 2008, there are over 25,000 annual births of
infants with transfusion-dependent beta thalassaemia worldwide
with most births occurring in low- to middle-income countries
(Modell 2008). According to the same study, more than 22,000
individuals die annually due to not receiving transfusions.

Transfusion-dependent beta thalassaemia presents a diKicult
challenge to health systems, especially in low- and middle-income
countries. According to an estimate for the Eastern Mediterranean
region, the annual cost of adequately treating an adolescent with
beta thalassaemia can be around USD 6000 (Alwan 1997). Globally,
only 11.7% of those who require blood transfusions receive them
(Modell 2008). The problem with repeated blood transfusions is
that people who receive them develop an excess of iron in their
bodies. This is known as haemosiderosis or iron overload. In fact,
most individuals receiving transfusions will die from iron overload
unless they receive treatment with iron chelating drugs which
remove the excess iron from the body (Rund 2005). Unfortunately,
only 39% of those transfused people receive adequate chelation
therapy (Modell 2008).

Iron overload results in an abnormal deposition of iron in tissues.
Free iron in tissues leads to the generation of reactive oxygen
species (ROS) that damage organs such as the liver, pancreas
and heart (Livrea 1996). Increased iron uptake by myocardial cells
can cause cardiomyopathy (a weakening of the heart muscle or
its function), pulmonary hypertension, heart failure, arrhythmias,
pericarditis and myocarditis (Buja 1971; Engle 1964; Kirk 2012).
Once it is clinically obvious that heart failure is present, myocardial
function may decrease rapidly, leading to death (Gujja 2010). In fact,
iron overload cardiomyopathy and its related complications are
responsible for nearly 70% of deaths in people with thalassaemia
(Borgna-Pignatti 2004; Charafeddine 2008; Modell 2000; Olivieri
1994). It has been shown that cardiac iron overload can occur
even in children under 10 years of age, despite receiving chelation
therapy (Borgna-Pignatti 2014).

Description of the intervention

The focus of this intervention review is the use of L-type
calcium channel blockers (L-TCC blockers) for the prevention of
cardiovascular dysfunction in people with transfusion-dependent
beta thalassaemia. Oral L-TCC blockers are drugs that are
conventionally indicated for the treatment of arrhythmia (Grace
2000) and high blood pressure (Guazzi 1983) depending on whether
the drugs have higher aKinity for the heart (the phenylalkylamines
such as verapamil), or for the blood vessels (the dihydropyridine
drugs such as nifedipine or amlodipine). These drugs block

voltage-dependent Ca2+ channels in cardiac and vascular smooth
muscle. Therefore, when electrical stimulation (depolarization)

occurs, these drugs prevent Ca2+ entry into muscle cells in the
cardiovascular system. This relaxes muscle cells in blood vessels,
enlarging the vessel diameter, and causes a decrease in vessel

resistance that lowers the blood pressure. Blockade of Ca2+ entry
into cells also reduces the contractility of the heart (leading to
reduced oxygen consumption) as well as suppressing abnormal
rhythms. Based on these physiologic eKects, calcium channel
blockers are approved for treating hypertension and arrhythmias
(Singh 1986).

Many of the known adverse reactions of calcium channel blockers
are related to their vasodilatory eKects, such as hypotension,
flushing, dizziness, and headache (Russell 1988). Drugs classified
as dihydropyridines frequently cause oedema and ankle swelling
aDer long-term use. The phenylalkylamine drug, verapamil,
oDen causes constipation because of its blockade of calcium
channels in intestinal smooth muscle cells. Verapamil and
diltiazem are also responsible for many drug interactions with
agents that are metabolized by the liver such as antibiotics
(Henneman 2012), the lipid-lowering statin drugs (Zhelyazkova-
Savova 2014) and grapefruit juice (Sica 2006). In addition, short-
acting dihydropyridine drugs, such as nifedipine, can exacerbate
angina by diverting blood flow from less perfused areas of the
heart (Egstrup 1993) or by the reactive activation of the sympathetic
nervous system that increases heart rate and cardiac oxygen
consumption (Ferguson 1989; Wenzel 1997).

The use of iron chelating drugs is standard in people with beta
thalassaemia who receive blood transfusions. The goal of this
therapy is to prevent iron-mediated damage to organs such as the
heart and liver. Iron chelator drugs have selectivity and aKinity for

Fe3+ ion that allows the formation of a stable ligand-metal complex
(Hider 2003). This mechanism eKectively removes free iron from
circulation. General indications for initiating chelation therapy
include age greater than two to four years, more than 20 to 25 red
blood cell (RBC) units transfused, a serum ferritin level greater than
1000 μg/dL and a liver iron concentration (LIC) greater than 3 mg
iron/gm dry weight as measured by liver biopsy or by noninvasive
hepatic T2*MRI (Rachmilewitz 2011). Chelators that are currently
in use include desferrioxamine (DFO), deferiprone (DFP) and
deferasirox (DFX), which are the subject of other Cochrane Reviews
(Fisher 2013a; Fisher 2013b; Meerpohl 2017). Administration of DFO
is through the subcutaneous or intravenous route. This drug used
to be the standard of care for nearly 40 years until it fell out of favour
due to its cost, diKicult administration and significant side eKects
such as rash, heart failure and haematologic toxicity (Alpendurada
2012; Cappellini 2007). The orally administered agent DFP was
introduced in the 1990s with the hope that it would have better
eKicacy and safety than DFO. However, serious side eKects such

Calcium channel blockers for preventing cardiomyopathy due to iron overload in people with transfusion-dependent beta thalassaemia
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as neutropenia and agranulocytosis have been reported with DFP,
which warrant weekly blood counts that pose an inconvenience for
patients (Cohen 2003). In 2005, DFX was introduced as a once-daily
oral iron chelator. The adverse eKect profile of DFX is somewhat
better than previous agents (Cappellini 2006), although further
research is needed to define its role in reducing cardiac iron
(Kwiatkowski 2011).

How the intervention might work

There is some understanding of how free iron damages the heart.
Several mechanisms have been proposed to explain how this
damage is caused (Hershko 2010; Murphy 2010), including damage
to cell membranes by lipid peroxidation, mitochondrial damage
and disruption of the electron transport chain (Link 1994; Link
2001), interference with electrical function, including ryanodine
release channel interference (Kim 1995; Wood 2005), promotion of
cardiac fibrosis (Buja 1971), and altered gene expression (Eaton
2002). It has been shown that non-protein bound or free iron may be
rapidly taken up by isolated myocardial cells (Link 1985). However,
the mechanism by which iron enters the myocardial cells in the
first place is not clearly understood. Growing evidence from animal
studies suggests the use of certain ion channels for this purpose.

Reports indicate that the uptake of ferrous iron (Fe2+) may take
place through L-TCCs (Oudit 2006; Tsushima 1999), divalent metal
transporter 1 (DMT1) (Ludwiczek 2007; Oudit 2003) and T-type
calcium channels (Kumfu 2012). A potential separate pathway for

uptake of ferric (Fe3+) ions may exist (Kumfu 2013). The role of
calcium channels in iron uptake by myocardial cells was further
explained by one study in which researchers showed that iron
uptake by a rat heart was increased by the L-TCC agonist, Bay K
8644 and was inhibited by the L-TCC blocker, nifedipine (Tsushima
1999). Furthermore, Oudit demonstrated that treatment with L-
TCC blockers such as amlodipine and verapamil could lead to the
inhibition of L-TCC current in myocardial cells as well as decreased
oxidative stress and improved survival in iron-loaded mice (Oudit
2003). Based on this evidence, it may be reasonable to suspect that
drugs that block L-TCCs in the heart may reduce the uptake of iron
by heart cells and delay or prevent iron overload-related damage.

Why it is important to do this review

Beta thalassaemia is a common inherited blood disorder
particularly in low- and middle-income countries. In people with
this condition, iron overload-related cardiomyopathy and heart
failure is a major cause of morbidity and mortality. Although it
has been shown by some researchers that chelating agents can
significantly improve myocardial iron content and leD ventricular
function (Cassinerio 2012; Maggio 2012), these drugs are expensive
and have toxic side eKects (Xia 2013). It is important to evaluate
the role of interventions, such as calcium channel blockers,
that may be used as adjuvants with chelation therapy for the
prevention of iron deposition in the heart. There are no guidelines
or recommendations for the use of calcium channel blockers
in beta thalassaemia. Therefore, we were motivated to conduct
a systematic review of randomised controlled trials (RCTs) to
benefit the care of people with beta thalassaemia by reviewing the
evidence on the eKects of calcium channel blockers on myocardial
iron deposition.

O B J E C T I V E S

To assess the eKects of calcium channel blockers combined
with standard iron chelation therapy in people with transfusion-
dependent beta thalassaemia on the amount of iron deposited
in the myocardium, on parameters of heart function, and on
the incidence of severe heart failure or arrhythmias and related
morbidity and mortality.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All RCTs were considered for this review.

Types of participants

We included trials of participants with beta thalassaemia (six years
of age and older) with a constant transfusion need, and who have
been receiving regular chelation therapy for at least one year prior
to enrolment in the trial. We excluded trials of people with alpha
thalassaemia or beta thalassaemia without a constant transfusion
need, other iron overload conditions, trials of children under six
years of age, or those individuals not receiving regular chelation
therapy with recommended drugs of adequate doses for at least
one year prior to enrolment in the trial. Any trial setting (health-care
centre or community) was considered appropriate for inclusion.

Types of interventions

Experimental intervention

Calcium channel blockers with standard chelation therapy. We
included trials in which calcium channel blockers were regularly
and consistently administered according to a pre-determined
dosage and frequency (at least once daily) along with standard
chelation therapy. The minimum dosage used was at least
equal to the manufacturer's suggested minimum dosage for anti-
hypertensive purposes and the duration of therapy was clearly
stated (at least one month).

Comparator intervention

Standard chelation therapy alone or standard chelation therapy
with placebo. The three chelating agents currently available are
desferrioxamine DFO, DFP and DFX. We included trials in which
participants were receiving chelation therapy (monotherapy or
combination therapy) on a regular and consistent basis for at least
one year before enrolment in the clinical trial. In addition, we
only included trials that clearly stated cumulative dosage or its
equivalent, average frequency of administration or total duration
of chelation or both.

Types of outcome measures

None of the outcome measures formed part of the eligibility criteria
for including trials in the review.

Primary outcomes

1. Cardiac iron assessment by
a. T2* cardiac magnetic resonance (CMR) measurements (m/s)

b. myocardial iron content (MIC) (post hoc change)

2. Cardiac mortality (measured as time-to-event)

Calcium channel blockers for preventing cardiomyopathy due to iron overload in people with transfusion-dependent beta thalassaemia
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3. Cardiac function assessments
a. N-terminal pro-B-type natriuretic peptide (NT-proBNP) and

B-type natriuretic peptide (BNP) levels

b. echocardiographic estimation of leD ventricular ejection
fraction (LVEF)

c. echocardiographic estimation of leD and right ventricular
filling pressures

d. estimation of LVEF by CMR

e. estimation of leD and right ventricular volumes by CMR

f. estimation of leD and right ventricular strain and strain rate
by CMR tagging

g. estimation of leD and right ventricular volume and function
by myocardial tissue phase mapping

h. estimation of leD and right ventricular volume and function
by radionuclide ventriculography during exercise

i. exercise stress testing

Secondary outcomes

1. Electrocardiographic abnormalities (measured as time-to-
event)
a. supraventricular arrhythmias

b. electrocardiographic findings that suggest right-sided heart
involvement (S1Q3 pattern and right-axis deviation) (e.g.
repolarization abnormalities and relative bradycardia)

c. new-onset T-wave inversion beyond lead V1 and a consistent
decrease in QRS height

2. Measures of iron overload
a. serum ferritin (ng/mL)

b. iron levels in biopsies of liver (LIC) and other tissue (mg/g dry
weight)

c. tissue iron assessment by superconducting quantum
interference device (SQUID) (mg/g liver wet weight)

d. tissue (other than cardiac) iron assessment by magnetic
resonance imaging (MRI) (m/s)

e. Mean reduction in dose of chelation therapy (mg/kg
bodyweight)

3. Self-reported quality of life (QoL) measured using validated
instruments for heart failure such as the Chronic Heart Failure
Assessment Tool, the LeD Ventricular Disease Questionnaire
(LVDQ), the Quality of Life in Severe Heart Failure Questionnaire,
etc.

4. Compliance with calcium channel blocker and chelation
treatment (measured by the number of people in each arm
that show adequate level of adherence to treatment (intake or
application of iron chelator or calcium channel blocker, or both,
for five or more days per week))

5. Adverse eKects of calcium channel blockers
a. somnolence

b. dizziness

c. headache

d. abdominal pain

e. nausea

f. flushing

g. hypotension

h. ankle swelling

i. oedema

j. fatigue

k. palpitations

l. unanticipated adverse events as reported in the primary
studies

6. Cost of intervention per year

Search methods for identification of studies

We searched for all relevant published and unpublished trials
without restrictions on language, year or publication status.

Electronic searches

We identified relevant trials from the Cystic Fibrosis and Genetic
Disorders Group's Haemoglobinopathies Trials Register using the
terms: (thalassaemia OR (haemoglobinopathies AND general)) AND
calcium channel blocker).

The Haemoglobinopathies Trials Register is compiled from
electronic searches of the Cochrane Central Register of Controlled
Trials (CENTRAL) (updated each new issue of  theCochrane
Library) and weekly searches of MEDLINE. Unpublished work
was identified by searching the abstract books of five major
conferences: the European Haematology Association conference;
the American Society of Hematology conference; the British Society
for Haematology Annual Scientific Meeting; the Caribbean Health
Research Council Meetings; and the National Sickle Cell Disease
Program Annual Meeting. For full details of all searching activities
for the register, please see the relevant section of the Cochrane
Cystic Fibrosis and Genetic Disorders website.

Date of the latest search: 15 March 2018.

We also searched the following trial registries for ongoing clinical
trials (last searched on 24 February 2018) (Appendix 2).

Searching other resources

Reference lists of all identified papers were screened to identify
potentially relevant citations. Experts were contacted for updates
on unpublished or ongoing work.

Data collection and analysis

Selection of studies

Two authors (AS and NA) independently screened all titles and
abstracts of papers identified by the search strategies for relevance.
At the screening stage, we excluded only clearly irrelevant citations.
ADer we obtained the full text versions of all potentially relevant
trials, two authors (AS and NA) independently assessed the
eligibility of trials for inclusion. Although we had planned to resolve
any disagreements on the eligibility of trials through discussion

Calcium channel blockers for preventing cardiomyopathy due to iron overload in people with transfusion-dependent beta thalassaemia
(Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7

http://cfgd.cochrane.org/our-specialised-trials-registers


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

and consensus or, if necessary, through a third party (BH), no
disagreements arose on the selection of trials. Four authors (AS,
NA, BH and SC) are current investigators on one potentially relevant
trial, but this trial does not have results available for inclusion at
this time (Hasan 2014). We documented reasons for exclusion.

Data extraction and management

Two authors (AS and NA) used a standard data collection form
developed at the start of the review to independently extract the
data. One author (JKD) verified the data collection. In general, we
extracted two sets of data as follows (in addition to the assessment
of risk of bias in included trials):

1. trial characteristics - setting, year of publication, population
characteristics, characteristics of intervention, details of
comparator treatments, and characteristics of outcome
measures;

2. results - primary and secondary outcomes indicated in the
review question; we documented reasons when screened or
included trials did not contribute data on main outcomes and
considered the potential for selective reporting. One of the
authors (AS) contacted primary investigators for additional data
and details of the correspondences were recorded.

We resolved any disagreements on the extracted data by
discussion. The eligible time periods for endpoint analysis were
decided to be at least one month aDer calcium channel blocker
treatment. However, we did not encounter any trials where the time
period reported was less than six months. Therefore, we analysed
outcomes at six and 12 months.

Assessment of risk of bias in included studies

Two authors (AS and NA) independently assessed the risk of bias
in the included trials. We conducted the evaluation using a form
designed on the domains described in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). These domains
include:

1. sequence generation (e.g. whether randomisation was
adequate);

2. allocation concealment (e.g. whether the allocation was
adequately concealed);

3. blinding of participants, personnel and outcome assessors;

4. incomplete outcome data (e.g. whether attrition and exclusion
were reported);

5. selective outcome reporting;

6. other sources of bias.

Based on these domains, we categorised trials as having either
a 'low', 'unclear', or 'high' risk of bias. We did not exclude any
trial as a result of a rating of 'unclear' or 'high' risk of bias.
Disagreements between authors during the evaluation of the risk of
bias in individual trials were resolved through discussion. We have
presented the evaluation of the risk of bias in the included trials
in tabular form as 'Risk of bias' tables (Characteristics of included
studies). Since we included only two trials in the analysis, we did not
conduct a sensitivity analysis based on our risk of bias assessment.

Measures of treatment e=ect

We obtained individual participant data (IPD) from the principal
investigator of both included trials.

We used the statistical package for social sciences (SPSS) version
16.0 to obtain the mean change from baseline at six and 12
months and the standard deviations (SDs) for continuous outcomes
such as heart and liver T2* CMR measurements, MIC (post hoc
change), LIC, serum ferritin, and leD ventricular ejection fraction
(LVEF). We tested whether data were normally distributed using
the Kolmogorov-Smirnov test. The IPD from the later trial were
not normally distributed (Fernandes 2016), but the relatively large
sample size was suKicient to enable the central limit theorem
to hold approximately so that we may assume normality in the
distribution of the means (Higgins 2008). This implies that the
mean of the outcome measurements is approximately normally
distributed with SD given by the standard error.

We analysed the data for these outcomes using the most up-to-
date version of Review Manager soDware (Review Manager 2014)
to obtain the mean diKerence (MD) for these outcomes with 95%
confidence intervals (CIs) as measures of uncertainty.

For the continuous outcomes, we presented relative eKect as MD
with the 95% CIs. For the dichotomous outcome (adverse events)
we presented the relative risk (RR) with the 95% CIs. For future
updates of the review, we will extract hazard ratios (HR) with
their 95% CIs for the time-to-event outcomes of cardiac mortality
and new-onset electrophysiologic abnormalities. If reports do not
provide HRs, we will use indirect estimation methods described by
Parmar and Williamson to calculate them (Parmer 1998; Williamson
2002).

Unit of analysis issues

There were no cluster-randomised trials or cross-over trials
included in the current version of the review. If we identify such
designs in trials that are eligible for inclusion in the future, we will
proceed as follows. We will only include cross-over trials if there
is a suKicient washout period between the treatment arms. We
will use methods recommended by Elbourne to analyse data from
such trials using paired analysis (Elbourne 2002). In the case of
cluster randomised trials, we will calculate the eKective sample size
and conduct analysis based on methods recommended by Donner
(Donner 2002). We will consider the risk of unit of analysis error
caused by repeated observations on participants as outlined in the
Cochrane Handbook of Systematic Reviews of Interventions (Higgins
2011).

Dealing with missing data

We contacted the principal investigator to obtain IPD for both
included trials. Intention-to-treat analysis was not conducted since
there was no significant loss-to-follow-up.

In future updates, if important information is missing from the
published full text of included trials or if the data are unclear, we
will contact the primary investigators to obtain the necessary data.

Assessment of heterogeneity

We tested for heterogeneity between trial results using the I2
statistic which describes the percentage of total variation across
studies that are caused by heterogeneity rather than by chance
(Higgins 2002; Higgins 2003). We used the following ranges for the
I2 statistic to determine heterogeneity:

• 0 to 40%: might not be important;
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• 30 to 60%: may represent moderate heterogeneity;

• 50 to 90%: may represent substantial heterogeneity;

• 75 to 100%: considerable heterogeneity.

Assessment of reporting biases

We made a full attempt at identifying unpublished trials and
aimed to minimise any potential publication bias by using
a comprehensive search strategy. We had planned to assess
publication bias if the included number of trials was greater than
10; however, we were unable to make this assessment as only two
trials were included in the review.

For the included trials, we compared the 'Methods' section of
the full text to the 'Results' section to determine if all outcomes
that were measured were reported. We sought the protocol of the
included trials from clinical trial registers in order to identify any
potential reporting bias.

Data synthesis

We used the RevMan soDware for quantitative analysis (Review
Manager 2014). We used the fixed-eKect model for all analyses
except for outcomes with I2 greater than 40%, where we
investigated the sources of heterogeneity and used a random-
eKects analysis.

Subgroup analysis and investigation of heterogeneity

For future updates of the review, if reported data are available, we
plan to conduct the following subgroup analyses and also use these
to investigate heterogeneity:

• calcium channel blocker used (e.g. nifedipine versus
amlodipine);

• cumulative type and dosage of chelation administered;

• age (6 to 11 years of age, 12 to 18 years of age, over 18 years of
age);

• total transfusions received by participants;

• co-morbid conditions (diabetes mellitus, hypothyroidism,
hepatitis B and C).

For most outcomes we did not identify significant heterogeneity
using the I2 statistic (Higgins 2003). We used a random-eKects
model where there was high heterogeneity, I2 over 40%.

Sensitivity analysis

For future updates of the review, if a suKicient number of trials are
included, we plan to test the robustness of their results with the
following sensitivity analyses:

• trials of diKerent designs (e.g. cross-over and cluster
randomised trials);

• assessment of risk of bias (evaluating only trials of low risk of
bias);

• publication status (unpublished and published trials).

Summary of findings table

A summary of findings table was developed with the
following characteristics based on published recommendations
(Schünemann 2011).

1. Participant population: participants with transfusion-
dependent beta thalassaemia (age six years and above)

2. Setting: any

3. Intervention: calcium channel blocker and standard chelation
therapy

4. Comparator: standard chelation therapy alone or standard
chelation therapy plus placebo

5. Outcomes
a. mean change in cardiac T2* values (m/s)

b. mean change in MIC (mg/g)

c. mean change in serum ferritin ng/mL

d. mean change in liver T2* (m/s)

e. mean change in LIC (mg/g)

f. mean change in LVEF estimated by echocardiography (%)

g. adverse events

We used the grading of recommendations assessment,
development and evaluation (GRADE) approach to assess the
quality of the body of evidence; GRADE is used to grade the quality
of evidence and the strength of recommendations in healthcare.
The GRADE system classifies the quality of evidence in one of
four levels - high, moderate, low, and very low. This is based
on the following parameters: trial limitations; inconsistency of
results; indirectness of evidence; and imprecision and reporting
bias (GRADE Working Group 2004).

• High quality: further research is very unlikely to change our
confidence in the estimate of eKect.

• Moderate quality: further research is likely to have an important
impact on our confidence in the estimate of eKect and may
change the estimate.

• Low quality: further research is very likely to have an important
impact on our confidence in the estimate of eKect and is likely
to change the estimate.

• Very low quality: we are very uncertain about the estimate.

R E S U L T S

Description of studies

Results of the search

There were 839 records identified from the search. ADer screening
of titles, abstracts and full texts, eight trials were excluded and four
trials were identified for potential inclusion in our review. Please
see the trial flow diagram, adapted from the PRISMA statement, for
a summary of these results (Figure 1).
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Figure 1.   Study flow diagram. Adapted from PRISMA (Liberati 2009)

 
Of the four trials identified for inclusion, only two were included
in the review (Fernandes 2013; Fernandes 2016). Of the remaining
two trials, one is in the process of seeking publication (Hasan 2014)
and one is an ongoing trial (NCT02474420). Several co-authors on
this review are investigators on one of these trials (Hasan 2014).
We are awaiting peer-review of our work prior to its inclusion in
this version of the review. Therefore, we have listed this trial as
ongoing. One trial is currently underway in Canada and, based

on our correspondence with the primary investigator there are no
results available at this time (NCT02474420). Details of these two
trials are available at ClinicalTrials.gov and have been included in
a table (Characteristics of ongoing studies). We anticipate inclusion
of these trials in the next update of this review.
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Included studies

The total number of participants from the two included trials is 74
(35 in the intervention and 39 in the control groups); full details of
the participants, intervention and outcomes are included in tables
(Characteristics of included studies).

Design

Both included trials were RCTs with a parallel design lasting 12
months. The earlier trial used a 1:2 allocation to intervention
or control, respectively (Fernandes 2013), whereas the later trial
used a 1:1 allocation ratio (Fernandes 2016). The later trial also
stratified participants into two subgroups based on their baseline
MIC (Fernandes 2016). The "reduction subgroup" had participants
with MIC above the normal human threshold (MIC > 0.59 mg/g dry
weight or T2* < 35 m/s). The "prevention subgroup" had MIC below
the normal human threshold (MIC≤ 0.59 mg/g or T2* ≥ 35 m/s).

The earlier trial was a single-centre, open-label and single-blind
pilot trial (Fernandes 2013), but the later follow-on trial was
multicenter and double-blind (Fernandes 2016). Both trials took
place in Brazil under the same principal investigator.

Study participants

There were 15 participants in the earlier trial (Fernandes 2013),
five of whom were randomised to the intervention arm and 10
to the comparator arm. In the later trial there were a total of
62 participants that were equally randomised to the two arms;
however, one participant from the treatment arm and two from the
placebo arm were excluded, leaving 59 participants who provided
data for analysis (Fernandes 2016).

Both children and adults were eligible for inclusion in the trials;
the mean age in the earlier trial was 29 years and in the later
trial it was 23.4 years (Fernandes 2013; Fernandes 2016). The
gender split was fairly even; 60% males in the earlier trial and
51% in the later trial. Both trials reported no statistically significant
diKerences in baseline characteristics between groups in terms of
clinical parameters such as history of splenectomy, haemoglobin
concentration, serum ferritin and LVEF (Fernandes 2013; Fernandes
2016).

Interventions

Both trials used oral amlodipine 5 mg once daily (which was
reduced to 2.5 mg once daily if side eKects were observed) in
addition to standard chelation treatment in the intervention arm
(Fernandes 2013; Fernandes 2016). The pilot trial compared this
treatment to standard chelation treatment alone (Fernandes 2013).
The later trial gave participants in the control arm a placebo in
addition to standard chelation therapy (Fernandes 2016).

Outcomes

The primary outcomes assessed in the two trials diKered. In the
earlier trial the primary outcome assessed was heart T2* values at
12 months (Fernandes 2013). In the later trial, the primary outcome
was the change in MIC from baseline and the eKect of treatment on
the prevention and reduction subgroups at 12 months (Fernandes
2016). Both trials reported data for the change from baseline for
heart T2*, MIC, LVEF, serum ferritin and liver T2* at both six and
12 months; they also provided information on adverse events and
changes in chelation therapy (Fernandes 2013; Fernandes 2016).

Additionally, the later trial reported LIC at six and 12 months
(Fernandes 2016).

Excluded studies

Nine trials were excluded based on a review of full texts
(Characteristics of excluded studies). Seven of these trials were
excluded because the intervention studied was not a calcium
channel blocker (Cappellini 2006; Chirnomas 2009; NCT02173951;
Lai 2010; Neufeld 2012; NCT00115349; NCT01927913). One trial
was excluded because it compared calcium channel blockers to
spirulina which are cyanobacteria (NCT02671695).

One trial was non-randomised and assessed the eKicacy of
nifedipine (a calcium channel blocker) in increasing the urinary
excretion of iron; there are no published results available and
the trial was assessed using the information available online
(NCT00712738).

Ongoing studies

We identified two ongoing trials. One of these is being undertaken
in Canada and has an estimated completion date in 2018
(NCT02474420). It is described as a randomised, open-label trial of
parallel design. Participants are 18 years and older with a primary
diagnosis of transfusion-dependent thalassaemia and evidence of
moderate cardiac iron overload, on a stable dose of DFX therapy
for more than three months. The intervention group receive a
combination of DFX and amlodipine (2.5 mg once daily and titrated
up to 10 mg per day based on tolerability). The control group receive
DFX based on the standard of care by the treating physician. The
main outcome is change in cardiac T2* MRI, assessed at baseline
and 12 months post-treatment.

A second open-label, single-blinded, randomised controlled pilot
trial conducted in a tertiary care hospital in Pakistan is pending
publication (Hasan 2014). It used a parallel design with 1:1
allocation. The trial included 20 participants on chelation therapy
aged between six and 20 years of age with transfusion-dependent
beta thalassaemia major. Participants in the intervention arm (n
= 10) received oral amlodipine 10 mg once daily in addition to
standard chelation treatment; those in the control arm (n = 10)
received standard chelation treatment alone. Laboratory values
such as ferritin levels, MRI T2* assessment of cardiac iron as well
as echocardiographic assessment of cardiac volumes, function
and strain analysis were assessed at baseline and then (following
randomisation) at six and 12 months. The primary outcome
assessed was change in heart T2* values at six and 12 months
from baseline. Secondary outcomes included assessments at six
and 12 months for the change from baseline in the following
parameters: absolute leD ventricular size, LVEF, strain and strain
rate, echocardiographic assessment of diastolic function, MRI
evaluation of liver iron content by T2*.

Risk of bias in included studies

In general, we judged there to be an overall low risk of bias in
the included trials. The risk assessment for allocation, blinding,
attrition, and selective reporting has been summarised for each
trial in risk of bias sections (Characteristics of included studies).
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Allocation

Randomisation

We judged one trial to have a low risk of bias as the randomisation
sequence was computer-generated (Fernandes 2016). We judged
the second trial to have an unclear risk of bias because, although
the trial is described as randomised, the trial report did not describe
how the sequence was generated (Fernandes 2013).

Concealment of allocation sequence

We judged one trial to have a low risk of bias as the assignments
were made by a central pharmacy (Fernandes 2016). We judged the
second trial to have an unclear risk of bias because there was no
information on how the randomisation sequence was concealed
(Fernandes 2013).

Blinding

We judged the earlier trial to have a high risk of performance bias
because it was open label, but a low risk of detection bias for MRI
exams because the readers of these assessments were blinded to
treatment allocation (Fernandes 2013). We judged the later trial
to have a low risk of both performance and detection biases as
participants, healthcare personnel and MRI readers were all blinded
to treatment allocation (Fernandes 2016).

Incomplete outcome data

We judged the earlier trial to have a low risk of attrition bias as
outcome data were available for all participants except one in the
amlodipine group (Fernandes 2013). This participant died before
the 12-month follow-up.

We also judged the later trial to have a low risk of attrition
bias (Fernandes 2016). This trial performed an intention-to-treat
analysis. One participant was excluded from the amlodipine arm
due to the lack of follow-up MRIs. In the control arm, one participant
was lost to follow-up and another excluded due to a diagnosis other
than thalassaemia major. Although trial investigators did not report
myocardial T2* values, we had access to the the IPD and were able
to obtain the heart T2* values.

Selective reporting

We judged both trials to have a low risk of reporting bias as
all intended primary and secondary outcomes were reported. In
addition, we had access to IPD from both trials.

Other potential sources of bias

We did not identify other potential sources of bias in the included
trials.

E=ects of interventions

See: Summary of findings for the main comparison Amlodipine
plus standard chelation therapy versus standard chelation therapy
with or without placebo

Two trials (n = 74) were included in our meta-analyses (Fernandes
2013, Fernandes 2016). For most outcomes, we did not identify
significant heterogeneity using the I2 statistic (Higgins 2003).

A negative MD indicates that the mean change from baseline in
the intervention group is larger than the control group. Therefore,
if there is an increase in heart T2* from baseline, a decrease in
MIC from baseline, or an increase in LVEF from baseline in the
intervention group compared to the control group, the MD for these
estimates would be a negative number and the magnitude of the
number would indicate the magnitude of the eKect size, i.e. a large
negative number favours the intervention group.

The quality of the evidence has been graded for those outcomes
included in the summary of findings table. For the definitions of
these gradings, please refer to the summary of findings tables
(Summary of findings for the main comparison).

Primary outcome measures

1. Cardiac iron assessment by T2* cardiac magnetic resonance
(CMR) measurements (m/s)

a. Heart T2* (m/s)

At the six-month time-point, the MD for the mean change from
baseline in heart T2* was estimated to be -3.91 m/s (95% CI -9.65 to
1.83) (Analysis 1.1; Figure 2) which was not a statistically significant
change. At 12 months, there was an increase in heart T2* in the
amlodipine group compared with the control group, but this was
also not statistically significant, MD -0.27 m/s (95% CI -2.66 to 2.11)
(Analysis 1.1; Figure 2). We judged that the quality of evidence for
this outcome was low at both six and 12 months.
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Figure 2.   Forest plot of comparison: 1 Amlodipine versus control, outcome: 1.1 Heart T2* (m/s) (change from
baseline).

 
For the mean change from baseline in heart T2* at six months,
we identified significant heterogeneity, I2 = 82%, that could not
be readily explained (Analysis 1.1). We used random-eKects model
for this analysis. We investigated this heterogeneity as follows.
We checked the data to ensure they were correct. We could not
explore heterogeneity by conducting subgroup analyses as there
were insuKicient data available to compare treatment eKects in
subgroups such as type of chelation treatment used or dose of
amlodipine administered. One explanation for the heterogeneity
may be an interaction between treatment eKects and baseline
MIC. The later Fernades trial found that the eKect of treatment
was aKected by baseline MIC (P = 0.005 for interaction) and thus
stratified participants into the reduction subgroup (baseline MIC >
0.59) and prevention subgroup (baseline MIC ≦ 0.59) (Fernandes
2016). We had access to the IPD for the 2013 trial in which all
participants except one participant had a baseline MIC > 0.59

(Fernandes 2013). This made it diKicult to perform a meaningful
subgroup analysis across both trials.

We could not perform a sensitivity analysis because there were only
two trials included.

b. MIC (mg/g)

When combining data at six months, the diKerence between
groups in the mean change from baseline in MIC was estimated
to be -0.23 mg/g (95% CI -0.39 to -0.07) (Analysis 1.2; Figure 3).
This represented a statistically significant decrease in MIC in the
amlodipine group compared with the control group. At 12 months,
the statistically significant decrease in MIC in the amlodipine group
compared with the control group was maintained, MD -0.25 mg/g
(95% CI -0.44 to -0.05) (Analysis 1.2; Figure 3). We judged that the
quality of evidence for this outcome was low at both six and 12
months.

 

Figure 3.   Forest plot of comparison: 1 Amlodipine versus control, outcome: 1.2 Myocardial iron concentration (MIC)
(mg/g) (change from baseline).
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2. Cardiac mortality

There was no reported occurrences of cardiovascular
complications in either trial.

3. Cardiac function assessments

a. N-terminal pro-B-type natriuretic peptide (NT-proBNP) and B-type
natriuretic peptide (BNP) levels (pg/mL)

This outcome was not assessed by the included trials.

b. Echocardiographic estimation of LVEF (%)

The diKerence between groups in the mean change from baseline
in LVEF at six months was estimated to be MD -0.02 % (95% CI -2.49
to 2.45) (Analysis 1.3). This represented an increase in LVEF in the
amlodipine group compared with the control group that was not
statistically significant. At 12 months the increase in LVEF in the
amlodipine group compared with the control group was also not
statistically significant, MD -0.40 % (95% CI -2.97 to 2.17) (Analysis
1.3). We judged that the quality of evidence for this outcome was
low at both six and 12 months.

c. Echocardiographic estimation of leK and right ventricular filling
pressures (mm Hg)

This outcome was not assessed by the included trials.

d. Estimation of LVEF by CMR (%)

This outcome was not assessed by the included trials.

e. Estimation of leK and right ventricular volumes by CMR (mL)

This outcome was not assessed by the included trials.

f. Estimation of leK and right ventricular strain (%) and strain rate (s-1)
by CMR tagging

This outcome was not assessed by the included trials.

g. Estimation of leK and right ventricular volume (mL) and function
(%) by myocardial tissue phase mapping

This outcome was not assessed by the included trials.

h. Estimation of leK and right ventricular volume (mL) and function
(%) by radionuclide ventriculography during exercise

This outcome was not assessed by the included trials.

i. Exercise stress testing

This outcome was not assessed by the included trials.

j. Other echocardiographic assessments

Outcomes under this category were not assessed by the included
trials.

Secondary outcome measures

1. Electrocardiographic abnormalities (measured as time-to-
event)

a. Supraventricular arrhythmias

This outcome was not assessed by the included trials.

b. Electrocardiographic findings that suggest right-sided heart
involvement (S1Q3 pattern and right-axis deviation)

This outcome was not assessed by the included trials.

c. New-onset T-wave inversion beyond lead V1 and a consistent
decrease in QRS height

This outcome was not assessed by the included trials.

2. Measures of iron overload

a. Serum ferritin (ng/mL)

The diKerence in mean change from baseline in serum ferritin at
six months was estimated to be MD -390.54 ng/ml (95% CI -819.00
to 37.93) which represented a non-significant decrease in serum
ferritin in the amlodipine group compared with the control group
(Analysis 1.4). At 12 months, the diKerence in the mean change from
baseline in serum ferritin was also not statistically significant, MD
-247.78 ng/mL (95% CI -741.61 to 246.05) (Analysis 1.4). We judged
that the quality of evidence for this outcome was low at both six and
12 months.

b. Iron levels in biopsies of liver and other tissue

This outcome was not assessed by the included trials.

c. Tissue iron assessment by superconducting quantum interference
device (SQUID)

This outcome was not assessed by the included trials.

d. Tissue (other than cardiac) iron assessment by magnetic resonance
imaging (MRI) (m/s)

i. Liver T2* (m/s)

When data from both included trials are combined at six months,
the diKerence in mean change from baseline in liver T2* was
estimated to be MD -0.71 m/s (95% CI -1.61 to 0.18) which
represented a non-statistically significant increase in liver T2* in the
amlodipine group compared with the control group (Analysis 1.5).
At 12 months, the result again favoured amlodipine but was still not
statistically significant, MD -1.24 m/s (95% CI -2.76 to 0.27) (Analysis
1.5). We judged that the quality of evidence for this outcome to be
low at both six and 12 months.

ii. LIC (mg/g)

This outcome was only reported by one trial (n = 59) (Fernandes
2016).

At six months, the diKerence in mean change from baseline in LIC
was estimated to be MD -1.64 mg/g (95% CI -3.96 to 0.68) which
represented a decrease in LIC in the amlodipine group compared
with the control group that was not statistically significant (Analysis
1.6). At 12 months, the diKerence between groups in the mean
change from baseline in LIC was again not statistically significant,
MD -2.01 mg/g (95% CI -4.84 to 0.82) (Analysis 1.6). We judged that
the quality of evidence for this outcome was low

e. Mean reduction in dose of chelation therapy

This specific outcome was not assessed by either trial. However,
changes in chelation therapy were addressed in the reports of both
trials. The earlier trial did not report analysable data, but stated
that there were no significant changes in chelation therapy (type of
chelator used or dose) in the treatment and control groups across
the trial (Fernandes 2013).

The investigators from the later trial provided us with IPD on type
and dose of chelation drugs used in the trial (Fernandes 2016). Of
the 59 participants in the trial, there were 30 participants on DFX, 11
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on DFP, seven on DFO, eight on a combination regimen of oral DFP
and subcutaneous DFO, and three participants on combinations
of oral chelators or DFX plus DFO categorized as ‘other’. The small
number of participants on each type of chelator precluded the
application of a statistical test to compare amlodipine and placebo
arms.

Overall, chelator doses were decreased in 27% of the participants
in the amlodipine arm and 14% of the participants in the placebo
arm. Of the participants on DFX, four participants in the amlodipine
group (23%) and five in the placebo group (38%) had their
chelation dose reduced at 12 months. For participants on DFP,
two in the amlodipine group (40%) and none in the placebo
group had in their chelation dose reduced at 12 months. For DFO,
none of the participants had their dose reduced at 12 months.
Among participants on a combination regimen of oral DFP and
subcutaneous DFO, one in the amlodipine group (33%) and three
in the placebo group (60%) had their dose reduced at 12 months.
One participant who received amlodipine in the category of ‘other’
chelators had the dose reduced at 12 months.

3. Self-reported QoL measured using validated instruments for
heart failure

This outcome was not assessed by the included trials.

4. Compliance with calcium channel blocker and chelation
treatment

This outcome was not assessed by the included trials.

5. Adverse e2ects of calcium channel blocker

The earlier trial reported that there were no serious adverse events
experienced by participants taking amlodipine (Fernandes 2013).
There was no significant reduction in systolic blood pressure
related to amlodipine. In one participant, the amlodipine dose was
reduced by half (2.5 mg per day) due to development of lower
extremity oedema. One death was reported in the amlodipine
group secondary to advanced liver cirrhosis that was present in the
participant prior to enrolment in the trial.

The second trial reported that there were no serious adverse events
in participants taking amlodipine (Fernandes 2016). However, mild
adverse events (ankle edema, dizziness, mild cutaneous allergy)
were reported with no statistically significant diKerence between
the amlodipine and control arms. We calculated the risk of any
adverse event in the amlodipine arm compared with placebo, RR
8.71 (95% CI 0.49 to 154.89) (Analysis 1.7). In the amlodipine arm,
in three participants the dose was reduced to 2.5 mg per day; two
of these due to the development of ankle oedema and one due to
dizziness. These adverse eKects resolved aDer dose reduction. In
addition, one participant stopped taking the medication aDer the
development of a mild cutaneous allergic reaction but continued to
participate in the study. We judged that the quality of evidence for
this outcome was low at both six and 12 months.

6. Cost of intervention per year

This outcome was not assessed by the included trials.

D I S C U S S I O N

Summary of main results

Two randomised controlled trials (n = 74) are included in
this review. Both included trials were conducted by the same
investigators and include a pilot trial (Fernandes 2013) followed by
a larger multicentre trial (Fernandes 2016). We were given access to
the IPD for both trials. The mean (SD) age of participants was 24.4
(8.5) years and approximately 52% of all participants were male.
Primary outcomes are presented in the tables (Summary of findings
for the main comparison).

The review's primary outcome of change in MIC was reported
as heart T2* values (cardiac magnetic resonance measurements)
and MIC. Based on our analysis, heart T2* at six months and
12 months did not show a statistically significant increase in the
amlodipine group compared with the control group, MD at six
months -3.91 m/s (95% CI -9.65 to 1.83) and at 12 months, MD
-0.27 m/s (95% CI -2.66 to 2.11) (Analysis 1.1). The MIC showed a
statistically significant decrease in the amlodipine group compared
with the control group both at six months, MD -0.23 mg/g (95%
CI -0.39 to -0.07), and at 12 months, MD -0.25 mg/g (95% CI -0.44
to -0.05) (Analysis 1.2). The fact that the heart T2* comparison
did not approach statistical significance while the corresponding
MIC changes were statistically significant may be explained by the
non-linear relationship between heart T2* and MIC as well the
interaction of treatment eKects with baseline MIC (i.e. participants
with high baseline MIC experienced greater treatment eKects than
those with lower baseline MIC values).

For the larger trial, participants were categorized into prevention
or reduction subgroups based on whether their baseline MIC
was below or above the normal human threshold, respectively
(Fernandes 2016). Only participants in the reduction subgroup
showed a significant reduction in their median MIC aDer 12 months
of treatment with amlodipine compared with placebo. This finding
implies that there has to be significant iron overload at baseline
for amlodipine to have any benefit. We were unable to conduct
a similar subgroup meta-analysis for the earlier trial because
(based on IPD) all except one participant would be classified in the
reduction subgroup (Fernandes 2013).

Assessment of cardiac function was reported as echocardiographic
estimation of LVEF. There was a statistically non-significant increase
in LVEF in the amlodipine arm compared with the control arm at six
months, MD -0.02 % (95% CI -2.49 to 2.45) and at 12 months, MD
-0.40 % (95% CI -2.97 to 2.17) (Analysis 1.3).

Secondary measures of iron overload such as serum ferritin and
LIC were also assessed. Serum ferritin showed a statistically non-
significant decrease in the amlodipine group compared to the
control group both at six months, MD -390.54 ng/mL (95% CI
-819.00 to 37.93) and at 12 months, MD -247.78 ng/mL (95% CI
-741.61 to 246.05) (Analysis 1.4). Liver T2* values also increased
in the amlodipine group compared to the control group at six
months, MD -0.71 m/s (95% CI -1.61 to 0.18) and at 12 months,
MD -1.24 m/s (95% CI -2.76 to 0.27), but these diKerences were not
statistically significant (Analysis 1.5). Only the later trial measured
LIC (Fernandes 2016) and showed a statistically non-significant
decrease in the amlodipine arm compared with the control arm at
six months, MD -1.64 mg/g (95% CI -3.96 to 0.68) and at 12 months,
MD -2.01 mg/g (95% CI -4.84 to 0.82) (Analysis 1.6).
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One death was reported in the amlodipine arm of the earlier
trial, but was thought to be related to pre-existing liver cirrhosis
(Fernandes 2013). There were no serious adverse events reported
by the second trial (Fernandes 2016); and analysis of mild adverse
events yielded a statistically non-significant result, RR 8.71 (95% CI
0.49 to 154.89) (Analysis 1.7).

Overall completeness and applicability of evidence

Overall sample size for our analysis was small (n = 74) with only two
trials included. Participants studied were mainly adolescents and
young adults (mean (SD) 24.4 years) with good gender distribution
(52% male). Both trials were conducted in Brazil and may not be
applicable to other populations. The results pertain only to the
calcium channel blocker amlodipine at a dose and frequency of 5
mg once daily (reduced to 2.5 mg once daily for adverse eKects).

Both trials excluded participants with severe leD ventricular
dysfunction since these individuals may experience higher adverse
eKects from the use of a calcium channel blocker (Fernandes 2013;
Fernandes 2016). The participants in both trials were expected
to remain on a stable chelation regimen for the duration of the
trial. This may have inadvertently excluded individuals with poorly-
controlled iron overload since these people are more likely to
switch to combination chelation therapy or use increasingly higher
dosages of chelation drugs.

The review's primary outcome of MIC was addressed by both
trials. However, it was reported as mean cardiac T2* values by
the pilot trial (Fernandes 2013) and as median MIC by the follow-
up trial (Fernandes 2016). We were able to obtain the IPD for
both trials to assess the mean change from baseline for relevant
outcomes and analyse the data for MDs. Data for outcomes such
as LVEF that were not included in the published reports were also
available for analysis through the IPD. However, there were several
outcomes that were not assessed and are likely to be important to
individuals with this condition and to clinicians who evaluate the
response to treatment. These outcomes include changes in quality
of life, dose reduction in chelation therapy, measures of cardiac
function such as ventricular strain patterns and the incidence of
electrocardiographic abnormalities.

There were insuKicient data reported to conduct a subgroup
analysis for the type of chelation therapy used. Importantly, some
chelation drugs are more eKicacious than others and combination
therapy may be more eKective than monotherapy so the relative
prevalence of each type of chelation therapy in the intervention
and control groups should aKect the outcomes but randomisation
ensures that these characteristics are balanced in both groups.

Outcomes are also likely to be aKected by the severity of baseline
myocardial iron overload as indicated in the larger trial (Fernandes
2016), but there was insuKicient variation in baseline MIC in the
smaller trial to conduct a subgroup analysis (Fernandes 2013). In
the later trial, stratification was done aDer randomisation which
further underpowered the study (Fernandes 2016). In addition,
the participants in this trial had a near normal baseline MIC with
median values of 34.1 m/s (95% CI 30.9 to 36.4 m/s) (Fernandes
2016). They used a T2* threshold of 35 m/s to stratify participants
into reduction and prevention subgroups. This is opposed to the
commonly-used risk threshold of 20 m/s that predicts significant
cardiomyopathy (Anderson 2001; Wang 2010). Although there is
some evidence that even a small reduction in MIC improves cardiac

outcomes (Voskaridou 2012), it may not be clinically significant for
most individuals with significant iron overload.

Quality of the evidence

As only two small trials were included in the review, the overall
quality of the evidence for all outcomes reported was low quality,
due to risks of bias, imprecision (wide CIs), and indirectness (not
applicable to wider population). The quality of evidence was
improved by our access to the IPD. Both trials were conducted
by the same investigators and the larger follow-up trial was
multicentre. Further trials from diKerent investigators are required
to verify the results.

Potential biases in the review process

Most of the review authors are also investigators on a currently
ongoing trial (Hasan 2014). When this is included the review,
authors who are not involved in the trial will be responsible for
assessments and data extraction to avoid possible bias.

Agreements and disagreements with other studies or
reviews

We did not identify any observational or non-randomised studies
on the use of calcium channel blockers in humans for the reduction
of MIC. However, evidence from the two included trials in our review
correlates well with findings from animal studies.

Based on the proposed mechanism of action of L-type calcium
channel blockers on myocardial tissue, the eKects of amlodipine
should be specific to the myocardium with minimal eKects on
liver iron content which was consistent with the findings of our
review (Oudit 2003; Oudit 2006; Tsushima 1999). An increase in
LVEF was observed concomitant with decreases in MIC which is
consistent with reports of heart T2* and MIC being used as reliable
prognostic indicators of cardiac dysfunction (Carpenter 2011; Kirk
2009; Pennell 2014).

The larger trial reported that participants with high MIC at baseline
benefited from treatment with amlodipine, but in those with
normal MIC at baseline there was no change with amlodipine
(Fernandes 2016). These findings are not readily explainable from
our current understanding of the interaction of calcium channel
blockers and myocardial iron. It is plausible that iron content in
the heart needs to be above a certain threshold before L-type
calcium channels become a significant pathway for iron entry and
their blockade becomes clinically important. Other pathways for
iron entry into the heart have been described, such as divalent
metal transporter 1 (DMT1) (Ludwiczek 2007; Oudit 2003) and T-
type calcium channels (Kumfu 2012), and it remains to be seen
whether they play a significant role in myocardial iron overload,
perhaps at lower MIC levels.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The use of calcium channel blockers such as amlodipine is common
in the treatment of systemic hypertension, but its application in
reducing myocardial iron overload is a novel concept that is in
preliminary stages of research. Although amlodipine has shown
promise in animal studies, currently there is insuKicient evidence
to determine whether amlodipine is eKective in preventing
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cardiomyopathy due to iron overload in people with transfusion-
dependent beta thalassaemia.

Implications for research

There is potential for calcium channel blockers such as amlodipine
to reduce myocardial iron overload in people with transfusion-
dependent thalassaemia and randomised controlled trials are
warranted. Although the results of the included trials are
consistent, there needs to be corroboration from larger studies
and diKerent investigators. Multicentre collaborative trials are
needed especially in those parts of the world where thalassaemia
is prevalent. As significant myocardial iron overload may develop
during childhood (Wood 2004; Wood 2008), trials in the paediatric
population should be conducted to assess for safety and eKicacy.
Trials with extended follow-up should be conducted to determine
if the eKects of calcium channel blockers are sustained beyond 12
months.

Recent studies indicate that chelation drugs have varying eKicacy
in reducing cardiac iron (Pepe 2013; Xia 2013). Future trials should
be designed to compare the eKects of calcium channel blockers
with diKerent chelation regimens. Clinically relevant outcomes
such as dose reduction in standard chelation and quality of life
parameters should also be investigated. In addition, the role of
baseline myocardial iron content in aKecting the response to
calcium channel blockers should be investigated. Determining the

cost of intervention is also important for individuals with the
condition, clinicians and healthcare policy makers to determine if
the use of calcium channel blockers is cost-eKective.

Since myocardial T2* values and myocardial iron content may have
a non-linear relationship, it is important to report both outcomes.
This is also true for liver T2* and liver iron concentration.
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised controlled trial.

Design: parallel group.

Duration: 12 months.

Location: single centre in Brazil.

Participants Inclusion criteria: thalassaemia major, at least 7 years of age (in order to comply with MRI examina-
tions), regularly transfused, iron overload with no prospect of changing chelation therapy in the com-
ing 6 months after enrolment, had a record of good compliance with chelation therapy.

Exclusion criteria: significant leD ventricular dysfunction (ejection fraction < 35%), renal insufficiency,
advanced atrioventricular conduction disturbances, and formal contraindications to MRI examinations.

15 participants were selected for randomisation from a pool of 60 individuals who had undergone re-
peated MRI examinations over the preceding 5 years.

Total cohort

N = 15, mean (SD) age 28.3 (4.9) years, 60% male.

Intervention group

n = 5, mean (SD) age 31.2 (3.9) years, 60% male.

Fernandes 2013 
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Mean (SD) baseline characteristics: haemoglobin 9.4 (0.65) g/dL; heart T2* 21.7 (7.2) m/s; MIC 1.19
(0.67) mg/g; LVEF 66.5 (9.2) %; serum ferritin 1110 (837) ng/mL; liver T2* 5.47 (2.97) m/s; LIC 6.5 (4.3)
mg/g.

Control group:

n =10, mean (SD) age 26.8 (4.8) years, 60 % male.

Mean (SD) baseline characteristics: haemoglobin 9.8 (0.29) g/dL; heart T2* 25.1 (8.8) m/s; MIC 1.07
(0.55) mg/g; LVEF 66.6 (6.7) %; serum ferritin 1602 (1084) ng/mL; liver T2* 5.38 (4.36) m/s; LIC 9.5 (7.9)
mg/g.

Interventions Intervention group: oral amlodipine 5 mg once daily in addition to standard chelation therapy.

Control group: standard chelation therapy alone.

Outcomes Primary outcome: difference in heart T2* values (m/s) between groups at 12 months.

Secondary outcomes: heart T2* values (m/s) at 6 months, serum ferritin (ng/dL) at 6 and 12 months, LIC
(mg of Fe/gm of dry weight of liver) at 6 and 12 months.

Notes Baseline MIC and liver T2* values were not included in the published report. We obtained these values
from individual patient data provided by the principal investigator.

P values for type of chelation therapy used were not provided.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described.

Allocation concealment
(selection bias)

Unclear risk Not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label trial.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Readers of MRI were blinded to treatment allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk One participant in the amlodipine group died before 12-month follow up so
data for this participant were not available for analysis at 12 months.

Selective reporting (re-
porting bias)

Low risk All intended primary and secondary outcome data were reported.

Other bias Low risk None identified.

Fernandes 2013  (Continued)

 
 

Methods Randomised controlled trial.
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Design: parallel group.

Duration: 12 months.

Location: multicentre in Brazil.

Participants Inclusion criteria: people with thalassaemia major, at least 6 years of age, regular transfusions for 2 or
more years (total lifetime red blood cell transfusions above 20 units).

Exclusion criteria: change in chelation therapy expected or scheduled in the next 12 months, presence
of advanced clinical heart failure or ejection fraction > 35%, presence of a contraindication to use of
MRI.

62 participants were enrolled from a pool of 77 screened individuals. 1 participant from the placebo
arm was excluded because of a diagnosis other than thalassaemia major and a second was lost to fol-
low-up. One patient was excluded from the amlodipine arm due to lack of follow-up MRI examinations.
This leD 59 participants for analysis, 30 in the amlodipine arm and 29 in the placebo arm.

Particpants were stratified into two subgroups based on their baseline myocardial T2* values: reduc-
tion group (T2* < 35 m/s) and prevention group (T2* > 35 m/s). Within the reduction subgroup, 15 par-
ticipants were randomised to the amlodipine arm and 15 to the placebo arm. There were no statisti-
cally significant differences in baseline characteristics between these arms. Similarly, within the pre-
vention subgroup, 15 participants were randomised to the amlodipine arm and 14 to the placebo arm.
Again, there were no statistically significant differences in the baseline characteristics between these 2
arms.

Total cohort

N = 59, mean (SD) age 23.4 (9) years, 51% male.

Intervention group

n = 30, mean (SD) age 27.7 (7.7) years, 43% male.

Mean (SD) baseline characteristics: haemoglobin 9.4 (1) g/dL; heart T2* 29.37 (12.81) m/s; MIC 1.48
(2.37) mg/g; LVEF 67.73 (5.46) %; serum ferritin 2682.34 (1908.64) ng/mL; liver T2* 5.11 (4.58) m/s; LIC
12.97 (10.29) mg/g.

Control group

n = 29, mean (SD) age 23.5 (10.2) years, 59 % male.

Mean (SD) baseline characteristics: haemoglobin 9.5 (1) g/dL; heart T2* 31.24 (SD) 9.42 m/s; MIC 0.92
(0.88) mg/g; LVEF 67.07 (6.64) %; serum ferritin 2662.6 (2840.61) ng/mL; liver T2* 5.23 (4.7) m/s; LIC
10.53 (7.3) mg/g.

Interventions Intervention group: oral amlodipine 5 mg once daily in addition to standard chelation therapy.

Control group: placebo in addition to standard chelation therapy.

Outcomes Primary outcome: change in MIC from baseline and a comparison of the effect of treatment between
the prevention and reduction subgroups at 12 months.

Secondary outcomes: assessment of MIC at 6 months, change in LIC at 12 months, serum ferritin, LVEF
and incidence of adverse events at 6 and 12 months.

Notes All outcomes were reported as median values in the published report. We obtained mean values from
individual patient data provided by the principal investigator.

Risk of bias

Bias Authors' judgement Support for judgement

Fernandes 2016  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk Computer-generated sequence.

Allocation concealment
(selection bias)

Low risk Assignments made by central pharmacy.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Blinding of participants and health personnel involved in diagnosis, exam in-
terpretation, and treatment.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk A central core lab concealed to treatment allocation and identity of the partic-
ipant, performed interpretation of the all MRI images using a dedicated work-
station.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intention-to-treat analysis performed; 1 participant excluded from the am-
lodipine arm due to lack of follow-up MRIs; in the placebo arm, 1 participant
lost to follow up and another excluded due to diagnosis other than thalas-
saemia major.

Myocardial T2* values were not reported as the investigators uncovered a non-
linear relationship between MIC and myocardial T2*, and MIC was considered
more clinically applicable. However, since we had access to the the individual
patient data, we were able to obtain the heart T2* values.

Selective reporting (re-
porting bias)

Low risk All intended primary and secondary outcome data were reported.

Other bias Low risk None identified.

Fernandes 2016  (Continued)

LIC: liver iron concentration
LVEF: leD ventricular ejection fraction
MIC: myocardial iron concentration
MRI: magnetic resonance imaging
SD: standard deviation
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Cappellini 2006 Intervention other than calcium channel blocker.

Chirnomas 2009 Intervention other than calcium channel blocker.

Lai 2010 Intervention other than calcium channel blocker.

NCT00115349 Intervention other than calcium channel blocker (trial terminated).

NCT00712738 Not a randomised controlled trial.

NCT01927913 Intervention other than calcium channel blocker (trial withdrawn).

NCT02173951 Intervention other than calcium channel blocker.

NCT02671695 Comparator arm other than standard chelation therapy (Spirulina).
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Study Reason for exclusion

Neufeld 2012 Intervention other than calcium channel blocker.

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Effect of L-type calcium channel blocker (amlodipine) on myocardial iron deposition in patients
with thalassaemia with moderate-to-severe myocardial iron deposition.

Methods Randomised controlled trial (open label, single blinded).

Design: parallel group.

Duration: 12 months.

Location: single centre, a tertiary care hospital in Pakistan.

Participants Inclusion criteria: age ≥ 6 and ≤ 20 years, ≥ 10 blood transfusions in a lifetime, transfusion need
≥180 mL/kg/year, serum ferritin ≥1000 μg/dL, deemed eligible for standard chelation therapy (by
treating haematologist), individuals who have been on a stable chelation regimen for ≥6 months.

Exclusion criteria: known hypersensitivity to amlodipine or history of developing tetany after use
of a calcium channel blocker, known sinoatrial nodal disease or aortic stenosis, known severe my-
ocardial dysfunction (LVEF of ≤4 SD for age even without symptoms), signs and symptoms of heart.
failure, T2* value of <4 m/s on cardiac MRI, systolic blood pressure ≤2 SD for age (systemic hy-
potension) at the time of enrolment, previously diagnosed significant congenital heart diseases or
acquired heart diseases other than thalassaemia, known contraindications to MRI, known pregnan-
cy.

Total cohort

N = 21, 62 % male.

Intervention group

n =10, median age 18.0 years (IQR 15.8 - 19.3), 50 % male.

Control group

n = 11, median age 16.0 years (IQR 13.0 - 18.0), 73% male.

Interventions Intervention group: oral amlodipine 10 mg once daily in addition to standard chelation therapy.

Control group: standard chelation therapy alone.

Outcomes Primary outcome: difference in heart T2* values (m/s) between groups at 12 months.

Secondary outcomes: effects on systolic and diastolic function, absolute leD ventricular size, ejec-
tion fraction, strain and strain rate, echocardiographic assessment of diastolic function, MRI evalu-
ation of liver iron content by T2*.

Starting date  

Contact information  

Notes Completed November 2015; awaiting peer review and publication.

Hasan 2014 
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Trial name or title The use of the calcium channel blocker amlodipine as an adjuvant treatment to iron chelation for
the prevention of iron overload cardiomyopathy in patients with thalassaemia (CANALI).

Methods Allocation: randomised.

Endpoint classification: safety/efficacy study.

Intervention model: parallel assignment.

Masking: single blind (outcomes assessor).

Location: Canada.

Participants Inclusion criteria: diagnosis of transfusion-dependent thalassaemia being followed by a thalas-
saemia comprehensive care clinic; age 18 years or older; on a stable dose of deferasirox for over 3
months; evidence on cardiac MRI of mild to moderate cardiac iron overload (T2* < 20 m/s but ≥10
m/s) as measured within 3 months prior to randomisation; preserved LVEF > 55% as measured by
cardiac MRI; agreeable to use an approved method of contraception if female of childbearing po-
tential for the entire duration of the trial.

Exclusion criteria: serum ferritin < 500 ng/mL at screening; LIC > 30 mg/gm measured by liver R2
MRI (FerriScan); congestive heart failure, severe refractory hypotension (less than 90 mmHg sys-
tolic), currently taking any calcium channel blockers, pregnancy or nursing, considered by princi-
pal investigator to be unfit for the trial based on medical review, physical examination or screening
investigations, non availability of permanent address, hypersensitivity to amlodipine or other dihy-
dropyridine.

Interventions Intervention group: deferasirox iron chelation therapy plus amlodipine; amlodipine titrated up to
10 mg daily or maximum tolerated dose, whichever comes first.

Control group: deferasirox iron chelation therapy and standard of care by the treating physician.

Outcomes Primary outcome: change in cardiac T2* as determined by MRI at 12 months following randomisa-
tion.

Secondary outcomes: change in LVEF (%) as determined by MRI at 12 months following randomisa-
tion.

Starting date June 2015.

Contact information Kevin H.M. Kuo, MD, MSc, FRCPC, Assistant Professor, University Health Network, Toronto.

Notes Completion date: June 2018.

NCT02474420 

LIC: liver iron concentration
LVEF: leD ventricular ejection fraction
MRI: magnetic resonance imaging
SD: standard deviation
IQR: inter-quartile range
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Comparison 1.   Amlodipine versus control

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Heart T2* (m/s) (change
from baseline)

2   Mean Difference (IV, Random, 95%
CI)

Subtotals only

1.1 At 6 months 2 65 Mean Difference (IV, Random, 95%
CI)

-3.91 [-9.65, 1.83]

1.2 At 12 months 2 74 Mean Difference (IV, Random, 95%
CI)

-0.27 [-2.66, 2.11]

2 Myocardial iron concen-
tration (MIC) (mg/g) (change
from baseline)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 At 6 months 2 65 Mean Difference (IV, Fixed, 95% CI) -0.23 [-0.39, -0.07]

2.2 At 12 months 2 74 Mean Difference (IV, Fixed, 95% CI) -0.25 [-0.44, -0.05]

3 LeD ventricular ejection
fraction (LVEF) % (change
from baseline)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

3.1 At 6 months 2 65 Mean Difference (IV, Fixed, 95% CI) -0.02 [-2.49, 2.45]

3.2 At 12 months 2 72 Mean Difference (IV, Fixed, 95% CI) -0.40 [-2.97, 2.17]

4 Serum ferritin ng/mL
(change from baseline)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

4.1 At 6 months 2 72 Mean Difference (IV, Fixed, 95% CI) -390.54 [-819.00,
37.93]

4.2 At 12 months 2 71 Mean Difference (IV, Fixed, 95% CI) -247.78 [-741.61,
246.05]

5 Liver T2* (m/s) (change
from baseline)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

5.1 At 6 months 2 65 Mean Difference (IV, Fixed, 95% CI) -0.71 [-1.61, 0.18]

5.2 At 12 months 2 74 Mean Difference (IV, Fixed, 95% CI) -1.24 [-2.76, 0.27]

6 Liver iron concentration
(LIC) (mg/g) (change from
baseline)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

6.1 At 6 months 1 50 Mean Difference (IV, Fixed, 95% CI) -1.64 [-3.96, 0.68]

6.2 At 12 months 1 59 Mean Difference (IV, Fixed, 95% CI) -2.01 [-4.84, 0.82]

7 Adverse events 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

7.1 Mild adverse events at 12
months

1 59 Risk Ratio (M-H, Fixed, 95% CI) 8.71 [0.49, 154.89]
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Analysis 1.1.   Comparison 1 Amlodipine versus control, Outcome 1 Heart T2* (m/s) (change from baseline).

Study or subgroup Amlodipine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.1.1 At 6 months  

Fernandes 2013 5 -6.5 (1.2) 10 0.4 (5.7) 48.68% -6.92[-10.58,-3.26]

Fernandes 2016 27 -0.2 (6.2) 23 0.9 (5.2) 51.32% -1.06[-4.21,2.09]

Subtotal *** 32   33   100% -3.91[-9.65,1.83]

Heterogeneity: Tau2=14.13; Chi2=5.66, df=1(P=0.02); I2=82.32%  

Test for overall effect: Z=1.34(P=0.18)  

   

1.1.2 At 12 months  

Fernandes 2013 5 -4.4 (5.1) 10 -2.4 (6.9) 14.79% -2.02[-8.22,4.18]

Fernandes 2016 30 -0.6 (5.7) 29 -0.6 (4.4) 85.21% 0.03[-2.55,2.61]

Subtotal *** 35   39   100% -0.27[-2.66,2.11]

Heterogeneity: Tau2=0; Chi2=0.36, df=1(P=0.55); I2=0%  

Test for overall effect: Z=0.22(P=0.82)  

Favours amlodipine 105-10 -5 0 Favours control

 
 

Analysis 1.2.   Comparison 1 Amlodipine versus control, Outcome 2
Myocardial iron concentration (MIC) (mg/g) (change from baseline).

Study or subgroup Amlodipine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 At 6 months  

Fernandes 2013 5 -0.3 (0.3) 10 -0 (0.2) 36.84% -0.33[-0.59,-0.07]

Fernandes 2016 27 -0.2 (0.5) 23 0 (0.2) 63.16% -0.17[-0.37,0.03]

Subtotal *** 32   33   100% -0.23[-0.39,-0.07]

Heterogeneity: Tau2=0; Chi2=0.91, df=1(P=0.34); I2=0%  

Test for overall effect: Z=2.78(P=0.01)  

   

1.2.2 At 12 months  

Fernandes 2013 5 -0.3 (0.5) 10 -0.1 (0.3) 18.22% -0.19[-0.65,0.27]

Fernandes 2016 30 -0.2 (0.6) 29 0 (0.2) 81.78% -0.26[-0.47,-0.04]

Subtotal *** 35   39   100% -0.25[-0.44,-0.05]

Heterogeneity: Tau2=0; Chi2=0.07, df=1(P=0.79); I2=0%  

Test for overall effect: Z=2.47(P=0.01)  

Favours amlopidine 0.50.25-0.5 -0.25 0 Favours control

 
 

Analysis 1.3.   Comparison 1 Amlodipine versus control, Outcome 3
LeK ventricular ejection fraction (LVEF) % (change from baseline).

Study or subgroup Amlodipine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.3.1 At 6 months  

Fernandes 2013 5 -3.4 (2.8) 10 -1.3 (5) 39.43% -2.1[-6.04,1.84]

Fernandes 2016 27 -0.1 (6.3) 23 -1.5 (5.2) 60.57% 1.33[-1.85,4.51]

Favours amlodipine 52.5-5 -2.5 0 Favours control
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Study or subgroup Amlodipine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Subtotal *** 32   33   100% -0.02[-2.49,2.45]

Heterogeneity: Tau2=0; Chi2=1.77, df=1(P=0.18); I2=43.35%  

Test for overall effect: Z=0.02(P=0.99)  

   

1.3.2 At 12 months  

Fernandes 2013 5 0 (3.2) 10 -0.8 (5.9) 31.14% 0.8[-3.81,5.41]

Fernandes 2016 28 -1.4 (7.1) 29 -0.4 (4.6) 68.86% -0.94[-4.04,2.16]

Subtotal *** 33   39   100% -0.4[-2.97,2.17]

Heterogeneity: Tau2=0; Chi2=0.38, df=1(P=0.54); I2=0%  

Test for overall effect: Z=0.3(P=0.76)  

Favours amlodipine 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.4.   Comparison 1 Amlodipine versus control, Outcome 4 Serum ferritin ng/mL (change from baseline).

Study or subgroup Amlodipine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.4.1 At 6 months  

Fernandes 2013 5 -564.5
(692.6)

10 70.6 (883.4) 27.47% -635.1[-1452.63,182.43]

Fernandes 2016 30 -194.3
(989.9)

27 103.6
(947.1)

72.53% -297.92[-801.02,205.18]

Subtotal *** 35   37   100% -390.54[-819,37.93]

Heterogeneity: Tau2=0; Chi2=0.47, df=1(P=0.49); I2=0%  

Test for overall effect: Z=1.79(P=0.07)  

   

1.4.2 At 12 months  

Fernandes 2013 5 -656.9
(1012.2)

10 6.5 (744.4) 24.39% -663.41[-1663.38,336.56]

Fernandes 2016 28 -192.7
(1209.9)

28 -79 (941.9) 75.61% -113.72[-681.64,454.2]

Subtotal *** 33   38   100% -247.78[-741.61,246.05]

Heterogeneity: Tau2=0; Chi2=0.88, df=1(P=0.35); I2=0%  

Test for overall effect: Z=0.98(P=0.33)  

Favours amlodipine 1000500-1000 -500 0 Favours control

 
 

Analysis 1.5.   Comparison 1 Amlodipine versus control, Outcome 5 Liver T2* (m/s) (change from baseline).

Study or subgroup Amlodipine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.5.1 At 6 months  

Fernandes 2013 5 -1 (3.3) 10 1.4 (3) 6.7% -2.42[-5.88,1.04]

Fernandes 2016 27 0.1 (1.7) 23 0.7 (1.6) 93.3% -0.59[-1.52,0.34]

Subtotal *** 32   33   100% -0.71[-1.61,0.18]

Heterogeneity: Tau2=0; Chi2=1, df=1(P=0.32); I2=0.36%  

Test for overall effect: Z=1.56(P=0.12)  

   

1.5.2 At 12 months  

Fernandes 2013 5 -0.8 (4) 10 0.3 (6.7) 7.83% -1.06[-6.48,4.36]

Favours amlodipine 52.5-5 -2.5 0 Favours control
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Study or subgroup Amlodipine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Fernandes 2016 30 0.4 (3.4) 29 1.6 (2.7) 92.17% -1.26[-2.84,0.32]

Subtotal *** 35   39   100% -1.24[-2.76,0.27]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.94); I2=0%  

Test for overall effect: Z=1.61(P=0.11)  

Favours amlodipine 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.6.   Comparison 1 Amlodipine versus control, Outcome
6 Liver iron concentration (LIC) (mg/g) (change from baseline).

Study or subgroup Amlodipine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.6.1 At 6 months  

Fernandes 2016 27 0.1 (5) 23 1.7 (3.3) 100% -1.64[-3.96,0.68]

Subtotal *** 27   23   100% -1.64[-3.96,0.68]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.38(P=0.17)  

   

1.6.2 At 12 months  

Fernandes 2016 30 0.9 (6.4) 29 2.9 (4.6) 100% -2.01[-4.84,0.82]

Subtotal *** 30   29   100% -2.01[-4.84,0.82]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.39(P=0.16)  

Favours amlodipine 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.7.   Comparison 1 Amlodipine versus control, Outcome 7 Adverse events.

Study or subgroup Amlodipine Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.7.1 Mild adverse events at 12 months  

Fernandes 2016 4/30 0/29 100% 8.71[0.49,154.89]

Subtotal (95% CI) 30 29 100% 8.71[0.49,154.89]

Total events: 4 (Amlodipine), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.47(P=0.14)  

Favours amlodipine 10000.001 100.1 1 Favours control
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Appendix 1. Glossary of terms

 

Term Meaning
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agranulocytosis agranulocytosis means a failure of the bone marrow to make sufficient white blood cells, especially
neutrophils, that fight infections

arrhythmias arrhythmia is a condition in which the heart beats with an irregular or otherwise abnormal rhythm

cardiac fibrosis cardiac fibrosis refers to the abnormal proliferation of cells called fibroblasts in the heart muscle;
this causes the heart muscle to become stiKer or less compliant than normal which affects its abili-
ty as an efficient pump

cardiomyopathy cardiomyopathy is a weakening of the heart muscle or a decrease in its effectiveness at pumping
blood

divalent metal transporter the divalent metal transporter is a protein located in the membrane of cells; it transports metal

ions with the charge of 2+ (e.g. calcium (Ca2+), iron (Fe2+) across the cell membrane

ferric ions ferric is the term used for iron ions that have an oxidation number or charge of 3+; they are denoted

as Fe3+

ferrous iron ferrous is the term used for iron ions that have an oxidation number or charge of 2+; they are de-

noted as Fe2+

haematologic toxicity haematologic toxicity refers to damage to the bone marrow that results in decreased production of
red blood cells, white blood cells and platelets

hypotension a decrease in blood pressure to below normal values

iron-mediated brought about by iron

ligand-metal complex when a ligand (any ion or molecule with a functional group) binds with a metal atom, such as iron,
the resulting compound is called a ligand-metal complex

mitochondrial damage damage to mitochondria which are microscopic components of cells that are responsible for pro-
ducing energy-containing molecules that can be used for driving chemical reactions in the cell

myocardial relating to the heart muscle

myocarditis inflammation of the heart muscle

neutropenia an abnormally low number of neutrophils, which are a specific kind of white blood cells

noninvasive hepatic tests diagnostic tests that do not require the use of instruments to enter the body are known as nonin-
vasive tests; hepatic relates to the liver. Therefore, 'noninvasive hepatic tests' refers to diagnostic
tests for liver disorders that do not require instruments to be entered into the individual's body

oedema commonly referred to as swelling; it is the abnormal accumulation of fluid inside or around tissues

pericarditis inflammation of the membrane that encloses the heart

pulmonary hypertension an abnormal increase in blood pressure inside the pulmonary artery that carries blood from the
right side of the heart to the lungs

reactive oxygen species chemically reactive molecules that contain oxygen and, through their interaction with other mole-
cules, can cause damage to cell structures; also abbreviated to ROS

ryanodine release channels proteins located inside the cell that are involved in the transport of calcium ions (Ca2+) into and out
of calcium storing bodies inside the cell

  (Continued)

Calcium channel blockers for preventing cardiomyopathy due to iron overload in people with transfusion-dependent beta thalassaemia
(Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

32



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

somnolence either a strong desire to sleep, a state of near-sleep or a condition of sleeping for abnormally long
duration

sympathetic nervous system one of the two main divisions of the autonomic nervous system that regulate the body's involun-
tary actions (the other is called the parasympathetic nervous system) and the one which is primar-
ily responsible for fight-or-flight responses of the body that are facilitated by hormones such as
adrenaline

  (Continued)

 

Appendix 2. Electronic searches

 

Database / Resource Search terms Date last searched

Current Controlled Trials

(www.controlled-trials.com)

thalassaemia OR thalassemia OR (iron overload) OR haemosidero-
sis OR hemosiderosis

24 February 2018

ClinicalTrials.gov

(www.clinicaltrials.gov)

thalassaemia OR thalassemia OR iron overload OR haemosidero-
sis OR hemosiderosis

24 February 2018

ICTRP

(www.who.int/ictrp/en/)

thalassaemia OR thalassemia OR iron overload OR haemosidero-
sis OR hemosiderosis

24 February 2018
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External sources

• National Institute for Health Research, UK.

This systematic review was supported by the National Institute for Health Research, via Cochrane Infrastructure funding to the Cochrane
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

For the assessment of cardiac iron deposition, we had planned to include heart T2* as the only variable. However, in a post hoc change, we
also included myocardial iron content (MIC) as an outcome. Heart T2* and MIC have an inverse curvilinear relationship (Carpenter 2011).
It is easier to follow the linear changes in MIC in the clinical setting (higher value indicates greater risk of cardiac dysfunction) just as liver
T2* is oDen reported as liver iron concentration (LIC).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Blood Transfusion;  Amlodipine  [*therapeutic use];  Calcium Channel Blockers  [therapeutic use];  Cardiomyopathies  [*prevention &
control];  Chelation Therapy  [*methods];  Combined Modality Therapy  [methods];  Ferritins  [blood];  Iron  [analysis];  Iron Overload
 [*complications];  Liver  [chemistry];  Myocardium  [chemistry];  Randomized Controlled Trials as Topic;  Time Factors;  Transfusion
Reaction  [*complications];  beta-Thalassemia  [*therapy]

MeSH check words

Adolescent; Adult; Child; Female; Humans; Young Adult
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