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A B S T R A C T

Background

Calcium channel blockers (CCBs) are used to manage hypertension which is highly prevalent among people with chronic kidney disease
(CKD). The treatment for hypertension is particularly challenging in people undergoing dialysis.

Objectives

To assess the benefits and harms of calcium channel blockers in patients with chronic kidney disease requiring dialysis.

Search methods

We searched the Cochrane Kidney and Transplant Register of Studies to 27 April 2020 through contact with the Information Specialist
using search terms relevant to this review. Studies in the Specialised Register are identified through searches of CENTRAL, MEDLINE, and
EMBASE, conference proceedings, the International Clinical Trials Register (ICTRP) Search Portal and ClinicalTrials.gov.

Selection criteria

All randomised controlled trials (RCTs) and quasi-RCTs that compared any type of CCB with other CCB, diBerent doses of the same CCB,
other antihypertensives, control or placebo were included. The minimum study duration was 12 weeks.

Data collection and analysis

Two authors independently assessed study quality and extracted data. Statistical analyses were performed using a random-eBects model
and results expressed as risk ratio (RR), risk diBerence (RD) or mean diBerence (MD) with 95% confidence intervals (CI).

Main results

This review included 13 studies (24 reports) randomising 1459 participants treated with long-term haemodialysis. Nine studies were
included in the meta-analysis (622 participants). No studies were performed in children or in those undergoing peritoneal dialysis. Overall,
risk of bias was assessed as unclear to high across most domains.

Random sequence generation and allocation concealment were at low risk of bias in eight and one studies, respectively. Two studies
reported low risk methods for blinding of participants and investigators, and outcome assessment was blinded in 10 studies. Three studies
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were at low risk of attrition bias, eight studies were at low risk of selective reporting bias, and five studies were at low risk of other potential
sources of bias. Overall, the certainty of the evidence was low to very low for all outcomes. No events were reported for cardiovascular
death in any of the comparisons. Other side eBects were rarely reported and studies were not designed to measure costs.

Five studies (451 randomised adults) compared dihydropyridine CCBs to placebo or no treatment. Dihydropyridine CCBs may decrease
predialysis systolic (1 study, 39 participants: MD -27.00 mmHg, 95% CI -43.33 to -10.67; low certainty evidence) and diastolic blood pressure

level (2 studies, 76 participants; MD -13.56 mmHg, 95% CI -19.65 to -7.48; I2 = 0%, low certainty evidence) compared to placebo or no
treatment. Dihydropyridine CCBs may make little or no diBerence to occurrence of intradialytic hypotension (2 studies, 287 participants;

RR 0.54, 95% CI 0.25 to 1.15; I2 = 0%, low certainty evidence) compared to placebo or no treatment. Other side eBects were not reported.

Eight studies (1037 randomised adults) compared dihydropyridine CCBs to other antihypertensives. Dihydropyridine CCBs may make little

or no diBerence to predialysis systolic (4 studies, 180 participants: MD 2.44 mmHg, 95% CI -3.74 to 8.62; I2 = 0%, low certainty evidence)

and diastolic blood pressure (4 studies, 180 participants: MD 1.49 mmHg, 95% CI -2.23 to 5.21; I2 = 0%, low certainty evidence) compared
to other antihypertensives. There was no evidence of a diBerence in the occurrence of intradialytic hypotension (1 study, 92 participants:
RR 2.88, 95% CI 0.12 to 68.79; very low certainty evidence) between dihydropyridine CCBs to other antihypertensives. Other side eBects
were not reported.

Dihydropyridine CCB may make little or no diBerence to predialysis systolic (1 study, 40 participants: MD -4 mmHg, 95% CI -11.99 to 3.99;
low certainty evidence) and diastolic blood pressure (1 study, 40 participants: MD -3.00 mmHg, 95% CI -7.06 to 1.06; low certainty evidence)
compared to non-dihydropyridine CCB. There was no evidence of a diBerence in other side eBects (1 study, 40 participants: RR 0.13, 95%
CI 0.01 to 2.36; very low certainty evidence) between dihydropyridine CCB and non-dihydropyridine CCB. Intradialytic hypotension was not
reported.

Authors' conclusions

The benefits of CCBs over other antihypertensives on predialysis blood pressure levels and intradialytic hypotension among people with
CKD who required haemodialysis were uncertain. EBects of CCBs on other side eBects and cardiovascular death also remain uncertain.
Dihydropyridine CCBs may decrease predialysis systolic and diastolic blood pressure level compared to placebo or no treatment. No
studies were identified in children or peritoneal dialysis. Available studies have not been designed to measure the eBects on costs. The
shortcomings of the studies were that they recruited very few participants, had few events, had very short follow-up periods, some
outcomes were not reported, and the reporting of outcomes such as changes in blood pressure was not done uniformly across studies.

Well-designed RCTs, conducted in both adults and children with CKD requiring both haemodialysis and peritoneal dialysis, evaluating
both dihydropyridine and non-dihydropyridine CCBs against other antihypertensives are required. Future research should be focused on
outcomes relevant to patients (including death and cardiovascular disease), blood pressure changes, risk of side eBects and healthcare
costs to assist decision-making in clinical practice.

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

Calcium channel blockers for people with chronic kidney disease requiring dialysis

What is the issue? People with long-term kidney disease or chronic kidney disease (CKD) oMen develop high blood pressure (hypertension),
and those with advanced CKD need dialysis when their kidneys are no longer unable to function. Treatment for hypertension is oMen
challenging for people with advanced CKD undergoing dialysis. Several medications are used to treat high blood pressure including calcium
channel blockers (CCBs).

We wanted to find out whether the use of CCBs in people with CKD undergoing haemodialysis or peritoneal dialysis had any added benefits
over other medications used to treat hypertension or placebo (no active treatment) in lowering the blood pressure, risk of death and
undesired eBects.

What did we do? We searched the literature up to April 2020 to identify all studies that assessed the use of CCBs in adults and children
with hypertension and CKD undergoing haemodialysis or peritoneal dialysis. Each study was assessed for possible bias on several pre-
determined domains. We pooled the results of studies that reported on the same outcomes for similar comparisons and reported the
overall eBects. We applied a system called "GRADE" to assess the quality of the evidence that we found.

What did we find? We included 13 studies randomising 1459 adults undergoing haemodialysis. We did not find any studies in children
and there were no studies in patients undergoing peritoneal dialysis. Patients were randomised to CCBs, other medications used to treat
hypertension, or placebo or standard care. Some studies were short-term (over few months) and heart-related complications were not
assessed. The benefit of CCBs over other medications was unclear, possibly due to the small number of participants and the overall number
of events. When compared to placebo or no treatment CCBs may decrease blood pressure before haemodialysis, although the quality of
the evidence was low.

Conclusions The benefits of CCBs over other medications to treat hypertension could not be determined, while CCBs may lower blood
pressure compared to placebo or usual care.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Dihydropyridine calcium channel blockers versus placebo/control in people with chronic kidney disease requiring dialysis

Dihydropyridine calcium channel blockers versus placebo/control in people with CKD requiring dialysis

Patient or population: people with CKD requiring dialysis
Setting: France, Germany, Japan, Russia

Intervention: dihydropyridine calcium channel blockers (amlodipine, cilnidipine or nitrendipine)
Comparison: placebo/control

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Placebo/control Dihydropyridine calcium channel
blockers

Relative effect
(95% CI)

No. of Partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)

Predialysis systolic blood
pressure
follow-up 3.7 months

The mean predialysis systolic blood pressure level in the dihydropyri-
dine calcium channel blockers group was 27.00 mmHg lower (43.33 to

10.67 mmHg lower) than the placebo group 1

- 39 (1) ⊕⊕⊝⊝

low 2,3

Predialysis diastolic blood
pressure
mean follow-up 4.9 months

The mean predialysis diastolic blood pressure level in the placebo/con-
trol group ranged from 98 to 104.1 mmHg

The mean predialysis diastolic blood pressure level in the placebo/con-
trol group was 13.56 mmHg lower (19.65 to 7.48 mmHg lower)

- 76 (2) ⊕⊕⊝⊝

low 3,4

Cardiovascular death

mean follow-up 3.4 months

No events 5 No events Not estimable 124 (3) -

Intradialytic hypotension

mean follow-up 16.4
months

122 per 1000 66 per 1000
(31 to 141)

RR 0.54 (0.25 to
1.15)

287 (2) ⊕⊕⊝⊝

low 3,6

Other side effects Not reported Not reported - - -

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CKD: Chronic kidney disease; HD: Haemodialysis; CI: Confidence interval; RR: Risk Ratio
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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 Studies were not designed to measure eBects of dihydropyridine calcium channel blockers on predialysis systolic blood pressure level in haemodialysis
2 Evidence certainty was downgraded by one level due to study limitations. The study had unclear risks for allocation concealment and blinding (participants and/or investigators)
3 Evidence certainty was downgraded by one level due to the small number of participants/events (optimal Information size criterion not met)
4 Evidence certainty was downgraded by one level due to study limitations. Some studies had unclear risk for sequence generation, all studies had unclear risks for allocation
concealment and some of them were not blinded (participants and/or investigators)
5 Cardiovascular death was reported by as a single study with zero events in both groups; studies were not designed to measure eBects of dihydropyridine calcium channel
blockers or placebo/control on cardiovascular death in HD
6 Evidence certainty was downgraded by one level due to study limitations. Some studies had unclear risks for allocation concealment and were not blinded (participants and/
or investigators)
 
 

Summary of findings 2.   Dihydropyridine calcium channel blockers versus other antihypertensives in people with chronic kidney disease requiring
dialysis

Dihydropyridine calcium channel blockers versus other antihypertensives in people with CKD requiring dialysis

Patient or population: people with CKD requiring dialysis
Setting: France, Turkey, Russia

Intervention: dihydropyridine calcium channel blockers (amlodipine or nifedipine)
Comparison: other antihypertensives (all studies reported ACEi including, enalapril, perindopril or ramipril)

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Other antihypertensives Dihydropyridine calcium channel
blockers

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)

Predialysis systolic
blood pressure
mean follow-up 10.5
months

The mean predialysis systolic blood pressure level in the other antihyper-
tensive group ranged from 129 to 150 mmHg

The mean predialysis systolic blood pressure level in the dihydropyridine
calcium channel blockers group was 2.44 mmHg higher (3.74 lower to 8.62
mmHg higher)

- 180 (4) ⊕⊕⊝⊝

low 1,2

Predialysis diastolic
blood pressure

The mean predialysis diastolic blood pressure level in the other antihyper-
tensive group ranged from 80 to 88.3 mmHg

- 180 (4) ⊕⊕⊝⊝

low 1,2
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mean follow-up 10.5
months

The mean predialysis diastolic blood pressure level in the dihydropyridine
calcium channel blockers group was 1.49 mmHg higher (2.23 lower to 5.21
mmHg higher)

Cardiovascular death

mean follow-up 12
months

No events 3 No events Not estimable 164 (3) -

Intradialytic hypoten-
sion

follow-up 12 months

No events 4 1/47** RR 2.88

(0.12 to 68.79)

92 (1) ⊕⊝⊝⊝

very low 5,6

Other side effects Not reported Not reported - - -

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CKD: Chronic kidney disease; HD: Haemodialysis; ACEi: Angiotensin-converting enzyme inhibitors; CI: Confidence interval; RR: Risk Ratio

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.

**Event rate derived from the raw data. A "per thousand" rate is non-informative in view of the scarcity of evidence and zero events in the control group.

1 Evidence certainty was downgraded by one level due to study limitations. Some studies had unclear risk for sequence generation, all studies had unclear risks for allocation
concealment and the majority of them were not blinded (participants and/or investigators)
2 Evidence certainty was downgraded by one level due to the small number of participants/events (optimal information size criterion not met)
3 Cardiovascular death was reported by as a single study with zero events in both groups; studies were not designed to measure cardiovascular death
4 Occurrence of intradialytic hypotension was reported by as a single study; studies were not designed to measure the occurrence of intradialytic hypotension in HD
5 Evidence certainty was downgraded by one level due to study limitations. The study had unclear risks for allocation concealment and was not blinded (participants and/or
investigators)
6 Evidence certainty was downgraded by two levels due to imprecision
 
 

Summary of findings 3.   Dihydropyridine versus non-dihydropyridine calcium channel blockers in people with chronic kidney disease requiring
dialysis

Dihydropyridine versus non-dihydropyridine calcium channel blockers in people with CKD requiring dialysis

Patient or population: people with CKD requiring dialysis
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Setting: Italy

Intervention: dihydropyridine calcium channel blockers (amlodipine)

Comparison: non-dihydropyridine calcium channel blockers (verapamil)

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Non-dihydropyridine calcium
channel blockers

Dihydropyridine calcium channel
blockers

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)

Predialysis systolic
blood pressure

follow-up 2.8 months

The mean predialysis systolic blood pressure level in the dihydropyridine
calcium channel blockers group was 4 mmHg lower (11.99 lower to 3.99

mmHg higher) than non-dihydropyridine calcium channel blockers 1

- 40 (1) ⊕⊕⊝⊝

low 2,3

Predialysis diastolic
blood pressure

follow-up 2.8 months

The mean predialysis diastolic blood pressure level in the dihydropyridine
calcium channel blockers group was 3.00 mmHg lower (7.06 lower to 1.06

mmHg higher) than non-dihydropyridine calcium channel blockers 1

- 40 (1) ⊕⊕⊝⊝

low 2,3

Cardiovascular death

follow-up 2.8 months

No events 1,3,4 No events Not estimable 40 (1) -

Intradialytic hypoten-
sion

Not reported Not reported - - -

Other side effects 1,5

follow-up 2.8 months

3/19 1 No events** RR 0.13

(0.01 to 2.36)

40 (1) ⊕⊝⊝⊝

very low 2,6

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CKD: Chronic kidney disease; HD: Haemodialysis; CI: Confidence interval; RR: Risk Ratio

**Event rate derived from the raw data. A "per thousand" rate is non-informative in view of the scarcity of evidence and zero events in the dihydropyridine calcium channel
blocker group

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.
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Very low quality: We are very uncertain about the estimate.

1 Studies not designed to measure this outcome
2 Evidence certainty was downgraded by one level due to study limitations. The study had unclear risks for allocation concealment and was not blinded (participants and/or
investigators)
3 Evidence certainty was downgraded by one level due to the small number of participants/events (optimal information size criterion not met)
4 Cardiovascular death was reported by as a single study with zero events in both groups
5 Other side eBects included headache reported in non-dihydropyridine calcium channel blockers group, while no events were reported in dihydropyridine calcium channel
blockers group
6 Evidence certainty was downgraded by two levels due to imprecision
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B A C K G R O U N D

CKD is a growing health concern associated with a high risk of
adverse outcomes. Its global prevalence is increasing at a rate of
8% per year (Ruilope 2008). CKD aetiology diBers by region, age,
gender, and race. In Europe, Japan and the United States, diabetic
nephropathy is the leading cause of CKD, while in the developing
world, chronic glomerulonephritis and systemic hypertension are
the leading causes (Ruilope 2008). Hypertension as a complication
is highly prevalent in patients who have end-stage kidney disease
(ESKD). In India, a population-based study determined that the
crude and age-adjusted ESKD rates were 151 and 232 per million
population, respectively. The number of patients requiring dialysis
in India has been estimated at 55,000 with an annual growth rate of
between 10% and 20% (Jha 2013).

From the 1990s, there has been an increase in CKD incidence of
unknown aetiologies observed in several countries - El Salvador,
Nicaragua, Costa Rica, Sri Lanka, Egypt, and India. The disease
seems to have a predominance in young male farm workers and the
most common aetiology was chronic tubulointerstitial nephritis
(Almaguer 2014; Wanigasuriya 2014).

Studies in East Africa revealed a prevalence of hypertension ranging
between 61.5% and 76% among patients with varying degrees of
CKD (Maritim 2007; Rajula 2009) which illustrated the inadequacy
of blood pressure control in this population. It is imperative
therefore to ensure adequate blood pressure control in patients
with ESKD requiring dialysis. This entails the use of appropriate
antihypertensives to provide better health outcomes.

Description of the condition

CKD is defined as the progressive loss of kidney function occurring
over several months to years and is characterised by gradual kidney
scarring (Dipiro 2011). CKD is categorised by the level of kidney
function into stages 1 to 5 as proposed by the widely-accepted
United States Kidney Disease Outcomes Quality Initiative (KDOQI);
staging is determined by the glomerular filtration rate (GFR) (Levey
2003).

The more recently published Kidney Disease Improving Guidelines
Outcomes (KDIGO) 2012 clinical practice guidelines for the
evaluation and management of CKD have a slightly diBerent staging
of CKD. They recommend that CKD be classified based on the cause,
GFR category and albuminuria category (CGA). GFR categories are
classified as G1, G2, G3a, G3b, G4 and G5 (Eknoyan 2013).

Data from the 1998 to 2004 National Health and Nutrition
Examination Survey (NHANES) revealed a rise in CKD prevalence.
Prevalence rose in people aged over 20 years from 14.5% in 1988
to 16.8% in 1994 (Onuigbo 2009). The 2003 to 2006 survey reported
an increase in stage 3 CKD prevalence from 5.7% in 1988 to 8.1% in
1994 (Dipiro 2011).

Description of the intervention

CCBs are antihypertensive agents that act on both myocardial
cells and blood vessels. CCBs are classified broadly as either
dihydropyridine or non-dihydropyridine types. Dihydropyridine
CCBs include nifedipine, which is the prototype in this group;
others include amlodipine, felodipine, isradipine, nicardipine,
nimodipine, nitrendipine, nisoldipine, efonipidine and cilnidipine.
The non-dihydropyridine subclass includes diltiazem and

verapamil which are the prototypes for the benzodiazepine
and phenylalkylamine class of CCB. Gallopamil, a derivative of
verapamil, is also classified as a non-dihydropyridine CCB (Hart
2008).

How the intervention might work

CCBs are vasodilators, although vasodilatory ability is not equal
across all classes; the dihydropyridine CCBs are more potent than
non-dihydropyridine CCBs (Sica 2005).

Both CCBs classes inhibit two types of voltage dependent channels:
a high voltage activated calcium channel including P/Q, L, N,
and R type channels, and low voltage activated T type channel
(Hart 2008). By preferentially binding to L type channels in
the vasculature, dihydropyridine CCBs cause vasodilatation and
subsequent drop in blood pressure. The non-dihydropyridine CCBs
bind preferentially to L type channels in the cardiac muscles, more
so on the sino-atrial and atrioventricular nodes, causing negative
chronotropic eBects and decreasing sympathetic nervous system
activity. These eBects cause blood pressure to decrease (Basile
2004).

Why it is important to do this review

Most people undergoing dialysis have hypertension that is diBicult
to control; this contributes to increased cardiovascular morbidity
and mortality (Inrig 2010; Van Buren 2012). The reported prevalence
of hypertension among people on dialysis was 86% in an American
cohort of 2535 clinically stable, adults on dialysis. Of these, only
30% had adequately controlled blood pressure (Agarwal 2003).
Drugs used before development of ESKD may no longer provide
viable options. Some drugs are dialyzable and use would result
in a rise in blood pressure during dialysis (Inrig 2010; Van Buren
2012). Clinicians are faced with the challenge of choosing an
appropriate therapy for controlling blood pressure for people with
ESKD undergoing dialysis.

O B J E C T I V E S

To assess the benefits and harms of calcium channel blockers in
patients with chronic kidney disease requiring dialysis.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomised controlled trials (RCTs) and quasi-RCTs (RCTs in
which allocation to treatment was obtained by alternation, use
of alternate medical records, date of birth or other predictable
methods) looking at the eBects of CCB on blood pressure control
in patients with CKD undergoing dialysis. The minimum study
duration was 12 weeks. Cross-over studies were excluded unless
they had a washout period between treatments.

Types of participants

Inclusion criteria

All patients with CKD requiring dialysis (stage 5 as defined by
the K/DOQI guidelines (Levey 2003) or stage G5 as defined by
the KDIGO guidelines (Eknoyan 2013). We included patients who
underwent either haemodialysis or peritoneal dialysis. There were
no restrictions on age, gender, or race.

Calcium channel blockers for people with chronic kidney disease requiring dialysis (Review)
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The participants were comorbid with hypertension as defined by
the seventh report of the joint national committee on prevention,
detection, evaluation and treatment of high blood pressure (JNC
VII) (Chobanian 2003). Participants with or without diabetes (either
type 1 or 2) were included. Patients with heart failure as classified
by the New York Heart Association (NYHA) stages I to IV and angina
were included.

Exclusion criteria

Kidney transplant patients and patients with CKD stages 1 to 4
and stages G1 to G4 as per the K/DOQI guidelines (Levey 2003)
and KDIGO guidelines (Eknoyan 2013) respectively were excluded.
Studies where follow-up was less than 12 weeks were excluded.

Types of interventions

Any type of CCB compared with other CCB, diBerent doses of
the same CCB, other antihypertensives, or placebo/control/usual
treatment were included. Intervention types were to be assessed
as follows.

1. CCB versus placebo/control/usual treatment
a. Dihydropyridine CCB versus placebo/control/usual

treatment

b. Non-dihydropyridine CCB versus placebo/control/usual
treatment

2. CCB versus CCB
a. Dihydropyridine CCB versus dihydropyridine CCB

b. Dihydropyridine CCB versus non-dihydropyridine CCB

c. Non-dihydropyridine CCB versus non-dihydropyridine CCB

3. DiBerent doses of CCB
a. Dihydropyridine CCB

b. Non-dihydropyridine CCB

4. CCB versus other antihypertensives
a. Dihydropyridine CCB versus other antihypertensives

b. Non-dihydropyridine CCB versus other antihypertensives

The review was amended as newer drugs that had been licensed
become available. All drugs were administered orally. The dosages
were those that were required for control of hypertension or
appropriately adjusted dosages for reduced GFR and dialysis.

Combination preparations with other antihypertensives other than
CCB were not included.

Types of outcome measures

Primary outcomes

1. Cardiovascular death

2. Predialysis blood pressure (systolic and diastolic)

3. Intradialytic hypotension.

Secondary outcomes

1. Incidence of other adverse events (e.g. reflex tachycardia,
headache, constipation, bradycardia and heart block,
myocardial infarction) related to the interventions

2. Cost: total healthcare costs.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Kidney and Transplant Register of
Studies to 27 April 2020 through contact with the Information
Specialist using search terms relevant to this review. The Register
contains studies identified from the following sources.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL)

2. Weekly searches of MEDLINE OVID SP

3. Handsearching of kidney-related journals and the proceedings
of major kidney conferences

4. Searching of the current year of EMBASE OVID SP

5. Weekly current awareness alerts for selected kidney and
transplant journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov

Studies contained in the Register are identified through search
strategies for CENTRAL, MEDLINE, and EMBASE based on the scope
of Cochrane Kidney and Transplant. Details of these strategies as
well as a list of handsearched journals, conference proceedings and
current awareness alerts are available in the "Specialised Register"
section of information about Cochrane Kidney and Transplant.

See Appendix 1 for search terms used in strategies for this review.

Searching other resources

1. Reference lists of review articles, relevant studies, and clinical
practice guidelines.

2. Letters seeking information about unpublished or incomplete
studies to investigators known to be involved in previous
studies.

Data collection and analysis

Selection of studies

The search strategy described was used to obtain titles and
abstracts of studies that may have been relevant to the review. The
titles and abstracts were screened independently by two authors,
who discarded studies that were not applicable, however studies
and reviews that might have included relevant data or information
on trials were retained initially. Two authors independently
assessed retrieved abstracts and, if necessary, the full text, of these
studies to determine which studies satisfied the inclusion criteria.
The two authors compared their lists and any diBerences were
resolved by discussion and, where this failed, by arbitration by a
third author.

Data extraction and management

Data extraction was carried out independently by two authors using
standard data extraction forms. Studies reported in non-English
language journals were translated before assessment. Where more
than one publication of one study exists, reports were grouped
together and the publication with the most complete data was
used in the analyses. Where relevant outcomes were only published
in earlier versions these data was used. Any discrepancy between
published versions was highlighted. DiBerences in opinion on data

Calcium channel blockers for people with chronic kidney disease requiring dialysis (Review)
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collection was resolved by discussion and, where this failed, by
arbitration by a third author.

Assessment of risk of bias in included studies

The following items were independently assessed by two authors
using the risk of bias assessment tool (Higgins 2011) (see Appendix
2).

• Was there adequate sequence generation (selection bias)?

• Was allocation adequately concealed (selection bias)?

• Was knowledge of the allocated interventions adequately
prevented during the study?
◦ Participants and personnel (performance bias)

◦ Outcome assessors (detection bias)

• Were incomplete outcome data adequately addressed (attrition
bias)?

• Were reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

• Was the study apparently free of other problems that could put
it at a risk of bias?

Measures of treatment e?ect

For dichotomous outcomes (e.g. death, adverse events such as
hypotension, cardiovascular death) results were expressed as risk
ratio (RR) with 95% confidence intervals (CI). Where continuous
scales of measurement were used to assess the eBects of treatment
(blood pressure), the mean diBerence (MD) was used, or the
standardised mean diBerence (SMD) if diBerent scales had been
used. Studies that reported change from baseline scores were
meta-analysed with studies reporting final value scores using the
mean diBerence. In this case, if standard deviation of change
was not reported, this was imputed (Higgins 2011). Studies that
reported time to event of outcomes as hazard ratios and CIs
were meta-analysed with studies that reported risk ratios where
the proportional hazards assumption was reasonable. Otherwise,
these studies were analysed as dichotomous data.

Unit of analysis issues

We did not foresee the use of non-standard design studies such as
cross-over trials and cluster-RCTs would be included in the review.
However, multiple arm studies were found and included. In such
cases, all intervention groups that were relevant to the review were
included.

Dealing with missing data

Any further information required from the original author
was requested by written correspondence (e.g. emailing the
corresponding author) and any relevant information obtained
in this manner was included in the review. Evaluation of
important numerical data such as screened, randomised patients
as well as intention-to-treat (ITT), as-treated and per-protocol (PP)
population was carefully performed. Attrition rates, for example
drop-outs, losses to follow-up and withdrawals were investigated.
Issues of missing data and imputation methods (for example,
last-observation-carried-forward (LOCF)) were critically appraised
(Higgins 2011).

Assessment of heterogeneity

Heterogeneity was analysed using a Chi2 test on N-1 degrees of
freedom, with an alpha of 0.05 used for statistical significance and
with the I2 test (Higgins 2003). I2 values of 25%, 50% and 75%
correspond to low, medium, and high levels of heterogeneity.

Assessment of reporting biases

If possible, funnel plots were to be used to assess for the potential
existence of small study bias (Higgins 2011).

Data synthesis

Data were pooled using the random-eBects model but the fixed-
eBect model was also used to ensure robustness of the model
chosen and susceptibility to outliers.

Subgroup analysis and investigation of heterogeneity

Subgroup analyses were used to explore possible sources of
heterogeneity (e.g. participants, interventions, and study quality).
Heterogeneity among participants could have been related to age,
gender, ethnicity/race, renal pathology, type of dialysis and co
morbidities (CVD, hypertension, diabetes mellitus). Heterogeneity
in treatments could have been related to prior agents used and
the agent, dose, and duration of therapy. Adverse eBects were
tabulated and assessed with descriptive techniques, as they were
likely to be diBerent for the various agents used. Where possible,
the risk diBerence with 95% CI was calculated for each adverse
eBect, either compared with no treatment or another agent.

Sensitivity analysis

We performed sensitivity analyses to explore the influence of the
following factors on eBect size:

• repeating the analysis excluding unpublished studies;

• repeat the analysis excluding studies with high risk of bias;

• repeating the analysis excluding any very long or large studies
to establish how much they dominate the results;

• repeating the analysis excluding studies using the following
filters: diagnostic criteria, language of publication, source of
funding (industry versus other), country.

'Summary of findings' tables

We presented the main results of the review in 'Summary of
findings' tables. These tables present key information concerning
the quality of the evidence, the magnitude of the eBects of
the interventions examined, and the sum of the available data
for the main outcomes (Schunemann 2011a). The 'Summary of
findings' tables also include an overall grading of the evidence
related to each of the main outcomes using the GRADE (Grades
of Recommendation, Assessment, Development and Evaluation)
approach (GRADE 2008). The GRADE approach defines the quality
of a body of evidence as the extent to which one can be confident
that an estimate of eBect or association is close to the true quantity
of specific interest. The quality of a body of evidence involves
consideration of within-trial risk of bias (methodological quality),
directness of evidence, heterogeneity, precision of eBect estimates
and risk of publication bias (Schunemann 2011b). We presented the
following outcomes in the 'Summary of findings' tables.

• Predialysis systolic blood pressure

Calcium channel blockers for people with chronic kidney disease requiring dialysis (Review)
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• Predialysis diastolic blood pressure

• Cardiovascular death

• Intradialytic hypotension

• Other side eBects.

R E S U L T S

Description of studies

Results of the search

Our search identified 625 reports; 55 duplicate records were
deleted. We screened 570 titles and abstracts and excluded 525

records which did not meet our inclusion criteria (not randomised,
wrong population, or wrong intervention). We assessed 45 full
text reports and excluded a further 20 reports (16 studies). One
study (recently completed but not published) has been listed as
awaiting classification (NCT01394770). We included 13 studies (24
reports) randomising 1459 participants; nine studies (15 reports;
622 participants) were included in our meta-analyses.

See Figure 1.

 

Figure 1.   Study flow diagram

 
Included studies

Twelve studies evaluated dihydropyridine CCBs (Albitar 1997; Das
2003; HEART 2003; Kozlova 2006; London 1990; London 1994;
LONDON 2019; Marchais 1991; Nakao 1999; Shibasaki 2002; Tepel
2008; Yilmaz 2010a), and one study (Timio 1997) compared
dihydropyridine CCBs to non-dihydropyridine CCBs.

Kozlova 2006 was a four-arm study compared amlodipine either
to an ACEi (perindopril), dual therapy or no intervention, while
Shibasaki 2002 was a three arms study compared amlodipine either
to an ACEi (enalapril) or an ARB (losartan).

Dihydropyridine CCB versus placebo or no treatment

Five studies compared dihydropyridine CCB to placebo or no
treatment. London 1990 (40 participants) and Marchais 1991 (40
participants) compared nitrendipine to placebo; Tepel 2008 (251

participants) compared amlodipine to placebo; Kozlova 2006 (37
participants) compared amlodipine to no treatment; and LONDON
2019 (51 participants) compared cilnidipine to no treatment.

The outcomes assessed were predialysis systolic (London 1990)
and diastolic blood pressure (Kozlova 2006; London 1990),
cardiovascular death (London 1990; LONDON 2019; Marchais 1991),
and intradialytic hypotension (LONDON 2019; Tepel 2008).

Dihydropyridine CCB versus non-dihydropyridine CCB

Timio 1997 (40 participants) compared dihydropyridine CCB
(amlodipine) to a non-dihydropyridine CCB (verapamil).

The outcomes assessed were predialysis systolic and diastolic
blood pressure, cardiovascular death, and other side eBects
(including headache).

Calcium channel blockers for people with chronic kidney disease requiring dialysis (Review)
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Dihydropyridine CCB versus other antihypertensives

Eight studies (1037 participants) compared a dihydropyridine CCB
to ACEi (including enalapril, trandolapril, perindopril and ramipril)
(Albitar 1997; HEART 2003; Kozlova 2006; London 1994; Nakao 1999;
Shibasaki 2002; Yilmaz 2010a) or an ARB (telmisartan or losartan)
(Das 2003; Shibasaki 2002).

Outcomes reported were changes in changes in predialysis systolic
and diastolic blood pressure (Albitar 1997; London 1994; Kozlova
2006; Yilmaz 2010a), cardiovascular death (Albitar 1997; London
1994; Yilmaz 2010a), and intradialytic hypotension (Yilmaz 2010a)

Das 2003 (47 participants) compared lercanidipine to ARB
(telmisartan) and Shibasaki 2002 (39 participants) compared
amlodipine to both enalapril and losartan, however no outcome
data were extractable.

Excluded studies

We excluded 16 studies (20 reports); 15 studies did not have
the required follow-up period (Aslam 2006; Atabak 2013; Cice

1997; Cice 1998; Cice 2003; EDIT 2011; Kojima 2004; Nakano 2010;
Rojas-Campos 2005; Salvetti 1987; SchiBl 1991; Sherman 1990;
Singhaton 2001; Soni 2000; Zuccala 1988) and one study used an
inappropriate intervention (NCT02228408). See Characteristics of
excluded studies.

Studies awaiting classification

NCT01394770 was registered in 2009 but never published; it was
registered more than 10 years ago however its current recruitment
status is listed as unknown; therefore, we have assessed it as
awaiting classification.

Ongoing studies

Our search did not identify any ongoing studies.

Risk of bias in included studies

Overall, the risk of bias in the included studies are reported in Figure
2, whilst the risk of bias in each study is shown in Figure 3.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): All outcomes
Blinding of outcome assessment (detection bias): All outcomes

Incomplete outcome data (attrition bias): All outcomes
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Other
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Random sequence generation

Eight studies were judged to be at low risk of selection bias
since they reported an appropriate random sequence generation
procedure (London 1990; London 1994; LONDON 2019; Marchais
1991; Shibasaki 2002; Tepel 2008; Timio 1997; Yilmaz 2010a). The
remaining five studies were judged to be at unclear risk of bias
(Albitar 1997; Das 2003; HEART 2003; Kozlova 2006; Nakao 1999).

Allocation concealment

Tepel 2008 was judged to be at a low risk of bias related to allocation
concealment, while the remaining 12 studies were judged to be at
unclear risk of bias (Albitar 1997; Das 2003; HEART 2003; Kozlova
2006; London 1990; London 1994; LONDON 2019; Marchais 1991;
Nakao 1999; Shibasaki 2002; Timio 1997; Yilmaz 2010a).

Blinding

Performance bias

Two studies (London 1994; Tepel 2008) were blinded and judged to
be at low risk of bias. Eight studies were not blinded and were at
high risk of performance bias (Albitar 1997; Das 2003; HEART 2003;
Kozlova 2006; LONDON 2019; Marchais 1991; Timio 1997; Yilmaz
2010a), while the risk of bias in three studies (London 1990; Nakao
1999; Shibasaki 2002) was judged to be uncertain.

Detection bias

Ten studies were judged to be at low risk of bias due to blinding of
outcome assessors (Albitar 1997; Das 2003; Kozlova 2006; London
1990; London 1994; LONDON 2019; Marchais 1991; Shibasaki 2002;
Tepel 2008; Timio 1997). There studies were adjudicated to be at
high risk of detection bias (HEART 2003; Nakao 1999; Yilmaz 2010a).

Incomplete outcome data

Three studies (Albitar 1997; Tepel 2008; Timio 1997) were judged
to be at low risk of attrition bias. Seven studies were considered at
high risk due to incomplete outcome data (Kozlova 2006; London
1990; London 1994; LONDON 2019; Marchais 1991; Shibasaki 2002;
Yilmaz 2010a). The remaining three studies were considered to be
at unclear risk of bias (Das 2003; HEART 2003; Nakao 1999).

Selective reporting

Eight studies published data on all expected outcomes and were
considered to be at low risk of reporting bias (London 1990; London
1994; LONDON 2019; Marchais 1991; Shibasaki 2002; Tepel 2008;
Timio 1997; Yilmaz 2010a). Five studies (Albitar 1997; Das 2003;
HEART 2003; Kozlova 2006; Nakao 1999) were only available as
abstracts and were considered to be at high risk of bias. In addition,
Kozlova 2006 failed to report some outcomes related to the control
group.

Other potential sources of bias

Five studies were judged to be at low risk from other potential
sources of bias (London 1994; Shibasaki 2002; Tepel 2008; Timio
1997; Yilmaz 2010a). Eight studies were assessed to be at high risk
of other potential sources of bias. Three studies (London 1990;
LONDON 2019, Marchais 1991) were funded by pharmaceutical
companies or authors had conflict of interests, and this may have
introduced some bias. Other potential sources of bias included

abstract-only publications in five studies (Albitar 1997; Das 2003;
HEART 2003; Kozlova 2006; Nakao 1999).

E?ects of interventions

See: Summary of findings 1 Dihydropyridine calcium channel
blockers versus placebo/control in people with chronic kidney
disease requiring dialysis; Summary of findings 2 Dihydropyridine
calcium channel blockers versus other antihypertensives in people
with chronic kidney disease requiring dialysis; Summary of
findings 3 Dihydropyridine versus non-dihydropyridine calcium
channel blockers in people with chronic kidney disease requiring
dialysis

Calcium channel blockers versus placebo/control/no
treatment

Five studies (Kozlova 2006; London 1990; LONDON 2019;
Marchais 1991; Tepel 2008), randomising 451 adults undergoing
haemodialysis, compared dihydropyridine CCBs to placebo or no
treatment. The certainty of the evidence was low for all outcomes
(Summary of findings 1).

Dihydropyridine CCBs may decrease predialysis systolic blood
pressure level compared to placebo (Analysis 1.1 (1 study, 39
participants): MD -27.00 mmHg, 95% CI -43.33 to -10.67; low
certainty evidence) and diastolic blood pressure level (Analysis 1.2
(2 studies, 76 participants): MD -13.56 mmHg, 95% CI -19.65 to

-7.48; I2 = 0%; low certainty evidence) compared to placebo or no
treatment.

The eBect of dihydropyridine CCBs compared to placebo or no
treatment on cardiovascular death was not estimable, since no
events were reported in any of the studies (Analysis 1.3: 3 studies,
124 participants).

Dihydropyridine CCBs may make little or no diBerence to
intradialytic hypotension (Analysis 1.4: 2 studies, 287 participants):

RR 0.54, 95% CI 0.25 to 1.15; I2 = 0%;low certainty evidence)
compared to placebo or no treatment.

Other side eBects and costs were not reported by any of the
included studies.

No studies compared non-dihydropyridine CCBs to placebo or
control.

Calcium channel blockers versus other antihypertensives

Eight studies (Albitar 1997; Das 2003; HEART 2003; Kozlova
2006; London 1994; Nakao 1999; Shibasaki 2002; Yilmaz 2010a)
randomising 1037 adults treated with haemodialysis compared
dihydropyridine CCBs to other antihypertensives. Five studies
(Albitar 1997; Das 2003; HEART 2003; Kozlova 2006; Nakao 1999)
were abstract-only publications. Four studies (Das 2003; HEART
2003; Nakao 1999; Shibasaki 2002), while meeting our inclusion
criteria, had insuBicient information and were not included in the
meta-analyses. The certainty of the evidence was low to very low
(Summary of findings 2).

Dihydropyridine CCBs may make little or no diBerence to
predialysis systolic (Analysis 2.1 (4 studies, 180 participants): MD

2.44 mmHg, 95% CI -3.74 to 8.62; I2 = 0%, low certainty evidence) and
diastolic blood pressure (Analysis 2.2 (4 studies, 180 participants):
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MD 1.49 mmHg, 95% CI -2.23 to 5.21; I2 = 0%, low certainty evidence)
compared to other antihypertensives.

The eBect of dihydropyridine CCBs compared to other
antihypertensives on cardiovascular death was not estimable, since
no events were reported in any of the studies (Analysis 2.3: 3
studies, 164 participants).

Yilmaz 2010a reported one case of intradialytic hypotension in the
dihydropyridine CCB group (Analysis 2.4 (1 study, 92 participants):
RR 2.88, 95% CI 0.12 to 68.79; very low certainty evidence).

Other side eBects and costs were not reported by any of the
included studies.

No studies compared non-dihydropyridine CCBs to other
antihypertensives.

Dihydropyridine versus non-dihydropyridine calcium channel
blockers

Timio 1997 compared dihydropyridine CCB to non-dihydropyridine
CCB in 40 haemodialysis patients. The certainty of the evidence was
low to very low (Summary of findings 3).

Timio 1997 reported may make little or no diBerence to predialysis
systolic (Analysis 3.1 (1 study, 40 participants): MD -4.00 mmHg,
95% CI -11.99 to 3.99; low certainty evidence) and diastolic blood
pressure level (Analysis 3.2 (1 study, 40 participants): MD -3.00
mmHg, 95% CI -7.06 to 1.06; low certainty evidence) between
dihydropyridine and non-dihydropyridine CCB.

The eBect of dihydropyridine CCB compared to non-
dihydropyridine CCB on cardiovascular death was not estimable,
since no events were reported in either group (Analysis 3.3: 1 study,
40 participants).

There was no evidence of a diBerence in other side eBects (Analysis
3.4 (1 study, 40 participants): RR 0.13, 95% CI 0.01 to 2.36; very
low certainty evidence) between dihydropyridine CCB and non-
dihydropyridine CCB. Other side eBects included headache.

Timio 1997 did not report intradialytic hypotension or costs.

D I S C U S S I O N

Summary of main results

We found 13 studies that met our inclusion criteria (1459
randomised adults); five of these were available only as abstracts.
Four of these studies (Das 2003; HEART 2003; Nakao 1999; Shibasaki
2002), while meeting our inclusion criteria, had insuBicient
information and were not included in the meta-analyses. All studies
were performed in haemodialysis patients.

Random sequence generation and allocation concealment were
at low risk of bias in eight and one studies, respectively. Two
studies reported low risk methods for blinding of participants and
investigators, and outcome assessment was blinded in 10 studies.
Three studies were at low risk of attrition bias, eight studies were at
low risk of selective reporting bias, and five studies were at low risk
of other potential sources of bias.

Dihydropyridine CCBs may decrease predialysis systolic and
diastolic blood pressure when compared to placebo or no

treatment, may make little or no diBerence to occurrence of
intradialytic hypotension, whilst the eBects on cardiovascular
death was uncertain.

Eight studies compared dihydropyridine CCBs with other
antihypertensives. Dihydropyridine CCBs may make little or no
diBerence to predialysis systolic and diastolic blood pressure, while
the eBects on cardiovascular death and occurrence of intradialytic
hypotension compared to other antihypertensives were uncertain.

Dihydropyridine CCBs may make little or no diBerence to
predialysis systolic and diastolic blood pressure, while the eBects
on cardiovascular death and other side eBects compared to non-
dihydropyridine CCBs were uncertain.

Overall completeness and applicability of evidence

This review searched for evidence supporting the use of CCBs
in patients with CKD requiring dialysis. There were inadequate
numbers of well conducted RCTs to answer our question
conclusively.

Overall, data for carrying out the comparison between
dihydropyridine CCBs and other antihypertensives came from four
studies with 180 adult patients on maintenance haemodialysis
(Albitar 1997; Kozlova 2006; London 1994; Yilmaz 2010a). Side
eBects were rarely reported (Table 1) and no studies addressed
total healthcare cost. Studies done in children and in patients
undergoing peritoneal dialysis were not found aMer an extensive
literature search.

No studies compared the eBect of diBerent dihydropyridine CCBs,
diBerent non-dihydropyridine CCBs, or diBerent doses of the same
drug. No studies compared non-dihydropyridines CCBs to other
antihypertensives, placebo or control.

The majority of studies included in the meta-analyses were
performed in Europe; France (Albitar 1997; London 1990; London
1994; Marchais 1991), Germany (Tepel 2008), Italy (Timio 1997),
Russia (Kozlova 2006), and Turkey (Yilmaz 2010a). LONDON 2019
was performed in Japan. This clearly aBects the external validity
of these findings, as these findings cannot be applied wholesome
since clinical practice diBers based on region.

The standardisation of outcomes reporting in future studies might
enhance better evidence in dialysis setting. The Standardised
Outcomes in Nephrology (SONG) initiative suggest that fatigue,
cardiovascular disease, vascular access, and death (SONG-HD) are
the core outcomes set to report in all studies in haemodialysis
setting, while infection, cardiovascular disease, death, technique
survival and life participation are the compulsory outcomes to
assess in studies on peritoneal dialysis (SONG-PD).

Quality of the evidence

The quality of the evidence was assessed according to the
recommendations of the GRADE Working Group (Higgins 2011).
Overall, the quality of evidence was generally either low or very low.

Twelve studies did not report allocation concealment and
most studies reported inadequate blinding of investigators and
participants, attrition, and other sources of bias, reducing the
certainty of treatment benefits and harms. Only Tepel 2008
was considered at low risk of bias for all domains. As many
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outcomes, such as predialysis systolic and diastolic blood pressure
and intradialytic hypotension, were measured using objective
measures, 10 studies were at low risk of bias for outcome
assessment. Heterogeneity was low across the studies included in
the meta-analysis.

Potential biases in the review process

Although we applied standard Cochrane methodology, residual
bias in the review process was inevitably present. It is possible
that relevant but unpublished data (those studies with neutral or
negative eBects) may have been missed. Analysis for evidence of
such publication bias was not possible due to the small number of
included studies.

Four studies did not report key outcomes in a format available for
meta-analysis. The included studies did not report total healthcare
costs and no events were reported for cardiovascular death.

Only Timio 1997 investigated the eBect of dihydropyridine versus
non-dihydropyridine CCBs. Furthermore, we found no studies that
involved children or people undergoing peritoneal dialysis; and
12 studies were conducted in Europe and this may limit the
generalisability of our findings.

Agreements and disagreements with other studies or
reviews

We found one systematic review and meta-analysis that
investigated the eBects of CCBs compared to ACEi or ARB in people
with CKD stages 3-5 including dialysis (Lin 2017). Our Cochrane
review is consistent with the findings showed in that review,
reporting no significant diBerences in change in blood pressure
and death between the two groups. However, diBerences between
Lin 2017 and our updated review were related to the inclusion of
patients in CKD stages 3 to 5: although the author included 21
studies, only four studies were performed in ESKD. In addition,
Lin 2017 excluded studies that compared dihydropyridine CCBs to
placebo, no treatment or non-dihydropyridine CCBs.

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

Implications for practice

Dihydropyridine CCBs had uncertain eBects on predialysis systolic
and diastolic blood pressure, cardiovascular death, and occurrence

of intradialytic hypotension compared to other antihypertensives.
Data were provided by only a few studies with limited number of
participants who experienced few events.

Dihydropyridine CCBs may reduce predialysis systolic and diastolic
blood pressure levels compared to placebo or no treatment,
although there was low certainty evidence; further investigation
with adequately powered RCTs are needed.

Scant evidence were available to detect diBerences between
dihydropyridine CCBs and non-dihydropyridine CCBs and no data
were available to compare diBerent doses or the eBicacy of
diBerent medications from the same drug class. Other side eBects
were rarely reported and no studies addressed costs. No data
for treatment eBects in children and in peritoneal dialysis were
identified.

Implications for research

Future RCTs with adequate sample size and longer follow-up are
required to assess the benefits and harms of dihydropyridine and
non-dihydropyridine CCBs compared to other antihypertensives,
placebo or control in patients with CKD requiring dialysis.
Furthermore, research in children and in patients treated with
peritoneal dialysis are needed. We recommend these adequately
powered prospective RCTS be undertaken. Key outcomes relevant
for patients (including death and cardiovascular disease), changes
in blood pressure, health care costs and side eBects should be
reported to assist clinical decision-making.
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• Duration of study: 12 months

• Duration of follow-up: 12 months

Participants • Country: France

• Setting: multicentre

• Inclusion criteria: patients with rHuEPO-induced hypertension

• Number (analysed/randomised): treatment group (20/20); control group (20/20)

• Mean age ± SD (years): not reported

• Sex (M/F): not reported

• Exclusion criteria: not reported

Interventions Treatment group (dihydropyridine CCB)

• Nifedipine (oral): 60 mg/day for 12 months

Control group (ACEi)

• Enalapril (oral): 20 mg/day for 12 months

Outcomes • SBP assessed at baseline and at end of treatment

• DBP assessed at baseline and at end of treatment

• Hb assessed at baseline and at end of treatment

• rHuEPO use assessed at baseline and at end of treatment

• LVMI assessed at baseline and at end of treatment

• Death (no death reported in the reason for attrition) assessed during the study period

Notes • This study had 3 arms; 3rd arm was 20 non-randomised normotensive rHuEPO-dependent patients

• Abstract-only publication

• Funding source: not reported

• It is unclear if SD or SE had been reported for BP; as these results were much lower than all other
studies we decided that SE had been reported and we have converted these to SD

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised; method of randomisation was not report-
ed. It was not possible to assess if differences between intervention groups
could suggest a problem with the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

High risk Not reported. However due to the difference between the intervention group
and control group, it was possible that participants and/or investigators were
aware of the treatment assignment

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

Low risk Objective outcomes were assessed

Incomplete outcome data
(attrition bias)
All outcomes

Low risk QUOTE: "All patients completed the study period without any intercurrent
events"

Albitar 1997  (Continued)
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Selective reporting (re-
porting bias)

High risk No full-text publication identified to assess the possible selective reporting

Other High risk Abstract-only publication

Albitar 1997  (Continued)

 
 

Study characteristics

Methods • Study design: not reported; patients divided into 2 groups

• Duration of study: 3 months

• Duration of follow-up: 3 months

Participants • Country: India

• Setting: not reported

• Inclusion criteria: ESKD patients undergoing haemodialysis with hypertension having increased leM
ventricular mass

• Number (analysed/randomised): treatment group (not reported/24); control group (not reported/23)

• Mean age ± SD (years): not reported

• Sex (M/F): not reported

• Exclusion criteria: not reported

Interventions Treatment group (dihydropyridine CCB)

• Lercanidipine (oral): 5 to 10 mg/day for 3 months

Control group (ARB)

• Telmisartan (oral): 20 to 40 mg/day for 3 months

Outcomes • LVH assessed at the beginning and at end of treatment

• Change in BP assessed during the study

Notes • Abstract-only publication

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

High risk Not reported. However due to the difference between the intervention group
and control group, it was possible that participants and/or investigators were
aware of the treatment assignment

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

Low risk Objective outcomes were assessed

Das 2003 
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Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Selective reporting (re-
porting bias)

High risk No full-text publication identified to assess the possible selective reporting

Other High risk Abstract-only publication

Das 2003  (Continued)

 
 

Study characteristics

Methods • Study design: parallel RCT (two-by-two factorial design)

• Duration of study: not reported

• Duration of follow-up: 4.1 to 8.4 years

Participants • Country: Japan

• Setting: single centre

• Inclusion criteria: HD patients (4-hour HD 3 times/week)

• Number (analysed/randomised): treatment group (not reported/248); control group (not report-
ed/250)

• Mean age ± SD (years): not reported

• Sex (M/F): not reported

• Exclusion criteria: not reported

Interventions Treatment group (dihydropyridine CCB)

• Amlodipine (oral): 5 to 20 mg/day

Control group (ACEi)

• Trandolapril (oral): 0.5 to 4 mg/day

Outcomes • Cardiovascular death assessed during the study period

• Death (any cause) and morbidity assessed during the study period

• Stroke assessed during the study period

• Combined chronic heart failure (primary outcome, coronary revascularization, or angina with hospi-
talisation) assessed during the study period

• Combined CVD (combined CHD, stroke, treated angina without hospitalisation, heart failure, and PVD)
assessed during the study period

Notes • Abstract-only publications

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised method of randomisation was not report-
ed. It was not possible to assess if differences between intervention groups
could suggest a problem with the randomisation process

HEART 2003 
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Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

High risk Not reported. However due to the difference between the intervention group
and control group, it was possible that participants and/or investigators were
aware of the treatment assignment

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

High risk There was no information if an external panel adjudicated outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Selective reporting (re-
porting bias)

High risk No full-text publication identified to assess the possible selective reporting

Other High risk Abstract-only publications

HEART 2003  (Continued)

 
 

Study characteristics

Methods • Study design: prospective parallel RCT

• Duration of study: 6 months

• Duration of follow-up: 6 months

Participants • Country: Russia

• Setting: single centre

• Inclusion criteria: non-diabetic patients undergoing HD with predialysis free day BP > 140/90 mmHg,
hypertension stage I-III (according with the WHO classification)

• Number (analysed/randomised): treatment group 1 (16/not reported); treatment group 2 (16/not re-
ported); control group 1 (16/not reported); control group 2 (21/not reported)

• Mean age ± SD: 36.5 ± 12.7 years

• Sex (M/F): 39/32

• Exclusion criteria: not reported

Interventions Treatment group 1 (dihydropyridine CCB)

• Amlodipine (oral): 5 to 10 mg/day for 6 months

Treatment group 2 (dual therapy; ACEi + dihydropyridine CCB)

• Perindopril (oral): 4 to 6 mg/day for 6 months

• Amlodipine (oral): 5 to 10 mg/day for 6 months

Control group 1 (ACEi)

• Perindopril (oral): 4 to 6 mg/day for 6 months

Control group 2

• No antihypertensive treatment

Kozlova 2006 
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Outcomes • LVMI assessed at baseline and end of treatment

• SBP assessed at baseline and end of treatment

• DBP assessed at baseline and end of treatment

• Ecocardiography assessed at baseline and end of treatment

Notes • Abstract-only publication

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised; method of randomisation was not report-
ed. It was not possible to assess if differences between intervention groups
could suggest a problem with the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

High risk Not reported. However due to the difference between the intervention group
and control group, it was possible that participants and/or investigators were
aware of the treatment assignment

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

Low risk Objective outcomes were assessed

Incomplete outcome data
(attrition bias)
All outcomes

High risk Abstract states 71 patients included, however only 69 accounted for

Selective reporting (re-
porting bias)

High risk No full-text publication identified to assess the possible selective reporting.
Not all data related to the control group were reported

Other High risk Abstract-only publication

Kozlova 2006  (Continued)

 
 

Study characteristics

Methods • Study design: double-blind, parallel RCT

• Duration of study: treatment administered for 24 weeks

• Duration of follow-up: 16 weeks for placebo group and 24 weeks for treatment group (only haemody-
namic evaluation)

Participants • Country: France

• Setting: single centre

• Inclusion criteria: patients with ESKD treated with HD 3 times/week for at least 6 months and median
BP > 160/95 mmHg

• Number (analysed/randomised): treatment group (20/20); control group (19/20)

• Mean age ± SD (years): treatment group (57.0 ± 10.6); control group (57.4 ± 11.9)

• Sex (M/F): overall (19/20); treatment group (10/10); control group (9/10)

London 1990 
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• Exclusion criteria: acute MI; valvular heart disease; PVD; cerebral vascular disease; decompensated
heart failure

Interventions Treatment group (dihydropyridine CCB)

• Nitrendipine (oral): 20 mg/day or twice daily after the 8th week of treatment for 24 weeks

Control group

• Placebo (oral): tablet once/day or twice daily after the 8th week of treatment for 24 weeks

Outcomes • Pre- and postdialysis BP assessed at baseline, 8 and 16 weeks (only treatment group reported data at
24 weeks but due to the lack of a control group, the results were only descriptive)

• Heart rate assessed at baseline, 8 and 16 weeks (only treatment group reported data at 24 weeks but
due to the lack of a control group, the results were only descriptive)

• Changes in pulse wave velocity and aortic diameter assessed at baseline and at 16 weeks (only treat-
ment group reported data at 24 weeks but due to the lack of a control group, the results were only
descriptive)

• Changes in LVM and ejection fraction assessed at baseline and at 16 weeks (only treatment group
reported data at 24 weeks but due to the lack of a control group, the results were only descriptive)

• Change in body weight and blood chemistry assessed at baseline and at 16 weeks (only treatment
group reported data at 24 weeks but due to the lack of a control group, the results were only descrip-
tive)

• Death (no death reported in the reason for attrition) assessed during the study period

• Drop out assessed during the study period

• Postdialysis hypotension assessed during the study period

• Interdialytic body weight gain assessed during the study period

Notes • Funding source: the Groupe d’Etudes de Physiopathologie de I’Insuffisance Renale (GEPIR) and Bayer
Pharma

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk QUOTE: "Patients who did not respond were divided into two groups of 20, ac-
cording to a randomisation list and with a balance every two patients." Study
was described as randomised, method of randomisation was not reported.
However, it was unlikely that differences between intervention groups could
suggest a problem with the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

Unclear risk "Double blind". However, insufficient information to permit judgement

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

Low risk Objective outcomes were assessed

Incomplete outcome data
(attrition bias)
All outcomes

High risk QUOTE: "At the 24th week, due to the lack of a control group, the results of the
group of patients taking nitrendipine are only descriptive."

London 1990  (Continued)
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QUOTE: "One patient of the group taking placebo dropped out of the study af-
ter 4 weeks for DBP persistently higher than 114 mm Hg. Therefore, the analy-
sis included only the remaining 19 patients."

Selective reporting (re-
porting bias)

Low risk All outcomes prespecified were reported

Other High risk Commercial funding: Bayer Pharma

London 1990  (Continued)

 
 

Study characteristics

Methods • Study design: parallel RCT

• Duration of study: 12 months

• Duration of follow-up: 12 months

Participants • Country: France

• Setting: single centre

• Inclusion criteria: stable HD (dialysed 3 times/week) patients whose median predialysis BP for the 6
months preceding their inclusion was > 160/95 mmHg with LVH, > 18 years

• Number (analysed/randomised): treatment group (10/16), control group (14/16)

• Mean age ± SD (years): treatment group (51.7 ± 15.5); control group (54.7 ± 10.1)

• Sex (M/F): treatment group (7/3); control group (7/7)

• Exclusion criteria: acute MI, valvular heart disease, PVD, cerebral vascular disease, decompensated
heart failure

Interventions Treatment group (dihydropyridine CCB)

• Nitrendipine (oral): 20 mg orally once daily or 40 mg once daily after the 6th week of treatment for 12
months if the DBP> 95 mmHg

Control group (ACEi)

• Perindopril (oral): 2 mg orally administered once after each HD session or 4 mg once orally after the
6th week of treatment for 12 months if the DBP > 95 mmHg

Outcomes • BP assessed at baseline and at 3, 6, 9, 12 months

• LVM assessed at baseline and at 6 and 12 months

• LV end-diastolic diameter assessed at baseline and at 6 and 12 months

• Cardiac output (aortic cross-section and velocity integral) assessed at baseline and at 6 and 12 months

• Stroke index assessed at baseline and at 6 and 12 months

• Pulse rate assessed at baseline and at 6 and 12 months

• Total peripheral resistance (cardiac output and mean BP) assessed at baseline and at 6 and 12 months

• Aortic and large-artery compliance (pulse wave velocity) assessed at baseline and at 6 and 12 months

• Arterial wave reflections assessed at baseline and at 6 and 12 months

• Plasma renin activity, aldosterone, and plasma catecholamine level assessed at baseline and at 6 and
12 months

• Death (no death reported in the reason for attrition) assessed during the study period

• Change in body weight assessed during the study period

• Serious adverse events assessed during the study period

Notes • Funding source: the Groupe d'Etule de la Physiopathologie de l'Insuffisance Renale (GEPIR) and the
Institut de Recherches International Serviier (IRIS)

London 1994 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk QUOTE: "After this run-in placebo period, patients were divided into two
groups of 16 according to a randomisation list." Study was described as ran-
domised, method of randomisation was not reported. However, it was unlike-
ly that differences between intervention groups could suggest a problem with
the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

Low risk QUOTE: "After randomisation at day 0 (baseline), patients received either 20
mg nitrendipine once daily or perindopril 2 mg after each haemodialysis ses-
sion (3 times weekly). Perindopril was presented similarly to nitrendipine, i.e.
in blister packs containing 7 pills (1 week of treatment). Only the pills corre-
sponding to the day of haemodialysis contained perindopril; the other pills
contained placebo."

QUOTE: "Double blind"

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

Low risk Objective outcomes were assessed

Incomplete outcome data
(attrition bias)
All outcomes

High risk QUOTE: "Thirty-two patients were included, 16 in each group. One patient of
the nitrendipine group was excluded from the study after 3 weeks of treatment
for noncompliance with medication schedule, and a second patient from this
group had renal transplantation after 5 weeks of treatment. Six patients (4 pa-
tients on nitrendipine and 2 on perindopril) were withdrawn from the study at
6 months because of a predialysis DBP higher than 95 mmHg. The 1-year study
was completed by 10 patients on nitrendipine and by 14 on perindopril."

Selective reporting (re-
porting bias)

Low risk All outcomes prespecified were reported

Other Low risk QUOTE: "This study was supported by the Groupe d'Etude de la Phys-
iopathologie de l'Insuffisance Renale (G.E.P.I.R.) and the Institut de Recherches
International Servier (I.R.I.S.)." The study seemed to be free from other source
of bias

London 1994  (Continued)

 
 

Study characteristics

Methods • Study design: open-label, parallel RCT

• Study duration: 12 weeks

• Study follow-up: 12 weeks

Participants • Country: Japan

• Setting: multicentre (3 sites)

• Inclusion criteria: hospital outpatients undergoing HD 3 times/week, > 20 years; ability to provide con-
sent; confirmation of proper fluid volume; presence of intradialytic hypertension (defined as an in-
crease in the SBP from pre-HD to post-HD ≥ 10 mmHg) occurring in ≥ 4 of 6 consecutive HD sessions.

LONDON 2019 
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“Proper fluid volume” was defined as having a post-HD blood sample with a human atrial natriuretic
peptide ≤ 100 pg/mL, or a cardiothoracic ratio of ≤ 55% on a post-HD chest X-ray

• Number (analysed/randomised): treatment group (25/33); control group (11/18)

• Mean age ± SD (years): treatment group (69 ± 10); control group (75 ± 9.9)

• Sex (M/F): overall (23/13); treatment group (16/9); control group (7/4)

• Exclusion criteria: predialysis SBP ≤ 120 mmHg, severe heart failure; severe valvular heart disease; re-
cent MI; atrial flutter/fibrillation; ventricular arrhythmia; signs of infection; active malignancy disease

Interventions Treatment group (dihydropyridine CCB)

• Cilnidipine (oral): 10 mg/day; dose level increased up to 20 mg/day in cases in which the antihyper-
tensive effect was insufficient

Control group

• Control that did not receive calcium channel blockers

Outcomes • Change in the intradialytic SBP elevation assessed at baseline and at 12 weeks

• Change in plasma renin activity assessed during the study period

• Change in plasma aldosterone concentration assessed during the study period

• Change in brain natriuretic peptide assessed during the study period

• Change in plasma norepinephrine assessed during the study period

• Change in plasma epinephrine assessed during the study period

• Change in dopamine during the intervention (measured post-HD in the middle of the week) assessed
during the study period

Safety outcomes

• Potassium, measured pre-HD at the beginning of the week

• Haemoglobin, measured pre-HD at the beginning of the week

• Urea nitrogen, measured pre-HD at the beginning of the week

• Creatinine, measured pre-HD at the beginning of the week

• Uric acid, measured pre-HD at the beginning of the week

• HDL, measured pre-HD at the beginning of the week

• LDL, measured pre-HD at the beginning of the week

• Triglyceride and glycoalbumin, measured pre-HD at the beginning of the week

• Other outcomes
◦ CVD assessed during the study period

◦ Cancer assessed during the study period

◦ Hypotension during haemodialysis assessed during the study period

◦ Hypertension assessed during the study period

◦ Death (no death reported in the reason for attrition) assessed during the study period

Notes • Funding source: None. K.D. received lecture fees of equal to or more than 500,000 yen from Otsuka
Pharma Inc., between 2014 and 2016. M.I. received lecture fees of more than 500,000 yen from Pfiz-
er Japan Inc., and Daiichi Sankyo co, Mochida Pharmaceutical Co., Ltd., Bayer Yakuhin, Ltd., and Mit-
subishi Tanabe Pharma Corporation between 2014 and 2016. M.I. received Departmental research
grant support of equal to or more than 1,000,000 yen from Daiichi Sankyo Co. Ltd., Shionogi & Co.,
Ltd., Sumitomo Dainippon Pharma Co., Ltd., MSD K.K., Astellas Pharma Inc., Takeda Pharmaceutical
Company Limited and Pfizer Japan Inc., Bayer Yakuhin, Ltd., Otsuka Pharma Inc., Mitsubishi Tanabe
Pharma Corporation, Kowa Pharmaceutical company Ltd., Genzyme Japan co., Ltd., AstraZeneca k.k.,
Bristol-Myers co., Ltd., Biotronik Japan, co. Ltd., Mochida Pharmaceutical Co., Ltd., between 2014 and
2016. T.I., N.F. E.I., M.F., T.M., M.K., H.T., S.K., H.N., and T.T. had no conflict of interest to declare

• Authors contacted (predialysis SBP and DBP at the end of treatment) in July 2020, but they did not
reply

LONDON 2019  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk QUOTE: "A computer-generated random number sequence was determined by
an individual who was not associated with this study"

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

High risk QUOTE: "Open-label"

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

Low risk Objective outcomes were assessed

Incomplete outcome data
(attrition bias)
All outcomes

High risk QUOTE: "Thirty-three patients were allocated to the cilnidipine group, and 18
patients to the control group. Of these, 4 patients in the cilnidipine group and
3 patients in the control group withdrew consent before the intervention. Dur-
ing the intervention, 4 patients in the cilnidipine and 4 in the control were ex-
cluded from the study. The full analysis set included 36 patients (cilnidipine
group: n = 25, control group: n = 11)

Selective reporting (re-
porting bias)

Low risk All outcomes prespecified were reported

Other High risk Some authors received payment from pharmaceutical companies

LONDON 2019  (Continued)

 
 

Study characteristics

Methods • Study design: double-blind, placebo RCT

• Study duration: 16 weeks

• Study follow-up: 16 weeks

Participants • Country: France

• Setting: single centre

• Inclusion criteria: patients with ESKD treated with HD for at least 6 months with median predialysis
BP > 160/90 mmHg; > 18 years

• Number (analysed/randomised): treatment group (20/20); control group (19/20)

• Mean age ± SD (years): not reported

• Sex (M/F): not reported

• Exclusion criteria: acute MI (within the preceding 3 months), valvular heart disease, PVD, cerebral vas-
cular disease, decompensated heart failure

Interventions Treatment group (dihydropyridine CCB)

• Nitrendipine (oral): 20 mg orally once daily for 2 months, then 20 mg twice daily after the 8th week of
treatment for 2 months

Control group

Marchais 1991 
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• Placebo (oral): administered once daily for the first 2 months, then twice daily after the 8th week of
treatment for 2 months

Outcomes • Arterial pressure assessed at baseline and end of treatment

• Heart rate assessed at baseline and end of treatment

• Aortic calcifications assessed at baseline and end of treatment

• Aortic pulse velocity assessed at baseline and end of treatment

• Aortic distensibility assessed at baseline and end of treatment

• Death (no death reported in the reason for attrition) assessed during the study period

Notes • Funding source: the Groupe d'Etude de la Physiopathologie de l'Insuffisance Renale (G.E.P.I.R.). The
second author (Isabelle Boussac) is affiliated to Bayer Pharma, Puteaux, France

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk QUOTE: "Patients who met the inclusion criteria after the qualification period
were divided into two parallel groups of 20 patients each, according to the ran-
domisation list." Study was described as randomised, method of randomisa-
tion was not reported. However, it was unlikely that differences between inter-
vention groups could suggest a problem with the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

High risk Not reported. However due to the difference between the intervention group
and control group, it was possible that participants and/or investigators were
aware of the treatment assignment

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

Low risk Objective outcomes were assessed

Incomplete outcome data
(attrition bias)
All outcomes

High risk QUOTE: "The placebo group initially had 20 subjects, but one patient dropped
out of the study after 4 weeks due to the diastolic pressure being persistently >
114 mmHg"

Selective reporting (re-
porting bias)

Low risk All outcomes prespecified were reported

Other High risk The second author is affiliated to Bayer Pharma, Puteaux, France.

Marchais 1991  (Continued)

 
 

Study characteristics

Methods • Study design: double blind, parallel RCT

• Study duration: 2 years

• Study follow-up: 2 years

Participants • Country: Japan

• Setting: single centre

Nakao 1999 
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• Inclusion criteria: hypertensive patients undergoing HD 3 times/week with chronic heart failure and
with the past history of at least once hospitalisation due to heart failure; at least 50 years

• Number (analysed/randomised): treatment group (not reported/98); control group (not reported/102)

• Mean age: 59.6 years

• Sex (M/F): 138/62 (data extracted from M = 69%)

• Exclusion criteria: SBP < 90 mmHg, uncontrolled hypertension, recurrent and/or recent angina attack
and/or cerebral Ischaemic symptoms

Interventions Treatment group (dihydropyridine CCB)

• Slow-releasing nifedipine: 10 mg once/day tritiated to 40 mg, 4 times/day

Control group (ACEi)

• Trandolapril 0.25 mg titrated to 2 mg once/day

Outcomes • Composite death or hospitalisation or both for heart failure assessed during the study period

• Improvement in HRQoL (exertional ability) assessed during the study period

• Death (any cause) assessed during the study period

Notes • Abstract-only publication

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised; method of randomisation was not report-
ed. It was not possible to assess if differences between intervention groups
could suggest a problem with the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

Unclear risk QUOTE: "Double blind". However, insufficient information to permit judge-
ment

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

High risk Objective and subjective outcomes were assessed

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Selective reporting (re-
porting bias)

High risk No full-text publication identified to assess the possible selective reporting

Other High risk Abstract-only publication

Nakao 1999  (Continued)

 
 

Study characteristics

Shibasaki 2002 
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Methods • Study design: double-blind RCT

• Study duration: 6 months

• Study follow-up: 6 months

Participants • Country: Japan

• Setting: single centre

• Inclusion criteria: maintenance HD with hypertension performed for at least 1 month; patients main-
tained an ideal body weight (a postdialysis weight at which all or most excess body fluid was removed,
without postdialysis hypotension), SBP > 150 mmHg or DBP > 90 mmHg

• Number (analysed/randomised): treatment group (13/not reported); control group 1 (13/not report-
ed); control group 2 (13/not reported)

• Mean age ± SD (years): treatment group (56.2 ± 14.1); control group 1 (57.5 ± 15.9); control group 2
(56.4 ± 12.3)

• Sex (M/F): treatment group (6/7); control group 1 (7/6); control group 2 (8/5)

• Exclusion criteria: history of Ischaemic heart disease; history of cerebrovascular accident; patients re-
ceived an inadequate echocardiographic study for measurement of LVMI; atrial fibrillation; recurrent
congestive heart failure; significant valvular heart disease; nephrotic syndrome, or a history of neo-
plastic disease

Interventions Treatment group (dihydropyridine CCB)

• Amlodipine (oral): 5 mg/day

Control group 1 (ARB)

• Losartan (oral): 50 mg/day

Control group 2 (ACEi)

• Enalapril (oral): 5 mg/day

Outcomes • LVH assessed at baseline and at 6 months

• Ultrasonic integrated backscatter assessed at baseline and at 6 months

• Inferior vena cava index assessed at baseline and at 6 months

• Interventricular septum assessed at baseline and at 6 months

• LV posterior wall assessed at baseline and at 6 months

• LVMI assessed at baseline and at 6 months

• Relative wall thickness assessed at baseline and at 6 months

• LeM ventricular end-diastolic volume index assessed at baseline and at 6 months

• Haematological parameters (BUN, creatinine, uric acid, Hb, iPTH, plasma angiotensin II concentra-
tion) assessed at baseline and at 6 months

• Death assessed during the study period

• Withdrawn from the study

• MI, myocarditis and myocardial fibrosis assessed during the study period

Notes • Funding source: in part supported by a grant-in-aid for scientific research from the Ministry of Educa-
tion, Science, Sports and Culture, Japan

• Authors contacted (reason for death, predialysis SBP and DBP, occurrence of intradialytic hypoten-
sion) in July 2020, but they did not reply

Risk of bias

Bias Authors' judgement Support for judgement

Shibasaki 2002  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk Study was described as randomised, method of randomisation was not re-
ported. However, it was unlikely that differences between intervention groups
could suggest a problem with the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

Unclear risk QUOTE: "Double blind". However, insufficient information to permit judge-
ment

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

Low risk Objective outcomes were assessed

Incomplete outcome data
(attrition bias)
All outcomes

High risk 39 patients (13 per group) but 30 completed the study (30 per group)

Selective reporting (re-
porting bias)

Low risk All outcomes prespecified were reported

Other Low risk The study seemed to be free from other source of bias

Shibasaki 2002  (Continued)

 
 

Study characteristics

Methods • Study design: prospective, double-blind, placebo-controlled RCT

• study duration: 30 months

• Study follow-up: 30 months (median follow-up was 19 months (8 to 30))

Participants • Country: Germany

• Setting: multicentre (47 centres)

• Inclusion criteria: patients presently existing arterial hypertension or with a history of arterial hyper-
tension (resting BP ≥ 140/90 mmHg or antihypertensive medication), undergoing maintenance HD for
at least 3 months

• Number (analysed/randomised): treatment group (123/123); control group (128/128)

• Median age, IQR range (years): treatment group (60, 45 to 68); control group (62, 48 to 68)

• Sex (M/F): treatment group (78/45); control group (81/47)

• Exclusion criteria: persistent hypotension with SBP < 90 mmHg; history of high grade aortic stenosis;
history of severe heart failure NYHA stages II and IV; acute MI in the previous 4 weeks; known allergy
to amlodipine; severe disorders of liver function; pregnant or breast feeding

Interventions Treatment group (dihydropyridine CCB)

• Amlodipine (oral): 10 mg once/day for 30 months

Control group

• Placebo (oral): once/day for 30 months

Outcomes • Death (any cause, including cardiovascular, sudden death, infection, cancer or other cause) assessed
every 6 months during 30 months

Tepel 2008 
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• Time from randomisation to first event: composite of death from any cause and cardiac events (includ-
ing cardiac event including MI, need for coronary angioplasty or coronary bypass surgery, Ischaemic
stroke, PVD with the need for amputation or angioplasty) assessed every 6 months during 30 months

• Adverse events (including hypotension) assessed every 6 months during 30 months

Notes • Funding source: Pfizer, Karlsruhe, Germany, authors had no conflicts of interest

• Authors contacted (number of cardiovascular death) in July 2014 and July 2020, but they did not reply

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk QUOTE: "A computer-generated randomisation list was prepared centrally"

Allocation concealment
(selection bias)

Low risk QUOTE: "A computer-generated randomisation list was prepared centrally
guaranteeing that in study centres patients were assigned to one of both treat-
ment groups"

QUOTE: "To ensure allocation concealment, sequentially numbered contain-
ers were used" No indication whether the containers were identical.

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

Low risk QUOTE: "Double blind"

Review of the protocol on clinicaltrials.gov (NCT00124969) revealed that par-
ticipants and personnel were blinded.

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

Low risk QUOTE: "Deaths were classified by the treating physician independently of the
endpoint analysis"

Review of the protocol on clinicaltrials.gov (NCT00124969) revealed that the
outcome assessors were blinded

Incomplete outcome data
(attrition bias)
All outcomes

Low risk QUOTE: "No patient was lost to the follow-up" (analysis was by intention-to-
treat population)

Selective reporting (re-
porting bias)

Low risk All outcomes prespecified were reported

Other Low risk QUOTE: "The study sponsor did not take part in collection, analysis or inter-
pretation of data, or in the writing of the report." The study seemed to be free
from other source of bias

Tepel 2008  (Continued)

 
 

Study characteristics

Methods • Study design: single-blind, parallel RCT

• Study duration: 12 weeks

• Study follow-up: 12 weeks

Participants • Country: Italy

• Setting: single centre

• Inclusion criteria: uraemic patients undergoing HD 3 times/week with arterial hypertension (DBP be-
tween 95 and 120 mmHg)

Timio 1997 
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• Number (analysed/randomised): treatment group 1 (21/21); treatment group 2 (19/19)

• Mean age (SD/range) (years): overall (57.18 ± 13.4); treatment group 1 (57.4 (21 to 71)); treatment group
2 (56.9 (22 to 73))

• Sex (M/F): treatment group 1 (15/6); treatment group 2 (15/4)

• Exclusion criteria: not reported

Interventions Treatment group 1 (dihydropyridine CCB)

• Amlodipine (oral): 5 mg/day, dosage were doubled after 4 weeks if adequate BP control was not
achieved (DBP < 90 mmHg)

Treatment group 2 (non-dihydropyridine CCB)

• Verapamil (oral): 120 mg/day, dosage were doubled after 4 weeks if adequate BP control was not
achieved (DBP < 90 mmHg)

Outcomes • BP assessed at baseline and at 4,8,12 weeks

• Heart rate assessed at baseline and at 4,8,12 weeks

• Change in body weight assessed at baseline and at 4,8,12 weeks

• Chest X-ray assessed at baseline at 12 weeks

• Electrocardiography assessed at baseline at 12 weeks

• Ocular fundoscopy assessed at baseline at 12 weeks

• Adverse events assessed at each visit (including hypotensive events that were asked before each dial-
ysis session) assessed during the study period

• Blood chemistry and haematology assessed at baseline and at 4, 12 weeks
◦ Red blood cells

◦ Hb

◦ ferritin

◦ Total proteins

◦ Alkaline phosphatase

◦ Cholesterol

◦ Transaminases

◦ Electrolytes

• Death (no death reported in the reason for attrition) assessed during the study period

Notes • Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Study was described as randomised; method of randomisation was not re-
ported. However, it was unlikely that differences between intervention groups
could suggest a problem with the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

High risk QUOTE: "Single blind"

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

Low risk Objective outcomes were assessed

Timio 1997  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk All patients completed the study

Selective reporting (re-
porting bias)

Low risk All outcomes prespecified were reported

Other Low risk The study seemed to be free from other source of bias

Timio 1997  (Continued)

 
 

Study characteristics

Methods • Study design: parallel RCT

• Study duration: 12 months

• Study follow-up: 12 months

Participants • Country: Turkey

• Setting: single centre

• Inclusion criteria: presence of ESKD treated with HD 3 times/week; evidence for hypertension (pre-
dialysis SBP and/or DBP > 140/90 mmHg and/or presence of an antihypertensive medication) in non-
diabetic patients; ≥ 18 years

• Number (analysed/randomised): treatment group (41/56); control group (43/56)

• Mean age ± SD (years): treatment group (49.2 ± 13.4); control group (53.8 ± 17.6)

• Sex (M/F): treatment group (27/20); control group (25/20)

• Exclusion criteria: diagnosis of chronic infectious disease, coronary artery disease, MI or cerebrovas-
cular accident in the past 12 months; known intolerance to study medication; evidence of severe he-
patic disease; use of immunosuppressant or nonsteroidal anti-inflammatory drugs; congestive heart
failure; presence of a malignant disease; non-compliance of the subjects; valvular heart disease; other
vascular diseases; diabetic kidney disease

Interventions Treatment group (dihydropyridine CCB)

• Amlodipine (oral): 5 to 10 mg once/day in the morning for 12 months

Control group (ACEi)

• Ramipril (oral): 5 to 10 mg once/day in the morning for 12 months

Outcomes • LVMI assessed at baseline, 6 and 12 months

• Carotid intima-media thickness assessed at baseline, 6 and 12 months

• BP assessed at baseline, 6 and 12 months

• Pulse pressure assessed at baseline, 6 and 12 months

• Biochemical parameters (creatinine, blood urea nitrogen, glucose, electrolytes, and albumin, erythro-
cyte sedimentation rate, Hb, and lipid levels) assessed every 4 weeks for 1 year

• Inflammatory markers (CRP, erythrocyte sedimentation rate, white cell count) assessed every 3
months for 1 year

• Serious adverse events (including withdrawal and death) assessed during the study period

• Adverse events assessed during the study period

• Kt/V and interdialytic weight gain assessed during the study period

Notes • Funding source: not reported; authors declared no conflict of interest

Yilmaz 2010a 
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• Authors contacted in July 2020, and their answer: "There was no reported cardiovascular death, the
blood pressures were measured at predialysis in the study, and one intradialytic hypotension oc-
curred"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk QUOTE: "...patients were randomly allocated to receive doses of 5 mg ramipril
or 5 mg amlodipine per day. The randomisation ratio was 1:1." Study was de-
scribed as randomised, method of randomisation was not reported. However,
it was unlikely that differences between intervention groups could suggest a
problem with the randomisation process

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

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

High risk Not reported. However due to the difference between the intervention group
and control group, it was possible that participants and/or investigators were
aware of the treatment assignment

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

High risk The majority of outcomes assessed were objective; it was not stated if an ex-
ternal panel assessed adverse events

Incomplete outcome data
(attrition bias)
All outcomes

High risk QUOTE: "After titration periods, 20 patients (11 from ramipril and 9 from am-
lodipine group) were excluded from study because these patients did not
reach the target BP despite of the medication with maximum doses of ramipril
or amlodipine."

QUOTE: "At the end of the 12 months follow-up, 84 patients (43 patients from
ramipril and 41 patients from amlodipine groups) completed the study. In
ramipril group, two patients discontinued
study (one because of cough, one because of hyperkalaemia); however six pa-
tients in amlodipine group did not complete protocol (one because of death,
one because of hypotension, two because of transplantation, and two because
of drug intolerance)."

Selective reporting (re-
porting bias)

Low risk All outcomes prespecified were reported

Other Low risk The authors declared no conflict of interest. The study seemed to be free from
other source of bias

Yilmaz 2010a  (Continued)

ACEi - angiotensin converting-enzyme inhibitor; ARB - angiotensin receptor blocker; BP - blood pressure; BUN - blood urea nitrogen; CHD -
chronic heart disease; CVD - cardiovascular disease; DBP - diastolic blood pressure; ESKD - end-stage kidney disease; Hb - haemoglobin; HD
- haemodialysis; HDL - high-density lipoprotein; HRQoL - health-related quality of life; iPTH - intact parathyroid hormone; IQR - interquartile
range; LDL - low-density lipoprotein; (LV - leM ventricular; LVH - LV hypertrophy; LVM(I) - LV mass (index); M/F- male/female; MI - myocardial
infarction; NYHA - New York Heart Association; PVD - peripheral vascular disease; RCT - randomised controlled trial; rHuEPO - recombinant
human erythropoietin; SBP - systolic blood pressure; SD - standard deviation
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aslam 2006 Study period less than 12 weeks (valsartan versus amlodipine)
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Study Reason for exclusion

Atabak 2013 Study period less than 12 weeks (verapamil versus enalapril)

Cice 1997 Study period less than 12 weeks (nifedipine versus bisoprolol)

Cice 1998 Study period less than 12 weeks (diltiazem versus placebo)

Cice 2003 Study period less than 12 weeks (diltiazem versus placebo)

EDIT 2011 Study period less than 12 weeks (nifedipine versus enalapril)

Kojima 2004 Study period less than 12 weeks (benidipine versus nifedipine)

Nakano 2010 Cross-over RCT comparing 2 calcium channel blockers; 12 weeks of each treatment in random or-
der with no washout period (efonidipine versus amlodipine)

NCT02228408 Wrong interventions; compared a nitrate (Isosorbide dinitrate) with a vasodilator (hydralazine)

Rojas-Campos 2005 Cross-over RCT (verapamil versus losartan versus prazosin for less than 12 weeks)

Salvetti 1987 Study period less than 12 weeks (nifedipine versus placebo)

Schiffl 1991 Study period less than 12 weeks (nitrendipine versus placebo)

Sherman 1990 Study period less than 12 weeks (verapamil versus placebo)

Singhaton 2001 Cross-over RCT (morning versus evening administration of amlodipine for less than 12 weeks)

Soni 2000 Study period less than 12 weeks (amlodipine besylate versus telmisartan)

Zuccala 1988 Study period less than 12 weeks (captopril versus clonidine versus nifedipine)

RCT - randomised controlled trial
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Double-blind, parallel RCT

Participants Estimated sample size: 350

Age: 10 to 80 years

Interventions Treatment group

• Amlodipine 5 mg with forced up titration to 10 mg

Control group (direct renin inhibitor)

• Aliskiren 150 mg for 1 month with forced up titration to 300 mg

Outcomes Primary outcomes

• Composite end-point: death (any cause); cardiac event including MI, need for coronary angioplas-
ty or coronary bypass surgery, Ischaemic stroke

Secondary outcomes

NCT01394770 
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• Composite end-point of: all-cause hospitalisation; new-onset heart failure, new-onset atrial fib-
rillation

Notes • The study was started in 2009 but never completed. Last verified July in 2012, recruitment status
was active, not recruiting.

• Current recruitment status: unknown

NCT01394770  (Continued)

MI - myocardial infarction; RCT - randomised controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Dihydropyridine calcium channel blocker versus placebo/control/usual treatment

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

Statistical method Effect size

1.1 Predialysis systolic blood
pressure

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

Subtotals only

1.2 Predialysis diastolic blood
pressure

2 76 Mean Difference (IV, Random,
95% CI)

-13.56 [-19.65,
-7.48]

1.3 Cardiovascular death 3 124 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.4 Intradialytic hypotension 2 287 Risk Ratio (M-H, Random, 95% CI) 0.54 [0.25, 1.15]

 
 

Analysis 1.1.   Comparison 1: Dihydropyridine calcium channel blocker versus
placebo/control/usual treatment, Outcome 1: Predialysis systolic blood pressure

Study or Subgroup

London 1990

Test for subgroup differences: Not applicable

CCB
Mean

156

SD

21

Total

20

Placebo
Mean

183

SD

30

Total

19

Mean Difference
IV, Random, 95% CI

-27.00 [-43.33 , -10.67]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Lower with CCB Lower with placebo

 
 

Analysis 1.2.   Comparison 1: Dihydropyridine calcium channel blocker versus
placebo/control/usual treatment, Outcome 2: Predialysis diastolic blood pressure

Study or Subgroup

London 1990
Kozlova 2006

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.56, df = 1 (P = 0.46); I² = 0%
Test for overall effect: Z = 4.37 (P < 0.0001)
Test for subgroup differences: Not applicable

CCB
Mean

81
92.1

SD

14
8.8

Total

20
16

36

Placebo/control
Mean

98
104.1

SD

20
13.9

Total

19
21

40

Weight

31.3%
68.7%

100.0%

Mean Difference
IV, Random, 95% CI

-17.00 [-27.89 , -6.11]
-12.00 [-19.34 , -4.66]

-13.56 [-19.65 , -7.48]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Lower with CCB Lower with placebo/control
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Analysis 1.3.   Comparison 1: Dihydropyridine calcium channel blocker
versus placebo/control/usual treatment, Outcome 3: Cardiovascular death

Study or Subgroup

Marchais 1991
LONDON 2019
London 1990

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

CCB
Events

0
0
0

0

Total

20
29
20

69

Placebo/control
Events

0
0
0

0

Total

20
15
20

55

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable
Not estimable
Not estimable

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.001 0.1 1 10 1000
Less with CCB Less with placebo/control

 
 

Analysis 1.4.   Comparison 1: Dihydropyridine calcium channel blocker versus
placebo/control/usual treatment, Outcome 4: Intradialytic hypotension

Study or Subgroup

LONDON 2019
Tepel 2008

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.66, df = 1 (P = 0.42); I² = 0%
Test for overall effect: Z = 1.59 (P = 0.11)
Test for subgroup differences: Not applicable

CCB
Events

0
9

9

Total

25
123

148

Placebo/control
Events

1
16

17

Total

11
128

139

Weight

5.8%
94.2%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.15 [0.01 , 3.51]
0.59 [0.27 , 1.27]

0.54 [0.25 , 1.15]

Risk Ratio
M-H, Random, 95% CI

0.002 0.1 1 10 500
Less with CCB Less with placebo/control

 
 

Comparison 2.   Dihydropyridine calcium channel blockers versus other antihypertensives

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

Statistical method Effect size

2.1 Predialysis systolic blood
pressure

4 180 Mean Difference (IV, Random,
95% CI)

2.44 [-3.74, 8.62]

2.2 Predialysis diastolic blood
pressure

4 180 Mean Difference (IV, Random,
95% CI)

1.49 [-2.23, 5.21]

2.3 Cardiovascular death 3 164 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.4 Intradialytic hypotension 1   Risk Ratio (M-H, Random, 95% CI) Subtotals only
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Analysis 2.1.   Comparison 2: Dihydropyridine calcium channel blockers versus
other antihypertensives, Outcome 1: Predialysis systolic blood pressure

Study or Subgroup

Albitar 1997
London 1994
Yilmaz 2010a
Kozlova 2006

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.61, df = 3 (P = 0.89); I² = 0%
Test for overall effect: Z = 0.77 (P = 0.44)
Test for subgroup differences: Not applicable

CCB
Mean

130
157.7

130
145.8

SD

31.3
22.8

24
12.4

Total

20
10
41
16

87

Other antihypertensive
Mean

132
150
129

142.9

SD

40.2
18
23

15.2

Total

20
14
43
16

93

Weight

7.7%
13.2%
37.7%
41.4%

100.0%

Mean Difference
IV, Random, 95% CI

-2.00 [-24.33 , 20.33]
7.70 [-9.29 , 24.69]
1.00 [-9.06 , 11.06]
2.90 [-6.71 , 12.51]

2.44 [-3.74 , 8.62]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Lower with CCB Lower with other antihypertensive

 
 

Analysis 2.2.   Comparison 2: Dihydropyridine calcium channel blockers versus
other antihypertensives, Outcome 2: Predialysis diastolic blood pressure

Study or Subgroup

Albitar 1997
London 1994
Kozlova 2006
Yilmaz 2010a

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.08, df = 3 (P = 0.78); I² = 0%
Test for overall effect: Z = 0.78 (P = 0.43)
Test for subgroup differences: Not applicable

CCB
Mean

78
85.7
92.1

82

SD

17.9
10.1

8.8
15.6

Total

20
10
16
41

87

Other antihypertensive
Mean

80
85.7
88.3
80.4

SD

13.4
11.2
10.1
13.8

Total

20
14
16
43

93

Weight

14.4%
18.8%
32.1%
34.7%

100.0%

Mean Difference
IV, Random, 95% CI

-2.00 [-11.80 , 7.80]
0.00 [-8.58 , 8.58]

3.80 [-2.76 , 10.36]
1.60 [-4.71 , 7.91]

1.49 [-2.23 , 5.21]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Lower with CCB Lower with other antihypertensive

 
 

Analysis 2.3.   Comparison 2: Dihydropyridine calcium channel blockers
versus other antihypertensives, Outcome 3: Cardiovascular death

Study or Subgroup

London 1994
Albitar 1997
Yilmaz 2010a

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

CCB
Events

0
0
0

0

Total

16
20
47

83

Other antihypertensive
Events

0
0
0

0

Total

16
20
45

81

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable
Not estimable
Not estimable

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Less with CCB Less with other antihypertensive

 
 

Analysis 2.4.   Comparison 2: Dihydropyridine calcium channel blockers
versus other antihypertensives, Outcome 4: Intradialytic hypotension

Study or Subgroup

Yilmaz 2010a

Test for subgroup differences: Not applicable

CCB
Events

1

Total

47

Other antihypertensive
Events

0

Total

45

Risk Ratio
M-H, Random, 95% CI

2.88 [0.12 , 68.79]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Less with CCB Less with other antihypertensive
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Comparison 3.   Dihydropyridine versus non-dihydropyridine calcium channel blocker

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

Statistical method Effect size

3.1 Predialysis systolic blood
pressure

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

Subtotals only

3.2 Predialysis diastolic blood
pressure

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

Subtotals only

3.3 Cardiovascular death 1   Risk Ratio (M-H, Random, 95% CI) Subtotals only

3.4 Other side effects 1   Risk Ratio (M-H, Random, 95% CI) Subtotals only

 
 

Analysis 3.1.   Comparison 3: Dihydropyridine versus non-dihydropyridine
calcium channel blocker, Outcome 1: Predialysis systolic blood pressure

Study or Subgroup

Timio 1997

Test for subgroup differences: Not applicable

Dihydropyridine
Mean

162

SD

10

Total

21

Non-dihydropyridine
Mean

166

SD

15

Total

19

Mean Difference
IV, Random, 95% CI

-4.00 [-11.99 , 3.99]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Lower with dihydropyridine Lower with non-dihydropyridine

 
 

Analysis 3.2.   Comparison 3: Dihydropyridine versus non-dihydropyridine
calcium channel blocker, Outcome 2: Predialysis diastolic blood pressure

Study or Subgroup

Timio 1997

Test for subgroup differences: Not applicable

Duhydropyridine
Mean

87

SD

6

Total

21

Non-dihydropyridine
Mean

90

SD

7

Total

19

Mean Difference
IV, Random, 95% CI

-3.00 [-7.06 , 1.06]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Lower with dihydropyridine Lower with non-dihydropyridine

 
 

Analysis 3.3.   Comparison 3: Dihydropyridine versus non-dihydropyridine
calcium channel blocker, Outcome 3: Cardiovascular death

Study or Subgroup

Timio 1997

Test for subgroup differences: Not applicable

Dihydropyridine
Events

0

Total

21

Non-dihydropiridine
Events

0

Total

19

Risk Ratio
M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Less with dihydropyridine Less with non-dihydropyridine
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Analysis 3.4.   Comparison 3: Dihydropyridine versus non-
dihydropyridine calcium channel blocker, Outcome 4: Other side e?ects

Study or Subgroup

Timio 1997

Test for subgroup differences: Not applicable

Dihydropyridine
Events

0

Total

21

Non-dohydropyridine
Events

3

Total

19

Risk Ratio
M-H, Random, 95% CI

0.13 [0.01 , 2.36]

Risk Ratio
M-H, Random, 95% CI

0.001 0.1 1 10 1000
Less with dihydropyridine Less with non-dihydropyridine

 

 

A D D I T I O N A L   T A B L E S
 

Study ID Intervention Control Adverse events in the inter-
vention group

Adverse events in the control
group

London 1990 Nitrendipine Placebo Not reported; no deaths were
reported; no postdialysis hy-
potension was reported

Among 20 participants, the follow-
ing adverse events were reported:
dropped out due to DBP persistent-
ly > 114 mmHg (1). No death was re-
ported. No postdialysis hypotension
was reported

London 1994 Nitrendipine Perindopril Among 14 participants, the fol-
lowing adverse events were re-
ported: withdrawn due to DBP
> 95 mmHg (4). No deaths were
reported. No serious adverse
event was reported

Among 16 participants, the follow-
ing adverse events were reported:
withdrawn due to DBP > 95 mmHg
(2). No deaths were reported. No se-
rious adverse events were reported

LONDON 2019 Cilnidipine Control Among 25 participants, the fol-
lowing adverse events were re-
ported: cardiogenic shock (due
to acute coronary syndrome)
(1), needed to decrease the dry
weight more that 1% due to re-
markable volume overload (3).
No deaths were reported

Among 11 participants, the follow-
ing adverse events were report-
ed: colon cancer (1), hypotension
(1), hypertension (1), needed to de-
crease the dry weight more that 1%
due to remarkable volume overload
(1). No deaths were reported

Marchais 1991 Nifedipine Placebo Not reported; no deaths were
reported

Among 20 participants, the follow-
ing adverse events were reported:
dropped out due to DBP persistently
> 114 mmHg (1). No deaths were re-
ported

Shibasaki 2002 Amlodipine Losartan or
enalapril

Overall, of 61 participants there
were: acute MI (3), myocardi-
tis (2), death from pulmonary
bleeding (1). However, no data
were reported per group

Overall, of 61 participants there
were: acute MI (3), myocarditis (2),
death from pulmonary bleeding (1).
However, no data were reported per
group

Tepel 2008 Amlodipine Placebo Among 123 participants, the fol-
lowing adverse events were re-
ported: 15 deaths.

Overall, 26 sudden deaths, 7 in-
fections, 4 cancers were record-

Among 128 participants, the follow-
ing adverse events were reported:
22 deaths.

Table 1.   Table of studies reporting adverse events 
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ed but data were not reported
per group.

The flow chart showed that the
drug was discontinued because
of adverse events in 8 partici-
pants. 18 participants report-
ed a cardiovascular event, in-
cluding MI, need for coronary
angioplasty or coronary bypass
surgery, Ischaemic stroke, and
peripheral vascular disease with
the need for amputation or an-
gioplasty

Overall, 26 sudden deaths, 7 infec-
tions, 4 cancers were recorded but
data were not reported per group.

The flow chart showed that the drug
was discontinued because of ad-
verse events in 12 participants; 33
participants reported a cardiovas-
cular event, including MI, need for
coronary angioplasty or coronary
bypass surgery, Ischaemic stroke,
and peripheral vascular disease
with the need for amputation or an-
gioplasty

Timio 1997 Amlodipine Verapamil Among 21 participants, the fol-
lowing adverse events were re-
ported: lower limb oedema (2),
cough (2), cutaneous rash (1).
No deaths were reported

Among 19 participants, the follow-
ing adverse events were reported:
lower limb oedema (7), headache
(3). No deaths were reported

Yilmaz 2010a Amlodipine Ramipril Among 47 participants, the fol-
lowing adverse events were re-
ported: death (1), hypotension
(1), drug intolerance (2)

Among 45 participants, the follow-
ing adverse events were reported: 1
cough (1), hyperkalaemia (1) lead to
the discontinuation from the study

Table 1.   Table of studies reporting adverse events  (Continued)

DBP - diastolic blood pressure; MI - myocardial infarction
 

 

A P P E N D I C E S

Appendix 1. Electronic search strategies

 

Database Search terms

CENTRAL 1. renal replacement therapy:ti,ab,kw

2. dialysis:ti,ab,kw

3. h*emodialysis:ti,ab,kw

4. h*emodiafiltration*:ti,ab,kw

5. h*emofiltration*:ti,ab,kw

6. (CAPD or CCPD or APD):ti,ab,kw

7. ("endstage kidney" or "endstage renal" or "end-stage kidney" or "end-stage renal"):ti,ab,kw

8. (ESKD or ESRD or ESKF or ESRF):ti,ab,kw

9. ("chronic kidney" near/2 ("stage 5" or "stage V")):ti,ab,kw

10.{or #1-#9}

11.MeSH descriptor: [Calcium Channel Blockers] explode all trees

12.amlodipine:ti,ab,kw

13.barnidipine:ti,ab,kw

14.diltiazem:ti,ab,kw

15.felodipine:ti,ab,kw

16.flunarizine:ti,ab,kw

17.gallopamil:ti,ab,kw

18.isradipine:ti,ab,kw
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19.lercanidipine:ti,ab,kw

20.manidipine:ti,ab,kw

21.nicardipine:ti,ab,kw

22.nifedipine:ti,ab,kw

23.nimodipine:ti,ab,kw

24.nisoldipine:ti,ab,kw

25.nitrendipine:ti,ab,kw

26.verapamil:ti,ab,kw

27.calcium channel block*:ti,ab,kw

28.(CCB or CCBs):ti,ab,kw

29.{or #11-#28}

30.{and #10, #29}

MEDLINE 1. exp Renal Dialysis/

2. exp Hemofiltration/

3. Kidney Failure, Chronic/

4. dialysis.tw.

5. (haemodialysis or haemodialysis).tw.

6. (hemofiltration or haemofiltration).tw.

7. (hemodiafiltration or haemodiafiltration).tw.

8. (CAPD or CCPD or APD).tw.

9. (end-stage kidney or end-stage renal or endstage kidney or endstage renal).tw.

10.(ESKD or ESKF or ESRD or ESRF).tw.

11.(chronic kidney adj2 (stage 5 or stage V)).tw.

12.or/1-11

13.exp Calcium Channel Blockers/

14.amlodipine.tw.

15.barnidipine.tw.

16.diltiazem.tw.

17.felodipine.tw.

18.flunarizine.tw.

19.gallopamil.tw.

20.isradipine.tw.

21.lercanidipine.tw.

22.manidipine.tw.

23.nicardipine.tw.

24.nifedipine.tw.

25.nimodipine.tw.

26.nisoldipine.tw.

27.nitrendipine.tw.

28.verapamil.tw.

29.calcium channel block*.tw.

30.(CCB or CCBs).tw.

31.or/13-30

32.and/12,31

EMBASE 1. exp Renal Replacement Therapy/

2. (haemodialysis or haemodialysis).tw.

3. (hemofiltration or haemofiltration).tw.

4. (hemodiafiltration or haemodiafiltration).tw.

5. dialysis.tw.

6. (CAPD or CCPD or APD).tw.

  (Continued)
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7. Chronic Kidney Disease/

8. Kidney Failure/

9. Chronic Kidney Failure/

10.(end-stage renal or end-stage kidney or endstage renal or endstage kidney).tw.

11.(ESRF or ESKF or ESRD or ESKD).tw.

12.(chronic kidney adj2 (stage 5 or stage V)).tw.

13.or/1-12

14.exp calcium channel blocking agent/

15.calcium channel block*.tw.

16.(CCB or CCBs).tw.

17.amlodipine.tw.

18.barnidipine.tw.

19.diltiazem.tw.

20.felodipine.tw.

21.flunarizine.tw.

22.gallopamil.tw.

23.isradipine.tw.

24.lercanidipine.tw.

25.manidipine.tw.

26.nicardipine.tw.

27.nifedipine.tw.

28.nimodipine.tw.

29.nisoldipine.tw.

30.nitrendipine.tw.

31.verapamil.tw.

32.or/14-31

33.and/12,32

  (Continued)

 

Appendix 2. Risk of bias assessment tool

 

Potential source of bias Assessment criteria

Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
fling cards or envelopes; throwing dice; drawing of lots; minimization (minimization may be imple-
mented without a random element, and this is considered to be equivalent to being random).

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention.

Random sequence genera-
tion

Selection bias (biased alloca-
tion to interventions) due to
inadequate generation of a
randomised sequence

Unclear: Insufficient information about the sequence generation process to permit judgement.

Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central
allocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-
ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-
velopes).

Allocation concealment

Selection bias (biased alloca-
tion to interventions) due to
inadequate concealment of al-
locations prior to assignment

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
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non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure.

Unclear: Randomisation stated but no information on method used is available.

Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
is not likely to be influenced by lack of blinding; blinding of participants and key study personnel
ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding.

Blinding of participants and
personnel

Performance bias due to
knowledge of the allocated
interventions by participants
and personnel during the
study

Unclear: Insufficient information to permit judgement

Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-
ment ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding.

Blinding of outcome assess-
ment

Detection bias due to knowl-
edge of the allocated interven-
tions by outcome assessors.

Unclear: Insufficient information to permit judgement

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardized dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods.

High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardized difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation.

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Unclear: Insufficient information to permit judgement

Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;
the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon).

Selective reporting

Reporting bias due to selective
outcome reporting

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. subscales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study.

  (Continued)
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Unclear: Insufficient information to permit judgement

Low risk of bias: The study appears to be free of other sources of bias.

High risk of bias: Had a potential source of bias related to the specific study design used; stopped
early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem.

Other bias

Bias due to problems not cov-
ered elsewhere in the table

Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias.

  (Continued)
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