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A B S T R A C T

Background

Sickle cell disease (SCD) is one of the commonest severe monogenic disorders in the world, due to the inheritance of two abnormal

haemoglobin (beta-globin) genes. SCD can cause severe pain, significant end-organ damage, pulmonary complications, and premature

death. Kidney disease is a frequent and potentially severe complication in people with SCD.

Chronic kidney disease is defined as abnormalities of kidney structure or function, present for more than three months. Sickle cell

nephropathy refers to the spectrum of kidney complications in SCD.

Glomerular damage is a cause of microalbuminuria and can develop at an early age in children with SCD, and increases in prevalence

in adulthood. In people with sickle cell nephropathy, outcomes are poor as a result of the progression to proteinuria and chronic kidney

insufficiency. Up to 12% of people who develop sickle cell nephropathy will develop end-stage renal disease.

Objectives

To assess the effectiveness of any intervention in preventing or reducing kidney complications or chronic kidney disease in people

with SCD (including red blood cell transfusions, hydroxyurea and angiotensin-converting enzyme inhibitor (ACEI)), either alone or

in combination with each other.

Search methods

We searched for relevant trials in the Cochrane Library, MEDLINE (from 1946), Embase (from 1974), the Transfusion Evidence

Library (from 1980), and ongoing trial databases; all searches current to 05 April 2016. We searched the Cochrane Cystic Fibrosis and

Genetic Disorders Group Trials Register: 13 April 2017.

Selection criteria

Randomised controlled trials comparing interventions to prevent or reduce kidney complications or chronic kidney disease in people

with SCD. There were no restrictions by outcomes examined, language or publication status.
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Data collection and analysis

Two authors independently assessed trial eligibility, extracted data and assessed the risk of bias.

Main results

We included two trials with 215 participants. One trial was published in 2011 and included 193 children aged 9 months to 18 months,

and compared treatment with hydroxyurea to placebo. The second trial was published in 1998 and included 22 adults with normal

blood pressure and microalbuminuria and compared ACEI to placebo.

We rated the quality of evidence as low to very low across different outcomes according to GRADE methodology. This was due to trials

having: a high or unclear risk of bias including attrition and detection bias; indirectness (the available evidence was for children aged 9

months to 18 months in one trial and a small and select adult sample size in a second trial); and imprecise outcome effect estimates of

significant benefit or harm.

Hydroxyurea versus placebo

We are very uncertain if hydroxyurea reduces or prevents progression of kidney disease (assessed by change in glomerular filtration

rate), or reduces hyperfiltration in children aged 9 to 18 months, mean difference (MD) 0.58 (95% confidence interval (CI) -14.60 to

15.76 (mL/min per 1.73 m²)) (one study; 142 participants; very low-quality evidence).

In children aged 9 to 18 months, hydroxyurea may improve the ability to concentrate urine, MD 42.23 (95% CI 12.14 to 72.32

(mOsm/kg)) (one study; 178 participants; low-quality evidence).

Hydroxyurea may make little or no difference to SCD-related serious adverse events including: incidence of acute chest syndrome, risk

ratio (RR) 0.39 (99% CI 0.13 to 1.16); painful crisis, RR 0.68 (99% CI 0.45 to 1.02); and hospitalisations, RR 0.83 (99% CI 0.68

to 1.01) (one study, 193 participants; low-quality evidence).

No deaths occurred in the trial. Quality of life was not reported.

ACEI versus placebo

We are very uncertain if ACEI reduces proteinuria in adults with SCD who have normal blood pressure and microalbuminuria, MD -

49.00 (95% CI -124.10 to 26.10 (mg per day)) (one study; 22 participants; very low-quality evidence). We are very uncertain if ACEI

reduce or prevent kidney disease as measured by creatinine clearance. The authors state that creatinine clearance remained constant

over six months in both groups, but no comparative data were provided (very low-quality evidence).

All-cause mortality, serious adverse events and quality of life were not reported.

Authors’ conclusions

In young children aged 9 months to 18 months, we are very uncertain if hydroxyurea improves glomerular filtration rate or reduces

hyperfiltration, but it may improve young children’s ability to concentrate urine and may make little or no difference on the incidence

of acute chest syndrome, painful crises and hospitalisations.

We are very uncertain if giving ACEI to adults with normal blood pressure and microalbuminuria has any effect on preventing or

reducing kidney complications.

This review identified no trials that looked at red cell transfusions nor any combinations of interventions to prevent or reduce kidney

complications.

Due to lack of evidence this review cannot comment on the management of either children aged over 18 months or adults with any

known genotype of SCD.

We have identified a lack of adequately-designed and powered studies, and no ongoing trials which address this critical question.

Trials of hydroxyurea, ACEI or red blood cell transfusion in older children and adults are urgently needed to determine any effect on

prevention or reduction kidney complications in people with SCD.

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

Interventions to prevent or reduce kidney complications in people with sickle cell disease
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Review question

We wanted to determine if there were any safe and effective interventions that prevent or reduce kidney complications in people with

sickle cell disease (SCD).

Background

SCD is a serious inherited blood disorder where the red blood cells, which carry oxygen around the body, develop abnormally. Normal

red blood cells are flexible and disc-shaped, but in SCD they can become rigid and crescent shaped. Sickled cells are not only less flexible

than healthy red blood cells, they are also stickier. This can lead to blockage of blood vessels, resulting in tissue and organ damage and

episodes of severe pain. The abnormal blood cells are more fragile and break apart, which leads to a decreased number of red blood

cells, known as anaemia.

Kidney complications can start at an early age in children with SCD and are common in adults with the condition. Kidney complications

leading to kidney protein leak and chronic kidney disease can be severe with serious effects on health (such as the need for dialysis or a

kidney transplant). Identifying therapies, which can prevent or slow down the decline in kidney function in people with SCD, will be

critical in improving health outcomes.

Search date

The evidence is current to: 13 April 2017.

Study characteristics

We found two randomised controlled trials which enrolled a total of 215 participants. One trial, published in 2011, was conducted in

193 infants aged 9 months to 18 months and compared the drug hydroxyurea to placebo. The second trial, published in 1998, was

conducted in 22 adults with normal blood pressure and microalbuminuria (an increase of protein in the urine) and compared captopril

(a drug used to treat high blood pressure) to placebo.

Both trials received government funding.

Key Results

In infants aged 9 months to 18 months, hydroxyurea may increase the ability to produce normal urine, but we are very uncertain if

it has any effect on the glomerular filtration rate (network of filters in the kidney that filter waste from the blood). Hydroxyurea may

make little or no difference on the incidence of SCD-related serious complications (including acute chest syndrome, painful crises and

hospitalisations).

We are very uncertain if giving captopril to adults with SCD who have normal blood pressure and early signs of kidney damage

(microalbuminuria) reduces progression of kidney damage.

Quality of life was not reported in either trial.

Quality of the evidence

The evidence for all outcomes was rated as low- to very low-quality due to trials being at high risk of bias and because there were a

small number of trials and a small number of participants included in the trials.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Hydroxyurea compared to placebo for preventing or reducing kidney complications in people with sickle cell disease

Patient or population: people with sickle cell disease

Setting: mult iple centres

Intervention: hydroxyurea

Comparison: placebo

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(99% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with placebo Risk with hydroxyurea

Slower progression or

improvement in GFR mL

per min per 1.73 m²

(measured at 18 to 24

months)

The mean slower pro-

gression or improve-

ment in GFR mL per min

per 1.73 m² (measured

at 18 to 24 months) was

146.64 (43.7)

MD 0.58 higher

(14.6 lower to 15.76

higher)

- 142

(1 RCT)

⊕©©©

VERY LOW 1,2

Improvement in abil-

ity to concentrate urine

mOsm/ kg (measured at

18 to 24 months)

The mean improvement

in ability to concen-

trate urine mOsm/ kg

(measured at 18 to 24

months) was 494.57

(110.07)

MD 42.23 higher

(12.14 higher to 72.32

higher)

- 178

(1 RCT)

⊕⊕©©

LOW 2,3

SAEs assessed with

acute chest syndrome

Study populat ion RR 0.39

(0.13 to 1.16)

193

(1 RCT)

⊕⊕©©

LOW 2,3

186 per 1000 72 per 1000

(24 to 215)

SAEs assessed with

painful crisis

Study populat ion RR 0.68

(0.45 to 1.02)

193

(1 RCT)

⊕⊕©©

LOW 2,3
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567 per 1000 386 per 1000

(255 to 578)

SAEs assessed with

hospitalisat ions

Study populat ion RR 0.83

(0.68 to 1.01)

193

(1 RCT)

⊕⊕©©

LOW 2,3

866 per 1000 719 per 1000

(589 to 875)

Mortality due to any

cause

No deaths reported in either group not est imable 193

(1 RCT)

⊕⊕©©

LOW 2,4

Quality of lif e Not reported - - - -

* The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95% CI).

CI: conf idence interval; GFR: glomerular f ilt rat ion rate; M D: mean dif ference; RCT : randomised controlled trial; RR: risk rat io; SAEs: serious adverse events.

GRADE Working Group grades of evidence

High quality: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

M oderate quality: we are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: we have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by one due to unclear risk of attrit ion bias.
2 We downgraded the quality of evidence by one due to indirectness as the results apply only to small children aged 8 to 19

months.
3 We downgraded the quality of evidence by one due to imprecision as conf idence intervals are wide indicat ing clinically

signif icant harm or benef it .
4 We downgraded the quality of evidence by one due to imprecision; rare event no deaths occurred.
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B A C K G R O U N D

Please see an appendix for an explanation of some technical terms

(Appendix 1).

Description of the condition

Sickle cell disease (SCD) is an inherited anaemia, which can lead

to episodes of severe pain and life-threatening acute complications

such as chest crises, strokes and splenic sequestration in people

with SCD (Pleasants 2014). Populations originating from sub-Sa-

haran Africa, Spanish-speaking regions in the Western Hemisphere

(South America, the Caribbean, and Central America), the Mid-

dle East, India and parts of the Mediterranean are predominantly

affected. Reductions in infant and child mortality and increasing

migration from highly affected countries have made this a world-

wide problem (Piel 2012). Over 12,500 people in the UK and

100,000 in the USA suffer from the disease (NICE 2010; Pleasants

2014). A recent study estimated that approximately 305,800 ba-

bies were born with SCD worldwide in 2010, of which two thirds

were born in Africa, and this could increase by 25% to approxi-

mately 404,200 by 2050 (Piel 2012).

The term ’sickle cell disease’ refers to all genotypes that cause the

clinical syndrome. There are three main types of SCD. Sickle cell

anaemia is the most common form of the disease (up to 70% of

cases of SCD in people of African origin) and is due to the inher-

itance of two beta-globin S (βS) alleles (haemoglobin (Hb)SS).

The second most common genotype (up to 30% of cases in peo-

ple of African origin) is haemoglobin SC disease (HbSC disease),

due to the co-inheritance of the βS and βC alleles and tends to

be a more moderate form of the disease. The third major type

of SCD occurs when βS is inherited with a β-thalassaemia allele,

causing HbS/β-thalassaemia (Rees 2010). People who have inher-

ited a thalassaemia null mutation (HbSβº) have a disease that is

clinically indistinguishable from sickle cell anaemia, whereas peo-

ple with HbSβ thalassaemia have a milder disorder. In high-

income countries, people with SCD are expected to live into their

40’s, 50’s and beyond, whereas in low-income countries, including

some African nations, it is estimated that between 50% and 90%

of children born with HbSS die before their fifth birthday (Gravitz

2014; Grosse 2011).

In SCD, under conditions of low oxygen levels, acidity and cellu-

lar dehydration, the HbS molecules polymerise and begin to dis-

tort the red blood cells which take on a sickled shape. The main

determinant of disease severity is the rate and extent of this HbS

polymerisation (Rees 2010). This is exemplified by the co-inher-

itance of genetic factors that affect the intracellular HbS or fe-

tal haemoglobin concentration, for example, the protective effects

of co-inherited α-thalassaemia (Rumaney 2014; Steinberg 2012)

or hereditary persistence of fetal haemoglobin (Akinsheye 2011;

Steinberg 2012). Sickling of red blood cells results in both ob-

struction of blood flow leading to organ and tissue ischaemia, and

haemolytic anaemia (Sparkenbaugh 2013). Both of these processes

are thought to lead to increased inflammation and an increased

tendency to develop a blood clot (Frenette 2007; Rees 2010). Re-

duced blood flow is mediated via a dynamic interaction between

sticky HbS containing red blood cells, the vessel wall, and white

cells (Rees 2010). Sickle red blood cells also have a shorter lifespan

of 10 to 12 days versus 120 days for normal red blood cells, due

to intravascular and extravascular haemolysis, leading to anaemia

(Kato 2006a). Chronic intravascular haemolysis leads to a reduced

nitric oxide level within the blood; nitric oxide is sequestered by

free haemoglobin (Hb), which over time favours the development

of pulmonary hypertension and ischaemic strokes (Kato 2006a;

Kato 2006b).

Kidney dysfunction

Mechanisms of kidney dysfunction in SCD

See: Figure 1; and Figure 2.
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Figure 1. Sickle cell nephropathy pathophysiology in sickle cell disease: Adapted from Okafor 2013and Nath

2015RBC: red blood cells; FSGS: focal segmental glomerulosclerosis; ESRD: end-stage renal disease
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Figure 2. Structure of the kidney. From: Wikispaces. Human Physiology. 12. Urology.

https://humanphysiology2011.wikispaces.com/12.+Urology

Kidney disease is a frequent and potentially severe complication

in people with SCD. Chronic kidney disease (CKD) is defined as

abnormalities of kidney structure or function, present for more

than three months, with implications for health (KDIGO 2012)

(See Table I below). It is more common in people with HbSS and

HbSβº than in people with HbSC or HbSβ ; however, there is

conflicting evidence relating to the relative prevalence of CKD in

different SCD genotypes (Nath 2015, Yee 2011). The prevalence

of CKD increases with age, affecting over 50% of people with

SCD who are over 40 years of age (Gosmanova 2014).

8Interventions for chronic kidney disease in people with sickle cell disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Sickle cell nephropathy refers to the spectrum of kidney compli-

cations in SCD (Figure 1). One of the hallmarks of sickle cell

nephropathy is hyperfiltration (a glomerular filtration rate (GFR)

greater than 120 mL/min/1.73 m²) which has been described in

51% of people with SCD, particularly younger individuals, and

those with higher levels of haemolysis (Haymann 2010). The in-

ner kidney (medulla) is particularly prone to red blood cell sickling

due to its acidotic and hypoxic environment (Figure 2). Damage is

predominantly due to recurrent episodes of ischaemia and reper-

fusion injury or infarction leading to scarring (Hebbel 2014).

Glomerular damage (caused by hyperfiltration) leads to urinary

protein leak. Renal tubule injury results in childhood enuresis and

impaired ability to concentrate urine, with increased susceptibility

to dehydration, which may precipitate a sickling crisis. Renal pap-

illary necrosis due to infarction leads to haematuria, scarring and

further impairment of function. The combined effect of glomeru-

lar and tubulointerstitial scarring leads to progressive decline in

kidney function (Nasr 2006; Sharpe 2014).

The risk of end-stage renal disease (ESRD), defined as requir-

ing long-term dialysis or transplantation, is around 12% (Powars

2005). Risk factors for ESRD include proteinuria, anaemia, hy-

pertension, and HbSS genotype (Ataga 2014).

Assessment of kidney function

The gold standard for assessing how well the kidneys are working is

direct measurement of the GFR. Generally, as kidney disease gets

worse, the GFR drops (see Table I below). In people with SCD, a

GFR greater than 120 mL/min/1.73 m² is an additional indicator

of abnormal kidney function. However, direct measurement of

GFR is invasive and time consuming and so estimations of GFR

based on the serum creatinine are more commonly used. A num-

ber of equations exist, including the ’Modification of Diet in Re-

nal Disease’ (MDRD), CKI-EPI, and Cockcroft-Gault equations

(Botev 2009; Levey 1999; Levey 2009). Different estimated GFR

calculations have been compared to the measured GFR in people

with HbSS from the Caribbean and sub-Saharan Africa, the CKI-

EPI was found to be the most accurate estimate in two small stud-

ies (Arlet 2012; Asnani 2013). In individuals with SCD, increased

proximal tubule secretion of creatinine results in the serum crea-

tinine level being a poor estimate of GFR (Asnani 2015).

Table I: GFR categories in CKD (KDIGO 2012)

GFR category

(CKD stages)

GFR (mL/min/1.73 m²) Terms

G1 (Stage 1) ≥ 90 Normal or high

G2 (Stage 2) 60 to 89 Mildly decreased*

G3a (Stage 3a) 45 to 59 Mildly to moderately decreased

G3b (Stage 3b) 30 to 44 Moderately to severely decreased

G4 (Stage 4) 15 to 29 Severely decreased

G5 (Stage 5) < 15 Kidney failure

* Relative to young adult level
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Proteinuria, albumin-to-creatinine ratio (ACR) greater than 2.5

mg/mmol in men or 3.5 mg/mmol in women, or a protein-to-

creatinine ratio (PCR) greater than 15 mg/mmol is sufficient for

a diagnosis of CKD (see Table II below), and is an independent

risk factor for kidney and cardiovascular mortality in the general

population (Astor 2011; de Zeeuw 2004). Proteinuria can be clas-

sified as either a microalbuminuria (3 to 30 mg/mmol creatinine)

or macroalbuminuria (greater than 30 mg/mmol creatinine). ACR

and PCR correlate well with 24-hour urinary protein excretion

(Gaspari 2006).

Table II: Relationship among categories for albuminuria and

proteinuria in CKD (KDIGO 2012)

Categories

Measure Normal to mildly increased

(A1)

Moderately increased (A2) Severely increased (A3)

AER (mg/24 hours) < 30 30 to 300 > 300

PER (mg/24 hours) < 150 150 to 500 > 500

ACR

(mg/mmol)

(mg/g)

< 3

< 30

3 to 30

30 to 300

> 30

> 300

PCR

(mg/mmol)

(mg/g)

< 15

< 150

15 to 50

150 to 500

> 50

> 500

Abbreviations: A1 - A3: albuminuria categories; ACR: albumin-to-creatinine ratio; AER: albumin excretion rate; PCR: protein-to-

creatinine ratio; PER: protein excretion rate

Relationships among measurement methods within a category are not exact. The relationships between AER and ACR and between

PER and PCR are based on the assumption that average creatinine excretion rate is approximately 1.0 g per day or 10 mmol per day.

Creatinine excretion varies with age, sex, race and diet; therefore the relationship among these categories is approximate only. The

conversions are rounded for pragmatic reasons

Prevalence

CKD stage 1 or 2 is present in 26.5% of children with SCD, and is

defined as urinary structural or genetic abnormalities pointing to

kidney disease or a GFR less than 90 mLmin/1.73 m² (Yee 2011).

In a four-decade observational study of 1052 people with HbSS,

11.6% of participants developed ESRD, and 29.4% of deaths in

participants with SCD had prior ESRD (Powars 2005). Further-

more, 16% to 18% of overall mortality in SCD is attributable to

kidney disease (Hamideh 2013; Nath 2015).

An albumin-to-creatinine ratio that is repeatedly higher than 3 mg/

mmol is present in up to 20% of children with SCD and screening

for microalbuminuria may be useful for identifying children with

early sickle cell nephropathy (McKie 2007; Sharpe 2014). The

prevalence of proteinuria increases with age and increased systolic

blood pressure; it varies between 4.5% to 26% of people up to 21

years and from 26% to 68% in older people (Ataga 2014).

Description of the intervention

Recommended interventions for preventing kidney complications

include avoiding dehydration and the chronic use of drugs toxic

to the kidneys, such as non-steroidal anti-inflammatories.
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However, as kidney damage is initiated directly by the sickling of

red blood cells in the kidneys, reducing sickling will be expected

to cut short the primary insult and, in the long term, slow the rate

of progression of sickle cell nephropathy. This can be achieved by

a direct reduction in the percentage of HbS in the blood through

the use of red blood cell transfusions, or using strategies to increase

HbF production such as hydroxyurea (hydroxycarbamide).

Inhibition of the renin-angiotensin-aldosterone system (RAAS) by

angiotensin-converting-enzyme inhibitors (ACEI) or angiotensin

receptor blockers (ARB) can reduce kidney damage by lowering

intraglomerular pressure, and reducing proteinuria. While there is

a Cochrane Review on the use of ACEI in SCD (Sasongko 2015),

the mechanisms of action of blood transfusions, hydroxyurea and

ACEI may be synergistic, thus we are also including ACEI in the

current review as they may be compared to, or used in combination

with, red blood cell transfusion and hydroxyurea.

Red blood cell transfusions

Red blood cell transfusion is not a specific treatment for acute kid-

ney injury in people with SCD unless it is required to treat other

SCD complications (e.g. acute chest syndrome) (Yawn 2014).

Chronic red blood cell transfusions, either given as simple (top-

up) or exchange transfusions, form part of the management of a

number of SCD complications such as the primary prevention

of strokes in children with abnormal transcranial dopplers (Adam

2008) or the prevention of further chest crises in people with re-

current episodes (Howard 2015).

Studies have suggested that red blood cell transfusions may be

beneficial in preventing the progression of kidney disease in chil-

dren (McKie 2007; Marsenic 2008). One study of 120 children

with sickle haemoglobinopathies found that chronic red blood cell

transfusions before the age of nine years was protective against the

onset of microalbuminuria (Alvarez 2006).

Red blood cell transfusions have reduced complications and im-

proved the quality of life in people with SCD, but are not with-

out potentially serious complications. The benefits of transfu-

sion therapy must be balanced against risks including infections,

iron overload, acute or delayed haemolytic transfusion reactions,

and increased complexity of compatibility testing (Chou 2013a;

Chou 2013b; Porter 2013; Scheunemann 2010; Ubesie 2012).

Frequent blood transfusions in SCD can also lead to alloimmuni-

sation (Yazdanbakhsh 2012).

ACEI

ACEI prevent the formation of angiotensin II, a protein (peptide)

which causes the narrowing of blood vessels (arteriolar vasocon-

striction) and the release of a hormone (aldosterone). This hor-

mone causes the kidney tubules (a part of the kidneys) to retain

more water and thus expand circulating blood volume, resulting

in an increase in blood pressure.

Angiotensin II raises the pressure within the glomeruli (the parts

of the kidney that first filter the blood). This increased pressure

damages the filtration barrier and allows larger proteins to be lost

in the urine (Macconi 2006). Angiotensin II is also a component

in the progression of kidney fibrosis which can lead to ESRD.

ACEI reduce the pressure within the glomeruli and proteinuria

independently of their anti-hypertensive effect (Gansevoort 1995;

Maki 1995), and were first shown to slow the decline in GFR in

diabetic kidney disease (Lewis 1993).

Hypotension is a risk with ACEI. However, ACEI are less effective

in lowering blood pressure in people of African or Carribean ori-

gin (Ventura 1985), the populations primarily affected by SCD.

Therefore, people with SCD who do not normally have raised

blood pressure and who are given ACEI may be at a lower risk of

this side-effect.

Hydroxyurea

Hydroxyurea has been used since the 1980s and shown in clin-

ical trials to be beneficial in reducing vaso-occlusive crises, chest

crises and in improving survival in people with SCD (Field 2014).

Children treated with hydroxyurea have been shown to have better

kidney function than those treated with placebo, as assessed by the

ability to concentrate urine (Alvarez 2012). In a non-randomised

study of children with SCD requiring hydroxyurea for standard

indications, treatment for three years led to a mean (standard de-

viation (SD)) decrease in GFR from 167 (SD 46) mL/min/1.73

m² to 145 (SD 27) mL/min/1.73 m² (Aygun 2013), indicating

an improvement in the hyperfiltration.

How the intervention might work

Red blood cell transfusions

In its simplest form, blood transfusions proportionally reduce

HbS, prevent direct sickling in the kidney and local vaso-occlu-

sion, thereby reducing glomerular and tubular ischaemic damage

to the kidney. However, a further mechanism by which transfu-

sions could prevent kidney damage is by reducing sickling, so that

the amount of haemolysis decreases and with it, the sequestration

of nitric oxide. Nitric oxide is known to have an important lo-

cal vasodilatory effect and nitric oxide sequestration by free Hb

released during haemolysis is thought to contribute to the vascu-

lopathy of sickle cell nephropathy (Potoka 2015). Finally haemol-

ysis directly leads to endothelial damage, inflammation and dys-

function, a further mechanism of kidney disease which may play

an important role in sickle cell nephropathy (Zafrani 2015).
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ACEI

As described above, ACEI reduce proteinuria and slow kidney

progression in other forms of CKD. It is plausible that this bene-

fit would also apply in SCD, since ACE inhibition decreases the

intraglomerular pressure which is raised in all stages of SCD-re-

lated CKD. ACEI also appear to increase the expression of the

protein nephrin, contributing to the restoration of the kidney fil-

tration barrier (kidney filter size) (Ziyadeh 2008). Furthermore,

ACE inhibition can reduce fibrogenesis and free radical-induced

oxidative stress, which may be protective against endothelial dam-

age induced by ischaemia-reperfusion injury (van der Meer 2010).

However, in the context of medullary hypoperfusion or kidney

ischaemia, this may lead to a fall in GFR, as is seen when ACEI

are continued during acute kidney injury (AKI). If sickle cell

nephropathy is considered as a form of recurrent ischaemic AKI,

then ACEI could theoretically be damaging, at least in the context

of acute crises.

Hydroxyurea

Hydroxyurea is likely to reduce kidney damage through a variety

of mechanisms, which are not entirely understood and probably

reflect pleiotropic effects (a drug’s actions, usually unexpected, that

are not the main mechanism of action and may be beneficial or

harmful). It is known to modestly increase the level of HbF via

a range of mechanisms, including epigenetic modifications (Pule

2015). The increase in HbF could diminish the primary kidney

damage at both the glomerular and the tubular levels by reduc-

ing sickling and local ischaemia. In randomised controlled trials

(RCTs) of hydroxyurea in SCD, the drug was found to increase to-

tal Hb and HbF levels and reduce vaso-occlusive crises; however, its

benefit could not be solely attributed to the rise in HbF, with other

likely mechanisms including the effects on platelet count, white

count, and red blood cell adhesion to endothelia (Charache 1995;

Wang 2011). Hydroxyurea also decreases intravascular haemolysis

which may ameliorate nitric oxide sequestration. Finally, a reduc-

tion in HbS erythrocyte adhesion by hydroxyurea (shown in vivo

and in vitro) could lead to a reduction in kidney inflammation

(Brun 2003; Hillery 2000; Styles 1997).

Why it is important to do this review

Glomerular damage is a cause of microalbuminuria and can de-

velop at an early age in children with SCD; it increases in preva-

lence in adulthood. In people with SCD, outcomes are poor as a

result of the progression to proteinuria and chronic kidney insuf-

ficiency (Lebensburger 2011). Up to 12% of people who develop

sickle cell nephropathy (i.e. microalbuminuria) will develop kid-

ney failure (Powars 2005). For these people, the development of

ESRD and its treatment has a profound negative effect on their

quality of life, and furthermore there are major resource implica-

tions.

While it has always been recognised that long-term complications

of SCD can occur, including kidney failure and pulmonary hy-

pertension, the poor life expectancy of people with SCD in the

past has resulted in a relatively small proportion of people suf-

fering from these conditions. However, life expectancy for people

with SCD has improved dramatically. In the 1970s people born

with SCD had a median survival of 14.3 years, in the 1990s this

increased to between 42 and 48 years; it is now predicted that

50% of people with SCD born after 2000 will reach their fifth

decade of life (Sandhu 2015; Boyle 2016). Now more people are

surviving long enough to develop long-term complications with

an expected rise in cases of kidney failure requiring dialysis or kid-

ney transplant (renal replacement therapy).

Once CKD develops, it is associated with a poor outcome, and

the identification of therapies which can prevent or slow down the

decline in kidney function in people with SCD will be critical in

reducing the number requiring renal replacement therapy.

O B J E C T I V E S

To assess the effectiveness of any intervention in preventing or

reducing kidney complications or CKD in people with SCD in-

cluding red blood cell transfusions, hydroxyurea and ACEI (either

alone or in combination with each other).

M E T H O D S

Criteria for considering studies for this review

Types of studies

RCTs; we excluded cross-over trials as these are not appropriate

for long-term outcomes.

Types of participants

People with all types of SCD of all ages and either gender.

Types of interventions

We included RCTs comparing all interventions, including red

blood cell transfusions, hydroxyurea and ACEI (alone or in com-

bination with each other) compared to each other, placebo or stan-

dard care.
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Types of outcome measures

Primary outcomes

1. Reduction or prevention of kidney disease progression

i) incidence of end stage renal disease (ESRD measured

as start of renal replacement therapy or death from kidney failure)

ii) slower progression or improvement in GFR (including

a reduction in hyperfiltration as evidenced by reduction of GFR

into the normal range, measured by gold standard clearance

methods, creatinine or creatinine based estimated GFR using

MDRD equation, Cockcroft-Gault, CKD-EPI, or modified

versions of these calculations)

iii) slower progression or reduction in proteinuria

(measured by random spot albumin-to-creatinine ratio, protein-

to-creatinine ratio or 24-hour urinary collection)

iv) new evidence of kidney disease (based on histological

examination of kidney tissue)

v) improvement in ability to concentrate urine (urine

osmolality > 500 mOsm/kg H O after water deprivation)

2. Serious adverse events (SAEs)

i) transfusion complications (severe haemolytic

reactions, transfusion-related acute lung injury (TRALI),

transfusion-associated circulatory overload (TACO))

ii) drug treatments (e.g. neutropenic sepsis, hospital

admission secondary to drug complications)

iii) SCD complications (e.g. acute chest syndrome, stroke,

painful crisis) up to 30 days post-transfusion or post-drug

treatment

3. Mortality due to any cause

If the data were available, we would have categorised kidney disease

progression and mortality due to any cause according to short-,

medium-, and long-term outcomes. We would have reported the

exact definition of these time frames over time periods that are

common to as many trials as possible (for example, 0 to 5 years, 6

to 10 years, over 10 years).

Secondary outcomes

1. Other complications

i) transfusion-related (alloimmunisation, infection from

blood products, minor transfusion reactions, procedure-related)

ii) drug-related adverse events (AEs) (neutropenia,

thrombocytopenia, hypotension, hyperkalaemia, infection,

allergic reaction, skin ulcers up to 60 days following ingestion)

2. Quality of life (measured on a validated scale)

3. Number of units or volume (mL) of red blood cells infused

(regardless of intervention)

Search methods for identification of studies

We searched for all relevant published and unpublished trials with-

out restrictions on language, year or publication status

Electronic searches

We identified trials from the Cochrane Cystic Fibrosis and Genetic

Disorders Group’s Haemoglobinopathies Trials Register using the

terms: (sickle cell OR (haemoglobinopathies AND general)) AND

nephrology.

The Haemoglobinopathies Trials Register is compiled from elec-

tronic searches of the Cochrane Central Register of Controlled Tri-

als (CENTRAL) (updated each new issue of the Cochrane Library)

and weekly searches of MEDLINE. Unpublished work is iden-

tified by searching the abstract books of five major conferences:

the European Haematology Association conference; the American

Society of Hematology conference; the British Society for Haema-

tology Annual Scientific Meeting; the Caribbean Public Health

Agency Annual Scientific Meeting (formerly the Caribbean Health

Research Council Meeting); and the National Sickle Cell Disease

Program Annual Meeting. For full details of all searching activities

for the register, please see the relevant section of the Cochrane

Cystic Fibrosis and Genetic Disorders Group’s website.

Date of the most recent search of the Cochrane Cystic Fibrosis and

Genetic Disorders Group’s Haemoglobinopathies Trials Register:

13 April 2017.

In addition to this we searched the following databases for RCTs

on 05 April 2016 (see Appendix 2).

• the Cochrane Library: CENTRAL 2016, Issue 4; DARE &

NHSEED 2015, Issue 2; HTA 2016, Issue 1 (

www.cochranelibrary.com/)

• MEDLINE (OvidSP, Epub Ahead of Print, In-Process &

Other Non-Indexed Citations, Ovid MEDLINE Daily and

Ovid MEDLINE, 1946 to 05 April 2016)

• Embase (OvidSP, 1974 to 05 April 2016)

• CINAHL (EBSCOHost, 193 to 05 April 2016)

• PubMed (Epub Ahead of Print, In-Process & Other Non-

Indexed Citations, for recent records not yet added to

MEDLINE, 1966 to 05 April 2016) (www.ncbi.nlm.nih.gov/

sites/entrez)

• Transfusion Evidence Library (1950 to 05 April 2016) (

www.transfusionevidencelibrary.com)

• LILACS (1982 to 05 April 2016) (lilacs.bvsalud.org/en/)

• IndMed (1986 to 05 April 2016) (indmed.nic.in/

indmed.html)

• KoreaMed (1997 to 05 April 2016) (koreamed.org/)

• PakMediNet (2001 to 05 April 2016) (

www.pakmedinet.com/)

• Web of Science (Conference Proceedings Citation Index-

Science (CPCI-S), 1990 to 05 April 2016t)

We searched the following trial databases for ongoing trials to 05

April 2016.

• ClinicalTrials.gov (clinicaltrials.gov/)
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• WHO International Clinical Trials Registry Platform

(ICTRP) (apps.who.int/trialsearch/)

We combined searches in MEDLINE and Embase with the rec-

ommended Cochrane RCT search filters (Lefebvre 2011) and in

CINAHL with an RCT filter based on the Scottish Intercolle-

giate Guidelines Network (SIGN) RCT filter (www.sign.ac.uk/

methodology/filters.html). Search strategies are presented in an

appendix (Appendix 2).

Searching other resources

We handsearched the reference lists of the included trials in order

to identify further relevant trials. We contacted lead authors of the

included trials to identify any unpublished material, missing data

or information regarding ongoing trials.

Data collection and analysis

Selection of studies

We selected trials according to chapter 7 of the Cochrane Hand-
book for Systematic Reviews of Interventions (Higgins 2011a). Two

review authors (NR, PF) independently screened all electronically-

derived citations and abstracts of papers identified by the search

strategy for relevance. We excluded trials that were clearly irrele-

vant at this stage based on the abstract. Two review authors (NR,

PF) independently and formally assessed the full texts of all po-

tentially relevant trials for eligibility against the criteria outlined

above. The two review authors discussed the results of trial selec-

tion and resolved any discrepancies between themselves. In the

event that this was not possible, we referred the decision of el-

igibility to a third review author (LE). We reported the results

of trial selection using a PRISMA flow diagram (Moher 2009).

We would have sought further information from trial authors if

the trial or abstract contained insufficient data to make a decision

about eligibility. We used Covidence to help in the assessment of

relevance, which included ascertaining whether the participants

have SCD, and whether there are red blood cell transfusion, ACEI,

or hydroxyurea treatment arms in the trial (Covidence 2015). We

recorded the reasons why potentially-relevant trials failed to meet

the eligibility criteria.

Data extraction and management

Two review authors (NR, PF) conducted the data extraction ac-

cording to Cochrane guidelines (Higgins 2011a). The review au-

thors came to a consensus; if an agreement could not be reached,

they would have consulted a third review author (LE). Data extrac-

tion forms were piloted in Covidence and two authors (NR, PF)

extracted data independently for all the trials (Covidence 2015).

Two authors (NR and PF) independently extracted outcome data

using templates modified to reflect the outcomes in this review.

The review authors were not blinded to the names of authors,

institutions, journals or the trial outcomes. In addition they used

Covidence and the available tables in the Review Manager software

to extract data on trial characteristics (Covidence 2015; RevMan

2014).

We extracted the following information for each trial.

General information

Review author’s name, date of data extraction, trial ID, first author

of trial, author’s contact address (if available), citation of paper,

objectives of the trial.

Trial details

Trial design, location, setting, sample size, power calculation, treat-

ment allocation, inclusion and exclusion criteria, reasons for exclu-

sion, comparability of groups, length of follow-up, stratification,

stopping rules described, statistical analysis, results, conclusion,

and funding.

Characteristics of participants

Age, gender, total number recruited, total number randomised,

total number analysed, types of underlying disease, lost-to-follow-

up numbers, dropouts (percentage in each arm) with reasons, pro-

tocol violations, previous treatments, current treatment, prognos-

tic factors, HbS levels, kidney complications.

Interventions

Experimental and control interventions, method of red blood cell

transfusion (simple (top-up), partial or full exchange transfusion),

type of red blood cell transfusion (intermittent or chronic), or dose

and duration of hydroxyurea or ACEI treatment.

Outcomes measured

Reduction or prevention of kidney disease progression (including

incidence of ESRD, slower progression or improvement in GFR,

slower progression or reduction in proteinuria, evidence of kidney

disease), mortality due to any cause, SAEs (related to transfusion

complications, drug treatments), SCD complications, other trans-

fusion-related complications, other AEs, quality of life, number of

units or volume (mL) of red blood cells infused.

We used both full-text versions and abstracts to extract data. For

publications reporting on multiple trials, we originally planned

to use one data extraction form for each trial. For each trial with

14Interventions for chronic kidney disease in people with sickle cell disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

http://apps.who.int/trialsearch/
http://apps.who.int/trialsearch/
http://www.sign.ac.uk/methodology/filters.html
http://www.sign.ac.uk/methodology/filters.html
http://www.sign.ac.uk/methodology/filters.html


multiple publications, we extracted data using one form. We con-

tacted authors and trial groups for additional details if the available

publications did not provide sufficient information.

One review author entered information into the Review Manager

software and a second review author checked this for accuracy

(RevMan 2014).

Assessment of risk of bias in included studies

We performed an assessment of all RCTs using the Cochrane ’Risk

of bias’ tool according to chapter 8 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011b). Two re-

view authors (NR, PF) worked independently to assess each ele-

ment of potential bias listed below as high, low, or unclear risk

of bias. We reported a brief description of the judgement state-

ments upon which the authors have assessed potential bias in the

’Characteristics of included studies’ table. We ensured that a con-

sensus on the degree of risk of bias was met through a comparison

of the review authors’ statements and where necessary, through

consultation with a third review author (LE). We used Cochrane’s

tool for assessing risk of bias, that included the following domains:

• selection bias (random sequence generation and allocation

concealment);

• performance bias (blinding of participants and personnel);

• detection bias (blinding of outcome assessment);

• attrition bias (incomplete outcome data);

• reporting bias (selective reporting);

• other bias.

Measures of treatment effect

If data allowed, we undertook quantitative assessments using Re-

view Manager (RevMan 2014).

For continuous outcomes we recorded the mean, SD and total

number of participants in both the treatment and control groups.

For continuous outcomes using the same scale, we performed anal-

yses using the mean difference (MD) with 95% confidence inter-

vals (CIs). If continuous outcomes were reported using different

scales we used standardised mean difference (SMD).

For dichotomous outcomes we recorded the number of events and

the total number of participants in both the treatment and control

groups. For dichotomous outcomes we reported the pooled risk

ratio (RR) with a 95% CI. Where the number of observed events

is small (less than 5% of sample per group), and where trials have

balanced treatment groups, we reported the Peto odds ratio (OR)

with 95% CI (Deeks 2011).

For mortality data, when available, we extracted and reported haz-

ard ratios (HR). If HR were not available, we would have made

every effort to estimate as accurately as possible the HR using the

available data and a purpose built method based on the Parmar

and Tierney approach (Parmar 1998; Tierney 2007). We reported

HR for other outcomes it they were reported in the studies.

We reported secondary outcomes as groups of transfusion-related

and drug-related AEs. If this was not possible due to duplicate

counting of the same participant who may have experienced more

than one AE of the same category (e.g. more than one transfusion-

related AE). In this case, we reported subgroup categories of AEs

separately and reported the 99% CI of the pooled RR to allow for

multiple statistical testing.

Where appropriate, we reported the number-needed-to-treat-

to-benefit (NNTB) and the number-needed-to-treat-to-harm

(NNTH) with CIs. If we could not report the available data in any

of the formats described above, we performed a narrative report,

and if appropriate we presented the data in tables.

Unit of analysis issues

We did not expect to encounter unit of analysis issues as cluster

randomised trials, and multiple observations for the same outcome

are unlikely to be included in this review. We did not encounter

any unit of analysis issues and should any trials of these designs

have arisen, we would have treated these in accordance with the

advice given in chapter 16 of the Cochrane Handbook for System-
atic Reviews of Interventions (Higgins 2011c). If participants were

randomised more than once we would have contacted the authors

of the trial to provide us with data on outcomes associated with

the initial randomisation.

Dealing with missing data

We dealt with missing data according to the recommendations

in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011c). We contacted the lead author of the Foucan trial

for additional data on creatinine clearance and also to confirm the

actual number of participants that are included in the proteinuria

analysis, at the time of review publication we had not received a

response (Foucan 1998). We recorded the number of participants

lost to follow-up for each trial if possible. Where possible, we anal-

ysed data on an intention-to-treat (ITT) basis, but if insufficient

data were available, we presented per protocol analyses (Higgins

2011b).

Assessment of heterogeneity

If the clinical and methodological characteristics of individual tri-

als were sufficiently homogeneous, we would have combined the

data to perform a meta-analysis. We would have assessed statisti-

cal heterogeneity of treatment effects between trials using a Chi²

test with a significance level at P < 0.1. We would have used the

I² statistic to quantify the degree of potential heterogeneity and

classify it as moderate if I² > 50%, or considerable if I² > 80%.

We perceived that we would identify at least moderate clinical

and methodological heterogeneity within the trials selected for in-

clusion, and hence we planned to use the random-effects model

throughout. If statistical heterogeneity was considerable, we would
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not have reported the overall summary statistic. We would have

assessed potential causes of heterogeneity by sensitivity and sub-

group analyses (Deeks 2011).

Assessment of reporting biases

We did not identify at least 10 trials for inclusion in a meta-

analysis, so we did not explore potential publication bias (small

trial bias) by generating a funnel plot and using a linear regression

test. We would have considered P < 0.1 as significant for this test

(Sterne 2011).

Data synthesis

We presented the different comparisons separately. We performed

analyses according to the recommendations of chapter 9 of the

Cochrane Handbook for Systematic Reviews of Interventions using

aggregated data for analysis (Deeks 2011). For statistical analy-

sis, we entered data into the Review Manager software (RevMan

2014). One review author (PF) entered the data and a second

(NR) checked for accuracy.

If meta-analyses were feasible, we would have used the random-

effects model for pooling the data. For dichotomous outcomes we

would have used the Mantel-Haenszel method or the Peto method

as necessary, and for continuous outcomes the inverse variance

method (and SMDs as necessary). If I² had been > 80%, we would

have presented results as a narrative, and commented on any trends

in the data within the results section of the review.

Subgroup analysis and investigation of heterogeneity

There was insufficient data to perform subgroup analyses, how-

ever, If adequate data were available, we would have performed

subgroup analyses according to Cochrane recommendations for

each of the following outcomes in order to assess the effect on

heterogeneity (Deeks 2011).

1. Age of participant (neonate, child (1 to 15 years), adult (16

years and older)

2. Genotype (homozygous SCD (SS), sickle beta thalassaemia

(Sβº and Sβ ) and sickle haemoglobin C disease (SC))

3. Severe SCD complications (strokes, acute chest syndrome,

painful crisis, priapism)

4. People with proteinuria (ACR > 3 mg/mmol or PCR > 5

mg/mmol versus others)

5. Presence of CKD according to recognised classifications of

kidney disease

6. People with hyperfiltration (defined as GFR > 120 mL/

min/1.73 m²)

Sensitivity analysis

There were insufficient data to perform a sensitivity analysis; how-

ever, If enough data were available we would have assessed the

robustness of our findings by performing the following sensitivity

analyses according to Cochrane recommendations where appro-

priate (Deeks 2011):

• including only those trials with a ’low risk of bias’ (e.g. RCTs

with methods assessed as low risk for random sequence generation

and concealment of treatment allocation);

• including only those trials with less than a 20% dropout rate.

Summary of findings table

We used the GRADE approach to create a ’Summary of findings’

table, as suggested in chapters 11 and 12 of the Cochrane Hand-
book for Systematic Reviews of Interventions (Schünemann 2011a;

Schünemann 2011b). We used the GRADE approach to rate the

quality of the evidence as ’high’, ’moderate’, ’low’, or ’very low’

using the five GRADE considerations.

1. Risk of bias: serious or very serious

2. Inconsistency: serious or very serious

3. Indirectness: serious or very serious

4. Imprecision: serious or very serious

5. Publication bias: likely or very likely

We reported separate ’Summary of findings’ tables for each com-

parison for the following outcomes.

1. Reduction or prevention of kidney disease progression

2. SAEs related to transfusion, drug treatments and SCD

complications

3. Mortality (all-cause)

4. Quality of life

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of

excluded studies.

Results of the search

See PRISMA flow diagram (Figure 3).
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Figure 3. Study flow diagram.
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In the searches for this review, we identified a total of 770 citations,

which were reduced to 572 citations once duplicates were removed.

Two review authors (NR, PF) excluded 567 citations on the basis

of the abstract, and two authors (NR, PF) reviewed six full text

articles for relevance. We included two trials (47 publications)

and excluded three trials that were not relevant. We identified one

ongoing trial, no trials are awaiting classification.

Included studies

We identified two trials with a total of 215 participants that met the

predefined inclusion criteria (BABY HUG 2011; Foucan 1998).

Trial design and setting

Both trials were RCTs. One trial was conducted in 13 centres in the

USA for a two-year period between October 2003 and September

2009 (BABY HUG 2011). The second trial was conducted in

1996 for six months in an outpatient department in a university

hospital centre on the Carribean island of Guadaloupe (Foucan

1998).

Trial size

One trial enrolled 196 participants who were followed for two

years (BABY HUG 2011); and the other enrolled 22 participants

who were followed for six months (Foucan 1998).

Participants

The Baby Hug trial enrolled children aged 9 to18 months with

HbSS or HbSβº irrespective of disease severity (BABY HUG

2011). Children were excluded if they had a transfusion within

two months or were on chronic transfusion therapy; had an abnor-

mal transcranial doppler ultrasound (TCD) velocity; severe devel-

opmental delay (e.g. cerebral palsy or other mental retardation,

stroke with neurological deficit); surgical splenectomy; previous

or current treatment with hydroxyurea or another anti-sickling

drug (see Characteristics of included studies for a complete list of

exclusion criteria).

In the Foucan trial, participants were 18 years of age or older, had

HbSS disease, normal blood pressure and persistent microalbu-

minuria (Foucan 1998). Participants were excluded if they had

hypertension, heart, kidney, liver, or systemic disease; pregnant;

or taking anti-inflammatory or antihypertensive medications.

Interventions

The Baby Hug trial compared hydroxyurea at 20 mg/kg per day

to matching placebo (BABY HUG 2011). The Foucan trial com-

pared the ACEI captopril at an initial dose of 6.25 mg per day

during the first month, 12.5 mg per day during the second and

the third months, and 25 mg per day after the third month to

matching placebo (Foucan 1998).

Outcomes

In the Baby Hug trial the co-primary outcome was the effect of hy-

droxyurea on splenic and liver function (as measured by GFR); and

secondary outcomes included: growth and development; neuro-

development assessment; complications of sickle-cell anaemia, and

any other SAEs (BABY HUG 2011).

The Foucan trial measured the effects of captopril on the progres-

sion of albuminuria and blood pressure (Foucan 1998).

Source

Both trials received government funding.

Excluded studies

We excluded three trials: two were not randomised (

NCT02373241; Steinberg 2003); and one recruited participants

who did not have CKD and addressed outcomes that are not rele-

vant to this review (effect on vaso-occlusive crises, blood transfu-

sions and hospitalizations) (Jain 2012).

Ongoing studies

We identified one ongoing trial on atorvastatin, due to be com-

pleted December 2017 (NCT01732718).

Risk of bias in included studies

Please refer to the figures for visual representations of the assess-

ments of risk of bias across all trials and for each item in the in-

cluded trials (Figure 4; Figure 5). See the risk of bias section in the

’Characteristics of included studies’ section for further informa-

tion about the bias identified within the individual trials.
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Figure 4. Risk of bias graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.
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Figure 5. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.

Allocation

Random sequence generation (selection bias)

We considered one trial to be at low risk for selection bias as the

telephone randomisation schedule was developed by the medical

co-ordinating centre (BABY HUG 2011).

We considered one trial to be at unclear risk for selection bias as

there was no description of the method of randomisation (Foucan

1998).

Allocation concealment (selection bias)

We considered the Baby Hug trial to be at a low risk of bias for

allocation concealment as allocation was done centrally by the

drug distribution centre and hydroxyurea and placebo had the

same packaging, appearance and taste (BABY HUG 2011).

The Foucan trial was considered to be at an unclear risk of bias

as no description of allocation concealment was provided (Foucan

1998).

Blinding
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Blinding of participants and personnel (performance bias)

We considered one trial to have a low risk of performance bias

as participants, caregivers and medical co-ordinating staff were

masked to treatment (BABY HUG 2011).

We considered one trial to have an unclear risk of performance

bias as there is no description of blinding of personnel (Foucan

1998). Also it is not clear if dosing schedules were similar in both

groups.

Blinding of outcome assessment (detection bias)

We considered both trials to be at an unclear risk of detection

bias. In one trial it is not clear if all assessors were blinded (BABY

HUG 2011) and in the second trial no description of blinding of

outcome assessment was provided (Foucan 1998).

Incomplete outcome data

We judged both trials to be at unclear risk for attrition bias. In the

Baby Hug trial the co-primary endpoints were reported only in

participants with entry and exit values resulting in a GFR analysis

with missing values for approximately 25% of participants (BABY

HUG 2011).

In the Foucan trial, two participants, one in each group, withdrew

within the first month; also one participant in the placebo group

did not comply with treatment and another participant in the

placebo group developed proteinuria during the third month (

Foucan 1998). It is not clear if these participants were included in

the six-month analysis.

Selective reporting

We judged one trial to be at low risk of reporting bias as all out-

comes were reported (BABY HUG 2011).

We found the Foucan trial to be at high risk of bias for selective

reporting as creatinine clearance is an important marker of kidney

disease progression, but no data on values at the end of six months

were provided (Foucan 1998).

Other potential sources of bias

We considered the Foucan trial to be at high risk of other sources

of bias as the sample size is small and not powered to detect a

difference between groups, furthermore the follow-up period was

too short to assess long-term benefits or harms (Foucan 1998).

No other sources of bias were detected for the Baby Hug trial

(BABY HUG 2011).

Effects of interventions

See: Summary of findings for the main comparison

Hydroxyurea compared to placebo for preventing or reducing

kidney complications in people with sickle cell disease; Summary

of findings 2 ACEI compared to placebo in preventing or reducing

kidney complications in people with sickle cell disease

Hydroxyurea versus placebo

This comparison includes one trial with 193 young children aged

8 to 19 months (BABY HUG 2011).

See also Table 1 for unadjusted HRs for SAEs and AEs reported

in the Baby Hug trial (BABY HUG 2011).

Primary outcomes

1. Reduction or prevention of kidney disease progression

We are very uncertain whether hydroxyurea reduces or prevents

kidney disease progression (assessed by change in GFR ), or reduces

hyperfiltration, in children aged 9 to 18 months, MD 0.58 (95%

CI -14.60 to 15.76 (mL/ min per 1.73 m²)) (one study; 142

participants; very low-quality evidence) (Analysis 1.1; Summary of

findings for the main comparison). We downgraded the quality of

evidence due to unclear risk of attrition bias (25% of participants

were excluded from the analysis); imprecision (the estimate has

wide confidence intervals including possible clinically significant

harm or benefit); and indirectness (results apply only to small

children aged 8 to 19 months).

Hydroxyurea may improve the ability to concentrate urine in chil-

dren aged 9 to 18 months, MD 42.23 (95% CI 12.14 to 72.32

mOsm/kg) (one study; 178 participants; low-quality evidence)

(Analysis 1.2; Summary of findings for the main comparison).

We downgraded the quality of evidence due to imprecision (one

study with 178 participants); and indirectness (results only apply

to small children aged 8 to 19 months).

2. SAEs

We could not report the overall effect of hydroxyurea on SCD-

related SAEs. We therefore reported subgroup categories of SAEs

separately and reported the 99% CI of the pooled RR to allow for

multiple statistical testing.

Acute chest syndrome

Hydroxyurea may have little or no effect on the incidence of acute

chest syndrome in children aged 9 to 18 months, RR 0.39 (99% CI

0.13 to 1.16) (one study, 193 participants, low-quality evidence)

(Analysis 1.3; Summary of findings for the main comparison).

We downgraded the quality of evidence due to imprecision (the

estimate has wide CIs including a possible clinically significant

benefit); and indirectness (results only apply to small children aged

8 to 19 months).
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Painful crisis

Hydroxyurea may have little or no effect on the incidence of

painful crises in children aged 9 to 18 months, RR 0.68 (99% CI

0.45 to 1.02) (one study, 193 participants, low-quality evidence)

(Analysis 1.4; Summary of findings for the main comparison). We

downgraded the quality of evidence due to imprecision (the esti-

mate has wide CIs including a possible clinically significant ben-

efit); and indirectness (results only apply to small children aged 8

to 19 months).

Hospitalisations

Hydroxyurea may have little or no effect on hospitalisations in

children aged 9 to18 months, RR 0.83 (99% CI 0.68 to 1.01)

(one study, 193 participants, low-quality evidence) (Analysis 1.5;

Summary of findings for the main comparison). We downgraded

the quality of evidence due to imprecision (the estimate has wide

CIs including a possible clinically significant benefit); and indi-

rectness (results only apply to small children aged 8 to 19 months).

Stroke

Hydroxyurea may have little or no difference on the incidence

of stroke in children aged 9 to 18 months, Peto OR 0.14 (99%

CI 0.00 to 23.62) (one study, 193 participants, very low-quality

evidence) (Analysis 1.6). We downgraded the quality of evidence

due to imprecision (the estimate has wide CIs including a possible

clinically significant benefit, and it is a rare event); and indirectness

(results only apply to small children aged 8 to 19 months).

3. Mortality due to any cause

No deaths were reported in either group (Summary of findings for

the main comparison).

Secondary outcomes

1. Other complications

Neutropenia

Hydroxyurea may increase the risk of neutropenia in children aged

9 to 18 months, RR 2.53 (99% CI 1.43 to 4.47) (one study, 193

participants, low-quality evidence) (Analysis 1.7). We downgraded

the quality of evidence due to imprecision (the estimate has wide

CIs including a possible clinically significant harm); and indirect-

ness (results only apply to small children aged 8 to 19 months).

Thrombocytopenia

Hydroxyurea may make little or no difference in the risk of throm-

bocytopenia in children aged 9 to 18 months, RR 1.59 (99% CI

0.48 to 5.21) (one study, 193 participants, low-quality evidence)

(Analysis 1.8). We downgraded the quality of evidence due to im-

precision (the estimate has wide CIs including a possible clinically

significant benefit or harm); and indirectness (results only apply

to small children aged 8 to 19 months).

2. Quality of life (measured on a validated scale)

This outcome was not reported.

3. Number of units or volume (mL) of red blood cells infused

(regardless of intervention)

Number of participants transfused

Hydroxyurea may reduce the number of children aged 9 to 18

months requiring a transfusion, RR 0.61 (95% CI 0.38 to 0.99)

(one study, 193 participants, low-quality evidence) (Analysis 1.9).

We downgraded the quality of evidence due to imprecision (the

estimate has wide CIs including a possible clinically significant

benefit); and indirectness (results only apply to small children aged

8 to 19 months).

ACEI versus placebo

This comparison includes one trial with 22 adults (18 years and

older) with normal blood pressure and microalbuminuria (Foucan

1998).

Primary outcomes

Reduction or prevention of kidney disease progression

We are very uncertain if ACEI reduce proteinuria in adults with

normal blood pressure and microalbuminuria, MD -49.00 (95%

CI -124.10 to 26.10 (mg per day)) (one study, 22 participants,

very low-quality evidence) (Analysis 2.1; Summary of findings

2). We downgraded the quality of evidence as there was high or

unclear risk of bias in all domains; imprecision (the estimate has

very wide CIs including clinically significant harm or benefit);

and indirectness (small population of adults with normal blood

pressure and albuminuria).

We are very uncertain if ACEI reduce or prevent kidney disease as

measured by creatinine clearance. The authors state that creatinine

clearance remained constant over six months in both groups, but

no comparative data were provided (very low-quality evidence).

We downgraded the quality of evidence for high or unclear risk
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of bias in all domains and indirectness (small population of adults

with normal blood pressure and albuminuria). We contacted the

authors for data on creatinine clearance but at review publication

we had not yet received a response.

SAEs

SAEs outcomes were not reported in this trial.

Mortality due to any cause

Mortality was not reported.

Secondary outcomes

Other complications

One incidence of dry cough was reported in the ACEI group, RR

2.54 (99% CI 0.04 to 148.91) (one study, 22 participants, very

low-quality evidence) (Analysis 2.2). We downgraded the quality

of evidence due to high or unclear risk of bias in all domains;

imprecision (the estimate has very wide CIs and includes possible

clinically significant harm); and indirectness (small population of

adults with normal blood pressure and albuminuria).

Quality of life (measured on a validated scale)

Quality of life was not reported in the trial.

Number of units or volume (mL) of red blood cells infused

(regardless of intervention)

Red blood cell transfusions were not reported in the trial.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

ACEI compared to placebo in preventing or reducing kidney complications in people with sickle cell disease

Patient or population: people with sickle cell disease

Setting: hospital outpat ient

Intervention: ACEI

Comparison: placebo

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with placebo Risk with ACEI

Slower progression or

reduct ion in proteinuria

(mg/ day 6 months fol-

low-up)

The mean slower pro-

gression or reduct ion in

proteinuria (mg/ day 6

months follow-up) was

76 (45)

MD 49.00 lower

(124.10 lower to 26.10

higher)

- 22

(1 RCT)

⊕©©©

VERY LOW 1,2,3

Improvement in abil-

ity to concentrate urine

mOsm/ kg

Not reported - - -

SAEs assessed with

acute chest syndrome

Not reported - - -

SAEs assessed with

painful crisis

Not reported - - -

SAEs assessed with

hospitalisat ions

Not reported - - -

Mortality due to any

cause

Not reported - - -

Quality of lif e Not reported - - -
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ACEI: angiotensin convert ing enzyme inhibitor; CI: conf idence interval; M D: mean dif ference; SAEs: serious adverse events

GRADE Working Group grades of evidence

High quality: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

M oderate quality: we are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: we have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by two due to unclear or high risk of bias in all domains.
2 We downgraded the quality of evidence by one due to indirectness because a small sample populat ion of adults with normal

blood pressure and microalbuminuria.
3 We downgraded the quality of evidence by one due to imprecision as very wide CIs including clinically signif icant harm or

benef it .
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D I S C U S S I O N

Summary of main results

Hydroxyurea versus placebo

One trial with 193 children aged 9 months to 18 months was

included in this comparison (Summary of findings for the main

comparison):

• we are very uncertain whether hydroxyurea improves

glomerular filtration rate (GFR) or reduces hyperfiltration in

young children aged 9 to 18 months;

• hydroxyurea may improve the ability to concentrate urine

mOsm/kg in young children aged 9 to 18 months;

• hydroxyurea may have little or no difference on the

incidence of acute chest syndrome, painful crises and

hospitalisations in young children aged 9 to 18 months.

Angiotensin converting enzyme inhibitor (ACEI)

versus placebo

One trial with 22 adults with normal blood pressure and microal-

buminuria was included in this comparison (Summary of findings

2):

• we are very uncertain if ACEI reduce proteinuria or reduce

or prevent kidney disease as measured by creatinine clearance in

adults with normal blood pressure and albuminuria.

Overall completeness and applicability of
evidence

This review provides the most up-to-date assessment of the ef-

fectiveness and safety of interventions in preventing or reducing

kidney complications in people with sickle cell disease (SCD).

The results of this review can only be interpreted in consideration

of the following factors:

• the findings in this review can only be generalised to

hydroxyurea treatment in young children aged 9 to 18 months;

• the findings of this review cannot be generalised to adults

taking ACEI as the trial had too few participants and too short a

follow-up time;

• due to lack of evidence, this review cannot comment on

management for children aged over 18 months and any known

genotype of SCD, other than HbSS; and adults with any known

genotype of SCD.

Quality of the evidence

Overall the quality of the evidence was rated low to very low across

different outcomes according to GRADE methodology (Summary

of findings for the main comparison; Summary of findings 2).

Potential biases in the review process

To our knowledge, our review process is free from bias. We con-

ducted a comprehensive search and searched data sources (includ-

ing multiple databases, and clinical trial registries) to ensure that

all relevant trials would be captured. There were no restrictions

for the language in which the paper was originally published. The

relevance of each paper was carefully assessed and all screening

and data extractions were performed independently and in dupli-

cate. We pre-specified all outcomes and subgroups prior to analy-

sis. There were insufficient numbers of included trials to conduct

meta-analyses or assess publication bias.

Agreements and disagreements with other
studies or reviews

The Cochrane Review on ACE inhibitors for proteinuria and mi-

croalbuminuria in people with SCD (Sasongko 2015) identified a

single study meeting their inclusion criteria (Foucan 1998). This

study is one of the two which we included in this review (the ra-

tionale for the overlap between the objectives of the 2015 review

and this review was to identify any studies in which ACEI and

blood transfusions were compared as treatment modalities in pre-

venting progression of kidney disease). We have rated the quality

of evidence as very low according to GRADE methodology. Both

reviews have similar conclusions where Sasongko concludes that

“there is not enough evidence to show that the administration of

ACE inhibitors is associated with a reduction of microalbumin-

uria and proteinuria in people with sickle cell disease, although a

potential for this was seen” (Sasongko 2015). We conclude that

we are very uncertain whether giving ACEI to adults with SCD

and with normal blood pressure and microalbuminuria has any

effect on preventing or reducing kidney complications.

There were no studies identified in which red blood cell trans-

fusions were used to prevent the development of chronic kidney

disease.

A small (N = 23), uncontrolled study in older children (mean

(standard deviation) age of 7.4 (3.5) years (Aygun 2013) showed

a reduction in hyperfiltration after three years of treatment with

hydroxyurea, although GFR still remained elevated. The authors

suggested that escalating children to the maximum tolerated dose

could have been a factor (amongst other variables) in GFR im-

provement, whereas in the Baby Hug trial, a 20 mg dose of hy-

droxyurea was administered with no dose escalation (BABY HUG

2011). However, the results reported by Aygun can only be con-

firmed by an adequately powered randomised dose-escalation trial

(Aygun 2013).

A U T H O R S ’ C O N C L U S I O N S
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Implications for practice

Based on current evidence, in young children aged 9 to 18 months,

we are very uncertain if hydroxyurea improves GFR or reduces

hyperfiltration, it may improve young children’s ability to concen-

trate urine but may make little or no difference on the incidence

of acute chest syndrome, painful crises and hospitalisations.

Based on current evidence, we are very uncertain if giving ACEI

to adults with normal blood pressure and microalbuminuria has

any effect on preventing or reducing kidney complications.

This review identified no trials that looked at red blood cell trans-

fusions or any other interventions to prevent or reduce kidney

complications.

Due to lack of evidence this review cannot comment on manage-

ment of children aged over 18 months or adults with SCD disease.

Implications for research

We estimated that an adjusted sample size of 2986 participants

would be needed to show a 90% chance of detecting, as significant

at the 5% level, a decrease in the incidence of proteinuria from

20% in the control group (McKie 2007; Sharpe 2014) to 15%

in the experimental group with 5% non-compliance or cross-over

rate. As well, an adjusted sample size of 2356 participants is re-

quired to have a 90% chance of detecting, as significant at the 5%

level, a decrease in the incidence of end-stage renal disease from

12% in the control group (Powars 2005) to 8% in the experimen-

tal group with a 10% non-compliance or cross-over rate (estimates

calculated using Sealed Envelope). This would mean if this treat-

ment is effective we could detect its ability to prevent four people

developing end-stage renal disease for every 100 people treated (a

reduction of 33%).

People with SCD are living longer and now have an increased

risk of developing chronic kidney disease during their lifetime.

Both this Cochrane Review and the Cochrane Review on ACE

inhibitors for proteinuria and microalbuminuria in people with

SCD (Sasongko 2015) have identified a striking lack of adequately

designed and powered studies, and no ongoing trials which address

this critical question. Trials of hydroxyurea, ACEI or red blood

cell transfusion in older children and adults are urgently needed to

determine any effect on prevention or reduction kidney complica-

tions in people with SCD. Also longer-term trials with adequate

power comparing hydroxyurea, ACEI or red cell transfusions to

placebo or other interventions are urgently required.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

BABY HUG 2011

Methods Study design: RCT

Study grouping: parallel group

Participants Baseline characteristics

Hydroxyurea

• N: 96

• Gender N (%): M: 44 (46%)

• Age mean (SD): 13.6 (2.7) months

• SCD genotype HbSS N (%): 94 (98%)

• SCD genotype: Hb Sβ

thalassaemia N (%): 2 (2%)

• Haemoglobin concentration (g/L) mean (SD): 90 (13)

• Percentage of haemoglobin as fetal haemoglobin mean (SD): 25.9% (8.5%)

• GFR (mL per min per 1.73 m²) mean (SD): 126 (39)

• Splenic sequestration N (%): 5 (5%)

• Hospitalisations N (%): 65 (68%)

• Pain events N (%): 25 (27%)

• Acute chest syndrome N (%): 3 (3%)

• Transfusions N (%): 10 (11%)

• Serum creatinine (mmol/L): 0.25 (0.09)

• Urine osmolality (mOsm/kg : 403.22 (151.63)

Placebo

• N: 97

• Gender N (%): M: 40 (41%)

• Age mean (SD): 13.5 (2.8) months

• SCD genotype HbSS N (%): 93 (96%)

• SCD genotype: Hb Sβ

thalassaemia N (%):4 (4%)

• Haemoglobin concentration (g/L) mean (SD): 92 (13)

• % of haemoglobin as fetal haemoglobin mean (SD): 26.0% (8.5)

• GFR (mL per min per 1.73 m²) mean (SD): 124 (30)

• Splenic sequestration N (%): 10 (11%)

• Hospitalisations N (%): 70 (73%)

• Pain events N (%): 26 (27%)

• Acute chest syndrome N (%): 5 (5%)

• Transfusions N (%): 17 (18%)

• Serum creatinine (mmol/L): 0.23 (0.07)

• Urine osmolality (mOsm/kg) : 408.32 (152.40)

Inclusion criteria: participants aged 9 - 18 months were recruited between October

2003, and September 2007, at 13 trial centres in the USA; eligible participants had

HbSS or Sβ thalassaemia, and were enrolled irrespective of clinical severity

Exclusion criteria: transfusion within two months; height, weight, or head circumfer-

ence less than the 5th percentile; MDI) less than 70; abnormal TCD velocity; chronic
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BABY HUG 2011 (Continued)

transfusion therapy; cancer; severe developmental delay (e.g. cerebral palsy or other

mental retardation); grade III/IV intraventricular haemorrhage; stroke with neurological

deficit; surgical splenectomy; participating in other clinical intervention trials; proba-

ble or known diagnosis of haemoglobin S-hereditary persistence of fetal haemoglobin;

known HbSβ thalassaemia (haemoglobin A present); any condition or chronic illness,

which in the opinion of the principal investigator, makes participation unadvised or un-

safe; inability or unwillingness to complete baseline (pre-enrolment) studies, including

blood or urine specimen collection, liver-spleen scan, abdominal sonogram, neurologi-

cal examination, neuropsychological testing, or transcranial doppler ultrasound (inter-

pretable study not required, but confirmed velocity greater than 200 cm/second results

in ineligibility); previous or current treatment with hydroxyurea or another anti-sickling

drug (additional exclusion criteria from trial registration NCT00006400).

Interventions Hydroxyurea: 20 mg/kg/day; local pharmacists reconstituted powder with syrup and

water to a concentration of 100 mg/mL, and dispensed a 35-day supply. There was no

dose escalation

Placebo: hydroxyurea and placebo powders had the same appearance and packaging and

the liquid formulations had the same appearance and taste. Hydroxyurea and placebo

were distributed to clinical centres in encoded kits

Outcomes Co-primary outcomes: splenic and liver function (as measured by GFR)

Secondary outcomes: investigations of the brain, lungs, hepatobiliary system, and

growth and development; monitoring of height, weight, and head circumference; neuro-

development assessment (Bayley Developmental and Vineland Adaptive Behavior Scales)

; adverse clinical events included known complications of sickle-cell anaemia, such as

pain, dactylitis, acute chest syndrome, stroke, priapism, sepsis or bacteraemia, splenic

sequestration, hospitalisation, and transfusion; SAEs

Identification Sponsorship source: the US National Heart, Lung, and Blood Institute; and the Na-

tional Institute of Child Health and Human Development

Country: USA

Setting: 13 medical centres

Authors name: Prof W C Wang MD

Institution: St Jude Children’s Research Hospital, Memphis, TN, USA

Email: winfred.wang@stjude.org

Address: Hematology MS 800, Room R5036 St. Jude Children’s Research Hospital 262

Danny Thomas Place Memphis, TN 38105-3678

Notes 179 (93%) participants who completed at least 18 months of the trial and at least one

exit assessment were analysed; 167 (86%) completed the full study. Hydroxyurea: 4 with-

drawals: 3 lost to follow-up; 1 incorrect diagnosis; 91 analysed. Placebo: 9 withdrawals:

4 declined further participation; 2 moved; 2 lost to follow-up; 1 placed on chronic trans-

fusion; 88 analysed

Risk of bias

Bias Authors’ judgement Support for judgement
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BABY HUG 2011 (Continued)

Random sequence generation (selection

bias)

Low risk “The randomisation sequence was pre-de-

cided by a randomisation schedule devel-

oped for each clinical site by the medical co-

ordinating centre. Double-blind randomi-

sation was done with an automated tele-

phone response system and the use of a ran-

dom three digit kit number for each en-

rolled participant.”

Allocation concealment (selection bias) Low risk “The kit number, which was linked to the

assignment sequence, was used by the drug

distribution centre to ship the appropriate

study drug to the clinical site pharmacy.

Hydroxycarbamide and placebo powders

had the same appearance and packaging

and the liquid formulations had the same

appearance and taste. Hydroxyurea and

placebo were distributed to clinical centres

in encoded kits.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk “Hydroxyurea and placebo were dis-

tributed to clinical centres in encoded kits.

Local pharmacists reconstituted powder

with syrup and water to a concentration of

100 mg/mL, and dispensed a 35-day sup-

ply. As in the HUSOFT trial, there was

no dose escalation. Participants, caregivers,

and medical coordinating centre staff were

masked to treatment allocation.”

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk “An unmasked so-called primary endpoint

person monitored laboratory values and

assisted in clinical management. Masked

readings of splenic uptake on m Tc-

sulphur colloid liver-spleen scans were cat-

egorised qualitatively as normal, decreased

(but present), or absent.”

While the Methods state “double blind ran-

domisation”, it is not clear whether this is

at the level of the outcome assessors as well

as at the level of the drug administration.

The statement about an unmasked primary

endpoint assessor monitoring laboratory

values is suggestive of a risk of bias; how-

ever; they may have only monitored for sa-

fety, whereas the splenic readings were done

by someone who was blinded to the study

drug allocation. It is not clear whether the

assessor of the GFR was blinded or not
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BABY HUG 2011 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk States that all participants randomly as-

signed to a treatment group were analysed

for the co-primary endpoints - but also ’To-

tal number of participants assessed for each

endpoint. N differs from the number re-

ported in table one because only entry val-

ues that are paired with exit values from the

same participants are included. Both co-

primary endpoints are per protocol analysis

and only include participants with paired

entry and exit values. There were approxi-

mately 25% of participants with no entry/

exit GFR values. ’All other outcomes re-

ported as intention to treat’

Selective reporting (reporting bias) Low risk All of the outcomes stated in the methods

were reported in the results

Other bias Low risk No other sources of bias were detected from

the Baby Hug trial

Foucan 1998

Methods Study design: RCT

Study grouping: parallel group

Participants Baseline characteristics

ACEI (captopril)

• N: 12

• Gender N (%): M: 5

• Age mean (SD): 30 (8) years

• SCD genotype HbSS N (%): 12 (100)

• SCD genotype: Hb Sβ

thalassaemia n (%): 0

• Haemoglobin concentration (g/L) mean (SD): 80 (10)

• Percentage of haemoglobin as fetal haemoglobin mean (SD): 8 (6)

• GFR (mL per min per 1·73 m²) mean (SD): 113 (24)

• Splenic sequestration N (%): -

• Hospitalisations N (%): -

• Pain events N (%): -

• Acute chest syndrome N (%): -

• Transfusions N (%): -

• Serum creatinine (mg/dL): 67 (17)

• Urine osmolality (mOsm/kg : -

• Systolic blood pressure mean (SD): 121 (11)

• Diastolic blood pressure mean (SD): 63 (7)

• Microalbuminuria (mg/day): 121 (66 )

Placebo
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Foucan 1998 (Continued)

• N: 10

• Gender N (%): M: 2

• Age mean (SD): 28 (6) years

• SCD genotype HbSS N (%): 10 (100)

• SCD genotype: Hb Sβ

thalassaemia N (%): 0

• Haemoglobin concentration (g/L) mean (SD): 80 (10)

• Percentage of haemoglobin as fetal haemoglobin mean (SD): 11 (4)

• GFR (mL per min per 1·73 m²) mean (SD): 129 (21)

• Splenic sequestration N (%): -

• Hospitalisations N (%): -

• Pain events N (%): -

• Acute chest syndrome N (%): -

• Transfusions N (%): -

• Serum creatinine (mg/dL): 58 (10)

• Urine osmolality (mOsm/kg : -

• Systolic blood pressure mean (SD): 118 (8)

• Diastolic blood pressure mean (SD): 61 ( 6)

• Microalbuminuria (mg/day): 107 (86)

Inclusion criteria: homozygous for haemoglobin SS; 18 years of age or older; diagnosis

of sickle cell anaemia based on clinical and biological data including haemoglobin elec-

trophoresis;urinary albumin excretion between 30 and 300 mg per 24 hours on three

separate occasions during the 6-month period preceding the study

Exclusion criteria: non-HbSS genotype; age < 18 years; hypertension (blood pressure

> 140/90 mm Hg); evidence of heart, kidney, liver, or systemic disease; pregnant; taking

anti-inflammatory or antihypertensive medications

Pre-treatment: no statistical differences.

Interventions Intervention characteristics

ACEI (captopril):

• medication intervention: captopril for 6 months. The initial dose was 6.25 mg/

day (¼ of a tablet of 25 mg once-a-day) during the first month, 12.5 mg/day (¼ of a

tablet twice a day) during the second and the third months, and 25 mg/day (½ of a

tablet twice-a-day) after the third month

Placebo:

• medication intervention: indistinguishable placebo for 6 months

Outcomes Outcomes: efficacy of ACE inhibitors in the progression of albuminuria and their effects

on blood pressure in people with sickle cell anemia

Identification Sponsorship source: supported by grants from the Programme Hospitalier de Recherche

Clinique (PHRC), France

Country: France (Guadeloupe)

Setting: outpatients in one hospital

Comments: Centre Hospitalo Universitaire (CHU) of Pointe-a‘-Pitre in Guadeloupe in

1996

Authors name: Lydia Foucan

Institution: University Hospital, Pointe-a-Pitre, Guadeloupe; the Sickle Cell Center of

Guadeloupe
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Foucan 1998 (Continued)

Email: lydia.foucan@chu-guadeloupe.fr

Address: Departement d’Information Medicale et Sante Publique, Centre Hospitalier

Universitaire de Pointe-a-Pitre 97159, Guadeloupe, French West Indies

Notes Blood pressure was measured by the automated oscillometric method (Dynamap) after

5 minutes of rest in a half-sitting position. Systolic pressure, diastolic pressure, and mean

arterial pressure (mBP) were measured as the average of three measurements taken at 5-

minute intervals

We contacted the lead author of Foucan 1998 for additional data on creatinine clearance

and also to confirm the actual number of participants that are included in the proteinuria

analysis, at the time of review publication we had not received a response

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Judgement comment: no description of

randomisation.

Allocation concealment (selection bias) Unclear risk Judgement comment: no description of al-

location concealment.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk Quote: “Patients were randomly assigned

to two groups, and received captopril or an

indistinguishable placebo”

Judgement comment: participants may

have been blinded to treatment - but not

clear if dosing was done similarly in both

arms

No description or statement regarding

blinding of personnel.

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Judgement comment: no description if

outcome assessment was blinded

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk “All patients were included in an intention-

to-treat analysis.”

Judgement comment: 1 in the captopril

group had an unusual pain in the shoulder

and discontinued treatment on the sixth

day, and 1 in the placebo group was un-

available for follow-up after the first month.

These 2 participants were included in the

results for as long as they participated.Does

not appear that they were included in 6-

month analysis even though state inten-

tion-to-treat. Very small sample size so all

results should be included
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Foucan 1998 (Continued)

Selective reporting (reporting bias) High risk “Creatinine clearance was calculated by the

modified Cockroft and Gault formula (10,

11). All measurements were repeated at

baseline and at 1, 3, and 6 months.”

“creatinine concentrations and creatinine

clearance remained constant throughout

the study in both groups (data not shown)

.”

Judgement comment: creatinine clearance

important marker of kidney progression

but data not shown

Other bias High risk Judgement comment: this is a small sample

size and likely not powered to detect any

differences. Also follow-up is too short to

assess longer-term AEs or actual effects on

kidney disease progression

ACE: angiotensin converting enzyme

AEs: adverse events

GFR: glomerular filtration rate

MDI: mental developmental index

RCT: randomised controlled trial

SAEs: serious adverse events

SD: standard deviation

TCD: transcranial doppler ultrasound

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Jain 2012 Participants did not have chronic kidney disease. Trial addressed outcomes that are not relevant to this review

(effect on vaso-occlusive crises, blood transfusions and hospitalizations)

NCT02373241 Wrong study design; not randomised.

Steinberg 2003 Wrong study design; not randomised.
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Characteristics of ongoing studies [ordered by study ID]

NCT01732718

Trial name or title The Effect of Atorvastatin on Endothelial Dysfunction and Albuminuria in Sickle Cell Disease (in the Grant

Entitled: Endothelial Dysfunction in the Pathogenesis of Sickle Cell Nephropathy)

Methods Phase 2 randomised cross-over assignment; double-blind (participant, care provider, investigator, outcomes

assessor) trial

Participants Inclusion criteria:

1. Sickle cell anemia (HbSS) or sickle-betaº thalassemia (HbS-betaº thal) between ages of 18 and 60 years;

2. albuminuria (micro- or macroalbuminuria, defined as =/> 30mg/g creatinine);

3. serum ALT and/or GGT </= 2 times upper limits of normal;

4. platelet count > 150,000 cu/mm;

5. normal baseline coagulation profile (PT, INR, and PTT);

6. non-crisis, steady state with no severe pain episodes during the preceding 4 weeks, and no documented

infection in the 2 weeks prior to enrolment;

7. ability to understand the requirements of the study;

8. if a woman of childbearing potential, must use an adequate method of contraception; and

9. if receiving hydroxyurea, ACE inhibitors or ARB), should be on a stable dose for at least 3 months.

Exclusion criteria:

1. hypersensitivity to any component of atorvastatin, or history of adverse reaction to statins;

2. pregnant or breastfeeding;

3. on statin therapy;

4. history of metastatic cancer;

5. current history of alcohol abuse;

6. history of diabetes mellitus or poorly controlled systemic hypertension;

7. end-stage renal disease;

8. total cholesterol level < 80 mg/dL and LDL cholesterol > 130 mg/dL;

9. on a chronic transfusion program;

10. ingested any investigational drugs within the past 4 weeks;

11. prior history of any myopathy;

12. allergy to nitroglycerin;

13. taking any of the following drugs: phosphodiesterase-5 inhibitors (e.g. sildenafil), cytochrome P450

isoenzyme 3A4 (CYP3A4) inhibitors (e.g. cyclosporine, protease inhibitors), macrolide antibiotics (e.g.

clarithromycin, erythromycin), fibric acid derivatives (e.g. gemfibrozil), niacin, colchicines, antifungal

agents (azole derivatives), amiodarone, danazol, daptomycin, diltiazem, verapamil, eltrombopag,

everolimus, fosphenytoin, or lanthanum.

Patients will also be encouraged to avoid grape fruit juice and red yeast rice for the duration of the study

Atorvastatin is contraindicated during pregnancy and breast-feeding

Interventions Atorvastatin 40 mg tablet once daily for 6 weeks

Placebo (for atorvastatin) 1 tablet once daily for 6 weeks

Outcomes Primary: change from baseline in endothelial function at 6 weeks

Secondary: change from baseline in plasma markers of endothelial activation; change from baseline in heme

oxygenase activity; change from baseline in plasma levels of sFLT-1; change from baseline in monocyte

activation;change from baseline in renal function; occurrence of AEs; change from baseline in rho/rho kinase

activity; change from baseline in plasma levels of VEGF; change from baseline in absolute cell counts; change

from baseline in TF expression; change from baseline in TF-mediated sFLT release from monocytes; change
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NCT01732718 (Continued)

from baseline to week 6 in TR jet

Starting date September 2013

Contact information Kenneth Ataga, MD, University of North Carolina, Chapel Hill

Notes Completion date December 2017; R01HL111659 ( US NIH Grant/Contract Award Number )

ACE: angiotensin converting enzyme

AEs: adverse events

ALT: alanine aminotransferase

ARB: angiotensin blockers

GGT: gamma glutamyl transferase

INR: International Normalized Ratio

LDL: low-density lipoprotein

PT: prothrombin time

PTT: partial thromboplastin time

sFLT-1: sSoluble fms-like tyrosine kinase-1

TF: tissue factor

TR: tricuspid regurgitant

VEGF: vascular endothelial growth factor

43Interventions for chronic kidney disease in people with sickle cell disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all
https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all
https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all
https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all
https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all
https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all
https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all
https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all
https://projectreporter.nih.gov/reporterapi.cfm?PROJECTNUM=R01HL111659%26Fy=all


D A T A A N D A N A L Y S E S

Comparison 1. Hydroxyurea vs placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Slower progression or

improvement in GFR (mL per

min per 1·73 m²)

1 Mean Difference (IV, Random, 95% CI) Totals not selected

1.1 at 18 to 24 months 1 Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

2 Improvement in ability to

concentrate urine (mOsm/kg)

1 Mean Difference (IV, Random, 95% CI) Totals not selected

2.1 at 18 to 24 months 1 Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

3 SAEs assessed with acute chest

syndrome

1 Risk Ratio (M-H, Random, 99% CI) Totals not selected

4 SAEs assessed with painful crisis 1 Risk Ratio (M-H, Random, 99% CI) Totals not selected

5 SAEs assessed with

hospitalisations

1 Risk Ratio (M-H, Random, 99% CI) Totals not selected

6 SAEs assessed with stroke 1 Peto Odds Ratio (Peto, Fixed, 99% CI) Totals not selected

7 AEs assessed with neutropenia 1 Risk Ratio (M-H, Random, 99% CI) Totals not selected

8 AEs assessed with

thrombocytopenia

1 Risk Ratio (M-H, Random, 99% CI) Totals not selected

9 Number of participants

transfused

1 Risk Ratio (IV, Random, 95% CI) Totals not selected

Comparison 2. ACEI (captopril) vs placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Slower progression or reduction

in proteinuria (mg/day)

1 Mean Difference (IV, Random, 95% CI) Totals not selected

1.1 at 6 months follow-up 1 Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

2 Other drug-related adverse

events (dry cough)

1 Risk Ratio (M-H, Random, 99% CI) Totals not selected
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Analysis 1.1. Comparison 1 Hydroxyurea vs placebo, Outcome 1 Slower progression or improvement in

GFR (mL per min per 1·73 m²).

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 1 Slower progression or improvement in GFR (mL per min per 1 73 m2)

Study or subgroup Hydroxyurea Placebo
Mean

Difference
Mean

Difference

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

1 at 18 to 24 months

BABY HUG 2011 74 146.64 (43.7) 68 146.06 (48.23) 0.58 [ -14.60, 15.76 ]

-20 -10 0 10 20

Favours hydroxyurea Favours placebo

Analysis 1.2. Comparison 1 Hydroxyurea vs placebo, Outcome 2 Improvement in ability to concentrate

urine (mOsm/kg).

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 2 Improvement in ability to concentrate urine (mOsm/kg)

Study or subgroup Hydroxyurea Placebo
Mean

Difference
Mean

Difference

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

1 at 18 to 24 months

BABY HUG 2011 83 494.57 (110.07) 95 452.34 (92.31) 42.23 [ 12.14, 72.32 ]

-100 -50 0 50 100

Favours placebo Favours hydroxyurea
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Analysis 1.3. Comparison 1 Hydroxyurea vs placebo, Outcome 3 SAEs assessed with acute chest syndrome.

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 3 SAEs assessed with acute chest syndrome

Study or subgroup Hydroxyurea Placebo Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,99%

CI

M-
H,Random,99%

CI

BABY HUG 2011 7/96 18/97 0.39 [ 0.13, 1.16 ]

0.01 0.1 1 10 100

Favours hydroxyurea Favours placebo

Analysis 1.4. Comparison 1 Hydroxyurea vs placebo, Outcome 4 SAEs assessed with painful crisis.

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 4 SAEs assessed with painful crisis

Study or subgroup Hydroxyurea Placebo Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,99%

CI

M-
H,Random,99%

CI

BABY HUG 2011 37/96 55/97 0.68 [ 0.45, 1.02 ]

0.5 0.7 1 1.5 2

Favours hydroxyurea Favours placebo
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Analysis 1.5. Comparison 1 Hydroxyurea vs placebo, Outcome 5 SAEs assessed with hospitalisations.

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 5 SAEs assessed with hospitalisations

Study or subgroup Hydroxyurea Placebo Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,99%

CI

M-
H,Random,99%

CI

BABY HUG 2011 69/96 84/97 0.83 [ 0.68, 1.01 ]

0.5 0.7 1 1.5 2

Favours hydroxyurea Favours placebo

Analysis 1.6. Comparison 1 Hydroxyurea vs placebo, Outcome 6 SAEs assessed with stroke.

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 6 SAEs assessed with stroke

Study or subgroup Hydroxyurea Placebo
Peto

Odds Ratio
Peto

Odds Ratio

n/N n/N Peto,Fixed,99% CI Peto,Fixed,99% CI

BABY HUG 2011 0/96 1/97 0.14 [ 0.00, 23.62 ]

0.001 0.01 0.1 1 10 100 1000

Favours hydroxyurea Favours placebo
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Analysis 1.7. Comparison 1 Hydroxyurea vs placebo, Outcome 7 AEs assessed with neutropenia.

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 7 AEs assessed with neutropenia

Study or subgroup Hydroxyurea Placebo Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,99%

CI

M-
H,Random,99%

CI

BABY HUG 2011 50/96 20/97 2.53 [ 1.43, 4.47 ]

0.2 0.5 1 2 5

Favours hydroxyurea Favours placebo

Analysis 1.8. Comparison 1 Hydroxyurea vs placebo, Outcome 8 AEs assessed with thrombocytopenia.

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 8 AEs assessed with thrombocytopenia

Study or subgroup Hydroxyurea Placebo Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,99%

CI

M-
H,Random,99%

CI

BABY HUG 2011 11/96 7/97 1.59 [ 0.48, 5.21 ]

0.05 0.2 1 5 20

Favours hydroxyurea Favours placebo
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Analysis 1.9. Comparison 1 Hydroxyurea vs placebo, Outcome 9 Number of participants transfused.

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 1 Hydroxyurea vs placebo

Outcome: 9 Number of participants transfused

Study or subgroup Hydroxyurea Placebo Risk Ratio Risk Ratio

n/N n/N IV,Random,95% CI IV,Random,95% CI

BABY HUG 2011 20/96 33/97 0.61 [ 0.38, 0.99 ]

0.5 0.7 1 1.5 2

Favours hydroxyurea Favours placebo

Analysis 2.1. Comparison 2 ACEI (captopril) vs placebo, Outcome 1 Slower progression or reduction in

proteinuria (mg/day).

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 2 ACEI (captopril) vs placebo

Outcome: 1 Slower progression or reduction in proteinuria (mg/day)

Study or subgroup

Favours
ACEI

(catopril) Placebo
Mean

Difference
Mean

Difference

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

1 at 6 months follow-up

Foucan 1998 12 76 (45) 10 125 (114) -49.00 [ -124.10, 26.10 ]

-100 -50 0 50 100

Favours ACEI (catopril) Favours placebo
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Analysis 2.2. Comparison 2 ACEI (captopril) vs placebo, Outcome 2 Other drug-related adverse events (dry

cough).

Review: Interventions for chronic kidney disease in people with sickle cell disease

Comparison: 2 ACEI (captopril) vs placebo

Outcome: 2 Other drug-related adverse events (dry cough)

Study or subgroup ACEI (Catopril) Placebo Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,99%

CI

M-
H,Random,99%

CI

Foucan 1998 1/12 0/10 2.54 [ 0.04, 148.91 ]

0.001 0.01 0.1 1 10 100 1000

Favours ACEI Favours placebo

A D D I T I O N A L T A B L E S

Table 1. Unadjusted HRs for SAEs and AEs reported in BABY HUG 2011

Unadjusted HRs reported in BABY HUG 2011

Outcome HR 95% CI

Acute chest syndrome 0.36 0.15 to 0.87

Painful crisis 0.54 0.36 to 0.83

Hospitalisations 0.73 0.53 to 1.00

Neutropenia 3.0 1.7 to 5.1

Thrombocytopenia 1.6 0.6 to 4.1

Transfusions 0.55 0.32 to 0.96

CI: confidence interval

HR: hazard ratio
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A P P E N D I C E S

Appendix 1. Glossary

Alloimmunisation

An immune response to foreign antigens as a result of exposure to donor blood transfusions

Enuresis

Inability to control urination and includes bedwetting by children

Epigenetic

Traits that are not determined by the DNA code itself but rather by modifications of the DNA bases or of proteins associated with

DNA

Extravascular

Outside the blood vessel or vascular system

Glomerular

Network of filters in the kidney that filter waste from the blood

Glomerulosclerosis

Scarring or hardening of the glomeruli, the tiny blood vessels in the kidney

Haematopoiesis

The production of red blood cells, white blood cells, and platelets from stem cells within the bone marrow

Hypoxia

Lack of oxygen reaching the cells of the kidney

Intravascular

Within the blood vessel or vascular sytem

Ischaemia

Restriction of blood supply to tissues

Nephropathy

Damage to or disease of the kidney

Renal papillary necrosis

This is a disorder of the kidneys in which all or part of the kidney papillae die. The kidney papillae are the areas where the openings of

the collecting ducts enter the kidney, and where the urine flows into the ureters

Renal tubules

Small tube-shaped structures that remove salt, excess fluids, and waste products from the blood

Splenic sequestration

This happens when large pools of sickled red blood cells are trapped in the spleen resulting in damage to the spleen

Appendix 2. Search strategies

CENTRAL (the Cochrane Library)

#1 MeSH descriptor: [Anemia, Sickle Cell] explode all trees

#2 MeSH descriptor: [Hemoglobin, Sickle] this term only

#3 (“hemoglobin S” or “haemoglobin S” or “hemoglobin SC” or “haemoglobin SC” or “hemoglobin SE” or “haemoglobin SE”

or “hemoglobin SS” or “haemoglobin SS” or “hemoglobin C disease” or “hemoglobin D disease” or “hemoglobin E disease” or

“haemoglobin C disease” or “haemoglobin D disease” or “haemoglobin E disease” or “Hb SC” or HbSC or HbAS or HbSS or HbAC

or “Hb SE” or “Hb SS” or “Hb C disease” or “Hb D disease” or “Hb E disease” or “SC disease” or “SC diseases”)

#4 (sickle cell* or sicklemia or sickled or sickling or meniscocyt* or drepanocyt*)

#5 (sickle and SCD)

#6 ((Hb S or HbS or sickle) near/3 (disease* or thalass?emi*))

#7 #1 or #2 or #3 or #4 or #5 or #6

#8 MeSH descriptor: [Kidney Diseases] explode all trees

#9 MeSH descriptor: [Urologic Diseases] this term only

#10 ((kidney or renal) near/5 (disease* or injur* or insufficienc* or function* or dysfunction* or abnormal* or damage* or failure* or

complication* or manifestation*))

#11 (“end-stage renal” or “end-stage kidney” or “endstage renal” or “endstage kidney” or “chronic kidney” or “chronic renal”)
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#12 (ESRF or ESKF or ESRD or ESKD or CKF or CKD or CRF or CRD or CAPD or CCPD or APD)

#13 MeSH descriptor: [Hematuria] this term only

#14 MeSH descriptor: [Proteinuria] explode all trees

#15 (proteinuria* or hematuria* or haematuria* or hemoglobinuria* or haemoglobinuria* or erythrocyturia* or albuminuria* or

microalbuminuria* or macroalbuminuria* or (albumin near/2 creatine))

#16 MeSH descriptor: [Renal Replacement Therapy] explode all trees

#17 ((renal or kidney) near/3 (transplant* or replacement*))

#18 (predialysis or pre-dialysis or dialysis or hemodialysis or haemodialysis or hemofiltration or haemofiltration or hemodiafiltration

or haemodiafiltration)

#19 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18

#20 #7 and #19

#21 sickle cell nephropathy

#22 #20 or #21

MEDLINE (OvidSP)

1. exp Anemia, Sickle Cell/

2. Hemoglobin, Sickle/

3. (h?emoglobin S or h?emoglobin SC or h?emoglobin SE or h?emoglobin SS or h?emoglobin C disease or h?emoglobin D disease or

h?emoglobin E disease or Hb SC or HbSC or HbAS or HbSS or HbAC or Hb SE or Hb SS or Hb C disease or Hb D disease or Hb

E disease or SC disease*).tw,kf.

4. (sickle cell* or sicklemia or sickled or sickling or meniscocyt* or drepanocyt*).tw,kf.

5. (sickle and SCD).tw,kf.

6. ((Hb S or HbS or sickle) adj3 (disease* or thalass?emi*)).tw,kf.

7. or/1-6

8. exp Kidney Diseases/

9. Urologic Diseases/

10. ((kidney or renal) adj5 (disease* or injur* or insufficienc* or function* or dysfunction* or abnormal* or damage* or failure* or

complication* or manifestation*)).tw,kf.

11. (end-stage renal or end-stage kidney or endstage renal or endstage kidney or chronic kidney or chronic renal).tw,kf.

12. (ESRF or ESKF or ESRD or ESKD or CKF or CKD or CRF or CRD or CAPD or CCPD or APD).tw,kf.

13. Hematuria/

14. exp Proteinuria/

15. (proteinuria* or h?ematuria* or h?emoglobinuria* or erythrocyturia* or albuminuria* or microalbuminuria* or macroalbuminuria*

or (albumin adj2 creatine)).tw,kf.

16 exp Renal Replacement Therapy/

17. ((renal or kidney) adj3 (transplant* or replacement*)).tw,kf.

18. (predialysis or pre-dialysis or dialysis or h?emodialysis or h?emofiltration or h?emodiafiltration).tw,kf.

19. or/8-18

20. 7 and 19

21. sickle cell nephropathy.tw,kf.

22. 20 or 21

23. randomized controlled trial.pt.

24. controlled clinical trial.pt.

25. randomi*.tw.

26. placebo.ab.

27. clinical trials as topic.sh.

28. randomly.ab.

29. groups.ab.

30. trial.tw.

31. or/23-30

32. exp animals/ not humans/

33. 31 not 32

34. 22 and 33

Embase (OvidSP)
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1. exp Sickle Cell Anemia/

2. Hemoglobin S/

3. (h?emoglobin S or h?emoglobin SC or h?emoglobin SE or h?emoglobin SS or h?emoglobin C disease or h?emoglobin D disease or

h?emoglobin E disease or Hb SC or HbSC or HbAS or HbSS or HbAC or Hb SE or Hb SS or Hb C disease or Hb D disease or Hb

E disease or SC disease*).tw,kw.

4. (sickle cell* or sicklemia or sickled or sickling or meniscocyt* or drepanocyt*).tw,kw.

5. (sickle and SCD).tw,kw.

6. ((Hb S or HbS or sickle) adj3 (disease* or thalass?emi*)).tw,kw.

7. or/1-6

8. exp Kidney Disease/

9. Urinary Tract Disease/

10. ((kidney or renal) adj5 (disease* or injur* or insufficienc* or function* or dysfunction* or abnormal* or damage* or failure* or

complication* or manifestation*)).tw,kw.

11. (end-stage renal or end-stage kidney or endstage renal or endstage kidney or chronic kidney or chronic renal).tw,kw.

12. (ESRF or ESKF or ESRD or ESKD or CKF or CKD or CRF or CRD or CAPD or CCPD or APD).tw,kw.

13. Hematuria/

14. exp Proteinuria/

15. (proteinuria* or h?ematuria* or h?emoglobinuria* or erythrocyturia* or albuminuria* or microalbuminuria* or macroalbuminuria*

or (albumin adj2 creatine)).tw,kw.

16. exp Renal Replacement Therapy/

17. ((renal or kidney) adj3 (transplant* or replacement*)).tw,kw.

18. (predialysis or pre-dialysis or dialysis or h?emodialysis or h?emofiltration or h?emodiafiltration).tw,kw.

19. or/8-18

20. 7 and 19

21. sickle cell nephropathy.tw,kw.

22. 20 or 21

23. crossover-procedure/ or double-blind procedure/ or randomized controlled trial/ or single-blind procedure/

24. (random* or factorial* or crossover* or cross over* or cross-over* or placebo* or doubl* blind* or singl* blind* or assign* or allocat*

or volunteer*).mp.

25. 23 or 24

26. 22 and 25

27. limit 26 to embase

CINAHL (EBSCOHost)

S1 (MH “Anemia, Sickle Cell+”)

S2 TX (“hemoglobin S” or “haemoglobin S” or “hemoglobin SC” or “haemoglobin SC” or “hemoglobin SE” or “haemoglobin SE”

or “hemoglobin SS” or “haemoglobin SS” or “hemoglobin C disease” or “hemoglobin D disease” or “hemoglobin E disease” or

“haemoglobin C disease” or “haemoglobin D disease” or “haemoglobin E disease” or “Hb SC” or HbSC or HbAS or HbSS or HbAC

or “Hb SE” or “Hb SS” or “Hb C disease” or “Hb D disease” or “Hb E disease” or “SC disease” or “SC diseases” OR sickle cell* or

sicklemia or sickled or sickling or meniscocyt* or drepanocyt*)

S3 TX ((Hb S or HbS or sickle) N3 (disease* or thalass?emi*))

S4 S1 OR S2 OR S3

S5 (MH “Kidney Diseases+”)

S6 (MH “Urologic Diseases”)

S7 ((kidney or renal) N5 (disease* or injur* or insufficienc* or function* or dysfunction* or abnormal* or damage* or failure* or

complication* or manifestation*))

S8 (“end-stage renal” or “end-stage kidney” or “endstage renal” or “endstage kidney” or “chronic kidney” or “chronic renal”)

S9 (ESRF or ESKF or ESRD or ESKD or CKF or CKD or CRF or CRD or CAPD or CCPD or APD)

S10 (MH “Hematuria”)

S11 (MH “Proteinuria+”)

S12 (proteinuria* or hematuria* or haematuria* or hemoglobinuria* or haemoglobinuria* or erythrocyturia* or albuminuria* or

microalbuminuria* or macroalbuminuria* or (albumin N2 creatine))

S13 (MH “Renal Replacement Therapy+”)

S14 ((renal or kidney) N3 (transplant* or replacement*))
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S15 (predialysis or pre-dialysis or dialysis or hemodialysis or haemodialysis or hemofiltration or haemofiltration or hemodiafiltration

or haemodiafiltration)

S16 S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15

S17 S4 AND S16

S18 sickle cell nephropathy

S19 S17 OR S18

S20 (MH Clinical Trials+)

S21 PT Clinical Trial

S22 TI ((controlled trial*) or (clinical trial*)) OR AB ((controlled trial*) or (clinical trial*))

S23 TI ((singl* blind*) OR (doubl* blind*) OR (trebl* blind*) OR (tripl* blind*) OR (singl* mask*) OR (doubl* mask*) OR (tripl*

mask*)) OR AB ((singl* blind*) OR (doubl* blind*) OR (trebl* blind*) OR (tripl* blind*) OR (singl* mask*) OR (doubl* mask*) OR

(tripl* mask*))

S24 TI randomi* OR AB randomi*

S25 MH RANDOM ASSIGNMENT

S26 TI ((phase three) or (phase III) or (phase three)) or AB ((phase three) or (phase III) or (phase three))

S27 ( TI (random* N2 (assign* or allocat*)) ) OR ( AB (random* N2 (assign* or allocat*)) )

S28 MH PLACEBOS

S29 TI placebo* OR AB placebo*

S30 MH QUANTITATIVE STUDIES

S31 S20 or S21 or S22 or S23 or S24 or S25 or S26 or S27 or S28 or S29 or S30

S32 S19 AND S31

PubMed

#1 (“hemoglobin S” OR “haemoglobin S” OR “hemoglobin SC” OR “haemoglobin SC” OR “hemoglobin SE” OR “haemoglobin SE”

OR “hemoglobin SS” OR “haemoglobin SS” OR “hemoglobin C disease” OR “hemoglobin D disease” OR “hemoglobin E disease”

OR “haemoglobin C disease” OR “haemoglobin D disease” OR “haemoglobin E disease” OR “Hb SC” OR HbSC OR HbAS OR

HbSS OR HbAC OR “Hb SE” OR “Hb SS” OR “Hb C disease” OR “Hb D disease” OR “Hb E disease” OR “SC disease” OR “SC

diseases” OR “sickle cell” OR “sickle cells” OR sicklemia OR sickled OR sickling OR meniscocyt* OR drepanocyt* OR (sickle and

SCD))

#2 ((Hb S OR HbS OR sickle) AND (disease* OR thalass?emi*))

#3 #1 OR #2

#4 ((kidney OR renal) AND (disease* OR injur* OR insufficienc* OR function* OR dysfunction* OR abnormal* OR damage* OR

failure* OR complication* OR manifestation*))

#5 (“end-stage renal” OR “end-stage kidney” OR “endstage renal” OR “endstage kidney” OR “chronic kidney” OR “chronic renal”

OR ESRF OR ESKF OR ESRD OR ESKD OR CKF OR CKD OR CRF OR CRD OR CAPD OR CCPD OR APD)

#6 (proteinuria* OR hematuria* OR haematuria* OR hemoglobinuria* OR haemoglobinuria* OR erythrocyturia* OR albuminuria*

OR microalbuminuria* OR macroalbuminuria* OR (albumin AND creatine))

#7 ((renal OR kidney) AND (transplant OR transplants OR transplantation OR transplantations OR transplanted OR replacement*))

#8 (predialysis OR pre-dialysis OR dialysis OR hemodialysis OR haemodialysis OR hemofiltration OR haemofiltration OR hemodi-

afiltration OR haemodiafiltration)

#9 #4 OR #5 OR #6 OR #7 OR #8

#10 #3 AND #9

#11 sickle cell nephropathy

#12 #10 OR #11

#13 (random* OR blind* OR “control group” OR placebo* OR “controlled study” OR groups OR trial* OR “systematic review” OR

“meta-analysis” OR metaanalysis OR “literature search” OR medline OR pubmed OR cochrane OR embase) AND (publisher[sb] OR

inprocess[sb] OR pubmednotmedline[sb])

#14 #12 AND #13

Transfusion Evidence Library

sickle AND (kidney OR renal OR dialysis OR hemodialysis OR haemodialysis OR hemofiltration OR haemofiltration OR hemodi-

afiltration OR haemodiafiltration OR proteinuria OR hematuria OR haematuria OR hemoglobinuria OR haemoglobinuria OR ery-

throcyturia OR albuminuria OR microalbuminuria OR macroalbuminuria OR nephropathy)

LILACS
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tw:(sickle AND (kidney OR renal OR dialysis OR hemodialysis OR haemodialysis OR hemofiltration OR haemofiltration OR

hemodiafiltration OR haemodiafiltration OR proteinuria OR hematuria OR haematuria OR hemoglobinuria OR haemoglobinuria OR

erythrocyturia OR albuminuria OR microalbuminuria OR macroalbuminuria OR nephropathy)) AND (instance:“regional”) AND (

db:(“LILACS”) AND type˙of˙study:(“clinical˙trials”))

IndMed

(sickle OR sicklemia OR sickled OR sickling OR SC disease) AND (kidney OR renal OR dialysis OR hemodialysis OR haemodialysis

OR hemofiltration OR haemofiltration OR hemodiafiltration OR haemodiafiltration OR proteinuria OR hematuria OR haematuria

OR hemoglobinuria OR haemoglobinuria OR erythrocyturia OR albuminuria OR microalbuminuria OR macroalbuminuria OR

nephropathy) AND (randomized OR randomised OR randomly OR random OR blind OR blinded OR trial OR placebo OR control

group OR groups)

KoreaMed & PakMediNet

“randomized controlled trial” [PT] AND sickle [ALL]

Web of Science CPCI-S

TOPIC: (sickle OR sicklemia OR sickled OR sickling) AND TOPIC: (kidney OR renal OR dialysis OR hemodialysis OR haemodialysis

OR hemofiltration OR haemofiltration OR hemodiafiltration OR haemodiafiltration OR proteinuria OR hematuria OR haematuria

OR hemoglobinuria OR haemoglobinuria OR erythrocyturia OR albuminuria OR microalbuminuria OR macroalbuminuria OR

nephropathy) AND TOPIC: (random* OR blind* OR control group OR placebo OR controlled study OR groups OR trial OR trials

OR systematic review OR meta-analysis OR metaanalysis OR medline OR pubmed OR cochrane OR embase)

ClinicalTrials.gov

Search Terms: kidney OR renal OR dialysis OR hemodialysis OR hemofiltration OR hemodiafiltration OR proteinuria OR hematuria

OR hemoglobinuria OR erythrocyturia OR albuminuria OR microalbuminuria OR macroalbuminuria OR nephropathy

Condition: sickle cell anemia

Study Type: Interventional Studies

WHO ICTRP

Title: kidney OR renal OR dialysis OR hemodialysis OR hemofiltration OR hemodiafiltration OR proteinuria OR hematuria OR

hemoglobinuria OR erythrocyturia OR albuminuria OR microalbuminuria OR macroalbuminuria OR nephropathy

Condition: sickle cell anemia

Recruitment Status: ALL

C O N T R I B U T I O N S O F A U T H O R S

Noemi Roy: searching; selection of trials; eligibility assessment; content expert, and review content development

Patricia Fortin: searching; selection of trials; eligibility assessment; and review content development

Katherine Bull: protocol development and content expert

Carolyn Doree: protocol development, search methods and strategies

Sally Hopewell: methodological expert and review development

Marialena Trivella: statistical and methodological expert and review development

Lise Estcourt: review conception, review development and content expert
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D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

We adjusted the following statement for reporting 99% confidence intervals for SAEs and other adverse events: “We reported secondary

outcomes as groups of transfusion-related and drug-related adverse event. If this was not possible due to duplicate counting of the

same participant who may have experienced more than one adverse event of the same category (e.g. more than one transfusion-related

adverse event). In this case, we reported subgroup categories of adverse events separately and reported the 99% CI of the pooled RR to

allow for multiple statistical testing”.
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