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ABSTRACT

Background

The epidemiology and outcome of chronic kidney disease (CKD) in children of less resourced

countries are largely underreported because of paucity of data systems.

Methods

A retrospective followup study of children aged 2 to 14 years with CKD stage 3 to 5 at Chris
Hani Baragwanath Academic Hospital (CHBAH), South Africa, from 22009.

Results

A total of 198 children were analysed. Skfiye (32.8%), 47 (23.7%), and 86 (43.4%) had
CKD stages 3, 4 and 5 at diagnosis, respectivigig. median (inter quartile range (IQR)) age

at diagnosis was 7 {#1) years and duration of follow up was 1.2 {8.3) years. The
calculated annual incidence 2001 to 2019 ranged from 9.3 to 29.7 per million age related
population (PMARP). Glomerular disease accounted for 74 (37%); congenital anomalies of the
kidney and urinary tract (CAKUT) for 64 (32%).

At final outcome, 108 children had CKD stage 5. Sewimtge (67.5%) received kidney
replacement therapy (KRT) and 35 (32.4%) treated conservatively. The mean rate of decline
in eGFR from baseline to final visit was 4.90 (SD 7.03) ml/min/BSA per \é@r.mortality

rate was 9.895%Cl:7.3to0 13.1) persofyears (PY), contributed 46 (23.3%) children. The
two-year survival for glomerular disease was 50% compared to 90% for CAKUT. Risk of
mortality increased in CKD stage 5 (AHR=3.5; 95%CEk1.9, pvalue 0002),
hypoalbuminemia (AHR=2.6; 95%CI.1®2, pvalue 0.030) and glomerular disease
(AHR=2.5;95%CI:1.66.3, pvalue 0.046).

Conclusion

This cohort presented in advanced CKD. Barriers to access renal services should be addressed
to achieve sustainable developmental goals (SDG).

Keywords: Chronic kidney disease, lewand middleincome countries, Sustainable

developmental goals, kidney replacement therapy;coommunicable disease, conservative



kidney management, Incidence per million -agkted population, Children, South Africa,

Glomerular disease.

Word count: 30
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CHAPTER ONEI INTRODUCTION AND LITERATURE
REVIEW

1.1.INTRODUCTION

Chronic kidney disease (CKD) is one of the silent causes of mortality in the adult and
paediatric populatio It is said to become thé'feading cause of mortality by year 2040

(D). There is naleardataonincidence of CKOn South Africa §A). Thisis addressed in
thesustainable developmental goals (SDG) \2ith the decreasing number of kidney
transplantations occurring in low resource settings (3), it becomes essential to report on the
epidemiology, risk factors, spectrum of diseases and outcomes of children with CKD,
especially moderate to severe CKD i@KD stages 3 to 5.

The Kidney Disease Improving Global Outcomes (KDIGO) provides evideased clinical
guidelines on the management of kidney diseasedefined CKD as abnormalities of

kidney structure or function that is present for greater than three months (4)icGddoey
disease is further classified into different stages of severity based on the estimated glomerular
filtration rate (eGFR) and albuminuria category (4). The most severe form of CKD is kidney
failure (KF), also known as end stage kidney diseasK[ESr CKD stage 5 (5). It is

defined as an eGFR less than 15ml/min/1Z8mnthe need for dialysis (5). Dialysis therapy
and or kidney transplantation dorms of kidney replacement therapy (KRWwhich

substitute lifesustaining kidney function (6). The latest South African Renal Registry
(SARR) reports on 849 patients starting KRT in the year 202Inajority ofwhom (80%)
weretreated in the private sector. This provided an incidence of 14.1 per million population
(pmp).In South Africa,85% of the populatioattend the public healthcare facilities and

14.6% attend private healthcdi®.

Africa is burdened with communicable and rmymmunicable diseases, in addition to secio
economic challenges (1, 8). This shapes the unique patterns of aetiologies, risk factors and
outcomes of children with CKD. Chronic kidney disease can be asymptamatiit

progresses to advanced stages, leading to underestimates of incidence and prevalence (9).
Delayed CKD diagnosis can lead to preventable morbidity and increased health care costs
(9). There is a pressing need for early identification and prevestrategies (10). Improved

health care systems and adequate resource allocation for patients with CKD is proposed. (8).



More than half of the children in the world less than 15 years of age reside in less resourced
countries (11). This study aimed to describe the epidemiology, demographic characteristics,
aetiology and risk factors of children, 2 to 14 years, diagnosedwatierate to severe CKD

over two decades; as well as analyse the complications, treatment and outcomes. This is a
single centre study in a Tertiary Hospital in Soweto, South Africa, Chris Hani Baragwanath
Academic Hospital (CHBAH). The hospital providegitay services to surrounding regions

within and outside of Gauteng province.

1.2.LITERATRUE REVIEW

1.2.1. DEFINITON

Kidney diseases play a significant role in the cause of morbidity and mortality worldwide,
with an increasing prevalence globally (12). The global annual mortality due to chronic
kidney disease (CKD) is predicted to be 2.2 million in 2040, up by 1 mfliam year 2017

(8). Early stages of chronic kidney disease in children are often under diagnosed and under
reported ashey arefrequently asymptomatic (13)t is advantageous to diagnose CKD in

early stages so timeous treatment can be implementedserygaesidual renal function.

Although widely adopted, the KDIGO guideline is criticized for its limited applicability. The
criteria for eGFR below 60ml/min/1.73rare inapplicable to children less than two years of
age, since in the newborn period the eGFR is significantly less than 60ml/mirdlar@m
increases rapidly reaching normal adult values by 2 years of age (4, 14). Therefore, normal
maximal values for eGFR for this age group will naturally be less than those of an older child
or adult (4). In addition, children born with mically severe congenital abnormalities of the
kidney and the urinary tract (CAKUT) are flagged to have CKD before awaiting three months
for this diagnosis (13)t is just as important to reparh CKD stages 3 to 5 in children less

than 2 years of age using validated formulae for eGFRious formulae are available to
determine eGFR; however, theodified Schwartz formula is the most widely utilised in

children (1315, 16). Thisage group of children less than two yeamsvever did not form

part of our study.



1.2.2. EPIDEMIOLOGY

There is little information on the epidemiology of chronic kidney disease in children,
especially in less resourced countries (13). In high income countries such as Europe, the
incidence of CKD stages3in children is 1412 per million of the ageelatedpopulation
(pmarp) (13). In the United States and Canada, the incidence of kidney failure in children O
19 years of age is96 pmarp (13). Gender and race also play a pivotal role in the incidence
of CKD. It is higher in males because of greater occageaf CAKUT in this gender (13). In
North America, Australia and New Zealand there is a higher incidence of CKD and kidney
failure in African Americanand indigenous children compared to the rest of the paediatric
population (13). This could be attributed to genetic predisposition and to the social

determinants of health.

In Africa the incidence of CKD is mostly unknown due to scarce data systefsTlig
incidence of CKD in suSaharan Africa is thought to be higher than is knov). (The
limited studies on childhood kidney failure in sBaharan Africa are primarily from Nigeria
and South Africa (9). These singkeentre studies report an incidence of CKD in children
below age of 16 years to be 3 pmarp in Nigeria a@dpinarp in South Africa (13). Reasons
for the low incidence could be due to short study period, laoltonal renal registries

documenting all stages of CKD and missed diagnosis.

South Africa (SA) although an upper middheome country (UMIC), has the highest Gini
coefficient (0.63) globally, reflecting significant wealth disparit2@).(Gauteng, a small yet
most urbanised province, comprises the | arge
median age in South Africa is 27.6 years in year 2021 (Ris challenging to perform large
scale epidemiology studies in SA because of the limited renal services in some provinces. A
recent adult study in a tertiary hospital in Bloentém report an average annual ESKD
incidence of 49.9 (95 %confidence interval [Cl], 36480) permillion-population (2). A

study done in Kw&Zulu Natal, South Africa on children less than 16 years of age with CKD
stages 2 to 5 identified 89 (68.2%) children with CKD stage 3 to 5 over thgedtIstudy

period (T7). In the 2022 South African Renal Registry (SARR), there were 822 adult patients
who started KRT, an incidence of 13.3 per million population (pffp)rhe SARR reports

only on patients in CKD stage 5 who receives kidney replacement therapy which limits the
calculation of CKD incidence. In the private health sector in SA, the number of Discovery
Health Medical Scheme (DHMS) memberso are registered &mving CKD exponentially



increased from 200&ith 1747 members registerad having CKio 8113 members in
2022, i.e. a 480ld increase in incidence 82 This may be due tmcreasaegistation of
patients with CKDby staff membersThe incidence of CKD in children residing in Gauteng

is currently unknown.

Although the diagnosis of CKD increases with advancing age, young adults-BaBakan
Africa (SSA) are highly affected due to greater incidences of chronic glomerulonephritis,
alternative herbal medication, and communicable disea&gsTI{ds is compounded by the
limited number of nephrologists, especially paediatric nephrologiéts@2her contributing
factors include limited resources, poor access to kidney replacement therapy, and high
prevalence of poverty &. It is proposed a national registry in SA, like the SARR, for
children with CKD stage 3 to 5 be developed. It will provide vital information on the
epidemiology of CKD in children in SA and help identify risk factors for progression of

kidney disease @).

1.2.3. RISK FACTORS

Besides genetic factors, le@nd middleincome (LMIC) countries face the challenge of

CKD enhancedby infections, prematurity and low birth weigh®j2In addition, socie

economic influences such as inadequate sanitation, pollution, malnutrition and traditional
medicine propel CKD &. Another major contributor to the burden of CKD is acute kidney
injury (AKI) due to hypovolemia and septic shock complications and is associated with high
mortality and progression to CKD (14)2

Infectious diseases in LMIC contributing to a greater incidence CKD include tuberculosis,

hepatitis, schistosomiasis, pastectious glomerulonephritis and human immunodeficiency

virus (HIV) associated nephropathie$,(25). At Chris Hani Baragwanath Academic

Hospital (CHBAH) between 1990 and 2012, acute post infectious glomerulonephritis was the

most common cause of crescentic glomerulonephritis, a risk factor for G DOr{2 ten

year review study at t loechikrerdwittCresoeste Chi | dr en 6
glomerulonephritismajority (46%) of the children ha APIGN as the caus®n one year

follow up, 75%of all children with crescentic glomerulonephrigisher developed CKD,

needed chronic dialysis or a kidney transplaid}.(2



1.2.4. AETIOLOGY

Data from renal registries in high income countries show that in children, CAKUT
predominate over glomerular disease (12). Studies from LMIC in Africa, Asia, Middle East
and South American all show glomerular disease is the main cause of paediatric kidney
disease, in contrast to high income countries (12). The reason for the difference is allegedly
due to more exposure to immusgmulating antigens associated with glomerulonephritis in
the LMIC (18). In addition, in LMIC, the proportion of CKD due to CAKU3 determined

by the availability of antenatal sonars, mortality in infancy, and the progression to kidney
failure after childhood @.

The two frequent causes of kidney failure in children of South Africa are glomerular disease
(83%) followed by CAKUT (8.5%) for the year of 20128J1 Glomerular disease occurs
mainly in children older than 10 years while CAKUT predominates in younger children
(1319). The causes of glomerular disease vary among different continents in Africa, ranging
from parasites like bilharzia to malaria, hepatitis B, syphilis, HIV and other infections)(12, 2

30). Focal segmental glomerular sclerosis is increasingsaaill racial groups in South Africa

(31). It is one of the classic causes of steroid resistant nephrotic syndrome (SRINS)g®id
resistant nephrotic syndrome is one of top three causes of end stage kidney disease (ESKD) in
the 2006 North American Pediatric Renal Trials and Collaborative Studies (NAPRTCS) on

children who were transplant€gp).

There is increasing awarenessHiV -related nephropathgausing significant morbidity and
mortality in children in Africaand subSaharan Africa(33). HIV -associated nephropathy
(HIVAN) is characterised by rapid progressiokitiney failure without treatmen{34). Prior

to the implementation of the antiretroviral (ARV) program, the most rapid progressors died in
infancy @5). Early diagnosis of HIV and immediate institution of antiretroviral therapy
decreased early infant mortality by 76% and HIV progression by 85Y6The first rollout of

the HIV/AIDS program in South Africa in 2004 lead to increased testing and suR&yal fie
estimated proportion of child deaths due to AIDS in South Africa reached a peak36pa37
around 20062006 with a sharp decline towards the end of the de&leThere is a wide
variety of renal diseases in children with HIV, these include electrolyte and tubular
abnormalities, acute kidney injury, thrombotic microangiopathies as well as glomerular

diseases that caupeoteinuriaHIVAN and HIV -associatedmmune complex diseasedney



disease (HIVICK) The proteinuria can range from asymptomatioderately increas

albuminuriato complete nephrotic syndrome. Some of the children can progress to3BKD (

Of the CAKUT conditions, posterior urethral valves (PUV) are a common cause of
congenital obstructive uropathy and can lead to CKa). (8t Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH), 44.8% of children with CAKUT had posterior
urethral valves (PUV) @. At CHBAH, 34.8% of patients with PUV present with CKD at
the final follow up visit 40).

Metabolic and genetic diseases such as renal tubular acidosis, cystinosis, and oxalosis are rare
diseases with high risk of progression to CKID)( Local data for children at CHBAH with
primary Hyperoxaluria and CKD reports a mortality rate of 78.9%).(

1.2.5. COMPLICATIONS

Chronic kidney disease is a prdlammatory condition with multisystem effec#2j. A SA
study in 2017, reports modifiable cardiovascular risk factors such as increased total
cholesterol and decreased albumin levels are associated with mo4)litylore aggressive
treatment of blood pressure, hyperphosphatemia, acidosis and dyslipidaemia may slow the
progression of CKD as well as decrease cardiovascular disease (YDpgher important
complications include stunting and anaerdid) (Anaemia defined by KDOQI adib
concentration i511.0 g/dlin children 0.55 years<11.5 g/dlin children 512 years, and

<12.0 g/dl in children 125 yearsis associated with high morbidity and mortality in children
with CKD (45, 46). A SA study in 2018 reports serum ferritin levels and red cell distribution
width to be independent predictors of anaemia with or withoutdediciencyin children

with CKD (46). A study in a tertiary hospital in India identifies anaemia, hypocalcaemia,
short stature and hyperparathyroidism significantly correlating with severity of CKD in
children (&).

1.2.6. TREATMENT

Children with kidney failure have the following four treatment options: kidney
transplantation, peritoneal dialysis (PD), haemodialysis (HD) and conservative kidney
management without dialysis. In SA, UK and most other European countries PD is the first
treatment of choice @}. In the 2012 SARR, the most common mode of KRT for children
was peritoneal dialysis (61%) compared to haemodialysis (3B))I(lcontrast over

seventy percent of adult patients in SA received HD while 18% received PD and 10.6%

6



received a kidney transplant in 2018)4 Three paediatric dialysis units in Gauteng
province (CHBAH, CMJAH, private hospital)
(18). Dialysis in the private sector is equivalent to the best dialysis centres in the world,
however, dialysis in public sector lags due to various reasons including highs@sts (

Treatment requires skilled medical and nursing staff. Unfortunately, Africa experiences a
shortage and instability of skilled healthcare workers. In addition, migration of healthcare
workersto highincomecountries hasa great impact on public healthcare systems and
delivery, especially affecting India, Nigeria, Pakistan, and South Africa countries where most
migration takes placé(). Training of allied healthcare workers such as nurses, pharmacists,
and community healthcare workers, can provide a solution by taking on uncomplicated tasks
(such as urinalysis) in multidisciplinary clinics, hypertension centres, and patient triage.
However, for this to be effective, training modules and protocols of disease diagnosis,

treatment and referral will need to be in plaég).(

Transplantation tends to be more cost effective compared to dialysis and produces better
quality of life (0). For most LMIC, transplantation is limited by resources, including low
numbers of registered organ donors (only 0.2% in South Africans) and survival is adversely
affected by the affordability of immunosuppressive drugs, malnutrition and infectiousediseas
(50). SubSaharan Africa still falls into the lowest quartile of transplantation rates worldwide

(24) and in SA, transplant centres are currelhyted to a few major cities @.

There is a national KRT rationing policy in place for patients in the public sector
incorporating criteria that selects patients considered to benefit the most from transplantation
to balance the growing need for KRT in a resource constrained enviror#@ent (
Conservative kidney management (CKM) is a treatment option for families who choose not
to undertake KRTH1). Effective CKM and KSC (kidney supportive care) programs are
needed in both high and low resource settings. Conservative kidney managené&®€Cand

are core components of integrated kidney ca2g @ recent local study in Cape Town has
developed a tool kit [Paediatric Feasibility Assessment for Transplantation (pFAT)], a
psychosocial risk score developed in South Africa to support transparent eligibility
assessment in a levesource settinggB). It highlights the need to address specific
psychosocial and socioeconomic barriers, to encourage equitable access to KRT. Equally
important, is the need for strategies to delay CKD progress8)nHRatient compliance the

KRT programis also impotantin ensuring continuity of care.

r



1.2.7. OUTCOME

The mortality rate in children on KRT is approximately thirtyfold greater than their healthy
counterparts (13)Patientslost to follow up carbe a potential confounding varialéading

to underestimation dhe mortality rate.The major causes are cardiovascular diseases and
infections, contributing 3@0% and 2660% of deaths respectively (13). Infection is now the
commonest cause of hospital admissions compared to acute rejection for children who

received a kidney transplarit3).

Chris Hani Baragwanath Academic Hospital ( Ct
| argest hospital i n Sout h? afl bed capacita (3200 badsr i ¢ a .
and 429 buildings) places CHBAH among the top ten largest hospitals in the $@rld (

The hospital is located in Soweto, Johannesburg. Chris Hani Baragwanath Academic Hospital
is a teaching hospital affiliated to the University of the Witwatersrand Medical School, along
with three other nearby teaching hospitals. In addition to beingiaryentferral hospital for

much of Gauteng province (11.4 million), Northwest province (3.7 million), parts of the
Northern Cape, and informally the rest of South Africa, except the Western %2kt dlso
provides service to its immediate populatiorabfeast 1.5 million adults and children in the
surrounding Sowetad5d). In Johannesburg, CHBAH is a tertiary academic referral hospital
serving regions D, F, and G, see figurg 1t has a total of 408 paediatric beds. The Paediatric
Renal Unit at CHBAH consults up to 400 inpatients and 1500 outpatient visits annually. The
unit offers acute and chronic PD as well as acute HD. Patients requiring chronic HD and
transplantation areeferred for quaternary services at Charlotte Maxeke Johannesburg
Academic Hospital (CMJAH)since June 20241 so t o Nel son Mandel a C
(NMCH). Continuous renal replacement therapy (CRRT) is offered in PICU by the Intensivists
at CHBAH.
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Figure 1.1 Johannesburg regions. Available from:
https://www.commonwealthofnations.org/partner/@tyjohannesburgnetropolitan
municipality/

This study aimed to address the research gap in the epidemiology, aetiology, risk factors, and
outcomes of children with moderate to severe CKD in a SA setting.

1.3.AIMS AND OBJECTIVES

1.3.1. AIMS

This study aim was to describe the epidemiology, and characteristics of patients with an
initial diagnosis of CKD stage 3 to 5 at the paediatric renal unit at CHBAH. The study also
aimed to analyse the aetiology and risk factors associated with poor eutegmrenestage
kidney disease (ESKD) or death.


https://www.commonwealthofnations.org/partner/city-of-johannesburg-metropolitan-municipality/
https://www.commonwealthofnations.org/partner/city-of-johannesburg-metropolitan-municipality/

1.3.2. OBJECTIVES

1.3.2.1 To determine the frequency of kidney failure (CKD stage 5 or initiation of
kidney replacement therapy) in children diagnosed with moderate to severe CKD at
CHBAH paediatric renal unit betweensdanuary 2000 and $December 2019.

1.3.2.2 To describe the demographic characteristics, aetiology and risk factors of
children with CKD stage 3 to 5.

1.3.2.3 To analyse complications, treatment and outcomes of children with CKD stage
3to5.
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CHAPTER TWOI METHODS AND MATERIALS

2.1.STUDY DESIGN AND SITE

This was a retrospective observational study of children with CKD stage 3 to 5, treated at the
Paediatric Renal Unit of Chris Hani Baragwanath Academic Hospital (CHBAH) from 01
January 2000 to 31 December 2019. Archived patient records were retrieventify id

patients.

2.2.STUDY POPULATION

The paediatric renal unit provides services to patients admitted to the neonatal unit, general
paediatric wards, paediatric oncology unit, paediatric surgical disciplines including the burns
unit, and the paediatric Intensive Care Unit. This study populaticluded patients from two

years to 14 years of age who consulted at the paediatric renal unit at CHBAH during the study

period.

These patients were categorised into three groups based on the eGFR: CKD stage 3 (eGFR 59
i 30 mL/min/1.73n), CKD stage 4 (eGFR 2915 mL/min/1.73m) and CKD stage 5 (eGFR
less than 15 mL/min/1.73hor initiation of dialysis) at diagnosis (4).

The following flow chart (Figure 2) shows how the children were sampled and included in

the study:
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Figure 2.1 Flow chart of inclusion criteria of the study population.

2.2.1. Data sources

Data was collected from patient clinical records stored in the renal unit. The study variables
included demographics and clinical variables. Kidney function was assessed by estimation of

the GFR (eGFR) using the modified Schwartz formai& for categorisation of CKD stages.

The aetiology was grouped into glomerular causes anegjloomerular causes. Risk factors
included a family history of renal disease and neonatal factors such as prematurity, low birth
weight and AKI. Complications were assessed by recording of initialutoresults for
presence of cardiovascular disease, anaemia, hypothyroidism, mineral and bone disease,

metabolic acidosis, hypoalbuminemia and dyslipidaemia.

Management was grouped into conservative management and kidney replacement therapy.
Children outcome to survival or death was recorded and analysed. Transfer out to another renal
facility during the study period was counted as survivors. Patients whonbaeelhered to
scheduled visits were recorded as lost to follgavEthics permission was not obtained to
prospectively follow up omhe outcome of patients lost to follow uRefer to definitions and
database appendices for all the variables.

12



2.2.2. Outcome measurement

Outcome variables included active patient, transfer to another renal facility, lost to-tipljow

or death.
Treatment variables included PD, HD, or CKM.

2.2.3. Study time

Data was collected for the 3@ar period from January 2000 to December 2019. Analysis was
performed from initial diagnosis of CKD stage 3, 4 or 5 to final outcome or end of the study

period in December 2019, whichever came first.

2.3.DATA ANALYSIS

Data was managed using STATA version 35).(

Annual Incidence rates Per Million Age Related Population (PMARP) was calculated using

the formula:

New CKD 3 to 5 minus cases outside Gauteng for year x 1million + population indices for
children aged 2 to 14 years for the same year. It was calculated for each year and reported as a
range for the year 2001 to 2019.

The population indices were supplied by the District Health Information System (DHIS), which
are obtained from the STATS_SA database.

Categorical variables were summarised using frequencies and percentages. Laboratory
variables were categorised based on the recommended clinical threshold values for normal
range. Continuous variables were assessed for normality using the Shapiro Wildtése

histogram plots with a superimposed normal curve. Since all the variables deviated from the
normal distribution, the median and interquartile range (IQR) were used as the measures of
central tendency. The Kruskal Wallis test was used to testigndicance difference of

laboratory findings between the CKD stages. To determine the factors associated with mortality
among CKD patients, the Cox proportional hazard model was used. Kaplan and Meier curves

were used to describe the mortality rates betwgroups of categorical variables. The

13



univariate and multiple Cox regression models were fitted. The proportional hazard assumption

was assessed using the Scholefield residual test. Significance was set at 5%.

2.4 ETHICS

The study protocol was accepted by the University of the Witwatersrand Human Research
Ethics Committee, certificate number M210468 and approved by CHBAH Paediatric

department as well as the Medical Advisory Committee (MAC). The study was registered in
theNational Health Research Database (NHRD). The research was performed in line with the
principles of the Declaration of Helsinki. Informed consent was not required due to the study

being retrospective. Each patient had a study number to ensure anonymity.

14



CHAPTER THREHE RESULTS

A total of 65 (32.8%), 47 (23.7%), and 86 (43.4%) patients had CKD stages 3, 4 and 5
respectively.The calculated incidence for 2001 to 2019 ranged from 9.3 to 29.7 PMARP as

seen in figure 3.1.

PMARP
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*The denominator for year 2000 could not be supplied by DHIS.

Figure 3.1 PMARP per year

3.1.BASELINE CHARACTERISTICS AT DIAGNOSIS

Table 3.1 shows the baseline characteristics of the participants at diagnosis. The overall median
(IQR) age at initial diagnosis of CKD stage 3 to 5 was-I1{tyears. Of the 41 (20.7%) who
resided outside Gauteng Provin24, (51.2%) presented in CKD stage 5, compared to 65 of
157 (41.4%) who resided in Gauteng.

15



Table 3.1 Baseline characteristics at diagnosis

CKD stage 3 CKD stage 4 CKD stage 5 Total
n =65 (32.8%) n=47 (23.7%) n =86 (43.4%) n=198
Age (years)
Median (IQR) 7 (4-10) 6 (3-10) 7 (5-11) 7 (411)
Weight (zscore)
Median (IQR)| -1.3¢3.0t00.4)| -1.8(2.7t0-1.0) | -1.6 (2.9 t0-0.4) | -1.6 (2.8 t0-0.4)
Height (zscore)
Median (IQR)| -1.5 (3.1t0-0.3) | -1.9 (3.4t0-1.1) | -1.6 (2.7 t0-0.4) | -1.7 (3.0 t0-0.5)
Province,
Outside Gauteng, n (% 11 (16.9) 9(19.1) 21 (24.4) 41 (20.7)
Inside Gauteng, n (% 54 (83.0) 38 (80.8) 65 (75.5) 157 (79.2)
Gender
Male, n (%) 28 (14.1) 33 (16.6) 45 (22.7) 106 (53.5)
Female, n (%) 37 (56.9) 14 (29.7) 41 (47.6) 92 (46.4)

Table 3.2 shows the aetiology of the CKD stages 3, 4 and 5 by age groups. Glomerular disease
was the predominant cause of CKD in patients older than 5 years in 61 (43.5%). Overall, of the
glomerular diseases nephrotic syndrome accounted for 35 (1BBY)}.4%) steroid resistant
nephrotic syndrome (SRNS), two (5.7%) steroid sensitive nephrotic syndrome (SSNS) and one
(2.8%) steroid dependent nephrotic syndrome (SDNS). The histological types were focal
segmental glomerulosclerosis (FSGS) in 19 (54.2%)mal change nephrotic syndrome
(MCNS) in four (11.4%), congenital nephrotic in six (17.1%), and unknown in six (17.1%).
HIVAN accounted for 22 (11.1%); two (9.0%) before year 2004 and 20 (90.9%) after year
2004

The predominant cause in thead®5-year age group was CAKUT in 25 (43.1%sterior
urethral valves (PUV) accounted for 28 (14.1%) overall.
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Table 3.2 Aetiology of CKD 3 to 5 by age groups

Age groups 2- 5yrs O5yr s Total
n (%) n (%) n (%)
Total 58 (29.3) 140 (70.7) 198 (100)
Glomerular disease 13 (22.4) 61 (43.5) 74 (37.3)
aNephrotic syndrome 10 (5.0) 25 (12.6) 35 (17.6)
HIV -Related Kidney Disease 2 (1.0 20 (10.0) 22 (11.1)
°Other e 12 (6.0) 12 (6.0)
Lupus nephrits 4 (2.0) 4 (2.0)
APIGN 105 - 1(0.5)
CAKUT 25 (43.1) 39 (27.8) 64 (32.3)
Posterior urethral valves 17 (8.5) 11 (5.0) 28 (14.1)
®Other CAKUT 6 (3.0) 16 (8.0) 22 (11.0)
dOther obstructive uropathy 1(0.5) 7 (35) 8 (4.0)
Prune Belly Syndrome 1(0.5) 5(2.5) 6 (3.0)
Genetic Syndromes 9 (15.5) 14 (10.0) 23 (11.6)
Primary hyperoxaluria 5(2.5) 11 (5.5) 16 (8.0)
Syndromic 1(0.5) 2 (1.0 3(1.5)
ARPKD 210 0 - 2(1.0)
Cystinosis - 1(0.5) 1(0.5)
Nephronophthisis 105 - 1(0.5)
Voiding disorders 4 (6.8) 13 (9.2) 17 (8.5)
Neurogenic bladder 4(2.0) 11 (5.0) 15 (7.5)
Dysenergic bladder ~ ----e- 2 (1.0) 2(1.0)
Acute kidney injury 5 (8.6) 4(2.8) 9(4.5)
CKD cause unknown 1(1.7) 5(3.5) 6 (3.0)
vVasculitis e 3(2.1) 3(1.5)
Primary hypertension - 1(0.7) 1(0.5)
Pyelonephritis 1ax7rn - 1(0.5)

HIV -Related Kidney Disease includes HIVAN (HIV nephropathy) (21,10.6%) and HIVIC-@&#&bciated immune complex kidney disease)
(1, 0.5%); APIGN (Acute poshfectious glomerulonephritis); CAKUT (Congenital abnormalities of the kidney and urinary tr&®kKB
(autosomal recessive polycystic kidney disg¢ase

#Nephrotic syndrome from causes other than HIV

bOther glomerular disease included the following: Immune complex glomerulonephritis (4,2%), tubulointerstitial nephigs),(3,1.
membranoproliferative glomerular nephritis (2,1.0%), granulomatosis with polyangiitis (2,1.0%), IgA nephropathy (1,0.5%).

‘Other CAKUT included: dilated neabstructed system (1,0.5%), horseshoe kidney (2,1.0%), multicystic dysplastic kidney (2,1.0%),
hypoplastic dysplastic kidneys (2,1.0%), pelvic ureteric junction obstruction (3,1.5%), ureter stricture (2,1.0%), vexsiaetiet (6,3.0%),
unilateral renal agenesis (4,2.0%).

dOther obstructive uropathies included: urethral obstruction (1,0.5%), posterior urethra diverticulum (1,0.5%), megalbir&dup
rhabdomyosarcoma (1,0.5%).
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3.2.RISK FACTORS AT DIAGNOSIS

Risk factors for CKD were identified in 35 (17.6%) patients at diagnosis. In the 35 patients,
low birth weight and prematurity was reported in 14 (40%), nine (25.7%) had antenatal
hydronephrosis, seven (20%) had a positive family history of renal disease, two (5.7%) had
AKI and three (8.5%) had other diagnosis which included small for gestatigmé? a5.7%)

and birth asphyxia (1, 2.8%gee figure 3.2.

Risk factors of children with CKE» §Totaln=35)

LBW and Antenatal Family history Other AKI
Prematurity  hydronephrosis

16
14
12
10

o N A O ©

Figure 3.2 Risk factors of children with CKD stage 3 to 5

3.3.COMPLICATIONS AT DIAGNOSIS
At diagnosis, 111 (56.0%) patients had hypertension. Hypertensive heart disease was
documented in 63 (31.8%) on echocardiogram. No vascular calcifications were documented.

Table 3.3 shows the laboratory blood results at diagnosis. Haemoglobin, bicarbonate, and
calcium were significantly lower in CKD stage 5 compared to CKD stage 3 and 4 at

presentation, while serum phosphate, PTH and ferritin were significantly higher.
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Table 3.3 Laboratory results at diagnosis.

Variable CKD stage 3 CKD stage 4 CKD stage 5 p-Value
Median (IQR) Median (IQR) Median (IQR)

Haemoglobin 11 (9.3 t012.6) 10.4 (8.95 to 11.32) 8 (6.3t09.7) 0.0001

(g/dL)

amCcVv 81.1(75.91t085.6) | 79.7 (76.61t083.5) | 78.9 (73.910 82.8) 0.1179

(fL)

Ferritin 44 (22 to 184) 83 (46 to 293) 338 (152 to 671) 0.0001

(ng/mL)

Albumin 32 (18 to 43) 38 (23 t0 43) 29 (23 to 37) 0.1553

(g/L)

Bicarbonate 16 (14 to 20) 13 (11to 17) 11 (6 to 14) 0.0001

(mmol/L)

bTSH 3.7 (2.26 t0 9.5) 4.44 (2.7310 6.43) | 4.38 (2.58 to 6.54) 0.9870

(mIU/L)

°TC 8.65 (6.49t0 12.4) 8.26 (4.2109.41) 5.2 (3.791t07) 0.0004

(mmol/L)

Calcium 2.28 (2.04 t0 2.39) 2.3 (2.08t0 2.5) 2 (1.551t0 2.28) 0.0001

(mmol/L)

Magnesium 0.85 (0.77 to 0.99) 0.93 (0.83t0 1.1) 0.94 (0.8 to 1.08) 0.2618

(mmol/L)

Phosphate 1.70 (1.45t0 1.98) 1.67 (1.481t02.16) | 2.23 (1.71t0 2.87) 0.0001

(mmol/L)

9PTH 10.25 (7.1 t0 10.8) 17.1 (9.8 to 25) 45.1 (20 t0 67.9) 0.0008

(pmol/L)

aMean corpuscular volum&Thyroid stimulating hormonéTotal cholesteroRarathyroid hormone.

3.4.KIDNEY FAILURE TREATMENT OUTCOME

A total of 198 patients during the study period, 46 (23.3%) died, 59 (29.7%) were transferred

to another unit, 69 (34.8%) were lost to follow up, 24(12.1%) were in active care

A total of 108 patients had CKD stage 5 at final outcadfehe 69 (34.8%) patients lost to
follow up, 22(31.8%) had CKD stage 3 at final outcome, 24.6%) had CKD stage 4 at

final outcome and 3(%3.4%) had CKD stage 5 at final outcome.

Seventythree (67.5%) patients received KRT and a total of 35 (32.4%) were treated
conservatively. The different modality of KRT received is shown on Figure 3.3 below.
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Figure 3.3 Mode of kidney replacement therapy (KRT) at final outcon¥ 8)

Patients with CKD can progress or improve from one CKD stage to another. With medical
treatment the rates of progression may differ among institutions. Of the 86 children with
CKD stage 5 at initial diagnosis, 79 (91.8%) remained in CKD stage 5 at ficahoeL

Likewise, of the 65 children with CKD stage 3 at initial diagnosis, 14 (21.5%) progressed to
CKD stage 5. Fortgeven children had initial CKD stage 4, of those 15 (31.9%) progressed
to CKD stage 5. This resulted in a total of 108 children with Gkdge 5 at final outcome as

seen in Table 3.4.

Table 3.4 Progression of CKD from initial stage at diagnosis to CKD stage at final outcome.

CKD stage at initial diagnosi| CKD stage at final outcome Total rows
CKD 2 CKD 3 CKD 4 CKD 5

CKD 3 0 39 12 14 65

CKD 4 1 2 29 15 47

CKD 5 1 3 3 79 86

Total column 2 44 44 108 198

The mean rate of decline in eGFR from baseline to final visit was 4.90 (SD 7.03)

ml/min/BSA per year.
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3.5.FACTORS ASSOCIATED WITH MORTALITY

Themedian (IQR) duration of follow up was 1.2 (0.3 to 3.2) years. The mortality rate was 9.8
(95%CIl:7.3-13.1) persoryears (PY), contributed b46 (23.3%) childrenThe 9.84% is derived

from the number of people who died and their contributeditenBor every 100 people, 10 of

them die.For factors associated with mortality determined by the adjusted Cox regression,
patients with CKD stage 5 had 3.5 times (95%CHA % pvalue 0.002) increased risk of death
compared to those with CKD stage 3. Patients with albumin <25¢g/L had 2.6 %536€1(1.0

6.2, pval ue 0.030) greater risk of death compar
glomerular disease had 2.5 times (95%CHL.® pvalue 0.046) risk of death compared to

those with CAKUT.

The final adjusted model was assessed for the proportional hazard assumption using the
Schoenfeld residuals and the global test gavevalye=0.1921 which indicates that the
proportional hazards assumption was satisfied. Table 3.5 shows variables edsodiat
mortality in patients with CKD stage 3 to 5.
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Table 3.5 Cox Regression Analysis for variables associated with mortality

n (%) Univariate Cox regression Adjusted Cox regression
46 HR (95%CiI) P-value Adjara P-value
(95%Cl)
Gender
Female 24(52.1) ey | | e e
Male 22(47.8) 0.6(0.31.1) 0.111
Age group
2-5 years 11(23.9) ey | | e e
O5 years 35(76.0) 1.5(0.73.1) 0.193
Residence
In Gauteng 34 (73.9) 1(refn)y | | e e
Outside Gauteng 12(26.0) 1.7 (0.93.4) 0.096
CKD stage
3 9 (19.5) 1(ref) 1 (ref)
4 6 (13.4) 1.0 (0.32.8) 0.977 1.09 (0.33.1) 0.863
5 31(67.3) 3.8(1.88.2) <0.001 3.5(1.57.9) 0.002
Disease
Glomerular 25 (54.3) 4.1(1.98.7) <0.001 2.5(1.06.3) 0.046
CAKUT 11 (23.9) 1(ref) 1 (ref)
Other 1017 | - | e
Haemoglobin
<llg/dL 38 (82.6) 2.6 (1.25.7) 0012 | - | -
Ol1g/ dL 8 (17.3) 1(ref)
Serum albumin
<25g/L 20 (43.4) 4.0 (2.27.4) <0.001 2.6 (1.06.2) 0.030
0259/ L 26 (56.5) 1 (ref) 1 (ref)
Serum bicarbonate
<22mmol/L 43 (93.4) 3.5(1.011.5) 0035 | - | -
O022mmol | 3(6.5) 1 (ref)
Proteinuria
<2 plus 14 (30.4) 1(reh) | | e -
02 plus 32 (69.5) 2.5(1.34.7) 0.005

One event time was indeterminate for a female child with CKD stage 5 cause unknown and thus excluded from the Coxamegjsesssion
One is equivalent to the reference (ref).
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The KaplanMeier curve for CKD stages shows that more deaths occurred among patients in

Stage 5 (Figure 3.4), and those with glomerular disease (Figure 3.5).

Kaplan—Meier survival estimates
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Figure 3.4 KaplanMeier survival estimates of CKD stages over a-fjw@ar period after
diagnosis
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Figure 3.5 KaplanMeier survival estimates of CKD aetiology over a tyear period after
diagnosis.
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CHAPTER FOUR' DISCUSSION

4.1.DEMOGRAPHICS AND EPIDEMIOLOGY

This study addresses some of the research gaps in South African children with CKD. It provides
a calculated incidence rate of CKD stage f&r children in a SA setting, using agppropriate
population indices as supplied by the DHIS. The calculatedencilin our study, for year

2001 to 2019 ranged from 9.3 to 29.7 pmarp. This is higher than other SA studies of CKD in
children reporting an incidence of 2 per million agerelated population in their regio ).

The difference could be explained by thiferent study methods employed.

The calculated incidence rate is similar to the incidence of CKD in children in Europe which
is stated to be around 1112 per million of ageelated population (pmarp) for stagéd$356).

In the ItalKid project, the mean incidence during the period 12@80 was 12.1 cases pmarp
(range: 8.813.9). This however included children with stage 2 CKD (Ccr <75 mL/min/£)73m
(57).

Incidence rates can be affected by inaccurate values in the numerator or denominator. It may
be underestimated by those patients not referred to our centre, missed diagnosis or those
seeking alternative medicine. Despite these limitations, this calcylate incidence rate of

CKD in children aged twato-14-yearold in our study should assist Health Economists as
South Africa moves to Universal Health Coverage (UHC) and endeavour to attain sustainable

developmental goals (SDQ&)(

The median age at diagnosis of CKD stage 3 to 5 in our study wakl] yéars. In the ItalKid

project, the mean age at registration was 6.9+5.4 ye@rsTBey included patients less than

20 years at the time of presentation75and th
mL/min/1.73n% (pre-dialysis). Despite a broader inclusion criterion used in the ItalKid project,

the ages at registration are similar. In a local study by von Biljon epyirertal children with

CKD stages 2 to 4, the mean age aspntation was 4.83 (SD 2.53). Interestingly, in this study,
children with nonrglomerular disease presented at a younger age compared to those with
glomerular disease 8. Similarly, in our study, glomerular disease was the predominant cause

of CKD in patients older than 5 years.
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In our study, CKD was mostly prevalent in males. This may be due to more congenital

abnormalities of the kidney and urinary tract (CAKUT) being prone in niafgs

More than 50% of patients referred from outside Gauteng province in our study had CKD stage
5 at presentation. This reflects late referrals, possibly due to delayed presentation or missed
diagnosis. Patients are referred from other provinces sudbréswestProvince (NWP) due

to lack of renal services outside of Gauteng Province. Chronic kidney disease is silent before

the late stages, which is another factor in delayed presentation.

Patients in our cohort present in advanced stages of CKD with high mortality and morbidity
rates, typical of suSaharan African countried)( In a study done in a tertiary hospital in
Malawi, 56% of patients presented with CKD stage 3 to 5 (12) and another study in a paediatric
renal unit in Cameroon, CKD stage 5 was the most frequent (81.3%) present@tiorh{®

data identifies a potential area of intervention to improve patient outcomes to meet the SDG.

4.2 AETIOLOGY

4.2.1. NEPHROTIC SYNDROME

In our study, glomerular disease is the most common cause of CKD stages 3 to 5 in children
above 5 years of age (43.5%) as well as overall (37.3%), similar to other studies from South
Africa and Nigeria (12, 13,71 60). This is however contrary to other recent reports from South
Africa and Pakistan stating CAKUT as the most common cause in children with 83K&1(

62). This may be due to different study periods and temporal changes in healthcare associated
with outcomes. While congenital structural causes such as renal hypoplasia and posterior
urethral valves (PUV) are more prevalent in the younger age groups, fbdence of
glomerulonephritis does increase in those >12 years of &)el(ba study done in SA,
KwaZulu Natal (KZN) on stage 2 to 5 in children, the commonest cause of CKD in all children
was nephrotic syndrome, amounting to 36.5% overd)l. (This is $milar to our study where
nephrotic syndrome (37.3%) is followed by CAKUT (32.3%) and genetic syndromes (11.6%)
of which primaryHyperoxaluria contributed the most (8.0%). Glomerular disease is more
prevalent than other renal diseases in Africa and the commonest form of presentation is

nephrotic syndrome with age of onset at five to eight ye&8)s [n a single centre study by
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Wong et al. in Canada reports glomerular disease accounting for 27% of the overall causes of
CKD compared with uropathies, which accounts for 31.8%. (In Italy, CKD is largely
caused by CAKUT (49.1%), stererdsistant nephrotic syndrome (10.4%), chronic
glomerulonephritis (8.1%) (e.g., lupus nephritis, Alport syndrome) and renal ciliopathies
(5.3%) 66).

In our study, most children with CKD due to underlying nephrotic syndrome have focal
segmental glomerular sclerosis (FSGS) on kidney biopsy. Globally, most children with SRNS
have FSGS on kidney biopsylj3In our study91.4% of children had SRN$# a study using

the NAPRTCS database, using obstructive uropathy as the referent group, FSGS is the only
diagnosis independently associated with a risk of disease progression (HR, 1.77; 95% ClI, 1.48
to 2.12) 65).

Two hundred genes are identified to cause the most common aetiologic spectrum of CKD in
children, including SRNSjenetic testings not routinely available in SA. Genetic testing has
substantial implications such as prenatal testing in affected siblings, genetic counselling and in
assessing the p&.tGereticttéstng mpay adgniifp patients i vhom
immunosuppression for nephrotic syndrome is futile. This is an area of future research which
potentially could alter patient outcomes with neb#o infections due to immunosuppressive

therapy.

4.2.2. HIV ASSOCIATED NEPHROPATHY (HIVAN)

Most patients in our study with HIV related kidney disease were diagnosed between years 2010
and 2019. The number of children with CKD stage 3 to 5 and HIV infection in theydaur

period prior to 2004 in our study is 9.0% and 90.9% in the sixtean peiod from 2004 to
2019when antiretroviral (ARV) treatment became availabld)Z'his may reflect the success

of the ARV program in preventing early mortality in these patients.

In our study, all patients with CKD due to underlying HIV related kidney disease were
diagnosed with a kidney biopsy. A total of 22 (11.1%) of children had HIV related kidney
disease in our study of which 21 (10.6%) had HIV associated nephropathy (HI\WAND) a

(0.5%) had HIV immune complex kidney disease (HIVICK). This is more than reported in the

study by Imani et al who demonstrates a prevalence of 1.6% of children with CKD and HIV in
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their subSaharan cohort @. This may be due to a shorter study period of 6 years in their

study or earlier implementation of antiretroviral drugs.

4.2.3. CONGENITAL ANOMALIES OF THE KIDNEY AND URINARY TRACT
(CAKUT)

In our study, PUV is the most common cause of CAKUT (14.1%) and mostly diagnosed in
children 2 to 5 years of age (8.5%). This is similar to a study at a main tertiary paediatric renal
centre in Cameroon where of the urological malformations, PUV is thecmmsnon cause of
CAKUT (59). In a study at a tertiary hospital in Malawi, all patients presenting with obstructive
uropathy had eGFR <60ml/min/1.73(2). This highlights the late diagnosis or presentation

in LMIC countries and the importance of early intervention (12). ConsiderinG&@UT are

the leading cause of CKD in children below age 5 years at diagnosis, foetal anomaly scans,
screening ultrasound in children with documented urinary tract infection (UTI), and early

referral will allow timeous interventions to prevent CK®,(20, 59).

4.2.4. PRIMARY HYPEROXALURIA

In our study, PrimaryHyperoxaluria is the most common genetic syndrome (8.0%) and
presenting mostly above the age of five years. Prirhyyeroxaluria type 1 (PH1), a rare
autosomal recessive condition, is the most frequent and severe form of primary hyperoxalurias,
leading to engstage kidney disease (ESKD) and systemic organ damagérsj. One major
hallmark of PH1 in both LMIC and HIC is the delay in diagnosis averaging five years from
initial presenting symptoms to diagnosi¥)X6Chang et al at CHBIA also showed that the
median (IQR) age of presentation is 72.0 (4408.0) months and nephrocalcinosis is
significantly associated with Kp£0.009) @1). The most common presentation in Chang et

al. was urolithiasis, with or without nephrocalcinosis, urinary tract infections (UTIs),
haematuria and KF4{). Screening urine dipstick at primary health care centres or school

clinics is a potential public health care tool to identify CKD early.

4.2.5. ACUTE KIDNEY INJURY (AKI)

Although AKI may progress to ESKD, it is seen in a few of the patients with CKD stage 3 to
5in our study. It is possible that patients diagnosed with mild stages of AKI or who have partial

recovery of renal function are not referred to the renal serincesr centre. Another reason
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may be related to the high mortality of AKI in low resource settin@¥. Gommunicable
diseases causing septicaemia and diarrhoeal diseases resulting in hypovolemia and septic
shock, herbal medication from alternative medicine and malaria are common in LMIC and
have a role in causing AKI 8. Most patients in a study in a tertiary hospital in Malawi with

AKI show improvement in their glomerular filtration rate and a minority progress into CKD
stage 3 (12). In an adult review article®@gca et al. reporthat AKI increases the risk of CKD

by 8fold (HR 8.8, 95% CI 3.125.5) and the risk of erstage kidney disease byf@dd (HR

3.1, 95% CI 1.85.0) (). A review study of AKI inchildren and adults sulb-Saharan Africa,
reportedthat1042 of 1572 (66%) childremeectd acutedialysis five (0.8%)of thesechildren
progressedo CKD (68). Raising awareness AKI andimplementingappropriate screening

toolsfor progression to CKRrepossible aresof interventiors to improvng outcomes.

4.3.RISK FACTORS

In our study risk factors were identified in 35 (17.6%) patients. The retrospective nature of the
study could be underepresenting risk factors. Most of the risk factors could be identified in
the neonatal period. This represents an opportunity forveriéion and screening starting in

the neonatal period.

In general, risk factors for CKD include small for gestational age, low birthweight and
prematurity and are more common in LMIC. These perinatal conditions increase the risk of
proteinuria, hypertension, and CKD in later life9(Z0, 71, 72, 73, 74) through multiple
methods including low nephron numbere,(71, 72, 73, 74).

Interestingly in the CKiD cohort, the rate of change in GFR over time did not differ
significantly between children with abnormal birth history (defined as SGA, birthweight <
2500 g, or gestational age < 36 weeks) and those without thus suggestingeitfaictdins may

be at play. ().

Strategies could be implemented in neonatal outpatient clinics to screen patients with risk
factors for chronic kidney disease and early referral to nephrology services.
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4.4.COMPLICATIONS

In our cohort, complications of CKD at initial diagnosis significantly progressed with

advancing stage of CKD

4.4.1. ANAEMIA

Anaemia in children with CKD is a serioaemplicationleading to decreased ability of daily
activities such as exercise and cognitive abilities, thus leading to poor quality ob)ifét (5

also causes progression of cardiovascular risk factors such as left ventricular hypertrophy
(LVH) (56). As in adults, the goal of treatment is to achieve target haemoglobin levels of
approximately 11 g/dL or slightly greater6§5

In our study, anaemia (p=0.0001) is more prevalent in children with CKD stage 5 [8g/dL (6.3
t0 9.7)] compared to CKD stage 3 [11g/dL (9.3 t012.6)] and stage 4 [10.4g/dL (8.95 to 11.32)].

This underscores the need for screening, as early diagnosis of CKD provides an opportunity to

treat the anaemia and its complications.

In a single centre study by Wong et al., anaenaapresent in 36.6% of the overall cohort.

The prevalence of anaemia increased from 31% at stage 1 to 93.3% (P<0.001) at stages 4 and
5 (64). Data from the North American PediatiRenal Trials and Collaborative Studies
(NAPRTCS) shows that the prevalence of anaemia in childasi?3% at CKD stage Ill, 87%

at stage IV and >93% at stage \6)5In another local study by Mudi et alherewasa high

prevalence (41/130; 32%) of anaemia among the patients with CKD stage one 46)five (

In our study the serum ferritin is significantly greater in the patients with CKD stage 5, likely
signifying an inflammatory response or due to blood transfugi)slt is not uncommon for
patients with CKD to have normal or elevated ferritin levels as a sign of inflammation and not
necessarily total iron body store)5Supplemental iron therapy (either oral or intravenous)

is necessary for the treatment of anaemia in children with GK%). Data on iron
supplementation was not collected in our studya local study by Mudi et a(46), serum
ferritin and RCDW were the only independent predictors for anaemia, iron deficiency and iron
deficiency with anaemig€0.050) 46). There are other important causes of anaemia including
erythropoietin (EPO) deficiencyi§). Thesewerenot assessed in our study.
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Despite use of EPO, iron supplementation and blood transfusions, anaemia is difficult to correct
even in HIC (B). Hepcidin has an important role in contributing to anaemia in patients with
CKD. Itis a peptide produced in the liver and is inappropriately high in patients with CKD and
thus leading to increased iron storage (high ferritin) and decreased free ieoytfioopoiesis

(low serum transferrin saturation (TSAT)). The hypeaxiducible factor (HIF) pathway is also
essential in inducing erythropasis (/). This has been an area of research and newer agents

have become available)
Anaemia is a risk factor for mortality, discussed in the next section 4.6.

4.4.2. METABOLIC ACIDOSIS

Epidemiologic studies demonstrate that lower serum bicarbonate is associated with an
increased risk of kidney disease progressiai. (h our study, the median serum bicarbonate
value decreased significantly with advancing stages of CKD. This reflects progression of
metabolic acidosis in more severe forms of CKD stages.

In our study, a serum bicarbonate <22 mmol/L is a significant risk factor for mortality in the
univariate analysis (p=0.035) but not in the multivariate analysis. In a siegteeadult
retrospective cohort study involving patients with kidney disease of which 9% with a baseline
eGFR <60 ml/min/1.73f/ the risk of CKD progression i.e., decline in the eGFR by 50% or
reaching an eGFR of <15 ml/min/1.73rm the multivariate analysis was 1.54 (95% ClI: 1.13
2.09) with bicarbonate levels <22 mEg/L comparethwicarbonate levels of 25 to 26 mEq/L
(78).

Metabolic acidosis is also observed in earlier stages of CKD, especially in renal disease with
tubular dysfunction such as CAKUT or chronic tubulointerstitial nephri€ {[his represents
an area ofresearchinto optimization of aciebase in children with CKD to slow down

progression.

4.4.3. MINERAL AND BONE DISORDER

Chronic kidney diseasmineral and bone disorder (CKMBD) is represented by
abnormalities in calcium, phosphate, parathyroid hormone (PTH) and Vitamin D metabolism.
This affects childrends | inear growt(®). and ce

Renal osteodystrophy, another feature of GMBD, is diagnosed by histology .
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In our study none of the patientsdnaascular or soft tissue calcifications documented. Our
study shows significant progression of calcium (p=0.0001), phosphate (p=0.0001) and
parathyroid hormone (p=0.000&pnormalitieswith increasing CKD stage, with severity
increasing in patients with CKD stage 5. This highlights disease severity with progressing
stages of CKD. In the single centre study by Wong et,ahe prevalence of metabolic bone
disease was as high as 15% in stage 2 disease, 47% in stag&®)%rid stages 4 and 5 CKD

(64). In a study using the NAPRTCS database, patients with hypocalcaemia at time of
registration had a 29% higher risk for renal progression independent of other factors (HR, 1.29;
95% CI, 1.06 to 1.58) compared to patients with normal serum calcium. Inoadditi
hyperphosphaemia posed a 41% increased risk of renal progression compared to normal
serum phosphate, (HR, 1.41; 95% CI, 1.25 to 1.68). Prospective studies at our site may
provide more accurate prevalence of GKIBD.

The reason for emphasis on prompt management of-MIBD is to slow down stunting as
well as bone remodelling. More importantly, phosphate is a potent vascular toxin by itself or
by its effect on PTH and fibroblast growth factor 23 thus leading to prognessi

cardiovascular disease as emphasized bel6yv (5

4.4.4. CARDIOVASCULAR DISEASE

One of the most important aims of treating complications of CKD is to reduce the
cardiovascular risk of death. As in adults, cardiovascular disease (CVD) is the leading cause of
death in the paediatric CKD population, with a risk 1000 times higher in $iDEgroup
compared with paediatric group without CKD.6)5

In our studyat diagnosis, 111 (56.0%) patients had hypertension. Hypertensive heart disease

was documented in 63 (31.8%) on echocardiogram.

Risk factors for cardiovascular disease in children with CKD include steroid therapy, as well
as risk factors specific for CKD such as hyperphosamaia, hyperparathyroidism and
anaemia (6). This can leado mortalityfrom cardiac arrest du arrhythmias, valve disease
andcardiomyopathy56).
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4.5.KIDNEY FAILURE TREATMENT OUTCOME

In our studyseventythree (67.5%) patients received KRMost of the patients in our study
received peritoneal dialysis. Peritoneal dialysis is still the first choice of dialysis in our cohort

as is also represented in most countries with limited resguncéuding South Africa (8, 80)

It is estimated that annually at least 1,000 children might require KRT in South Adtica (

However less than 10%reestimated to being able to get access to KRT in South ABida (

Although in South Africa access to KRT is stdtended and is supposed to be accessible to all
children, the reality is that the financial burden placed on the family of a child with ESKD
becomes insurmountabl®l). This is compounded for patients travelling frgmovinces

where paediatricnephrologyservices are not available. Even for those children who have

access to private health insurance, the-mealical cost burden on the family can still be
significant leading to a need for social and financssistancedl). A total of 35 (32.4%) of

patients in our study were treated conservatively. The underlying factors leading to &€M w

not explored in this study. The Pediatric Feasibility Assessment for Transplantation (pFAT)
tool developed at Red Cross Childrends Memor
of children with CKD for transplantation in a resource limited 8gtt63). Children can be
excludedfrom the chronic dialysis and transplant programmost tertiary institutions

including CHBAH for various reasonsuch asp ar ent sé <choi ce, poor S
distance from centre, severe illness and-8onth African nationality. This is decided upon

after carful discussions in a muttisciplinary team with the familyConservative kidney
management is regarded globally as one of the active treatment modalities for patients in
kidney failure in addition to dialysis and kiely transplan{52). It i s not regard
not hi ngo, i nstead it aims at sl owing the pr
complications of diseaséZ).

Our studydemonstrated a mortality rapé 23.3%and ahigh lost to follow up percentage of
34.8%.In addition, mosbf the patients lost to follow up had CKD stage 5 at final outcome
(43.49% thereforepotentialy confounding the mortality rat®easons fathis couldbe patients
seeking alternative medicine, distance from renal centres or early death from complications of
CKD. In the study in Cameroon by Halle et al reports a mortality rate of 50%, their mortality
rate could be explained by severity and type of renal diseasesanpation and lack of chronic

dialysis infrastructures and affordability9)5 This is similar to a systematic review in sub
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Saharan Africa done byshuntantang et alin both adults and paediatrics patients with ESKD
which showeda mortality rate of 62% in the paediatric populatioB)(€ompared to other
African countries, dialysis in South Africa is state funded thus allowing the children to have
better access to KRT and thus contributing to our lower mortality rate. However, it should be
noted that the mortality rate in our cohort mag underestimated because the outcome of
patients transferred to the transplant centr@iknownas well @ assumption thahe43.4%

of children lost to follow up withCKD stage Tt final outcomedied

4.6.RISK FACTORS FOR MORTALITY

In our study, glomerular disease, hypoalbusmemia, and CKD stage 5 at presentation is a
significant risk factor for mortality in the multivariate analysis, increasing the risk of mortality
by 2.5, 2.6 and 3:%old respectively. This is similar to other studid8, (62, 83, 84). Kamath

et al. on multivariate analysis, identified glomerular disease amongst other variables to be a
risk factor for progression of CKD 48 On the KaplafMeier survival curves in our study,
patients with glomerular disease hacgkajer mortality over time compared to those with
CAKUT. This supports the notion of slower advancement to ESKD in patients with CAKUT,

compared to those with glomerular diseasé$. (5

The mean rate of decline in eGFR from baseline to final visit in our study@0 (SD 7.03)
ml/min/BSA per yegrwas similar tothe studyby Soareset al. which reporéd a rate of 5.8

(SD 12.4)ml/min/BSA per yea(85). In a local study by van Biljon, the rate of decline in GFR

in prepubertal children with glomerular vs ngtomerular disease, was more than 5
mL/min/1.73 nilyear in 82% of patients with glomerular compared with 5% with-non
glomerular disorders &. The meanrate of decline inthe eGFR inour studywas however
higher compared to the study by Kamath etvahich reported anedianrate of3.5 (IQR 1.7,
11.00) ml/yr(84). This may be due to inclusion of CKD stage 2 in their study as well as a short
follow up period (&).

Anaemia and proteinuria are documented risk factors for mortality in children with 6KD (
86). In our cohort, although identified as risk factors on univariate analysis, significance is not

demonstrated on multivariate analysis.
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4.7.STUDY STRENGTHS AND LIMITATIONS

The study is limited by its retrospective nature and missing information on outcomes for
patients who have not returned for scheduled appointmentkost to follow upReferral bias

may overrepresent certain diagnoses, and patients not referred or who died at the peripheral
hospitals may underestimate the incidence rates. Despite these limitatistsenigéhof this

studyis the ability to demonstrate the spectrum of CKD in childoaver two decaded his

study demonstratea calculated annuahcidence rate of CKD stage 3 to 5 in children. The
study describes the risk factors associated with mortality and makes clear recommendations for

interventions and areas of research in prospective studies.
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CHAPTER FIVET CONCLUSION

The spectrum of chronic kidney disease is predominantly glomerular in our population, similar
to other countries in Africa and Si@aharan Africa (143, 17, 19, 60, 63). This study
highlights the need for screening programs for the general paediatric popatibcylarly

those of preschool going age for glomerular diseases arghfercing antenatal screening for

CAKUT and early management of both diseases.

The calculated incidence in our study is higher than previously stated in other South African
studies (X). The high incidence is concerning because it is only a reflection of the proportion
of referrals to our facility and excludes those that are not referred. The calculated incidence
reflectsaburden of CKD not previously documented in South Africa and AfBta (

Even though South Africa is labelled an UMIC, the realit§586 of he population depends

on thelimited resourced public health care syste®) 81). This is further compounded by the
limited number of trained paediatric nephrologiatSouth Africa, most of wimare found in
tertiary health care centers thus leaving the peripheral hospitals in other provinces without
paediatric renal expertise. The lacksefvice early detection and adequate referral pathways
for renal childrercontributesto late reérrals (&). In addition, the social determinants of health,
healthseeking behaviouultural and religious beliefs all impact on delayed diagnosis and
compliance of followup (17). Unfortunately, these factors also impact on the feasibility for
kidney transplantatiorb8), which may partially explain the rate of conservative therapy in this
populationLow- and middleincome countries are challenged not only by lack of renal centres,
but also by the limited resources such as dialy®isgl).

Our study demonstrated that the mortality in patients within our regitighsandpotentially
underestimated by the unknown outcomihechildren lost to follow up and those transferred

to other facilities The mortality in our studglso demonstratesignificantassociabn with
glomerular disease, hypoalbuminemia and children presenting late in end stage kidney disease.
The Department of Health in South Afrieenphasisethe importance of acting decisively to
prevent and combat nasommunicablediseasesincluding kidney diseases§889). This is
important as South Africa moves into Universal Health Coverage as well as fulfilling the SDG

in 2030. It is proposed that all concerned, including government and nonstate actors, must put
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more effort into prevention and guidelines on screening and treatment of kidney diSgase (8

The results of this study may provide guidance in this regard.

5.1.RECOMMENDATIONS

This study proposes the following recommendations to identify kidney disease early with

appropriate referral to nephrology specialist services:

1) Implement targeted screening programs at the primary health care level using urine
dipstick and blood pressure readings to identify glomerular disease or CKD early in
order to implement early preventative treatment.

2) Neonates with known risk factors such as prematurity, neonatal AKI, birth asphyxia,
family history of kidney disease, abnormal foetal anomaly scan could be screened at
neonatal followup clinics for chronic kidney disease.

3) Inpatients diagnosed with Akshould bescreeredfor CKD andhavetime to
progression to CKRlocumented

4) Training ofpaediatricnephrologists irprovinces where these services are not

available which may decrease late referrals and disease severity upon presentation.
5.2.FUTURE RESEARCH

Future research such as prospective studies on the influence of hypertension in children with
CKD in our regions is important and was not investigated in our study. It is also important to
look at the cause of death and kidney transplantation rateddnechwith moderate to severe
CKD. Researclis recommendednthe epidemiology of CKD irhildren undetwo years of

age A national Paediatric CKD registry including the patients managed conservatively will
provide valuable data on the current situation. These studies should focus on the development
of protocols to help alleviate the burden of this disease in South AfrigdieStexploring the
psychosocial burden on families are underway in the unit. Other areas of potential research
include obtaining funding for genetic testing for various kidney conditfmmospective

follow up studies on early screening of risk factorthim neonatal period and its association

with eGFR decline rates, and research on early optimization of hypoabsmiain CKD

and outcomes on patient mortality.
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APPENDIXC: DEFINITIONS

CHRONIC KIDNEY DISEASE (CKD)
Either of the two must be present for >3months:

1. Markers of kidney damage (one or more) must be present for >3 months, including
thefollowing:

f Proteinuria O 2 +
1 Microscopy on urine sediment abnormalities
1 Abnormalities detected Hdyistology.

1 Structural abnormalities detectedibyaging.

2. GFR <60 ml/min/1.73 M(GFR categories G&5) (4).

PROTEINURIA: Dipstick 6 2+6 of proteinuria or urine

mmol (4).

STAGING OF CKD

GFR categories in CKD (ml/min/1.73%1{4)

CKD 3 307 59 Moderately decreased
CKD 4 157 29 Severely decreased
CKD 5 <15 Kidney failure

METABOLIC ACIDOSIS

Serum bicarbonate concentrations <22 mn{d)/l
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ESTIMATED GLOMERULAR FILTRATION RATE (eGFR)

Is according to the original Schwartz formula where creatinine was measured using kinetic
Jaffe methods where k ~ 0.33 (preterm infant), k ~ 0.45 (full term), k ~ 0.55 (children and

adolescent females), k ~ 0.7 (adolescent malgdified Schwartz formula where
creatinine was measured using enzymatic methods, k ~ (1813

Q"O0Y- @0 bd
wi Qéod £Fax
MINERAL AND BONE DISEASE (MBD)

Abnormal vitamin D (low plasma 25 (OH)D and low 1,24(OH)2D), low calcium, high
phosphate, and increased parathyroid hormone (PTH) aagl #hanges of renal
osteodystrophy48).

HYPOALBUMINEMIA
Serum albumin <25g/(40).

KIDNEY SUPPORTIVE CARE

An approach that aims to improve the quality of life for people for whom kidney disease,
either directly or indirectly, substantially impacts their wading, treatment options, or

access to care, and their families, through the prevention and relidfesfrey by means of
early identification and impeccable assessment and treatment of pain and other problems,
physical, psychosocial, and spiritug@lgnservative kidney management and kidney
supportive care: core components of integrated care for peofhekidney failurg (43).

CONSERVATIVE KIDNEY MANAGEMENT

Care for people with kidney failure that focuses predominantly on providing KSC to promote
quality of life but does not include KRT pnservative kidney management and kidney

supportive care: core components of integrated care for people with kidney f&l8je
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APPENDIXD: DATASHEET

DATABASE

Patient Code

Date of initial presentation

Date of final outcome

Outside hospital referral

North West

Province

Thelle Mogoerane

Hospital

Sebokeng Hospital

DEMOGRAPHIC VARIABLES

Age at presentation

2to<5yr.
5to<10yr.
10 to 14 yr.
Gender
Female
Male
Race

Black-African

White

Mixed Race

Indian/Asian

PATIENT VARIABLES

Initial weight (kg) at presentation

Initial length/height (cm)

KIDNEY FUNCTION

5yrs

10yrs

15yrs

20yrs

Creatinine (umol/L)

At presentation

eGFR (ml/min/1.73r

At presentation

CKD stage

At presentation

3 (GFR 30 59mL/ min/1.73m2)

4 (GFR 1% 29 mL/min/1.73m2)

5 (GFR <15mL/min/1.73m2) or

dialysis

Dipstick
Proteinuria
Haematuria
Glucosuria
Leucocytes
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AETIOLOGY

Glomerular Causes

Primary causes

Nephrotic Syndrome

Yes

SSNS

SRNS

SDNS

No

Glomerulonephritis

Yes

Membranous

glomerulonephritis

IgA nephropathy

Membranoproliferative
glomerulonephritis (MPGN)

Crescentic glomerulonephriti

Other

Secondary causes

Yes

Lupus nephritis

HSP Nephritis

ANCA associated vasculitis

Postinfectious

glomerulonephritis

HIV nephropathy

Syphilis

Hepatitis B

Malignancy

Other

No

CAKUT

Yes

Renal agenesis

Renal
atrophy/hypoplasia/dysplasial

Reflux nephropathy (VUR)

Pelviureteric junction (PUJ)

Vesicoureteric junction (VUJ

Posterior urethral valves
(PUV)

Ureterocoele

Crossed renal ectopia
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Duplex kidney

Horseshoe kidney

PBS

Megaureter
MCDK
ADPKD
ARPKD
No
Voiding disorders
Yes
Non-neurogenic neurogenic
bladder (Hinman syndrome)
Neuropathic bladder
No
Other
Cystinosis
Oxalosis
AKI
RISK FACTORS
Family history
Yes
No
Neonatal factors
Premature (<37)
LBW (1500g to <2500g)
Neonatal AKI
Abnormal antenatal sonar
COMPLICATIONS
Initial visit blood results and imaging 5yrs 10yrs | 15yrs | 20yrs
Haemoglobin (g/dL)
MCV (FL)
RCDW (%)
Ferritin (ng/ml)
Iron supplements
Hypertension
ACE-I
ARB
CCB
B-blocker
Diuretic
Alpha-blocker
Echocardiography
LVH
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DCMO ‘

Vascular calcification

Albumin (g/L)

Mineral Bone disease

Yes

No

Carbon dioxide (mmol/L)

TSH (mIU/L)

Total cholesterol (mmol/L)

OUTCOME

Initial date

5yrs

10yrs

15yrs

20yrs

Conservative

Peritoneal dialysis

Haemodialysis

CRRT

Kidney transplantation

Referral

Death

Lost to follow up

Transfer out

61




APPENDIXE: TURNITIN REPORT

Draft
Manuscript. NAN18.03.2025.do
CX

by Karen Petersen

Submission date: 18-Mar-2025 08:25PM (UTC+0200)
Submission  ID: 2618383842
File name: Draft_Manuscript_ NAN18.03.2025.docx (310.03K)

Word count: 13069

62



o
A DESCRIPTIVE STUDY OF CHRONIC KIDNEY DISEASE
(STAGES 3-5) IN CHILDREN AT CHRIS HANI
BARAGWANATH ACADEMIC HOSPITAL, 2000-2019

by

Nokukhanya Ngubane-Mwangla,
(1332856)

Co-authors: Shannon Leahy, Nilesh Lala, Zvifadzo Matsena-Zingoni, Karen L Petersen
Supervisors:

Prof. Karen L Petarsen
Dr. Nilesh Lala

A Dissertation submitted to the Faculty of Health Sciences, University of the

Witwatersrand, Johannesburg, in partial fulfilment of the requirements for the degree of

Master of Scienee in Medicine (MSe).

Johannesburg, 2025.

63




ABSTRACT

Background

The epidemiology and outcome of chronic kidney disease (CKD) in children of less resourced

countries are largely underreported because of paucity of data systems.

Methods

A retrospective follow-up study of children aged 2 to 14 years with CKD stage 3 to 5 at Chris
Hani Baragwanath Academic Hospital (CHBAH), South Africa, from 2000-2019.

Results

A total of 198 children were analysed. Sixty-tive (32.8%), 47 (23.7%), and 86 (43.4%) Eld
CKD stages 3, 4 and 5 at diagnosis, rca"‘,ﬁ:tivcly. The median (inter quartile range (IQR)) age
at diagnosis was 7 (4-11) years and duration of follow up was 1.2 {03-3.2) vears. The
calculated annual incidence in 2001 to 2019 ranged from 93 to 29.7 per million age related
population (PMARP). Glomerular disease accounted for 74 (37%); congenital anomalies of the

kidney and urinary tract (CAKUT) for 64 (32%).

At final outcome, 108 children had CKD stage 5. Seventy-three W 5%) received kidney
replacement therapy (KRT) and 35 (32.4%) treated conservatively. The mean rate of decline
in cGFR from bascline to final visit was 4.90 (SD 7.03) ml/min/BSA per ycar. The mortality
rate was 9.8% (7.3 to 13.1%) person-years (PY), contributed by 46 (23 3%) children. The two-
year survival for glomerular disease w 509% compared to 90% for CAKUT. Risk of mortality
i“eased in CKD stage 5 (AHR=35; 95%CI:1.5-7.9, p-value WZ), hypoalbuminemia
(AHR=2.6; 95%CI:1.0-6 .2, p-valuc 0.030) and glomerular discasc (AHR=2.5;95%CI:1.0-6.3,
p-value (0.046).

Cunclusion

This cohort presented in advanced CKD. Barriers to access renal services should be addressed

to achieve sustainable developmental goals (SDG).

Keywords: Chronic kidney disease, low- and middle-income conntries, Sustainahle

developmental goals, kidney replacement therapy, non-communicable disease, conservative
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Word count: 247
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e
CHAPTER ONE - INTRODUCTION AND LITERATURE
REVIEW

1.1.INTRODUCTION

South Africa, an upper middle-income couna (UMIC) is moving towards sustainablc
developmental goals (SDG) which includes reducing premature mortality from non-
communicable diseases by a third by year 2030 (1). Chronic kidney disease (CKD) is one of
the silent causes of mortality in the adults and paediatric population. Itis said 1o become the
5™ leading causc of mortality by ycar 2040 (2). With the decreasing number of kidne
transplantations ocenrring in low resource seftings (3), it heenmes essential to report on the
epidemiol(ﬁ/, risk factors, spectrum of diseases and outcwes of children with CKD,

especially moderate to severe CKD i.e., CKD stages 3 to 5.

The Kidney Disease Improving Global Outcomes (KDIGO) pravides evidence-based clinical
guidelines on the management of kidney diseases. It defined CKD as abnormalities of
kidney structure or function that is present for greater than “cc months (4). Chronic kidney
disease is further classified into different stages of seﬁrity based on the estimated glomerular
filtration rate (¢GFR) and albuminuria category (4). The most severe form of CKD is kidney
failure (KF), also Icni'n as end stage kidney disease (ESKD) or CKD stage 5 (5). It is
defined as an eGFR less than 15ml/min/1.73m? or the need for dialysis (5). Dialysis therapy
and or kidney transplantation are components of kidney replacement therapyv (KRT) to
substitute life-sustaining kidney function (6). The latest South African Renal Registry
(SARR) reports on 849 patients starting KKR'T in the year 2021, majority of which (80%)
treated in the private sector. This provided an incidence of 14.1 per million population imp).
Most of the population in South Africa (85.4%) rely on public healthcare facilities and only a
small proportion (14.6%) with medical insurance access private healthcare (7). Measures to

equalise these disparities are needed.

Africa is burdened with communicable and non-communicable diseases, in addition rnincin-
gconomic challenges (1, 8). This shapes the unique patteliof aetiologies, risk factors and
outcomes of children with CKD. Chronic kidney disease can be asymptomatic until it
progresscs to advanced stages, lcading to underestimates of incidence and prevalence (9).

Delayed CKD diagnosis can lead ta preventable morhidity and increased health care costs
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(9). There is a pressing need for early identification and prevention strategies (10). Improved

health care systems and adequate resource allocation for patients with CKD is proposed. (8).

More than half ithe children in the world less than 15 years of age reside in less resourced
countries (11). This study aimed to describe the epidemiology, demographic characteristics,
aetiology and risk factors of children, 2 to 14 years, diagnosed with moderate to severe CKD
over two decades; as well as analyse the complications, treatment and outcomes. This is a
single centre study in a Tertiary Hospital in Soweto, South Africa, Chris Hani Baragwanath
Academic Hospital (CHBAH). The hospital provides tertiary services to surrounding regions

within and outside of Gauteng province.

1.2.LITERATRUE REVIEW

12.1. DEFINITON

Kidney diseases play a significant role in the cause of morbidity and mortality worldwide,
with an increasing prevalence globally (12). The global annual mortality due to chronic
kidney disease (CKD) is predicted to be 2.2 million in 2040, up by 1 million from year 2017
(8). Early stages of chronic kidney disease in children are often under diagnosed and under
reported as it is frequently asymptomatic (13). It is advantageous to diagnose CKD in early

stages so timeous treatment can be implemented to preserve residual renal function.

Although widely adopted, the KDIGQ guideline is criticized ’ﬁits limited applicability. The
criteria for eGFR below 60ml/min/1.73m? are inapplicable to children less than two years of
age, since in the newborn ﬁiod the eGFR is significantly less than 60ml/min/1.73m?, and
increases rapidly reaching normal adult values by 2 years of age (4, [4). Therefore, normal
maximal values for eGFR for this age group will naturally bﬂss than those of an clder child
or adult (4). In addition, children born with clinica“scvcre congenital abnormalities of the
kidney and the urinary tract (CAKUT) are [lagged o have CKD belore awailing three months
for this diagnosis (13) Various formulae are available to determine eGFR; however, the

Schwartz formula is the most widely utilised in children (13,15).

1.2.2. EPIDEMIOLOGY

There is little information on the epidemiology of chronic kidney disease in children,

especially in less resourced countries (13). In high income countries such as Europe, the

67




incidence of CKD) stages 3-5 in children is 11-12 per million of the age-related population
(pmarp) (13). In the United States and Canada, the incideie of kidney failure in children 0-
19 years of age is 9-16 pmarp (13). Gender and race also play a pivotal role in the incidence
of CKD. It is higher in males because of greater occurrice of CAKUT in this gender (13).
In North America, Australia and New Zealand there is 2 higher incidence of CKD and kidney
failure in African- American and indigenous children compared to the rest of the paediatric
population (13). This could be altributed o genetic predisposition and to the social

determinants of health.

In Africa the incidence of CKD is mostly unknown due to scarce data systems. (16). The
incidence of CKD in sub-Saharan Africa is tllwht to be higher than is known (17). The
limited studies on childhood kidney failure in sub-Saharan Africa are primarily from Nigeria
and South Africa {18). These single-centre studizs report an incidence of CKD in children
below age of 16 years to be 3 pmarp in Nigeria and 1-2 pmartp in South Africa (13). Reasons
for the low incidence could be due to short study period, lack of national renal registries

documenting all stages of CKD and missed diagnosis.

South Africa (SA) although an upper middle-income country (UMIC), has the highest Gini
coefficient (0.63) globally, reflecting significant wealth disparities (19). Gauteng, a small yet
most urbanised province, comprises the largest share of South Africa’s population. The
median age in South Africa is 27.6 years in year 2021 (20). It is challenging to perform large
scale epidemiology studies in SA because of the limited renal scriccs in some provinces. A
recent adult study in a tertiary hospital in Bloemfontein report an average annual ESKD
incidence of 49.9 (95 %confidence interval [CI], 35.8-64&) per-million-population (21). A
study done in Kwa-Zulu Natal, South Africa on children less than 16 years of age with CKD
stages 2 to 5 identified 89 (68.2%) children with CKD stage 3 t 5 over their ll-yeariudy
period (16). In the 2022 South African Renal Registry (SARR), there were 822 adult patients
who started KRT, an incidence of 13.3 per million population (pmp) (7). The SARR reports
only on patients in CKD stage iwho receives kidney replacement therapy which limits the
calculation of CKD incidence. In the private health sector in SA, the number of Discovery
Health Medical Scheme (DHMS) members who are registered as having CKD exponentially
increased from 2008 to 2022, i.e. a 4.6-fold increase in incidence (22). This may be due to
longer life expectancy. The incidence of CKD in children residing in Gauteng is currently

unknow.
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Although the diagnosis of CKD increases with advancing age, young adults in Sub-Saharan
Africa (S§SA) are highly affected due to greater incidences of chronic glomerulonephritis,
alernative herbal medication, and communicable diseases (21). This is compounded by the
limited number& nephrologists, especially paediatric nephrologists (23). Other contributing
factors include limited resources. poor access to kidney replacement therapy, and high
prevalence of poverty (23). It is proposed a national igistry in SA, like the SARR, for
children with CKD stage 3 (0 5 be developed. It will provigdg vital information on the
epidemiology of CKD in children in SA and help identify risk factors for progression of
kidney disease (17).

1.2.3. RISK FACTORS

Besides genetic factors, low- and middle-income (LMIC) countries face the challenge of
CKD encouraged by infections, prematurity and low birth weight (24). In addition, socio-
economic influences such ainadequatc sanitation. pollution, malnutrition and traditional
medicine propel CKD (24). Another major Conuibﬁor to the burden of CKD is acute kidney
injury (AKI) due to hypovolemia and septic shock complications and is associated with high

mortality and progression to CKD (14, 24).

lnfcctimﬁcascs in LMIC contributing to a greatcr incidence CKD include tuberculosis,
hepatitis, schistosomiasis, post-infectious glomerulonephritis and human immunodeficiency
virus (HIV) associated nephropathies (17, 24). At Chris Hani Baraa/analh Academic
Hospital (CHBAH) between 1990 and 2012, acute post infectious glomerulonephritis was the
most common caugsg of crescentic glomerulonephritis, a risk factor for CKD (25). In a ten-
year review study at the Red Cross Children’s Hospital, 75% of children with crescentic
glomerulonephritis on one year of follow up either developed CKD, needed chronic dialysis

or a kidney transplant (26).

124 AETIOLOGY

Data from renal registries in high income countries show that in children, CAKUT
predominate over glomerular disease (12). Studies from LMIC in Africa, Asia, Middle East
and South American all show glomerular disease is the main cause of paediatric kidney
disease. in contrast to high income countries (12). The reason for the difference is allegedly
due to more exposure to immune-stimulating antigens associated with glomerulonephritis in

the LMIC (17). In addition, in LMIC, the proportion of CKD due o CAKUT is determined
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hy the availahility of antenatal sanars, mortality in infancy, and the progression to kidney

failure after childhood (27).

The two frequent causes of kidney failure in children of South Africa are glomerular diszase
(83%) followed by CAKUT (8.5%) for the year of 2012 (17). Glomerular disease occurs
mainly in children older than 10 years while CAKUT predominates in younger children
(13,18). The causes of glomerular disease vary among different continents in Africa, ranging
from parasites like bilharzia to malaria, hepatitis B, syphilis, HIV and other infections (12,
28, 29). Focﬁgmental glomerular sclerosis is increasing across all racial groups in South
Africa (30). It 13 one oahe classic causes of steroid resistant nephrotic syndrome (SRNS)
(30). Steroid resistant nephrotic syndrome is one of top three causes of end stage kidney
disease (ESKD) in the 2006 North American Pediatric Renal Trials and Collaborative Studies
(NAPRTCS) on children who were transplanted. (31).

Of the CAKUT conditions, posterior urethral valves (PUV) are a common cause of
congenital ohstructive uropathy and can lead to CKD (32). At Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH), 44.8% of children with CAKUT had posterior
urethral valves (PUV) (33). At CHBAH, 34.8% of patients with PUV present with CKD at
the final follow up visit (34).

Metabolic and genetic diseases such as renal tubular acidosis, cystinosis, and oxalosis are rare
diseases with high risk of progression o CKD (29). Local datu for children at CHBAH with

primary hyperoxaluria and CKD reports a mortality rate of 78.9% (35).

1.2.5. COMPLICATIONS

Chronic kidney disease is a pro-inflammatory condition with multisystem effects (30). A SA
study in 2017, reports modifiable cardiovascular risk factors such as increasad total
cholesterol and decreased albumin levels are associated with mortality (37). More aggressive
ﬁtmcnt of blood pressure. hvperphosphatemia, acidosis and dyslipidaemia may slow the
progression of CKD as well as decrease cardiovascular disease (CVD) (38). Other important
complications include stunting and anaemia (38). Anaemia is associated with high morbidity
and mortality in children with CKD (39). A SA study in 2018 reports serum ferritin levels
and red cell distribution width to be independent predictors of anazmia with or without iron

defieciency in children with CKD (39). A study in a tertiary hospital in India identifies
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anaemia, hypocalcaemia, short stature and hyperparathyroidism significantly correlating with

severity of CKD in children (40).

1.2.6. TREATMENT

Children with kidney failure have the following four treatment options: pre-emptive kidney
transplantation, peritoneal dialysis (PD), haemodialysis (HD) and conservative kidney
management without dialysis. In SA, UK and most other European countries PD is the [irst
treatment of choice (41). In the 2012 SARR, the most common mode of KRT for children
was peritoneal dialysis (61%) compared to haemodialysis (39%) (17). In contrast over
seventy percent ot adult patients in SA received HD while 18% received PD and 10.6%
received a kidney transplant in 2018 (42). Three paediatric dialysis units in Gauteng

province (CHBAH, CMJAH, private hospital) treated 75% of South Africa’s children in 2012
(17). Dialysis in the private sector is equivalent to the best dialysis centres in the world,

however, dialysis in public sector lags due to various reasons including high costs (43).

Treatment requires skilled medical and nursing staff. Unfortunately, Africa experiences a
shortage and instability of skilled healthcare workers. In addition, migration of healthcare
ﬁorkers has a great impact on public healthcare systems and delivery, especially affecting
India, Nigcfi, Pakistan, and South Africa countrics wherc most migration takes place (44).
Training of allied healthcare workers such as nurses, pharmacists, and community healthcare
workers, can provide a solution by taking on uncomplicated tasks (such as urinalysis) in
multidisciplinary clinics, hwertension centres, and patient triage. However, for this to be
cffective, training modules and protocols of discase diagnosis, treatment and referral will

need to be in place. (44).

Transpluntation tends (0 be more cost elfective compared (o dialysis and produces better
quality of life (43). For most LMIC, transplantation is limited by resources, including low
numbers of registered organ donors (only 0.2% in South Africans) and survival is adversely
affected by the atfordability of immunosuppressive drugs, malnutrition and intectious disease
(43). Sub-Saharan Africa still falls into the lowest quartile of transplantation rates worldwide

(23) and in SA, transplant centres are currently limited to a few major cities (23).

There is a national KR rationing policy in place for patients in the public sector
incorporating criteria that selects patients considered to benefit the most from transplantation

to balance the growing need for KRT in a resource constrained environment (21).
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Conservative kidney management (CKM) is a treatment option for families who choose not
to undertake KRT (44). Effective CKM and KS&kidney supportive care) programs are
needed in both high and low resource settings. Conservative kidney management and KSC
are core components 6integrated kidney care (45). A recent local study in Cape Town has
developed a tool kit [Paediatric Feasihility Assessment for Transplantation (pFAT)], a
psychosocial risk score developed in South Africa to support transparent eligibility
assessment in a low-resource setling (46). It highlights (he need w address specilic
psychosocial and socioeconomic barriers, to encourage equitable access to KRT. Equally

important, is the need for strategies to delay CKD progression (46).

12.7. OUTCOME

The mortality rate in children on KRa's approximately thirtvfold greater than their healthy
counterparts (13). The major causcs arc cardiovascular discascs and infections, contributing
30-40% and 20-50% of deaths respectively (13). Infection is now the commonest cause of
hospital admissions compared to acute rejection for children who received a kidney transplant

(13).

This Stud)ﬂ'ned to address the research gap in the epidemiology, aetiology, risk factors. and

outcomes of children with moderate to severe CKD in a SA setting.
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1.3. AIMS AND OBJECTIVES

13.1. AIMS

This study aim was to describe the epidiniology, and characteristics of patients with an
initial diagnosis of CKD stage 3 to 5 at the paediatric renal unit at CHRAH. The study also
aimed to analyse the aetiology and risk factors associated with poor outcome i.e., end-stage

kidney disease (ESKD) or death.

1.3.2. OBJECTIVES

1.32.1  To determine the frequency of kidney failure (CKD stage 5 or initiation of
kidney replacement therapy) in children diagnosed with modzrate to severe CKD at
CHB aediatric renal unit between 01 January 2000 and 31*' December 2019.

1.322  To describe the demographic characteristics, aetiology and risk factors of
children with CKD stage 3 to 5.

1323  To analyse complications, treatment and outcomes of children with CKD stage

3wl
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CHAPTER TWO - METHODS AND MATERIALS

2.1.STUDY DESIGN AND SITE

This was a retrospective observational study of children with CKD stage 3 to 5, treated at the
Paediatric Renal Unit of Chris Hani Baragwanath Academic Hospital (CHBAH) from 01
January 2000 to 31 December 2019. Archived patient records were retrieved to identity

patients.

[ ]

Chris Hani Baragwanath Academic Hospital (CHBAH) also known casually as “Bara” is the
largest hospital in South Africa and Africit’s size (070 km?) and bed capacity (3200 beds
and 429 buildings) places CIIBAII among the top ten largest hospitals in the world (47). ,

The hospital is located in Soweto, Johannesburg. Chris Hani Baragwanath Academic Hospital
is a teaching hospital affiliated to the University of the Witwatersrand Medical School, along
with three other nearby teach'ﬁ hospitals. In addition to being a tertiary referral hospital for
much of Gauteng province (11.4 million), North West pravince (3.7 million), parts of the
Northern Cape. and ianally the rest of South Africa, except the Western Cape (47), it also
provides service 1o its immediate population of at least 1.5 million adults and children in the
surrounding Soweto (47). In Johannesburg, CHBAH is a tertiary academic referral hospital
serving regions D, F, and G, see figure 1. It has a total of 408 paediatric beds. The Paediatric
Renal Unit at CHBAH consults up to 400 inpatients and 1500 outpatient visits annually. The
unit olfers acule and chronic PD as well as acute HD. Palients requiring chronic HD and
transplantation are referred for quaternary services at Charlotte Maxeke Johannesburg
Academic Hospital (CMJAH), since year March 1969 also to Nelson Mandela Children’s
Hospital (NMCH) since June 2021. Continuous renal replacement therapy (CRRT) is offered
in PICU by the Intensivists at CHBAH. See ligure 2.1 below.
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Figure 2. | Johannesburg regions. Available from:
https://www.commonwealthofnations org/partner/city-of-johannesburg-metropolitan-
municipality/

2.2.STUDY POPULATION

The paediatric renal unit provides services to patients admitted to the neonatal unit, general
paediatric wards, pacdiatric oncology unit, paediatric surgical disciplines including the burns
unit, and the paediatric Intensive Care Ur" This study population included patients from two
years to 14 years of age who consulted at the paediatric renal unit at CHBAH during the study

period.

[ ]
These patients were categorised into three groups based on the e®GFR: CKD stage 3 (eGFR 59
- 30 mL/min/1.73m?), CKD stage 4 (¢GFR 29 - 15 mL/min/1.73m?) and CKD stage 5 (¢GFR
less than 15 mL/min/1.73m’ or initiation of dialysis) at diagnosis (4).

The following flow chart (Figure 2.2) shows haw the children were sampled and included in
the study:




3086 2858 excluded:
e <2 years of age
e >14 years of age
» o CKDIl&2
e AKI
¢ Beyond study period
] oL . .
at initial diagnosis
228
30 excluded:
L
e Incomplete records
v
198

Figure 2. 2 Flow chart of inclusion criteria of the study population.

2.2.1. Data sources

Data was collected from patient clinical records stored in the renal unit. The study variables
included demographics and clinical variables. Kidney function was assessed by estimation of

the GFR (eGFR) using the modified Schwartz formula (48) for categorisation of CKD stages.

The aetiology was grouped into glomerular causes and non-glomerular causes. Risk factors
included a family history of renal disease and nzonatal factors such as prematurity, low birth
wcight and AKI. Complications wecre asscssed by rccording of initial consult results for
presence of cardiovascular disease, anaemia, hypothyroidism, mineral and bone disease.

metabolic acidosis, hypoalbuminemia and dyslipidaemia.

Management was grouped into conservative management and kidney replacement therapy.
Children outcome to survival or death was recorded and analysed. Transfer out to another renal
facility during the study period was counted as survivors. Patients who have not adhered to
scheduled visits were recorded as lost 0 follow-up. Refer w deflinitions and database

appendices for all the variables.
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2.2.2. Outcome measurement

Outcome variables included active patient, transfer to another renal facility, lost to follow-up.

or dcath.
Treatment variables included PD, HD, or CKM.

2.2.3. Study time

Dazta was collected for the 20-vear period from January 2000 to December 2019. Analysis was
performed [Tom initial diagnosis of CKD stage 3, 4 or 5 w [inal outcome or end of the study

period in December 2019, whichever came first.

2.3.DATA ANALYSIS

Data was managed using STATA version 17 (49).

Annual Incidence rates Per Million Age Related Population (PMARF) was calculated using

the formula:

New CKD 3 to 5 minus cases outside Gauteng for year x Imillion + population indices for
children aged 2 to 14 years for the same year. It was calculated for each year and reported as a

range for the year 2001 to 2019.

The population indices were supplied by the District Health Information System (DHIS), which
are obtained from the STATS_SA database.

Categorical variables were summarised using frequencies and percentages. Laboratory
variablﬁ were categorised based on the recommended clinical threshold values for normal
range. Continuous variables were assessed for normality using the Shapiro Wilk test and the
histogram plots with a superimposed normal curve. Since all the variables deviated from the
normal (fstributiouhe median and interquartile range (IQR) were used as the measures of
central tendency. The Kruskal Wallis test was used to test the significance difference of
laboratory findings between the CKD stages. To determine the factors associated with mortality
among CKD patients, the Cox proportional hazard model was used. Kaplan and Meier curves

were used to describe the mortality rates between groups of categorical variables. The
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univariate and multiple Cox regression models were fitted. The proportional hazard assumption

waes assessed using the Scholefield residual test. Significance was set at 5%.

|
2.4.ETHICS

The study protocol was accepted by the University of the Witwatersrand Human Rescarch
Fthics Committee, certificate numher M210468 and approved by CHRAH Paediatric
department as well as the Medical Advisory Comminﬁ: (MAC). The study was registered in
the National Health Research Database (NHRD). The research was performed in line with the
principles of the Declaration of Helsinki. Informed consent was not required due to the study

being retrospective. Each patient had a study number to ensure anonymity.
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CHAPTER THREE — RESULTS

-
A total of 65 (32.8%), 47 (23.7%), and 86 (43.4%) patients had CKD stages 3, 4 and 5
respectively. The calculated incidence for 2001 to 2019 ranged from 9.3 to 29.7 PMARP as

seen in figure 3.1.

PMARP

35
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0
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¥The denominator for vear 2000 coulc not be supplied by DHIS.

Figure 3. | PMARP per year

3.1.BASELINE CHARACTERISTICS AT DIAGNOSIS

Table 3.1 shows the baseline characteristics of the participants at diagnosis. The overall median
(IQR) age at initial diagnosis of CKD stage 3 to 5 was 7 (4-11) years. Of the 41 (20.7%) wha
resided outside Gauteng Province, 21 (51.2%) presented in CKD stage 5, compared to 65 of
157 (41.4%) who resided in Gauteng.
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Table 3. 1 Raseline characteristics at diagnosis

PKD stage 3

CKD stage 4 CKD stage 5 Total
n=65(32.8%) n=47(237%) n=86(43.4%) n=193
Apge (vears)
Median (IQR) 7(4-10) 6 (3-10) 7(5-11 7(4-11)
Weight (z-score)
Median (IQR) | 13(30t004) | 18(27t0 1.0) | 1.6(29t0 04) | 16(28to 0.4)
IIeight (z-score}
Median (IQR) | -1.5(31100.3) | -19(34w0-1.1) | -1.6 (2710 -04) | -1.7 (-30 w -0.5)
Province,
Outside Gauteng, n (%) 11 (169) 9(19.1) 21(24.4) 41 (20.7)
Inside Gauteng, n (%) 54 (830) 38 (80.8) 65 (75.5) 157 (79.2)
Gender
Male, n (%) 28 (14.1) 33(16.6) 45(22.7) 106 (53.5)
Female.n (%) 37 (569) 14 (29.7) 41 (47.6) 92 (464)

gble 3.2 shows the aetiology of the CKD stages 3, 4 and 5 by age groups.aomerular disease
was the predominant cause of CKD in patients older than 5 years in 61 (43.5%),_Overall, of the
glomerular diseases nephrotic syndrome accounted tor 35 (17.6%); 32 (91 4%) steroid resistant
ucphrotisyndromc (SRNS), two (5.7%) steroid sensitive nephrotic syndrome (SSNS) anﬁnc
(2.8%) steroid dependent nephrotic syndrome (SDNS). The histological types were focal
segmental glomerulosclerosis (FSGS) in 19 (54.2%), minimal change nephrotic syndrome
(MCNS) in four (11.4%), congenital nephrotic in six (17.1%), and unknown in six (17.1%).
HIVAN accounted for 22 (11.1%); two (9.0%) before year 2004 and 20 (90.9%) after year

2004 when anti-retroviral (ARV) treatment became available (23).

The predominant cause in the 2-to-5-year age group was CAKUT in 25 (43.1%); posterior

urethral valves (PUV) accounted for 28 (14.1%) overall.
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Tahle 3. 2 Aetinlogy of CKD 3 to 5 hy age groups

Age groups 2- Syrs >5yrs Total
n (%) n (%) n (%)
Total 58(29.3) 140 (70.7) 198 (100)
Glomerular disease 13(22.4) 61 (43.5) 74(37.3)
Nephrotic syndrome 10(5.0) 25(12.6) 35(17.6)
HIV-Related Kidney Disease 2(1.0) 20(10.0) 22(1L1)
“Other 12 (60) 12 (6.0)
Lupus nephritis ~ ———— 4(2.0) 4(2.0)
APIGN 1(05) 1(0.5)
CAKUT 25(43.1) 39 (27.8) 64 (32.3)
Posterior urethral valves 17 (8.5) 11(5.0) 2R (14.1)
*Other CAKUT 6(3.0) 16 (3.0) 22(11.0)
“Other obstructive uropathy 1(0.5) 7(35) 8(4.0)
Prune Belly Syndrome 1(0.5) 5(2.5) 6(30)
Genetic Syndromes 9(15.5) 14 (10.0) 23(11.6)
Primary hyperoxaluria 5(2.5) 1L (5.5) 16 (80)
Syndromic 1(035) 2(1.0) 3(1.5)
ARPKD 2(10) . 2(1.0)
Cystinosis 1(0.5) 1(0.5)
Nephronophthisis 1(0.5) S 1(0.5)
Voiding disurders 4(6.8) 13(9.2) 17 (8.5)
Neurogenic bladder 4(2.0) 11 (5.0) 15(7.3)
Dysenergic bladder = — 2(1.0) 2(1.0)
Acute kidney injury 5(8.6) 41(2.8) 9(45)
CKD cause unknown L(1.7) 5(3.5) 6(3.0)
Vasculitis 32.0) 3(L5)
Primary hypertension - 1(0.7) 1(0.5)
Pyelonephritis 1 (1.7) e 1(0.5)

HIV-Related Kidney Disease includes HIVAN (HIV |1ephmpm-21A1 0.6%) and HIVIC (HIV-Asociated immune complex kidney disease)
(1,05%); APIGN (Acute post-infectious glomerulorephritis); CAKUT (Cengenital abnormalities of the kidney and urinary tract); ARPKD

{autosomal recessive polycystic kidney disease);

Otker glomerular disease incluced the following: Immune complex glomerulonephrins (4.2%), wbulointerstitial nephritis (3,1.5%),

membrenoproliferative glomerular nephntis (2,1 0%), granulomatosis with polyangiitis (2.1.0%), lzA nephropathy (10 5%).

"Other CAKUT included: dilated non-odstructed system (1.05%), horseshoe kidney (2.1.0%). multicystic dysplastic Kidney (2,1.0%%).
nypoplastic dysplaste Eidpeys (2,10%), pelvic ureteric junction obstruction (3.1.5%), ureter siricture (2,1.0%), vesicoure teral relflux (6.3 09%).

ani lateral renal agenesis (4.2.060).

“Otaer obstructive uropathies included: urethral obstruction (1.0.5%). posterior arethra diverticulum (1,0.5%), megalourethra (1.0 .5%).

rhabdormyosarcome (1.0.5%).
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3.2.RISK FACTORS AT DIAGNOSIS

Risk factors for CKD were identified in 35 (17.6%) patients at diagnosis. In the 35 patients,
low birth weight and prematurity_was reported in 14 (40%), nire (25.7%) had antenatal
hydronephrosis, seven (20%) had a positive family history of renal disease, two (5.7%) had
AKI and three (8.5%) had other diagnosis which included small for gestational age (2, 5.7%)
and birth asphyxia (1, 2.8%), see figure 3.2.

Risk factors of children with CKD 3-5 (Total n=35)

LBW and Antenatal Family history Other AKI
Prematurity  hydronephrosis

16
14
12

S A = o o

[igure 3. 2 Risk factors of children with CKD stage 3 to 5

3.3.COMPLICATIONS AT DIAGNOSIS

At diagnosis, 111 (56.0%) patients had hypertension. Hypertensive heart disecase was

documented in 63 (31.8%) on echocardiogram. No vascular calcitications were documented.

Table 3.3 shows_the laboratory blood results at diagnosis. Haemoglobin, bicarbonate, and
calcium were significantly lower in CKD stage 5 compared to CKD stage 3 and 4 at

presentation, while serum phosphate, PTH and ferritin were significantly higher.
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Table 3. 3 [Lahoratory resnlts at diagnosis.

Variable CKD stage 3 CKD stage 4 CKD stage 5 p-Value
Median (IQR) Median (IQR) Median (IQR)

Haemoglobin I1(9.3t012.6) 104(895t011.32) B (63109.7) 0.0001

(g/dL)

MCV 81.1 (7159t 85.6) 79.7(76.6 10 83.5) 789 (735 1082.8) 0.1179

(L)

Ferritin 14 (2210 184) 83 (46 ta 203) 338 (15210671) 0.0001

(ng/mL)

Albumin 32(181043) 38 (23t04d3) 292310 37) 0.1553

(elL)

Bicarbonate 16(14t020) 13(11 to 17) 11(61w14) 0.0001

(mmol/L)

PTSH 37 (2261c9.5) 444(273 10 643) 438 (258 106.54) 0.9870

(mlTIT)

“TC 8.65 (6491t 124) 826 (4210 941) 323797 0.0004

(mmol/L)

Caleium 2.28(20410239) 23(2081025) 2(13510228) 0.0001

(mmol/L)

Magnesium 0.835 077 w099 093 (083t 1.1) 0.94 (0.8 w 1.08) 0.2618

(mmol/L)

Phosphate 170 (145101 98) 1LAT (14810 2.16) 223171 102.87) 0.0001

(mmol/L)

“PTH 1025(7.1 e 10.8) 17.1 (9810 25) 4312010 67.9) 0.0008

(pmol/L)

“Mean corpuscular volume,

"Tayroid stimulating hormone, “Total cholesiernl, "aratky roid hormone.

3.4.KIDNEY FAILURE TREATMENT OUTCOME

Patients with CKD can progress or improve from one CKD stage to another, With medical
treatment the rates of progression may differ among institutions. Of the 86 children with
CKD stage 5 at initial diagnosis, 79 (91 8%) remained in CKD stage 5 at final outcome.
Likewise, of the 65 children with CKD stage 3 at initial diagnosis, 14 (21.5%) progressed to
CKD stage 5. Forty-seven children had initial CKD stage 4, of those 15 (31.9%) progressed
to CKD stage 5. This resulted in a total of 108 children with CKD stage 5 at final outcome as

seen in Table 34.
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Table 3. 4 Progression of CKD from initial stage at diagnosis to CKD stage at final outcome.

CKD stagc at initial CKD stage at final outcome Total rows
diagnosis [ ]
CKD 2 CKD 3 CKD 4 CKD 5
CKD 3 0 39 12 14 65
CKD 4 1 2 29 15 47
CKD 5§ 1 3 3 79 86
Total column 2 4a 44 108 198
[ ]

The mean ratif decline in eGFR from baseline to final visit was 4.90 (SD 7.03)
ml/min/BSA per year.

A total of 198 paticnts during the study period, 46 (23.3%) dicd, 59 (29.7%) were transferred

to another unit, 69 (34 .8%) were lost to follow up, 24(12.1%) were in active care

A lotal ol 108 patients had CKD stage 5 at [inal outcome. Seventy-three (67.5%) patients
received KRT and a total of 35 (32.4%) were treated conservatively. The different modality

of KRT received is shown on Figure 3.3 below.

Mode of KRT (n=73)

CRRT alane I

pD, HD and CRRT ]

po and CRRT [
poand D |
200

=
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o
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40 45

Figure 3. 3 Mode of kidney replacement therapy (KRT) at final outcome (n=73)
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3.5.FACTORS ASSOCIATED WITH MORTALITY

The median (IQR ) duration of [ollow up was 1.2 (0.3 (0 3.2) yeurs. The mortality rate was 9.8%
(7 3-13.1%) person-years (PY), contributed by 46 (23.3%) children. For factors associated with

ality determined by the adj Cox regression, patients with CKD stage 5 had 3.5 times
(95%Cl:1.5-7.9, p-value 0.002) increased risk of death compared to those wil}‘KD stage 3.
Patients with albumin <25g/L had 2.6 times (95%CI:1.0-0.2, p-value 0.030) greater risk of
death compared to those with albumin >25g/L. Patients with glomerular disease had 2.5 times

(95%CI1:1.0-6.3, p-value 0.046) risk of death compared to those with CAKUT.

The final adjusted modcl was asscssed for the proportional hazard assumption using the
Schoenfeld residuals and the glohal test gave a p-value=0.1921 which inﬁateﬂ that the
proportional hazards assumption was satisfied. Table 3.5 shows variables associated with

mortality in patients with CKD stage 3 to 5.
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Table 3. 5 Cox Regression Analysis for variahles associated with mortality

n(%) Univariate Cox regression Adjusted Cox regression
46 HR (95%CI) P-value AdjHR P-value
(95%CT)
Gender
Female 24(52.1) I(rel) — ——
Male 22(47.8) 0.6(0.3-1.1) 0.111
Age group
2-5 years 11{23.9) L (ref) ————-
=5 years 35(76.0) 1.5(0.7-3.1) 0.193
Residence
In Gauteng 34 (73.9) I (raf) —- ——-
Outside Gauteng 12(26.0) 1.7 (09-3 4) 0.096
CKD stage
3 9 (19.5) [(ref) 1 (ref)
4 6 (13.4) 1.0(03-2.8) 0.977 1.09 {0.3-3.1) 0.863
5 31(67.3) 38(18-8.2) <0.001 35(1.579) 0.002
Disease
Glomerular 25(54.3) 4.1(19-8.7) <0001 2.5(1.0-6.3) 0.046
CAKUT 11(23.9) L (ref) 1 (ref)
Other weLn | - ————-
Haemoglobin
<lg/dI. 3R (R2.6) 26(12-57) 0012
>11g/dL 8 (17.3) L(r=f)
Serum albumin
<25g/L 20 (434 40 (2.1-74) <0.001 26 (1.0-62) 0.030
>258/L 20 (56.5) 1 (rel) 1 (rel)
Serum bicarbonate
<22mmol/L 43(93.4) 35(1.0-11.5) 0.035 ————-
>22mmol/L 3(6.5) 1 (ref)
Proteinuria
<2 plus 14 (30.4) 1 (ref) S S—
>2 plus 32 (69.5) 25(13<47) 0.005

DOne event ime was indeterminate for a female child with CKD stage 5 cause unknown and thus excluded from the Cox regession analysis

One is equivalent to the reference (ref).
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The Kaplan-Meier curve for CKT) stages shows that more deaths occurred among patients in

Stage 5 (Figure 3 4), and those with glomerular disease (Figure 3.5).

Kaplan—Meier survival estimates
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Figure 3. 4 Kaplan-Meier survival estimates of CKD stages over a two-year period after
diagnosis
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Figure 3. 5 Kaplan-Meier survival estimates of CKD aetiology over a two-year period after

diagnosis.
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CHAPTER FOUR - DISCUSSION

4.1. DEMOGRAPHICS AND EPIDEMIOLOGY

This study addresses some of the research gaps in South African children with CKD. It provides
a calculated incidence rate of CKD stage 3-5 for children in a SA setting, using age-appropriate
population indices as supplied by the DHIS. The calculated incidence in our study, for year
2001 to 2019 ranged from 9.3 to 28 pmarp. This is higher than other SA studies of CKD in
children reporting an incidence of 1-2 per million age-related population in their region (16).

The difference could be explained by the different study methods employed.

The calculated incidence ratc is similar to the incidence of CKD in children in Europe which
is stated to be around 1112 per million of age-related population (pmarp) for stages 3-5 (50).
In the ItalKid project, the mean incidence during the period 1995-2000 was 12.1 cases pmarp
(range: 8.8-13.9). This however included children with stage 2 CKD (Ccr <75 mL/min/1.73m?)
(51).

Incidence rates can be attected by inaccurate values in the numerator or denominator. 1t may
be underestimated by those patients not referred W our centre, missed diagnosis or those
seeking alternative medicine. Despite these limitations, this calculated pmarp incidence rate

CKD in children aged two-to-14-year-old in our study should assist Health Economists as
South Africa moves to Universal Health Coverage (UHC) and endeavour to attain sustainable

developmental goals (SDG) (1).

The mew age at diagnosis of CKD stage 3 to 5 in our study was 7 (4-11) years. In the ItalKid
project, the mean age at registration was 6.945.4 years (51). They included patients less than
20 years at the time of presentation and the eGFR using the Schwartz’s formula was < 75
mL/min/1.73m? (pre-dialysis). Despite a broader inclusion criterion used in the ItalKid project.
the ages at registration are similar. In a local study by von Biljon on pre-pubertal children with
CKD stages 2 to 4, the mean age at presentation was 4.83 (SD 2.53). Interestingly . in this study.
children with non-glomerular disease presented at a younger age compared to those with
glomerular disease (52). Similarly, in our study, glomerular disease was the predominant cause

of CKD in patients older than 5 years.
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In our study, CKD was mostly prevalent in males. This may he due ta more congenital

abnormalities of the kidney and urinary tract (CAKUT) being prone in males (50).

More than 50% of patients referred from outside Gauteng province in our study had CKD stage
5 at presentation. This reflects late referrals, possibly due to delayed presentation or missed
diagnosis. Patients are referred from other provinces such as North West Province (NWP) due
to lack of renal services outside of Gauteng Province. Chronic kidney disease is silent before

the late stages, which is another factor in delayed presentation.

Patients in our cohort present in advanced stages of CKD with high mortality and morbidity
ratcs, typical of sub-Saharan African countrics (2). In a study donc in a tertiary hospital in
Malawi, 56% of patients presented with CKD stage 3 to 5 (12) and another study in a paediatric
renal unit in Cameroon, CKD stage 5 was the most frequent (81.3%) presentation (53). This

dara identifies a potential area of intervention to improve patient outcomes to meet the SDG.

42.AETIOLOGY

42.1. NEPHROTIC SYNDROME

In our study. glomerular disease is the most common cause of CKD stages 3 to 5 in children
above 5 years of age (43.5%) as well as overall (37.3%), similar to other studies from South
Africa and Nigeria (12, 13, 16, 54). This is however contrary to other recent reports from South
Africa and Pakistan stating CAKUT as the most common cause in children with CKD (46, 35,
56). This may be due to different st“y periods and temporal changes in healthcare associated
with outcomes. While congenital structural causes such as renal hypoplaﬁ and posterior
urethral valves (PUV) are more prevalent in the younger age groups, the incidence of
glomerulonephritis does increase in those >12 WJS of age (50). In a study done in SA,
KwaZulu Natal (KZN) on stage 2 to 5 in children, the commonest cause of CKD in all children
was nephrotic syndrome, amounting to 36.5% overall (16). This is similar to our study where
nephrotic syndrome (37.3%) is followed by CAKUT (32.3%) and genetic syndromes (11.6%)
of which primary hyperoxaluria contributed the most (8.0%). Glomerular disease is more
prevalent than other renal discases in Africa and thc commonest form of presentation is

nephrotic syndrome with age of onset at five to eight years (57). In a single centre study by
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Waong et al. in Canada reports glomernlar disease accounting for 27% of the averall causes of
CKD compared with uraathies, which accounts for 31.1% (58). In Italy, CKD is largely
caused by CAKUT (49.1%), steroid-resistant nephrotic syndrome (10.4%), chronic
glomerulonephritis (8.1%) (e.g., lupus nephritis, Alport syndrome) and renal ciliopathies
(53%) (50).

In our study, most children with CKD due to underlying nephrotic syndrome have focal
segmental glomerular sclerosis (FSGS) on kidney bicpsy. Globally, most children with SRNS
have FSGS on kidney biopsy (30). In our study 91.4% of children had SRNS. In a stuﬁ using
the NAPRTCS database, using obstructive uropathy as the referent group, FSGS is the only
diagnosis independently associated with a risk of disease progression (HR, 1.77; 95% CI, 148
to 2.12) (59).

Two hundred genes are identified to cause the most common aetiologic spectrum of CKD in
children, including SRNS; this is not routinely available in SA. Genetic testing has substantial
implications such as prenatal testing in affected siblings, genetic counselling and in assessing
the patient’s prognosis (50). Genetic testing may identify patients in whom immunosuppression
for nephrotic syndrome is futile. This is an area of future research which potentially could alter

patient outcomes with regard to infections due to immunosuppressive therapy.

42.2. HIV ASSOCIATED NEPHROPATHY (HIVAN)

Most patients in our study with HI'V related kidney disease were diagnosed between years 2010
and 2019. The number of children with CKD stage 3 to 5 and HIV infection in the four-year
period prior to 2004 in our study is 9.0% and 90.9% in the sixteen-year period from 2004 to
2019.

Prior to the implemcaation of the antiretroviral (ARV) program, the most rapid progressors
died in infancy (60). Earlv diagnosis of HIV and immediate institution of antiretroviral thera
decreased early infant mortality by 76% and HIV progression by 75% (60). The first rollom‘of
the HIV/AIDS program in South Africa in 2004 lead to increased testing and survival (61). The
estimated proportion of child deaths due to AIDS in South Africa reached a peak of 37-39%
around 2005-2006 with a sharp decline towards the end of the decade (62).

There is a wide varietv of renal diseases in children with HIV, these include electrolyte and
tubular abnormalities, acute kidney injury, thrombctic microangiopathies as well as glomerular

diseases that cause proteinuria. The proteinuria can range from asymptomatic
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microalbuminuria to complete nephrotic syndrome. Some of the children can progress to CKD

(63).

In our study, all patients with CKD due to underlying HIV related kidney disease were
diagnosed with a kidney biopsy. A total of 22 (11.1%) of children had HIV related kidney
disease in study of which 21 (10.6%) had HIV associated nephropathy (HIVAN) “ 1
(0.5%) had HIV immune complex kidney disease (HIVICK). This is more than reported in the
study by Imani et al who demonstrates a prevalence of 1.6% of children with CKD and HIV in
their sub-Saharan cohort (64). This may be due to a shorter study period of 6 vears in their
study or earlier implementation of antiretroviral drugs.

|
423 CONGENITAI. ANOMALIES OF THE KIDNEY AND URINARY TRACT
(CAKUT)

In our study. PUV is the most common cause of CAKUT (14.1%) and mostly diagnosed in
children 2 to 5 years of age (8.5%). This is similar to a study at aiain tertiary paediatric renal
centre in Cameroon where of the urological malformations, PUV is the most common cause of
CAKUT (53). In a study at a tertiary hospital in Malawi, all patients presenting with obstructive
uropathy had eGFR <60ml/min/1.73m? (12). This highlights the late diagnosis or presentations
in LMIC countries and the importance of early intervention (12). Considering that CAKUT
conditions is the leading cause ol ﬁD in children below age 5 years al diagnosis, [oetal
anomaly scans, screening ultrasound in children with documented urinary tract infection (UTL),

and early referral will allow timeous interventions to prevent CKD (28, 34, 55).

42.4. PRIMARY IIYPEROXALURIA

In our study, Primary hyperoxaluria is the mﬁ common genetic syndrome (8.0%) and
presenting mostly above the aﬁof five years. Primary hyperoxaluria type | (PH1), a rare
autosomal recessive condition, is the most frequent and severe form of primary hyperoxalurias,
lcading to end-stage kidney discase (ESKD) and systcmic organ damage (35, 65). Onc major
hallmark of PH1 in hoth LMIC and HIC is the delay in diagnnsis averaging five years fr

initial presenting symptoms to diagnosis (65). Chang et al at CHBAH also showed that the
median (IQR) age of presentation is 72.0 (44.0-108.0) months and nephrocalcinosis is
Signi"ﬁﬁntly associated with KF (p=0.009) (35). The most common presentation in Chang et

al.is urolithiasis, with or without nephrocalcinosis. urinary tract infections (UTIs), haematuria
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and KF (35). Screening urine dipstick at primary health care centres or school clinics is a

potential public health care tool to identifv CKD early.

425 ACUTE KIDNEY INJURY (AKIj

Although AKI may progress to ESKD, it is seen in a few of the patients with CKD stage 3 to
5 in our study. It is possible that patients diagnosed with mild stages of AKI or whao have partial
recovery of renal function are not referred to the renal services in our centre. Another reason
may be related to the high mortality of AKI in low resource settings (66). Communicable
diseases causing septicaemia and diarrhoeal diseases resulting in hypovolemia and septic
shock, herbal medication from alternative medicine and malaria are common in LMIC and
have a role in causing AKI (53). Most patients in a study in a tertiary hospital in Malawi with
AKI show improvement in their glomerular filtration rale and @ minority progress into CKD
stage 3 (12).In an adult review article by Coca et al. reports that AKI increases the risk of CKD
by 8-fold (HR !4 8.8, 95% CI 3.1-25.5) and the risk of end-stage kidney disease by 3-fold (HR
143.1,95% CI 1.9-5.0) (67). In an adults and paed:atric review study of AKI in sub-Saharan
Africa, 11 studies report dialysis needed acutely in 1042 of 1572 (66%) children with AKI;
Five (0.8%) children with AKI in that study during 1998 to 2020, developed chronic kidney
disease (66). Raising awareness of the risk of AKI progression to CKD and appropriate

screening for CKD in this population is possible area of intervention to improve outcomes.

4.3.RISK FACTORS

In our study risk factors were identified in 35 (17 6%) patients. The retrospective nature of the
study could be under- representing risk factors. Most of the risk factors could be identified in
the neonatal period. This represents an opportunity for intervention and screening starting in

the neonatal period.

(|
In general, risk factors for CKD include small for gestational age, 1(“ birthweight and
prematurity and are more common in LMIC. These perinatal conditions increase the risk of
proteinuria, hypertension, and CKD in later life (28, @8, 69, 70, 71, 72) through multiple

methods including low nephron numbers (68,69,70,71,72).
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