
Etiology, ethics, and outcomes of chronic kidney disease in 
neonates

Jameela A. Kari, FRCP, FRCPCH, Sara N. Sharief, Medical Student, Sherif M. El-Desoky, MRCP, MD,
Khalid A. Alhasan, MD, Amr S. Albanna, MD.

361

ABSTRACT

الكلوي  العلاج  يتطلب  اللذي  المزمن  الكلى  مرض  الأهداف: 
فإن  ذلك،  ومع  الولادة.  حديثي  في  الحدوث  نادر  أمر  البديل 
من  المتاحة  الولادة  فى حديثي  المزمن  الكلى  مرض  عن  البيانات 
البلدان النامية قليلة. في هذه الدراسة، تم تسجيل نتائج المتابعة 

الممتدة لمرض الكلى المزمن  لحديثي الولادة في مركزنا.

الطريقة: في هذه الدراسة المرجعبة، استعرضنا البيانات السريرية 
الذين  المزمن  الكلى  بمرض  المصابين  الولادة  حديثي  جميع  من 
تابعوا في جامعة الملك عبدالعزيز، من سنة 2005م إلى 2015م. 

تم تسجيل متابعة الكرياتينين في الدم كل 6 أشهر. 

بمرض  المصابين  الولادة  حديثي  من  طفل   181 درسنا  النتائج: 
 11.1 العرض  عند  أعامرهم  متوسط  وكان  المزمن.  الكلى 
متوسط  وكان   )9.5-12.8 ]سي[،  الثقة  فاصل   95%( يوما 
91.3- الثقة  فترة   95%( لتر   / ميكرولتر   106.5 الكرياتينين 
121.7(. وكانت التشوهات الخلقية في الكلى والمسالك البولية 
الولادة. وكان معدل  %84.5 من حديثي  الأساسي في  السبب 
 ،)10%( الأولى  الستة  الأشهر  في  سيما  لا  مرتفعا،  الوفيات 
ووصل إلى %16 بعد 4 سنوات من المتابعة. وكان العمر الأصغر 
مرتبطة  الدم عوامل  وارتفاع ضغط  الذكور،  و  التشخيص،  عند 
بارتفاع معدل الوفيات. في آخر متابعة، كان 42 )%41( حديثي 
الولادة يعانون من ارتفاع ضغط الدم و 27 )%26.5( لديهم زلال 
)بروتين( في البول. وقد تلقى خمسة من حديثي الولادة غسيل 
قد  أخرى   6 و  أسابيع(  أربعة  أول   ( الوليدية  الفترة  في  الكلى 

بدأوا غسيل الكلى في وقت لاحق 

هي  البولية  والمسالك  الكلى  في  الخلقية  التشوهات  الخاتمة: 
في حديثي  المزمن  الكلى  لمرض  شيوعاً  الأكثر  الكامنة  المسببات 
الولادة. ويرتبط مرض الكلى المزمن في حديثي الولادة مع ارتفاع 
معدلات المراضة والوفيات. إن العلاج الكلوي البديل في حديثي 

الولادة يمثل تحدياً مثيراً للجدل، لا سيما في البلدان النامية.

Objectives: To report the epidemiology of chronic 
kidney disease )CKD(  in neonates at a single tertiary 
center and the outcomes of renal replacement 
therapy )RRT( in these patients and discuss ethical 
considerations regarding RRT in this population.

Methods: In this retrospective study, we reviewed 
clinical data from all neonates with evidence of CKD 

who were followed up at King Abdulaziz University, 
Jeddah, Kingdom of Saudi Arabia between 2005 
and 2015. Follow-up serum creatinine levels were 
recorded every 6 months. 

Results: A total of 181 neonates presented with CKD. 
Their mean age at the time of presentation was 11.1 
days )95% confidence interval [CI]: 9.5-12.8( and 
the mean creatinine level was 106.5 µmol/ )95% CI: 
91.3-121.7(. Congenital anomalies of the kidneys and 
urinary tract )CAKUT( were the underlying causes of 
CKD in 84.5% of the neonates. Mortality was high, 
particularly in the first 6 months )10%(, and reached 
16% by 4 years of follow-up. At the time of the last 
follow-up, 42 )41%( neonates had hypertension and 
27 )26.5%( had significant proteinuria. Five patients 
received dialysis in the neonatal period and another 6 
were commenced on dialysis later.

Conclusion: Congenital anomalies of the kidneys and 
urinary tract is the most common etiology in neonates 
with CKD. Chronic kidney disease in neonates is 
associated with high morbidity and mortality rates. 
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Information about the epidemiology of chronic 
kidney disease )CKD( in neonates and infants is 

limited worldwide.1,2 These patients require special 
attention, as the characteristic features of CKD in these 
patients differ from those of children older than 2 years. 
Furthermore, the need for dialysis among neonates with 
severe CKD should be considered carefully from medical 
and ethical points of view.2 Congenital anomalies of 
the kidneys and urinary tract )CAKUT(, particularly 
obstructive anomalies and renal dysplasia, are the most 
frequent underlying causes of CKD during the neonatal 
period.3,4 Chronic kidney disease in neonates requiring 
renal replacement therapy )RRT( is very rare. In a 
survey, conducted between 2000 and 2011, of patients 
on chronic dialysis in 32 countries, only 264 neonates 
had received RRT.4 Delivery of RRT is influenced by the 
uncertain outcomes of chronic dialysis in neonates.4 As 
a result, there is significant variation in the attitudes of 
pediatric nephrologists caring for infants with end-stage 
kidney disease )ESKD(.5 In addition, the economic 
impact of RRT leads to major regional variation in 
its use globally. For example, more neonates with 
ESKD receive RRT in countries with a higher gross 
national income than those in countries with a lower 
gross national income,5 which is likely influenced by 
the high cost of providing RRT to young children.6,7 
The challenges faced by pediatric nephrologists in 
developing countries are even greater due to limited 
facilities and cultural issues. However, there is a paucity 
of studies about CKD in neonates in these countries.

In this study, we reported the epidemiology of 
neonatal CKD and outcomes of RRT in these patients 
at our institution. We also discussed cultural and ethical 
issues regarding the provision, or lack thereof, of life-
sustaining RRT treatment for neonates.

Methods. Compliance with ethical standards. 
The Ethics Research Committee at the Faculty of 
Medicine of King Abdulaziz University )KAU(, Jeddah, 
Kingdom of Saudi Arabia provided us permission to 
perform this study. The need to obtain consent from 
the participants was waived, as we studied anonymous 

subjects retrospectively and we did not perform any 
interventions. The study was performed according to 
the ethical principles of the Declaration of Helsinki.

Study population and data collection. Data of all 
fullterm neonates, either born at or referred to King 
Abdulaziz University Hospital, with evidence of CKD 
between January 2005 and December 2015 were 
evaluated. Low-birth-weight neonates )premature and 
small for gestational age( or neonates with acute kidney 
injury that had resolved were excluded. 

Data were collected retrospectively from the 
patients’ medical records and included age at the time 
of presentation, gender, neonate length at presentation, 
etiology of CKD, associated comorbidities, blood 
pressure )BP(, serial serum creatinine level, hemoglobin 
level, urine protein level, and mortality.

For subjects with stage 5 CKD )ESKD(, we recorded 
details about RRT, including reasons for it not being 
performed in neonates who did not receive RRT. 

Subjects aged 1-28 days were considered to have 
been born in the neonatal period. Hypertension was 
defined as an elevation in systolic blood pressure ≥95th 
percentile for gestational and post-conception age and 
the birth weight, measured on 3 separate occasions.8,9 

Babies with normal BP readings on antihypertensive 
were considered hypertensive. 

We defined neonatal CKD as an abnormality in renal 
structure or function that manifested in the neonatal 
period and was long term or expected to last for more 
than 3 months. Significant proteinuria was defined as 
an early morning urine protein level of 30 mg/dL or 
greater.10

We determined the estimated glomerular filtration 
rate )eGFR( using Schwartz’s11 formula for infants. The 
related studies, which have been referred to throughout 
our study were obtained from a variety of reliable online 
databases such as WebMD and PubMed.

Statistical analysis. We used STATA software 
)StataCorp. 2011: Release 12. College Station, TX: 
StaCorp LLC( for all analyses. The proportion and mean 
for dichotomous and continuous variables, respectively, 
were measured to describe the patients’ characteristics. 
The 4-year survival was estimated using a Kaplan-Meier 
curve. The impact of the severity of disease and RRT 
on the 4-year mortality was estimated using a Cox 
proportional hazards regression model. A multivariate 
regression analysis was performed to control for potential 
confounding factors, including baseline age, gender, 
and hypertension, which were determined based on an 
a priori theoretical assumption using directed acyclic 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company. 
This project was funded by the Scientific Deanship of 
King Abdulaziz University, Jeddah, Kingdom of Saudi 
Arabia )Grant Number G-385-140-38(.
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graphs. All patients, including censored patients, with 
a determined follow-up duration were included in the 
survival analysis. Statistical significance was determined 
with a p-value of 0.05, and data are presented as 95% 
confidence intervals )CIs(.

Results. One hundred eighty-one neonates fulfilled 
our inclusion criteria and were included in the study. 
They represented 14.25% of our pediatric CKD 
population )1,270 children with CKD(. Their baseline 
demographic and disease characteristics are summarized 
in Table 1. There was a predominance of male patients, 

and obstructive uropathy was the main underlying 
etiology of CKD. Data on consanguinity were available 
for 77 children, of whom 53 )69%( had a history of 
consanguinity between parents. 

Figure 1 demonstrates patient survival over the 
course of 4 years, with considerable mortality within 
the first 6 months of life )10%(. 

Although the baseline creatinine level did not 
influence the 4-year mortality )hazard ratio [HR]: 
1.004; 95% CI: 1.001-1.007; adjusted for age, gender, 
and baseline hypertension(, it significantly influenced 
the risk of long-term renal impairment )the 4-year 
creatinine level increased by 0.7 µmol for each 1 
µmol increase in the baseline creatinine level; 95% 
CI: 0.54-0.90; adjusted for age, gender, and baseline 
hypertension [Figure 2](. 

Similarly, the baseline eGFR did not significantly 
influence the 4-year mortality )HR: 0.98; adjusted 
for age, gender, and baseline hypertension; 95% CI: 
0.95-1.00( )Figure 3(. 

Five of 39 neonates with a serum creatinine level 
greater than 133 µmol/L received RRT. An additional 
6 children underwent dialysis later in infancy or 
childhood. The parents of 3 patients refused to allow 
their child to undergo dialysis because of social issues 
or because a family member had a bad experience 
with dialysis; moreover, we advised 6 patients with 
comorbidities not to undergo dialysis. The indication 
and decision to perform RRT significantly influenced 
neonatal mortality )Figure 4). The need for dialysis 
was based on the serum creatinine level, eGFR, and 
symptoms such as fluid overload.

Details on the patients who received RRT during the 
neonatal period or later in infancy and those who did 

Table 1 - Baseline demographic and disease characteristics of the study 
participants.

Characteristics Estimate 95% CI

Age )mean, days( 11.0 10 - 13.0

Male gender )%( 76.0 69.4 - 82.2 

Saudi nationality )%( 52.5 44.9 - 59.9

Consanguinity )%( 68.8 57.3 - 78.9

Hypertension )%( 13.3 8.7 - 19.1

Creatinine level )mean, µmol/L(
)normal <55 µmol/L(27

106.6 91.4 - 121.8

eGFR )mean, ml/min/1.73 m2( 32.1 29.0 - 35.1

RRT 6.1 3.1 - 10.6

Type of renal Impairment (%)

  Glomerular 3.3 1.2 - 7.1

  Tubular 4.4 1.9 - 8.5

  Obstructive  63.5 56.1 - 70.5

  Dysplastic 22.1 16.3 - 28.9

  Vascular 6.6 3.5 - 11.3

CI - confidence interval, eGFR - estimated glomerular filtration rate, 
RRT - renal replacement therapy

Figure 1 - Patient survival over the course of 4 years, with considerable 
mortality within the first 6 months of life )10%(.

Figure 2 - Effect of baseline creatinine on long-term creatinine level 
among neonates with renal impairment.
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Figure 4 - Four-year survival among neonates with renal impairment, stratified by requirement and performance of 
renal replacement therapy during. the follow-up period.

Discussion. We reported the epidemiology of CKD 
in neonates presenting to our institution over the course 
of 10 years. Congenital anomalies of the kidneys and 
urinary tract was the main underlying cause of CKD in 
our patient group, consistent with the results of other 
international reports.3,4 A combined database study 
representing 40 countries and 264 patients showed that 
the most frequent underlying etiology of neonatal ESKD 
was CAKUT in 55% of patients, followed by cystic 
kidney disease in 13%, cortical necrosis in 11%, and 
congenital nephrotic syndrome in 6%.4 The incidence 
of neonatal ESKD was reported to be about 7.1 per 1 
million age-related people, and the estimated incidence 
of neonatal CKD being 1 in 10,000 live births.12 In our 
cohort, we observed a high percentage of consanguinity, 
which is similar to that seen in the rest of our country.13 

In our cohort, only a small percentage of neonates 
required RRT, and this treatment was offered to only 
a few children in the neonatal period. Some parents 
refused to allow their child to undergo dialysis for various 
reasons, while others were advised against dialysis. The 
contraindications for dialysis included neonates with 
associated anomalies or poor social background and 
parental inability to perform peritoneal dialysis at home. 
Apart from the presence of anuria, there are no clear 
indications for the initiation of dialysis in neonates with 
CKD. Many infants, especially those with CAKUT, 
have ongoing urine production, and their condition 
may be managed without dialysis until they have 
recovered from respiratory complications, which are 
common in neonates with CAKUT. Some patients may 

not receive RRT, despite having ESKD, are summarized 
in Table 2.

At the time of the last follow-up, 42 )41%( children 
had hypertension and 27 )26.5%( had significant 
proteinuria. Twenty-two children )12.1%( died at 
mean )SD( age of 8.8 )11.2( months, median )range( 
4.3 )0.14-42( months. The underlying cause of death 
was variable; however, chest infection and septicemia 
were the main underlying etiology of death in 6 patients 
who had congenital nephrotic syndrome. Progression 
and complication of the ESKD leading to other systems 
failure was the cause in the remaining children.

Figure 3 - Four-year survival among neonates with renal impairment, 
stratified by the severity of disease at presentation. GFR -  
glomerular filtration rate.
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Table 2 - The clinical details of patients with ESRD who received RRT and those who did not during the neonatal or infancy periods.

Gender RRT Age at RRT 
(month)

Etiology Associated 
morbidities

Proteinuria 
at 1 year

% Systolic 
BP at last 

FU

% Diastolic 
BP at last 

FU

Outcome

Neonates who received RRT during the neonatal period

Female PD 0.3 CDK DiGeorge syndrome
Tetralogy of Fallot

-ve 25.6 20.4 Died at 1.2 M

Male PD 0.3 CNS -ve 10.5 15.3 Died at 3.7 M
Female PD 0.7 Cortical 

necrosis
Turner’s Syndrome -ve 56.4 43.9 Died at 2.6 M

Male PD 1 PUV VUR 1+ 99.9 99.9 Surviving on PD
Male PD 1 Renal dysplasia -ve 10.5 11.3 Died at 31 M

Neonates with CKD who received RRT during infancy or 
childhood 

Male PD 12 NB VUR
Prun Belly’s syndrome

2+ 98.9 100 On PD

Male PD 13 PUV VUR Trace 75.5 62.4 Lost to follow up
Male HD 24 NB VUR 1+ 100 98.8 Died
Male RT 30 PUV VUR 1+ 95.3 91.8 Transferred
Male HD 30 PUV VUR 1+ 99.7 99.4 On HD
Male PD 100 PUV VUR 1+ 100 62.9 On PD

Neonates who did not receive RRT despite having ESRD
Female AA CDK Multiple cong. 

Anomalies
-ve 32.7 25.4 Died

Male AA Renal dysplasia 
VUR

Dysmorphic features -ve 88.7 70.9 Died

Male AA renal 
hypoplasia. 

VUR

Cleft lip & palate, 
hypospadias, intestinal 
obstruction, Hardikar 

syndrome

1+ 99.8 20.2 RFU

Male AA Renal 
hypoplasia

Imperforate anus 1+ 46.4 97.2 Died

Male AA hypo-dys-
plastic K., VUR

-ve 60.8 94.1 RFU

Male AA Abscent lt. k., 
hypoplastic 

rt.k.

Osteopetrosis
RTA

-ve 55.7 60.4 Died

Male Refused PUV, VUR 1+ 99.9 99.9 Died
Male Refused Renal 

hypoplasia
-ve 90.5 85.3 Died

Male Refused ARPKD Hepatic fibrosis 1+ 100 100 Died
RRT - renal replacement therapy, eGFR - estimated glomerular filtration rate, CKD - chronic kidney disease, RFU - regular follow-up, BP - blood pressure, 

CDK - cystic dysplastic kidneys, CNS - congenital nephrotic syndrome, PUV - posterior urethral valve, VUR - vesicoureteral reflux, RTA - renal tubular 
acidosis, M - month, PD - peritoneal dialysis, HD - hemodialysis, RT - renal transplantation, AA - physician advised against RRT

show a surprising improvement in kidney function, as 
RRT can be discontinued in 10% of neonates who have 
been commenced on dialysis.4  There is no international 
agreement on who should be responsible for clinical 
decision-making regarding the initiation of dialysis 
therapy in pediatric patients who are unable to provide 
consent. The United States Presidential Commission 
for the Study of Bioethics14 has divided ethical issues 
about providing treatment into 3 categories. First, for 
clearly beneficial treatments, the guidelines state that 
treatment is mandatory, even without parental consent. 

Second, for clearly futile treatments, the guidelines 
state that treatment should not be provided, even if 
parents insist upon treatment. Finally, when outcomes 
are ambiguous or uncertain, the parents should assume 
final responsibility regarding the most appropriate 
course of action. However, the French Neonatology 
Society15,16 recommends that although parents must be 
involved in the decision-making process, any important 
decision affecting the patient’s life is an individual 
medical responsibility.

In our institution, we provided RRT to neonates 

http://www.smj.org.sa/index.php/smj/index
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in whom RRT was not advised by physicians due to 
the presence of other comorbidities but whose parents 
insisted that all possible treatment options be tried. 
However, their outcome was poor. Some Islamic 
scholars17 have advised )fatwa( that life-sustaining 
treatment such as resuscitation should be withheld or 
withdrawn if recovery of the heart and lungs is deemed 
unlikely in the opinion of 3 trustworthy specialist 
doctors. Similarly, the Royal College of Pediatrics 
and Child Health in London18 recommends that it is 
ethically acceptable to withhold a treatment that is not 
in a child’s best interest. This is the case in many neonates 
with CKD requiring RRT, as this therapy could prolong 
their suffering, with no improvement in the outcome. 
This scenario is particularly true when the infrastructure 
is not optimum for providing this expensive treatment. 
In this case, withdrawal )or withholding or limiting( 
of treatment could be ethical because a greater benefit 
could be achieved by using other resources.19 

It is also important to consider social issues when 
making decisions about the use of RRT in neonates. For 
example, clinicians should consider whether parents are 
able to provide peritoneal dialysis for neonatal patients 
at home prior to recommending such sophisticated 
treatment.  Serious medical abnormalities are the most 
important factor affecting decision-making when 
providing RRT to neonates with ESKD. Other factors 
include anticipated future morbidity, the family’s right 
to decide, the doctor or medical staff’s right to decide, 
family socio-economic status, oliguria, and budget 
constraints.16 In this study, we used only peritoneal 
dialysis )PD( to start RRT, as we do not have the facilities 
to perform hemodialysis or renal transplantation in 
neonates at our institution. Peritoneal dialysis was used 
in 91.7% of the 264 neonates registered to receive 
RRT in the European Society of Pediatric Nephrology 
)ESPN(/European Renal Association-European 
Dialysis and Transplant Association )ERA-EDTA(, 
International Pediatric Peritoneal Dialysis Network 
)IPPN(, The Australia and New Zealand Dialysis and 
Transplant Registry  )ANZDATA(, and Japanese RRT 
registries.4 Recently, data have shown that the survival 
of neonates receiving RRT improves when appropriate 
infrastructure and expertise are available. The survival 
of neonates and infants who received RRT early in 
life in the form of PD 3 years after dialysis initiation 
was 78.6% and 84.6%, respectively.20 Neonatal RRT 
is associated with significant morbidity and mortality. 
A recent study21 reported that there were high rates 
of complications, including peritonitis )83%(, 
malpositioned catheters )72%(, and leaks )55%(, after 

PD in neonates. An alternative option for long-term 
dialysis in neonates is hemodialysis. Poolack et al22 
performed hemodialysis in 7 neonates, and reported 
that 86% )6 children( survived at 18 months of age, 
but there was considerable morbidity. 

The results described here are consistent with those 
of a previous study demonstrating that there was a high 
mortality rate in neonates receiving RRT )65.3%(, 
which was most likely within the first month of life 
)56%(, with the majority )94%( occurring within the 
first year.20 Furthermore, among long-term survivors, 
44% were severely developmentally delayed and 22% 
were moderately developmentally delayed. Higher 
survival rates were reported in combined registries 
)the ESPN/ERA-EDTA, IPPN, ANZDATA, and 
Japanese RRT registry(: 81% at 2 years and 76% 
at 5 years.4 Nevertheless, considerable morbidities, 
including growth retardation )63%(, anemia )55%(, 
and hypertension )57%(, were reported at 2 years of 
age.4 Similar to our report, another study found that 
the decision to begin RRT in neonates is difficult due 
to lack of the surgeon’s experience and evidence-based 
guidelines.21 The outcome of this treatment remains 
uncertain, and there are many ethical issues regarding 
the benefit of treatment in neonates with comorbidities 
and restricted resources. Over the last 20 years, many 
institutions in developed countries have begun to offer 
RRT routinely to neonates. However, this treatment 
is viewed as optional, rather than mandatory.23,24 
This viewpoint is even more common in developing 
countries, as both medical staff and caregivers both feel 
that RRT is a demanding treatment with uncertain or 
poor outcomes. This explains the high percentage of 
parental refusal to start dialysis in our study. A similar 
situation of parents refusing therapy could occur with 
optimum infrastructure and expertise, leading to an 
ethical dilemma.25,26 

Study limitation. The main limitation of our study 
is that it was a single-center, retrospective study in a 
tertiary pediatric nephrology center.

In conclusion, CAKUT is the most common 
etiology of CKD in neonates. Chronic kidney disease  
is associated with high morbidity and mortality in these 
patients. Further studies are required to justify offering 
complicated and expensive therapy to vulnerable 
children in developing countries and to create guidelines 
that help professionals make decisions about treatment. 
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