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Objectives
• Identify key special populations

• Understand the renal development and postnatal 
adaption of glomerular filtration rate (GFR)

• Understand the challenges of switching from 
pediatric to adult formulae

• Name two conditions where creatinine cannot be 
used for the estimation of GFR



Definition of special 
populations



Definition of Special Populations
Patients with characteristics that render the usual 
approaches for estimation of GFR unusable e.g.,

•Not steady state
•Abnormal muscle mass
•Conditions that affect

– body surface area calculation
– change in metabolism 
– the biomarkers – i.e., CF with ++ inflammation



Newborns



How to measure GFR in 
Newborns?

a. Creatinine crosses the placenta. Even at 72 hours, there is a 
strong correlation between maternal and neonatal creatinine;

b. Very small amounts of Cystatin C cross the placenta 
(Nephrol Dial Transplant. 2012 Sep;27(9):3382-4);

c. Currently, beta trace protein appears not to cross the 
placenta (Clin Nephrol. 2014 Apr;81(4):269-76)

d. Carolyn Abitbol suggested to use renal volume as a 
surrogate GFR marker (J Pediatr. 2014 May;164(5):1026-
1031)

e. Aminoglycoside levels (Curr Pharm Des. 2012;18(21):3114-
8.)



Newborn and Premature Baby

Bariciak E... Filler G, Clin Biochem. 2011 Sep;44:1156-9. 

Even on day 3 of 
life, maternal and 
baby creatinine  
correlate r=0.287 
p=0.003

Creatinine reflects maternal values!



Factors influencing
Neonatal Creatinine

Filler G et al. Curr Opin Pediatr. 2016 Apr;28(2):173-9. doi: 10.1097/MOP.0000000000000318.



Behavior of CysC and Creatinine 
in Neonates with Renal Dysplasia

Filler G et al. Curr Opin Pediatr. 2016 Apr;28(2):173-9. doi: 10.1097/MOP.0000000000000318.



Infants and Toddlers



Postnatal 
Adaptation 

of GFR

Filler G. Kidney Int, 2011 Sep;80:567-8. doi: 10.1038/ki.2011.172



Filler G et al. Acta 
Paediatr. 2021 Mar; 
110(3):773-780. doi: 
10.1111/apa.15557.



CysC eGFR in preterm/term infants

Filler G et al. Acta 
Paediatr. 2021 Mar; 
110(3):773-780. doi: 
10.1111/apa.15557.



Abnormal legs



BSA calculation with abnormal legs

• You need an accurate height for BSA calculation

• Calculate stature either on sitting or knee height
– For girls, Stature = 239+(241.7+239)*(1-EXP(-

0.0211*sitting height[cm])
– For boys, Stature = -84.1+(399.4+84.1)*(1-EXP(-

0.00785*sitting height[cm])

Pediatr Nephrol. 2018 Nov;33(11):2037-2046. doi: 10.1007/s00467-017-3852-8. 



BSA 
estimation 

with 
abnormal 

legs

Filler G et al. Pediatr
Nephrol. 2018 
Nov;33(11):2037-
2046. doi: 
10.1007/s00467-017-
3852-8. 



Measuring the Knee Height
Distance from the posterior surface of the thigh (proximal to the 
patella) to the sole of the foot with the knee is bent at a 90o angle.
• White boys     Stature = 40.54 + (2.22 knee height) 

[R2] = .96; RMSE = 4.16; CV = 2.79.
• Black boys     Stature = 39.60 + (2.18 knee height) 

[R2] = .95; RMSE = 4.44; CV = 2.99.
• White girls    Stature = 43.21 + (2.15 knee height) 

[R2] = .95; RMSE = 3.84; CV = 2.63.
• Black girls    Stature = 46.59 + (2.02 knee height) 

[R2] = .94; RMSE = 4.25; CV = 2.91.

Chumlea WC et al. J Am Diet Assoc 94:1385-1388, 1391 DOI: 10.1016/0002-
8223(94)92540-2 



Spina bifida



CysC in Spina Bifida
• Improved performance with 

Cystatin C compared to 
Schwartz estimates

• Similar findings by Morgan C 
(Pediatr Nephrol. 2008;23(2):329-32)

• A Swedish group recently 
found Cystatin C still 
insensitive in comparison to 
nuclear medicine scans           
(J Urol. 2008;179(6):2407-9.)

Pham-Huy A et al. J Urol. 2003;169:2312-2315 doi: 10.1097/01.ju.0000060205.23406.13.



Muscular dystrophy



Muscular Dystrophy
• eGFR formulae using serum creatinine difficult 

to interpret in patients with muscular dystrophy. 

• Formulae such as the Filler, Larsson or Zapitelli 
based on cystatin C-only appear to be more 
reliable in these patients. 

Filler G et al. Pediatr Nephrol. 2018 Nov;33(11):2037-2046. doi: 10.1007/s00467-017-3852-8. 



Other populations



High Muscle Mass
• May lead to underestimation of eGFR using 

creatinine, but cystatin C is more accurate. 
• Acute, strenuous exercise can temporarily 

decrease true GFR 
• Creatine falsely elevates serum creatinine, but 

true GFR is unaffected. Consider cystatin C-only 
based eGFR estimation.



Oncology Patients
• May have normal renal function pre-treatment, 

but chemotherapy may negatively affect the 
renal function.

• Chemotherapeutic agents are often renally 
excreted, and they have narrow therapeutic 
windows. 

• Neither the creatinine- nor cystatin C-based 
equations accurately measure GFR after 
chemotherapy. 

• Nuclear GFR measurements may be more 
appropriate for these patients.



Cystic Fibrosis
Para-
meter Simple 

Schwartz 
Cr

Univariate 
Schwartz 
2012 Cr

Univariate 
Schwartz 

2012 Cys C

Univariate 
Schwartz 
2012 BUN

Bivariate 
Schwartz 
2012 Cr + 

CysC

Bivariate 
Schwartz 
2012 Cr + 

BUN

Bivariate 
Schwartz 
2012 CysC 

+ BUN

Multi-
variate 

Schwartz 
2012 all

Multi-
variate 

Schwartz 
2012 Final

Böken-
kamp 
1998

Filler 
2003

Grubb 
2005

Zappitell
i 2006 
CysC

Zappitelli 
2006 

CysC + Cr
Bouvet 

2006

Number 
of XY 
Pairs

17 17 17 17 17 17 17 17 17 17 17 17 17 17 17

Pearson r 0.6608 0.6596 0.1781 0.2449 0.5815 0.6315 0.2645 0.5965 0.6841 0.1764 0.1869 0.1963 0.1841 0.5048 0.1685

95%
confidenc
e interval

0.2639 
to

0.8663

0.2619 
to

0.8658

-0.3310 
to

0.6069

-0.2673 
to

0.6492

0.1399 
to

0.8302

0.2165 
to

0.8532

-0.2478
to

0.6611

0.1623
to

0.8372

0.3030
to

0.8766

-
0.3326 

to 
0.6058

-
0.3228 

to 
0.6126

-
0.3141 

to 
0.6186

-0.3255 
to 

0.6108

0.03178
to

0.7931

-
0.3571 

to 
0.6131

P value 
(two-
tailed)

0.0039 0.0040 0.4941 0.3434 0.0143 0.0065 0.3050 0.0115 0.0025 0.4983 0.4725 0.4503 0.4795 0.0388 0.5327

Significant ** ** ns ns * ** ns * ** ns ns ns ns * ns

Within 
10% 47.1% 11.8% 5.9% 23.5% 23.5% 64.7% 41.2% 41.2% 41.2% 29.4% 35.3% 0.0% 41.2% 58.8% 23.5%

Wallace A, et al., Can J Kidney Health Dis. 2020 Jan 15:7:2054358119899312.
doi: 10.1177/2054358119899312. 



Young adults





Low 
Agreement 
modified 
Schwartz 
and CKD-

EPI

GFR estimation



Helmersson-Karlqvist J et al. 
Sci Rep. 2021 Mar 15;11(1):5882.
doi: 10.1038/s41598-021-85370-8. 



Low 
Agreement 
modified 

Schwartz and 
CKD-EPI

Selistre L et al. PLoS Med. 2016 Mar 29;13(3):e1001979. doi:  10.1371/journal.pmed.1001979. 







Summary special populations



Summary 
• While serum-creatinine-based eGFR estimation is widely 

used, in special populations it may yield misleading 
measurements. 

• Special populations are often patients with comorbidities 
that require closer attention to their kidney function. 

• Wrong eGFR interpretation has significant implications. 
• Special populations require alternative methods for 

accurate kidney function measurement.



GFR in special populations



Our Team
From Western: From Ottawa:
Shih-Han Susan Huang Nathalie Lepage
Ajay P. Sharma Janusz Feber
Robert Lindsay Erika Bariciak
William Clark JoAnn Harrold
Misan Lee
Joaquin Madrenas From Berlin:
Mireille Gharib Klaus Jung
Sumit Dave Friedrich Priem
Andrea Wallace Andreas Lun
Daisy Liu

From Mexico:
From Chapel Hill: Ana Catalina Alvarez-Elías
Maria Díaz González de Ferris Mara Medeiros
Michael Webster-Clark Paulina Guzmán Nuñez



Thank You
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