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TotheEditor:

Traditionally, glomerular filtration rate (GFR) has been identified asthe best marker of global renal function, calculated by
using substance clear ance techniques such asinulin or creatinine aided with cimetidinel

Chronic kidney disease (CKD) isa syndrome which derivesfrom a progressive and generalized deterioration of renal function
secondary to nephronal mass destruction, and renal functional evaluation isvery important for doing its diagnosis and follow
up23. However, since all clear ance techniques have some degree of difficulty, an easier way of determining GFR, equationsto
estimate glomerular filtration have been developed. In the present review article we analyzed which was the evolution of these
renal functional equations, and which istheir rolein CKD patients.

In order to have an easier way of determining GFR, equationsto estimate glomer ular filtration have been developed, most of
them mainly based on serum creatinine (Table 1).

Kampmann et al.4, Cockeroft and GaultS and Rowe et al.6 described renal function formulas for estimating GFR in the clinical
practice. Cockcroft and Gault's formula (1976) isthe most frequently used, although it has been questioned dueto the fact that it
exagger ates the declinein GFR, at least in people older than 80%7. However, Nicoll et al. found a good correlation in 18
individuals of ages between 66 and 82 using eGFR calculated accor ding to Cockcroft and Gault's formula and the one obtained
with 99T c-DTPAmM”.

One of the problemsthat appeared when inter preting such studies was that they did not use individuals who represented the
population well. Rowe et al. examined healthy old peoplein the community, while Kampmann et al.# used hospital population
excluding those patients with high levels of creatininein blood in comparison with healthy adults. Cocker oft and GaultS used
hospitalized patientsfor their study, without excluding anyone regardless of their renal function3-5.

In 1987 K eller8 pointed out that the simplest for mula to estimate GFR for people between 25 and 100, with normal creatinine
values, is: [130-age (in years) ml/min]. In thelast 20 yearsother formulas have been developed to predict glomerular filtration
using indirect calculations and serum creatinine as a starting point, such as Nankivell's?, and Baracskay'st0 (Table 1)7-10.
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Table 1: Different formulae to estimate glomerular filtration rate
ing demographic and analytic as starting points.
GFR Formula (ml/mi

Jellife GFR=58-[0.8x (age-20) Serum Creat. x (body mass/.73)
*[0.9ifa woman]

1974 Kampmann GFR=Cre. In urine x weight x 100 / Serum Cre.

1976 Rowe GFR=133 - 0,64 x age

1976 Cockcroft GFR=(140-age)x weight (x 0,85 if a woman) / (Serum
Creat.x 72)

1987 Keller GFR=130 —age

19593 | Walser GFR=7.57 x(Serum Cre.mmol/L}” -0.103 x age + 0.096 x
weight =5

1995 Nankivell GFR=57/Serum Cre.fmmaol/L} + 0.25 x weight — 0.5 xurea

-0.01 x height” + 35 (25 if a woman).
1957 Baracskay GFR=1/2[100/Serum Cre]+38 — age

1899 | MDRD GFR=170 = [Serum Cre™ " x [age]™ ~ x [0,762 if a
womanpe [1,180 if an african american] x [BU N]'cm':I x
2004 | MDRD-4 GFR=186.3 x [Serum Cre] ™" x [age]™ - x [0,742 if a

woman] x[1,142 if an african american]

2005 | MDRD-IDMS | GFR = 175 x (creatininE /88,477~ x(agef™ - x (0,742 ifa
woman) x (1,210 if black)

2007 | MDRD-5 eGFR= 170 x (creatinine/88,4) ~ x (age) ~ - x (urea x
2,8) "™ x (albuminafd) **™ x (0,762 if a woman) x (1,180
if black)

2009 | CKDEPI eGFR = 141 = minGofk 1 = maxScrk, 17-- =

0.993° = 1.018 [f a woman] where Scr is serum
creatinine, k is 0,7 for women and 0,9 for men, a es - 0,329
for women and -0.411 for men.

2010 DAF GFR=30/Senum Creat. (70 if a woman}

I'n 1999, with the aim of being more preciseregarding glomerular filtration, the MDRD group (The Modification of Diet in Renal
Disease) published a new equation to estimate GFR based on creatinine clearance and the concentration of serum creatinine
taking into account the demographic and clinical characteristicsin patients previously diagnosed with CKD. However, this
equation has not been proven in people without renal disease, people with type 1 and 2 diabetesin treatment with insulin, people
younger than 18, old people (older than 70), pregnant women, patients with comor bidities and transplant recipientstl.

In 2001 Lewiset al.12 recalculated the formula, adding renal transplanted and Afro-American patients with nephroscler osis.
However, neither of the formulas were applied to subgroups: healthy, diabetic and people older than 70. Therefore, such
equationsarenot valid for the general population. Despite all these findings, patients who have a moder ate GFR reduction
between 30 and 59 mI/min/1.73 m2, are till considered in the CKD threshold. If we take into consider ation thiscriteria for
diagnosing CK D, by eGFR < 60 ml/min/1.73 m2, it would incorrectly indicate that approximately 17% of people older than 60
would suffer from CKD 11-13,

I'n 2009 the CKD-EPI formula was created with the aim of obtaining moreréiability for the calculation of eGFR based on the
levels of creatininein blood, but despite the fact that it ismorereliable and accurate than MDRD, it appearsto have important
limitationsregarding the representation of the population and, particularly, since it does not have a significant sample of people
older than 70 yearsl4.

I'n any case, when we use the formulas or tests based on serum creatinine values we should take into account that such values per
seare not an optimal marker of GFR. There are well documented data which point to the fact that serum creatinine values can
vary significantly in multiple scenarios such asthe patient’s metabolic state, their muscle mass, states of hyper or dehydration,
some medication (cimetidine) and tubular handling (cr eatinine backfiltration). All these factors could cause errorsin those
formulas which use the concentration of serum creatinine to estimate GFR14-16,

Aswe can appreciatein Table 2, there are significant differencesin a GFR value when it is obtained using creatinine clearance,
Cr51-EDTA and the MDRD formula. It can beidentified, at the end of the table, that two 80 year old maleswith the same serum
creatinine have substantially different glomerular filtration rates depending on the method used. As both men are the same age
and have the same serum creatinine, they have the same GFR value calculated with the MDRD (98.8 mI/min/1.73m2) formula. If
we use creatinine clearance instead of MDRD, one of them has a GFR of 99 ml/min/1.73m2, while the other only reaches a value
of 56.3 ml/min/1.73mZ2.

It isworth noting that the differ ence between these two healthy old men isin the elimination of urinary creatinine: 120 mg/dL in
one and 65 mg/dl in the other. This phenomenon could be explained by creatinine backfiltration phenomenon already described
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in aged people. It isalso interesting to observe that both of them have a comparable GFR value (76 and 60 ml/min/1.73 m2) when
Cr51-EDTA isused. Asaresult the same person may be consider ed as affected with CKD or not depending on the method used
to estimate GFR.

Table2: Comparison of creatinine clearance using different methods on young and old
individuals. e Macias Nufiez JF, Garcia Iglesias C, Tabernero Romo JM, Bondia A,
Rodriguez Commes JL, Corbacho L, Martin M, De Pablo F, De Castro 5. [GFR study in

healthy old people] Rev. E sp. Geriatr. v Gerontol 1981; 1 2 113124
AGE Gender Serum Urine Cer
Creatinine Creatinine

14 W 0,3 70 15272 | 102,48 140,83
25 W 0,9 g5 7351 | 11473 108,28
27 v 0,3 305 10227 | 100,34 12325
32 W 1 175 12542 953 52,04
38 W 0,3 45 1267 | 81,3 114,99
42 H 0,7 40 121,53 1019 97,53
45 W 0.8 138 115,66 86,53 110,61
43 W 0,3 30 13253 | 12845 109,66
52 W 0,2 185 18527 | 95,72 107,20
63 W 0.9 118 105,94 83,51 89,19
71 H 0,3 72 3439 853 75,15
72 W 1 35 7514 | 89,04 78,07
73 H 07 70 8312 | 759 87,18
73 W 0,3 120 6964 | 634 100,71
73 H 1 70 7907 | 75,99 57,76
74 v 0,9 50 14232 | 78,54 8767
73 W 1 85 63,590 0,71 76,81
79 W 0,9 112 8918 | 8561 86,52
80 v 0,3 120 99,4 | 76,05 98,86
80 v 0,3 66 56,32 | 60,56 98,86

AGE: inyears, V: male, H: female,
Serum creatinine nomal value: 0.9 + 2 mg/dl,
Cer: creatinine clearance (ml/min™ .73 m*®)

There are many difficulties regarding the recommendation of basing CKD diagnosisjust on a eGFR critical value, not taking
into account other variables such as age, gender, race, renal disease etiology, and associated pathologiest?: 18,

For instance, in stage 3 - CKD (GFR between 30-60 ml/min/1.73 m?), even though a diagnosis has been established by
documenting eGFR < 60 ml/min/1,73m2 during a period longer than three months, it should be pointed out that thiscriteria does
not necessarily apply to elderly people since GFR reduction can present as a consequence of normal ageingl?: 19,

Similarly, a petit vegetarian woman with eGFR < 60 ml/min/1.73 m2, who has a very positive renal reserve (> 100 %), and is not
suffering from any of the classically associated complicationsto CK D such as uremic symptoms, anemia, hyper phosphatemia,
hypocalcemia, metabolic acidosis, hyper parathyroidism, altered urinalysis, and/or abnormal renal ultrasound, should not be
considered a CK D patient14. 20

Even more, some authors do not support theidea of a eGFR < 60 ml/min/1.73 m2 " critical value' asan independent risk factor
to develop CKD in thefuture. Firstly, according to what was published by Go et al., independent mortality factorsdo not
increase with eGFR values between 45 and 59 mI/min/1.73 m2 when chronic damage has been established from serial
measurements of serum creatinine?!. Secondly, a decrease in mortality risk in people older than 45 has been demonstrated, with
a GFR between 50 to 59 ml/min/1.73 m2 when chronic damage is established in a period of 3to 6 months?223, Thirdly, the
PREVEND study shows that approximately two thirds of the patientsin stage 3 - CKD do not present albuminuria and their risk
of cardiovascular complications, according to the tables adjusted by age and gender, were similar to those people who did not
present renal disease?3.

Another problem related with performing CKD diagnosis based on eGFR isthat the obtained CKD prevalencedatais
exceedingly variable depending on the applied formula24-27, I n this sense, the EPIRCE study (2010) found a global prevalence of
CKD in stages 3to 5 (accor ding to the NK F-K/DOQI recommendations with eGFR < 60 ml/min/1.73 m2) of 6,8%, increasing this
number to 21,4% in people older than 6424, In the EROCAP study (2007), the prevalence of CKD was studied with the same
criteria of eGFR < 60 mI/min/1.73 m2 obtained in 9233 patients older than 18 who attended a primary health car e consultation.
According toitsresults, global prevalence varied depending on the eGFR formula used, between 21,3% and 22.7% whilein the
population older than 70 it reached 33,7%28.29,
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In 2008 Zhang and Rothenbacher conducted a systematic review of 26 studies on the prevalence of CKD in different
geographical areas of the world29. Respecting the same estimation criteria as glomerular filtration, the CKD diagnosis and
values which were < 60 ml/min/1.73 m2, resulting in a global media prevalencein the adult population older than 30 of 7,2%
whilein people 64 or older it varied between 23,4% and 35,8% 2930, Then, it seemsthat eGFR for mulas are much more helpful
in CKD staging and follow up, than in itsdiagnosis.

In order to avoid diagnostic errorslike the above mentioned one, a new formula has been developed for diagnosing CKD: HUGE
formula. It does not take into account patient’s eGFR for diagnosing CK D but two biochemical variables, and a clinical one:
hematocrit, uremia, and gender. Thisformulaisasfollows

HUGE = 2.505458 - (0.264418 x Hematocrit) + (0.118100 x Urea) [+ 1.383960 if male], where a value > 0 diagnoses CKD.

HUGE formula allows for the discrimination between a healthy old person (HUGE<0) and a CKD patient (HUGE>O0), both with
similar eGFR, with high sensitivity and specificity, especially in people older than 703%.32,

I'n conclusion, accor ding to the aforementioned consider ations, we should state that glomerular filtration estimations, in
particular those obtained with the MDRD formula or the CKD-EPI formula are, undoubtedly, valid to stage and follow up on
the progress of patients alr eady diagnosed with CK D. However, the use of eGFR lower than 60 ml/min/1.73 m2 to follow up on
patients without a known diagnosisis not only controversial but also perhaps not recommended.

On the other hand, to establish an incorrect diagnosis of CK D using estimations of GFR which are lower than 60 ml/min/1.73 m2
obtained through routinelab tests could be considered arbitrary, insufficient and especially inadequate in the old population
(older than 70).

Conflict of interests: The authorsdeclare not to have conflict of interestsin this study
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