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ABSTRACT

In a prospective study we estimated common
renal parameters m 48 full tenn nomal neo-
nates, of which 15 were also tested at 6 months
and 12 months of age. The mean levels of serum
creatinine, were high at birth (0.73 mg/dl) but
nomal for age at 6 and 12 months; uric acid fol-
lowed a similar trend. The blood pll and bicar-
bonate were low at binth (7.28 and 20.36 mlq/
L, respectively) reached normmal adult values by
12 months; chlonde levels were high at binth
(110 £ S mEq/L) and nomal at 6 months. The
plasma renin activity was higher than nomnal ail
throughout the first year (27.1, 416.8, 64.8 ng/
mi/hr by RIA). Plasma aldosterone values were
high at binth (1387.5 pg/ml) and reached nonnal
Mevel (301.6) at 12 months. Renal length and vol-
ume as assessed by ulirasonography compared
well with Amencan standards. Unnasy constitu-
ents weie variable due to breast feeding up (o 6
months and varied diet duwring the weaning
period. This swdy shows theat nild metabolic aci-
dosis and hyperchloremia due to inunatnunity of
renal acidification mechanism and high renin
and aldosterone levels due to partial nonrespon=
siveness of distal wibules are nonnal variables in
babies from binth to 6 meonths. The levels of
serum creatinine and wric acid are high at binh
and in assessing renal functions this should be
bome in nmind.
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Soon after birth the “dormant” ncona-
tal kidneys havc to perform the functions
of maintaining body homecostasis. The
maturation of renal functions continues
postnatally till the normal adult values are
reached by 2 years of age(1-4). The renal
functions in normal neonates may be re-
duced and under perinatal stress can result
in acute renal lailure. _

The process of maturation of kidneys
has been extensively studied in animal ex-
periments but there is paucity of data in
normal nconates cven in the western litera-
turc(1-4). In Indian literature few studics
of GFR and tubular functions in preterm
and term neonates arc published(5,6). In-
dian babics ar¢ smaller in size and con-
sume a dict which differs from infants of
developed countries, hence i ts imperative
to have our own values of renal paramcters
for narmal neonates and infants, This pro-
spective study was designed to estimate
renal parameters in normal infants from
birth to 12 Months,

Material and Methods

~ Forty cight full term normal nconates
dchivered at Jaslok Hospital entered this
study which was approved by the cthical
commitlee of the hospital.

Investigations done on cord blood and
urine (collected by urinary bags on day 1)
included scrum creatinine, urca nitrogen,
uric acid, sodium, potassium, chloride by
autoanalyser SMA, blood pH and bicar-
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bonate using blood gas analyser (radio-
meter); serum and urinary osmolality using
osmometer by freezing point method,
urine pH by pH meter, excretion of sodium
and potassium by flame photometer and
creatinine, calcium, phosphate and uric
acid by autoanalyser SMA. Plasma renin
activity (PRA) and aldosterone were esti-
mated by RIA. -
Glomerular filtration rate (GFR)
ml/min/1.73 m? was measured by

Schwart’s

Height in cm
formula =

S. creatinine X 0.45(7,8).

- Renal dimensions were measured by ultra-

sonography; the volume (cu cm) was calcu-
lated as product of length, breadth and
thickness multiplied by 0.5223(9,10).

These neonates were followed up in a
Well Baby Clinic, 15/48 consented for re-
peat tests at 6 * 1 months and 12 + 2
months. All were breast fed during the first
6 months and were advised weaning at 6
months after which the diet varied widcly.

Resuits

_ The gestational age, birth weight and

height of the 48 newborns ranged from 37-
40 wecks, 2.6-4.2 kg and 47-50 cm, respec-
tively. On follow up they maintained 50th-
60th centile for weight and height at 6 and
12 months.

Table 11T and Figs. 1 & 2 give details
of investigations and comparison with nor-
mal valucs(11). Mean S. creatinine levels
were high (0.73 mg/dl) at birth (equivalent
to maternal valucs). When repeated at 6
and 12 months, these reduced to 048
and 0.57 mg/dl, respectively. S. uric acid
followed the same trend. Mean values of
blood pH and bicarbonate lower than nor-
mal at birth and 6 months reached normal
values at 12 months, and urine pH was
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between 6-6.9. GFR inercased from 33.2
ml/min/1.73 m? at birth to 70.4 ml/min/
1.73 m? at 12 months.

Serum sodium, potassium and urca
nitrogen values werc within normal range
and serum chloride high at birth, but nor-- -
mal at 6 months (Table 7).

S. osmolality was in normal range, but
urinary osmolality was low in random
samples at birth and 6 months and normal
at 12 months (Fig. 7). Plasma renin levels
were high all throughout the first ycar. S.

“aldosterone was very high at birth and

reached normal levels by 12 months (Fig
2).

Excretion of crcatinine stcadily in-
crcased with growth., Uric acid excretion
diminished with reduction in S. uric acid
levels. Sodium, calcium and phosphate ex-
cretion increascd rapidly after 6 months
when weaning foods which increased the
solute load were started (Table I). Mean
values of renal length and renal volume us-
ing ultrasonography when compared with
American values were lesser probably due
to smaller size of Indian babics, but were
not statistically significant (Table 1IT).

Discussion

Although ncphrogenesis is completed
by 34th-35th weeks of gestation, glomeru-
lar and tubular functions do not reach nor-
mal values till 1-2 ycars postnatally(1-4).
Hence, in normal neonates and infants the
renal parameters and urinary constituents
fall in abnormal ranges when compared
with the normal adult valucs even though
corrected for size.

~ The main differences between our
study and others from western literaturc
are blood pH and bicarbonate values which
continued to remain low upto 12 months
and were accompanied by higher chloride
values and high urine pH. This can be fur-
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- TABLE I-Mean Blood Values (SD) at Birth, 6 and 12 Months

Normal range

-Present study

ther aggravated by {actors causing tubular
damage as asphyxia, infection, hypoten-
sion, dchydration, efc. resulting in prolon-
gation ol acidosis rcquiring alkali therapy
for a long time to prevent growth failure
and mctabolic bone disease(12).

In our study serum sodium, potassium
urea nitrogen and osmolality were well
within normal range though western stud-
ics mention hyperkalemia (potassium 7.8

Parameter
Adult Newborn Birth 6 = 1 month 12 = 2 months
(n = 48) (n = 15) (n = 15)
pH ' . 7.38-745 7.11-7.36 7.28 (0.84) 7.28 (0.1) 7.45 (0.1)
: (cord blood) (7.13-7.4) (7.19-7.42) (7.42-7.46)
- Bicarbonate (mEq/L) 21-28 Basc excess 20-36 (2.6) 2112 (3.3) 222 (3.1)
(-10)-(-2) (15.7-24) (13-24) (15-26)
Sodium (mEq/L) 139-146 134-146 140 (3.05) 138.3 (4.19) 139 (1.4)
(137-144) (133-149) (137-141)
Potassium (mEq/L) 3.5-50 3-6 - 4.8-(0.41) 4.32 (0.29) 4.38 (0.22)
: ‘ (4.1-5.6) (3.8-4.8) (4.0-4.6)
Chloride (mEq/L) 98-106 96-104 110 (4.9) 99.1 (4.65) 99.6(0.91)
Ca e - {95-115) (92-110) (98-102)
Creatinine (mg/dl) 0.8-1.5 3-1.0 0.73(0.14)*** (.48 (0.14) 0.57 (0.12)
(0.5-1.5) (0.3-0.7) (0.4-0.8)
Urea nitrogen (mg/dl) 7-18 21-40 105 (1.62) 9.3 (3.66) 113 (3.7)
- ' U (bl (8-14) (6-14)  (5-16)
Uric acid (mg/dl) 3-7.7 1.7-58 6:1%(1.36)**  3.37(0.85) 4.45 (1.17)
_ (4-9.2) (1.8-4.6) (2.3-6.1)
GFR (creatinine 133(27) 406 (14.8)  332(113) 59.4 (17) 70.4 (21)
clearance ml/min/1.73 m?) . (23-45.8) (33-78) (42-89)
Osmolality (mOsm /kg) 275-295 275-295 283 (24.6) 279.5 (15.3) 284 (16)
o - (253-303) (266-304) (272-300)
Renin activity (ng/ml/h) <43 <16.6 271 (12.8)*** 416.8 (154)***  64.8 (47)**
(15.2-53.2)  (14.7-1143) (12.4-148)
S. aldostcrone (pg/ml) 30-300 50-600 1387.5 (409)** — 301.6 (31)
(549-2701) (50-1125)
* Reference(11);  ** p<0.001; ***p<0.05

mEq/L; range 5.6-12 mEq/L) as a com-
mon but transient finding in nconates due
to limitation of potassium excrction. This
becomes clinically relevant only if potas-
sium is excessively ingested or admini-
stered to a neonate and in interpreting po-
tassium valucs in the diagnosis of hyperka-
lemia(13).

In this study, at birth, urinary potas-
sium excrction was low (8.4 mEq/L), but
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TABLE 11— Mean Values (SD) of Urinary Fxcretion of Sodium, Potassium, Cafcizmr, Phosphate,
Creatinine, Uric Acid and Urine pIT at Binth, 6 Months and 12 Months

Parameter Birth 6 = 1 months 12 *+ 2 months
Sodium (mEg/L) 208 (21.0) 228 (12.5) 74.0  (56)*
Potassium (mEq/L) 84 (4.1 238  (24.1)* 253 (14.4)
Calcium (mg/L) 68  (5.6) 60 (258) 207 (27.6)*
Phosphate (mg/L) 139 (13.8) 356 (236) 556 (222
Creatinine (mg/L) ' 26.1  (15.6) 296 (24.4) 363 (239
Uric acid (mg/L) 877 (48.5) 3710 (222.3)* 568 (15.32)

Urine pH ‘ 6.1 (0.84) 6.0 (0.53) 69 (095

~ *p<0.001 significantly incrcased compared to previous age group.

LR ' B2 1 RN Y U1 B, S LB ahioin

TABLE IH-Mean Valuwes (SD) of Renal Length and Volume by Ultrasonography .- ;_L:“

. Renal length (em) Renal volume (Cu cm)
- Age
v Our study American study(9) Qur Study
Right Leht
1— 7 days 428 (0.8) 448  (0.31) 9.43 (1.8) 1048 (2.5)
3— 6 mo 5.18 (0.85) 6.15 ~(367) 1670 (2.8) 166 (2.2)
10-14 mo 572 (0.7) 623 (0.54) 24.00 (3.2) 2200 (42)
HET) | |
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BIRTH 6 MONTHS 12 MONTHS CORD BLOOD 6 MONTHS 12 MONTHS
Fig. 1. Serum and urinary osmolality at birth, Fig. 2. Plasma aldosterone and renin levels at

6 months and 12 months. birth (cord blood), 6 and 12 months.
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increased rapidly during 6 months (22.9
mEq/L). The sodium potassium ratio in
urine changed from 2.47 at birth to 1 at 6
months and 2 at 12 months due to increasc
in sodium intake and rcduction in scrum
aldosterone levels,

Increased blood creatining and uric
acid levels at birth reflect maternal values.
In the first week interpretation of S.
creatininc values requires caution and di-
agnosis of acule rcnal failure should be
bascd on serial measurcments rather than
a single value. Though crcatinine valucs
reach normal levels by 1-2 wecks, glomeru-
lar filtration rate values reach normal by 2
years (1-3). In our study glomcrular filtra-
tion ratc increased from 33.2 to 70.4/ml/
min/1.73 m? from birth to 12 months, still
less than 90-110 ml/min/1.73 m? which
may be reached by 2 years. Schwartz’s for-
mula used to calculate GFR comparcs well
with endogenous creatinine clecarance or
inulin clearance and climinates the need of
accurate timed collection of urine(7,8).

Increased aldosteronce fevels in infancy
arc due to stimulation by renin levels
probably in an attcmpt to stimulate distal
nephron which is partially nonresponsive to
the action ofl aldosterone in infancy.
Plasma renin levels were high at birth, 6
months and cven at 12 months, and
aldosteronc levels high at birth reached
normal at 12 months along with alteration
in sodium and potassium cxcretion.

The urinary constituents of ncewborn
arc qualitatively dillerent from those of
adult urine, primarily because of lower de-
gree of proximal tubular function which is
responsible for increased proteinuria and
aminoaciduria and dict which plays an im-
portant role in urinary excrction of cal-
cium, phosphate, uric acid and osmolality.
The infants in our study werc predomi-
nantly breast fed Gll 6 months, when cere-
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als, grams, vegetables and [ruits were
started resulting in increased cxcrction of
solute and increase in urinary osmolality
from 115 to 512 mOsm/kg. Urinary
creatinine excretion steadily increased due
to increase in muscle mass during growth.
Uric acid excrction rcduced after 6
months, however, the alkaline pH of urine
kept it in solution. Uric acid crystallization -
results in pink diaper syndrome and uric
acid ncphropathy which are common prob-
lems in nconatces.

Renal length as judged by ultra-
sonography was lesser when compared
with the American standards(9) probably
due to the small size of Indian infants.
Howevcer, the numbecrs are too small to de-
rive firm conclusions. Whether renal vol-
ume is more rcliable than renal length for
asscssing renal size is yet to be cstab- -
lishcg(lﬂ).
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NOTES AND NEWS

THIRD ANNUAL IAP HARYANA CHAPTER CONFERENCE

The Third Annual TAP Haryana Chapter Conference is to be held on December 20
1992 at Sonepat. Free papers are invited from the members of Haryana Chapter.

For further details plcase contact:

Dr. Q). P. Paruthi,
Opp. Batra Pctrol Pump,
Sonepat.
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