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Objective: Toevaluate complicationsinadequately treated childrenwith distal renal tubular acidosis
(RTA) andtoidentify factorsinfluencing their development. Design: Recordsof patientswith primary
distal RTAfollowed for 2 or moreyearsat thishospital werereviewed. Caserecordswereexamined
for age at onset of symptoms and at initiation of treatment, treatment details, follow-up and
complications. Height, weight and growth vel ocity wer e expressed asstandard deviation score (SDS)
during different periods of follow-up. Regression analysis was performed to evaluate factors
influencingincreasein height and weight SDS. P value of lessthan 0.05 was consider ed significant.
Results: Of 18 patients(eleven boys), the diagnosi swasestablished at the median (range) age of 6 yr
(1.5-13 yr). These patients were followed up for a median (range) period of 4 yr (2-18.5yr). Short
stature (height SDS<-2) wasnotedinall patientsat thetime of diagnosi swith median (range) height
DSof-5.2(-7.5--0.4). All patientshad failureto thrivewith median (range) weight SDSof -3 (-5.7
- —1.5). Height SDSincreased by median (range) of 2 (1.2-5.5) to become—-2.7 (4.8 - —-1.1) at last
follow-up. Weight SDSincreased by median (range) of 0.9 (0.6 - 2.8) to become—2.4 (4 - -0.5).
Median (range) growth velocity SDS decreased from 3 (1-16) during first year of treatment to
1(-0.3-7) at four yearswith an increase in mean height SDSby 1.3 during the first two years of
treatment. Height SDS at last follow-up was not influenced by the age at initiation of treatment,
follow-up duration, initial height SDSor severity of acidosis at diagnosis. Increasein height SDS
correlated negatively with base excess and height SDSat diagnosis, and positively with follow-up
duration on univariate analyses. Initial height SDSwasthe only factor that influenced increasein
height SDS on multivariate analyses. Increase in weight SDSwas negatively correlated with base
excess and initial weight SDSwith significant association with initial weight SDS, on multivariate
analyses. All patientshadricketsat thetime of diagnosiswith pathol ogical fracturesinfour. Rickets
resol ved without treatment with vitamin D in seventeen patientsafter amedian (range) period of 4 mo
(1-12 mo). Eight patients (44.4%) had nephrocalcinosis at diagnosis. Twenty-four hour urine
calcium excretion was higher in those with nephrocalcinosis (P = 0.01). Creatinine clearance
remained normal inall except onewho progressedtorenal failure. Conclusions: Thereisaneed for
early diagnosis, appropriate treatment and regular follow-up of patients with distal RTA for
improving outcome.
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ISTAL renal tubular acidosis (RTA) is  acidosis with  inappropriately — akaline
characterized by impaired renal tubular uring(1). The disease is associated with
excretion of acid leading to hyperchloremic  significant complications in the form of

T For thispaper Dr. A. Bajpai wasawarded S.T. Achar Gold medal of Indian Academy of Pediatrics at Pedicon
2004, Chennai, January 2004.
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growth retardation, bone disease, nephro-
calcinosis and development of chronic renal
insufficiency(2). The effect of treatment on
prevention of these complicationsisnot clear.
In particular thereis paucity of published data
on the effect of treatment on growth, a
major cause of concern in these patients.
Compromised final height despite adequate
treatment has been reported(3-6). Identi-
fication of factors influencing the develop-
ment of these complications is essential for
improving the outcome of this disease. This
retrospective study was performed to identify
complications in adequately treated children
with distal RTA and identify factors that
predict their development.

Subjectsand M ethods

Records of patients with distal RTA
followed for 2 or more years in the Renal
Clinic of this hospital between the years 1984
to 2003 were reviewed. A patient was
diagnosed to have distal RTA in the presence
of al of the following (a) metabolic acidosis
[total CO, content (tCO,) <17.5 mEg/L], (b)
normal blood anion gap (<14 mEg/L), (c) high
urine pH (>5.5 with blood tCO, <17.5 mEg/
L), (d) positive urine net charge, (e) fractional
excretion of bicarbonate <10% (after
bicarbonate loading) and (e) urine to plasma
carbon dioxide difference <10 mm Hg (after
bicarbonate loading)(1). Children with
impaired renal functions [creatinine clear-
ance <50 mL/min/1.73m?, calculated using
Schwartz formula(7)] and those where the
disease was considered secondary to e.g.,
obstructive uropathy or systemic lupus were
excluded.

Initial evaluation

Case records were evaluated for age at
onset of symptoms and at initiation of
treatment. Height or length was measured
using stadiometer or infantometer. Height and
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weight was expressed as standard deviation
score (SDS) with reference to NCHS
standard(8). SDSwas cal cul ated as below:

DS = Subjects height- mean height
"~ Standard deviation of mean

Blood levels of chloride, pH, bicarbonate,
tCO,, urea, creatinine, calcium, phosphate
and akaline phosphatase were estimated.
Calcium excretion was quantified on spot and
24-hour urine collections. Radiological
evaluation included X-rays of wrists and long
bonesand ultrasound for kidneys. Ricketswas
defined as the presence of widened and
irregular epiphyseal-metaphyseal junctions
(6). Nephrocalcinosis was diagnosed in the
presence of diffuse calcification of the renal

pyramids(2).
Treatment and follow-up

Patients were treated with sodium-
potassium citrate (Polycitra; 1 mL = 1 mEq
sodium, 1 mEqg potassium and 2 mEq
bicarbonate). Dose of bicarbonate was
adjusted to achieve plasma bicarbonate in the
range of 20-24 mEgQ/L. Bicarbonate levels
greater than 20 mEg/L was considered for
adequacy of treatment. Dietary advice
regarding salt restriction was given. Patients
were followed up after every three monthsfor
the first 2 years and 6-12 months thereafter.
Evaluation of anthropometeric parameters,
clinical features and biochemical measure-
ments were done at each visit. Patients with
persistent hypercalciuria (>4 mg/kg/day)
despite correction of acidosis were started on
hydrochlorthiazide (2 mg/kg/day). X-ray wrist
was done in patients with rickets every 3
monthstill healing wasachieved. Patientswith
no nephrocalcinosis on first visit underwent
annual ultrasound examination for kidneys.

Satistical analyses

Values are expressed as median (range)
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unless specified. SPSS version 10 was used
for statistical analyses. Height and weight
SDS at the initiation of treatment and at last
follow-up were compared using paired t test.
Linear regression analysis was done to
evaluatefactorsinfluencing height and weight
SDS at follow-up and increase in height and
weight SDS. Variables examined included
gender (boy or girl), age at initiation of
treatment, severity of acidosisat the diagnosis
(tCO, and base excess), duration of treatment
and initial SDS (height or weight). Variables
found significant on univariate analyses were
included in multivariate analyses. Features of
subjects with and without nephrocalcinosis
were compared using unpaired t test. P
value of less than 0.05 was considered as
significant.

Results

Of 18 patients (eleven boys), the onset of
symptoms was at the age of 1.8 yr (3 mo-7.5
yr) and at diagnosis 6 yr (1.5-13 yr). All
patients had polyuria (urine output > 6 mL/kg/
hr) and hypokalemia at the time of diagnosis.
Daily bicarbonate requirement decreased
from 7.2 mEg/kg (4-8.2 mEg/kg) inthefirst 2
years of treatment to 3.4 mEg/kg (1.6-4.2
mEqg/kg) thereafter. Patientswerefollowed up
for 4 yr (2-185 yr). Correction and
normalization of levels of bicarbonate, tCO,
and base excess was achieved in 16 patients.
Oneof the 2 patientswith persistent metabolic
acidosis had poor compliance; the other
showed renal insufficiency.

Growth parameters

Short stature (height SDS <-2) was noted
in al patients at the time of diagnosis with
height SDS of 5.2 ((7.5-0.4). Nine patients
(50%) had height SDS less than 5. No
significant correlation of height SDS at
initiation of treatment with age at diagnosis
(r =-0.33, P=0.2) or level of tCO, (0.34,
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P = 0.17) was observed. All patients had
failureto thrive withweight SDS of -3 (-5.7 -
—1.5). The median weight for height was 94%
(78-120%), it was greater than 80% in all but
one subject.

The median height SDS increased by 2
(1.2 - 5.5) to become—-2.7 (-4.8- 1.1) at last
follow-up (Tablel). Height SDSincreased in
all patients with an exception of two patients
with persistent metabolic acidosis (Table I1).
Height SDSat last follow-up was greater than
—5inall and greater than—2.5in eight patients
(44.4%). The median weight SDS increased
by 0.9 (0.6 - 2.8) to become —2.4 (4 - —0.5)
at last follow-up.

The pattern of height, weight and growth
velocity with respect to duration of treatment
is shown in Figs. 1 and 2. Growth velocity
decreased from 10 cm/yr (4-16 cm/yr) during
thefirst year of treatment to 5 cm/yr (4-6 cm/
yr) at four years. This was associated with an
increase in height SDS by 1.3 during the first
two years of treatment. Height SDSincreased
by 0.7 during subsequent follow-up.

Factors  influencing  growth  are
summarized in Tables Il and IV. Height SDS
at the end of treatment was not influenced by
age at initiation of treatment, follow-up
duration, initial height SDS or severity of
acidosis at diagnosis. Increase in height SDS
correlated negatively with base excess and
height SDS on diagnosis and positively with
follow-up duration on univariate analyses. On
multivariate analysis initial height SDS was
the only factor that influenced increase in
height SDS. Increase in weight SDS was
negatively correlated with base excess and
initial weight SDS, with significant associa-
tion with initial weight SDS on multivariate
analyses. A trend of association of age at
diagnosis and weight SDS at last follow up
was observed (P =0.07).
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TABLE |-Follow-up Details of Individual Patients.

No. Age*/ Sex Follow-up HSDS HSDS HSDS Nephrocalcinosis Bone
initial end increase disease
1 8yrM 18.5yr -6.8 22 4.6 Yes R
2 35yrM 3yr 2.7 -25 0.2 Yes R
3 10yr M7 4.6yr -38 -4.8 -1 Yes R
4 6yrM 18.6yr -7.5 -3.3 4.2 No R, Fr
5 75yrM 3yr -4.8 2.7 21 No R
6 2yrF 7.5yr -6.8 -13 55 No R
7 6yrM 4yr -5.5 —4 15 No R,Fr
8 10yrM 4yr -5.8 -3.6 2.2 No R
9 15yrF 4yr -34 -3.2 0.2 No R
10 3yrF 3.6yr -39 -2 1.9 No R
11 13yrM 3yr 5.7 -39 18 No R
12 22yrF* 4yr -04 -16 -1.2 No R
13 25yrM 2yr -5.8 -4.8 1 Yes R
14 6yrM 5.5yr -35 -1.6 19 Yes R, Fr
15 6yrF 4yr -2.9 11 4 Yes R, Fr
16 11yrF 3yr 5.4 2.2 3.2 Yes R
17 7yrF 3 -55 2.7 2.8 Yes R
18 6yrM 4.2 -5 -35 15 No R

* At diagnosis, T Developed renal failure 2 years after diagnosis, ¥ No improvement in metabolic acidosis
despite adequate treatment; M-male, F-female, R-rickets, Fr-fracture, HSDS-Height standard deviation score.

Bone disease

All patients had radiological features of
rickets at the time of diagnosis with
pathological fracturesin four. Serum akaline
phosphatase was norma in 10 patients
(62.5%). Radiological findings of rickets
resolved in seventeen patients after 4 (1-12)
months, without treatment with vitamin D.

Nephrocalcinosis

Eight patients (44.4%) had radiological
evidence of nephrocalcinosis. Twenty-four
hour urine calcium excretion was higher in
those with nephrocalcinosis than others
(P = 0.01); no difference with regards to the
age at diagnosis or severity of acidosis was
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found (Table V). No patient showed rena
calcification during follow-up. Five of the 10
patients with hypercalciuria at diagnosis
showed reduction in calcium excretion
following alkali treatment. Treatment with
hydrochlorthiazide was used in the remaining
subjects.

Renal functions

Creatinine clearance remained normal in
all except one patient. This boy diagnosed at
the age of 10 years showed bilateral medullary
nephrocal cinosis with normal renal functions
at diagnosis. Despite adequate treatment the
creatinine clearance declined to 20 mL/min/
1.73m? 2 years|ater.
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Fig. 1. Line diagram showing trend of median height
(lower line) andweight SDS(upper line) during
treatment.
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Fig. 2. Linediagram showing trend of median growth
velocity SDS during treatment.

TABLE II-Height and Weight SDSat Initiation of Treatment and at Last Follow-up.

Parameter Initial End P
Height SDS -5.2(-7.5--0.4) -2.7(4.8-11) <0.0001
Weight SDS -3(-5.7--15) -2.4 (-4--0.5) <0.0001

Expressed as median (range), SDS = Standard deviation score.

TABLE |l I-FactorsInfluencing Height and Weight SDSon Univariate Analyses.

Height SDS Weight SDS

Variable Last follow-up Increase Last follow-up Increase

r P r P r P r P
Agediagnosisyr -0.33 0.18 0.07 0.77 -0.54 0.02 -0.12 0.65
Base excessmEqg/L* -0.17 0.51 -0.48 0.04 0.29 0.24 -0.58 0.01
BicarbonatemEg/L*  —0.08 0.75 -0.38 0.12 0.11 0.66 -0.39 0.11
Follow-up yr 0.02 0.94 0.52 0.03 0.65 0.003 0.31 0.20
Initial SDS 0.33 0.19 -0.73 0.001 -0.06 -0.80 -0.64 0.004

* Atthetimeof diagnosis, r - correlation coefficient, SDS - standard deviation score.

Discussion

The present study shows that appropriate
treatment in distal RTA is associated with
significant increase in height SDS; fina
height SDS however remains compromised.
Thereisapaucity of similar published dataon
growth in children with distal RTA.
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Rodriguez, et al. (5 patients) and Santos, et al.
(24 patients) demonstrated compromised
height in children with distal RTA(4, 5). More
recently Caldas, et al., showed compromised
stature in 28 patients with distal RTA. The
mean height SDS was —1.1 for patients
diagnosed during infancy and —2 for those
diagnosed later(6). The extent of height
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TABLE | V-Multivariate Analyses for Factors Influencing Height and Weight SDS.

Variable Increase height SDS Increaseweight SDS
Coefficient* P Coefficient* P
Base excess -0.21 0.32 -0.27 0.32
Initial SDS -0.59 0.01 -0.46 0.10
Follow-up yr 0.10 0.64 - -
Adjusted R2t 49.4% - 44.9% -

* Regression coefficient provides measure of influence of theindependent variable on the dependent variable.
For exampleincreasing follow-up duration by oneyear is expected to increase height SDSby 0.1.

T Adjusted R2 provides ameasure of variation explained by the model used for regression analyses. For
exampl e base excess, initial height SDS and follow-up period explain 49.4% of the variation observedin

increasein height SDS.

TABLE V—Comparison of Patientswith and Without Nephrocalcinosis.

Factor Nephrocalcinosis P
Yes No

Ageat diagnosis (yr) 6.5 (0.5-7) 6.0 (0.3-7.5) 0.53
24 hour urine calcium (mg/kg/day) 7.6 (6-20) 3.0 (25-5) 0.01
Serum bicarbonate (mEqg/L) 145 (9.5-18) 12.3 (10.2-16) 0.40
Base excess(mEq/L) -12.8 (-17--6) -15.0 (-19.7--8) 0.96
tCO, (mEg/L) 12.0 (10-18.2) 12.5 (10.6- 16.4) 0.32
Expressed as median (range).

compromise (final mean height SDS of —2.6)
in the present study is greater compared to
previous studies. This may be related to
delayed diagnosis, greater incidence of bony
deformities and lower genetic potential of
these patients.

An understanding of factors influencing
height outcome in subjects with RTA is
necessary. In this study, initial height SDS
was the only factor that negatively correlated
with increase in height SDS. The duration of
treatment and severity of acidosis at the time
of diagnosis were also found to influence
growth on univariate but not on multivariate
analysis. This suggests that maximum gainin
height SDS was observed in patients who had
greatest height compromise at theinitiation of
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treatment. Our findings imply that there is a
trend of seeking target height after correction
of acidosis. Our failure to demonstrate the
effect of age at diagnosis on final height may
be related to delayed diagnosis in all the
subjects. Majority of our patients were
diagnosed after two years of age. It appears
that this is a crucial window period for
intervention beyond which height is already
compromised. These findings are similar to
those of Caldas, et al.(6) who observed
compromised final height in patients
diagnosed after infancy and emphasize the
need of early diagnosis and treatment of
this condition. Nutritional status influences
growth; normal weight for height in majority
of our subjects indicates that RTA and not
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parameters.

Key Messages

» Treatment of children with distal RTA is associated with significant improvement in growth
parameters, final height however remains compromised in these children.

« First two years of therapy are crucial and associated with greatest improvement in growth

« Early diagnosis and management of hypercalciuria is helpful in preventing the progression
of renal calcification and development of chronic renal insufficiency.

mal nutrition was the major factor responsible
for growth retardation in our subjects.

The pattern of height and growth velocity
SDS in our study shows that maximum catch
up growth occurs during the first two years of
treatment with a decline in growth velocity
and increase in height SDSthereafter. Similar
findings were demonstrated by others who
found that catch up growth was limited to the
first two years of treatment(6). This coupled
with the fact that increase in height SDS
during the first two years of treatment
significantly correlated with overall increase
in height SDS emphasizes the need for
improved management during this crucial
period.

A high incidence of bony deformities and
pathological fracturesin this study is distinct
from previous reports where rickets was
uncommon in children with distal RTA(9).
Demonstration of normal levels of vitamin D
metabolites and resolution of rickets without
treatment with vitamin D suggest aminor role
for its altered metabolism in the pathogenesis
of bone disease in distal RTA(10,11). It has
been suggested that vitamin D status of
patients plays arole in determining the extent
of bony deformities(6). It is possible that low
vitamin D stores in our patients explain the
presence of ricketsand pathological fractures.
A significant proportion of patients with
rickets in this study had normal levels of
serum akaline phosphatase. Studies have
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shown that bone formation is suppressed in
patients with distal RTA. Levels of serum
alkaline phosphatase, a marker of bone
formation, are therefore expected to be normal
in these subjects.

The incidence of nephrocalcinosis in our
study is similar to previous studies(2,6).
Prevention of renal calcification is essential
for preservation of renal functions in these
patients. Hypercalciuria was the only factor
that predicted the development of nephro-
calcinosis, with no influence of age at
diagnosisor severity of acidosis. Our findings
emphasi ze the need for close monitoring and
appropriate management of hypercalciuria.
While other studies have shown that nephro-
calcinosis may develop during treatment(6),
we did not find the recurrence in our subjects.
Adequate treatment with alkali supplements
combined if required, with thiazide diuretics,
may thus prevent the development and
worsening of nephrocalcinosis.

Thefindingsof our study reiterate the need
for early diagnosis, appropriate treatment and
regular follow-up of patientswith distal RTA
for improving outcome. Significant height
compromise despite adequate treatment
emphasizes the need for studies directed at
evaluating factors other than metabolic
acidosis that are responsible for growth in
these patients.
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