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Abstract

Background: Paediatric UTI associated with predisposing factors like VUR and IHC causes severe damage to renal tissues
resulting in renal scars. Material and Methods: This prospective observational study was conducted from August 2017 to
January 2019 in teaching military hospital and tertiary care corporate hospital was done to analyse and quantify the effects of
these co-morbidities in Indian children with UTL. Results: A total 405 children of UTI were studied. 55 children (13.58%) had
VUR being predominantly in the age group of 1-36 months (74.54%) with majority males (58.55%). 4 children (0.98%) had
IHC. 346 children or 85.43% of sample size did not show any signs of VUR or IHC. 17 male children (56.66%) and 13 female
children (43.33%) had bilateral VUR. Out of the 55 children with VUR, 26 (47.27%) developed renal scars. Conclusion:
Medical management was successful in resolution of 27% of cases. All the 8 cases with Grade V VUR did not improve and
required surgery. All the cases of IHC resolved spontaneously on conservative management.
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Background

Urinary Tract infection (UTT) is one of the most frequent This inflammation is mediated by cytokine release,

diseases in paediatric age group causing long term
morbidity. Febrile UTI is known to affect the kidneys
causing pyelonephritis and renal scars [1].

This is especially true for the growing young vulnerable
renal tissues during initial years of life. Anomalies of
urinary tract such as vesico-ureteric reflux (VUR) and
idiopathic hypercalciuria (IHC) are known risk factors for
recurrent UTI and the risk is correlated with the severity.

VUR can be an isolated finding and called primary reflux
or can be associated with other urological anomalies such
as posterior urethral valves or ureterocoele and referred to
as secondary reflux. Association of VUR with UTI was
shown to be prerequisite for renal scarring by classical
study published by Ranslay and Risden in 1978 [2]. VUR
with secondary bacterial infection of renal parenchyma
leads to acute inflammatory reaction in the renal tissue.
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resulting in focal parenchymal ischaemia and ultimately
scarring. The extent of renal damage after a febrile infection
depends on bacterial and host factors that mediate the
response to infection. Late sequelae of renal scarring such
as hypertension, proteinuria, or even chronic renal failure
can be seen in the second or third decade of life [3].

Non-anatomic problems such as hypercalciuria as a cause
of UTI is increasingly being recognised in recent years.
Idiopathic hypercalciuria (IHC) is one of the most common
causes of urolithiasis in children. It can also present with
myriad of symptoms such as haematuria, voiding
dysfunction, flank pain, nephrolithiasis and decreased bone
mineral density [4].

In the present study were trying to determine the association
of VUR and idiopathic hypercalciuria with UTI in Indian
children and the outcomes by following the cases over the
study period. There are no similar studies in Indian children,
as most studies have focussed only on prevalence patterns
and clinical profiles.
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Materials and Methods

Setting: A corporate tertiary care hospital and an army teaching hospital.

Ethical consideration & permission: The study was approved by the Ethical committees of both hospitals. All the cases of
UTI in the age group of 01 month to 12 years reporting to both hospitals during the study period were included after a written
informed consent was taken from each parent before inclusion in this study.

Type of study: Prospective cohort observational study.
Duration: 18 months from Aug 2017 to January 2019.

Inclusion criteria

(a) Children aged 01 month — 12 years with UTL.
(b) Parents willing to provide written informed consent.

Exclusion criteria

1. Children with antenatally diagnosed renal disease.

2. Children with chronic diseases, on diuretic or corticosteroid/ immunosuppressants.
3. Children with pelviureteric junction abnormalities.

4. Patients who were detected to have secondary hypercalciuria.

5. Children aged below 01 month and more than 12 years.

Methodology: Paediatrician/ ER physician assessed all children with UTT at the time of admission, at the time of discharge and
during follow up. A predesigned structured proforma was filled with demographic, prehospital data, clinical history and
examination details to ascertain eligibility for inclusion in the study. Criteria for UTI was evidence of pyuria in addition to
positive culture results. Urine analysis was done in all suspected cases to detect pyuria. It was taken as 5 WBCs in centrifuged
urine sample or 10 WBCs in uncentrifuged urine with at-least 01-gram negative rod in 10 oil immersion fields on gram staining
of uncentrifuged urine. On urine culture the appropriate threshold to consider bacteriuria significant was taken as 50000 CFU/ml
of a single urinary pathogen [5].

In all cases ultrasonography (USG) of abdomen was done for kidney and bladder assessment including calyceal dilatation and
pelvic findings. Contrast voiding cysto-urethrogram (VCUG) was performed for analysing anatomical information and VUR
and to rule out malformations such as duplex collecting system, ectopic ureter, para-ureteral bladder diverticulum, bladder outlet
obstruction in boys and spinning top urethra in girls. Di-Mercapto-Succinic Acid (DMSA) scintigraphy was done to detect renal
scars, abscess, cysts and duplex kidney. Diehthylene Triamine Penta-acetic Acid (DTPA) scan was performed to detect
percentage of function of each kidney. VUR severity was graded according to the International Reflux Study Classification into
grades I-V based on appearance of the urinary tract on a contrast voiding cystourethrogram (VCUG) [4].

Idiopathic hypercalciuria was defined as patients with normal calcemia (in the absence of conditions or drugs that may cause
hypercalciuria) having urine calcium to creatinine ratio >0.8 in children 0-6 months; >0.6 in children aged 7-12 months old;
>0.5 in the age 12-24 month and >0.2 in patients older than 2 years (measuring fasting urine sample) [6]. The hematological,
pathological, microbiological and radiological findings were obtained from the case records and filled in the proforma for further
assessment.

The patients in the study with VUR and IHC were observed for a period of 01 year to observe for resolution of abnormalities.
VUR was followed up by ultrasound at discharge, 6 months and at 1 year. A repeat VCUG was done at 1 year to look for residual
dilatation. IHC was followed at same intervals with urine calcium-creatinine ratios. Medical management was given to all the
patients to keep the urine sterile with antibiotic prophylaxis for at-least 6 months and follow up. Surgical management was
offered to patients with high grade VUR which did not resolve with medical management.

Sample size calculation: Assuming a level 12% of children with UTI develop VUR, number of children required is minimum
of 160 children. The estimate is derived by using the following formula: N= Z?P(1-P)/ £2 where Z? factor corresponds to Type I
error and was taken as 1.96 with 2-sided test, P is % of children with UTI developing VUR (assumed as 12% from hospital data)
and £2 is the level of precision (usually taken as 5%).
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Data Collection: In the present study, a total of 508 patients from both hospitals were screened for enrolment in the study. 49
patients had to be excluded due to pre-existing anomalies or the parent’s unwilling for study. Further 54 patients were either lost
to follow up or refused continued investigations.

Patients analysed
=405

No VUR/ IHC = 346

Total VUR = 55
Total refluxing ureters = 85

—

Medical management = 79 Surgical management = 8

Il

Total IHC =4

Resolved =4

Resolved =25 Unresolved = 54

Fig-1: Study design of the present study.

Statistical Analysis: The data for study was collected in pre-designed study proforma and was verified for completeness and
consistency before transferring into MS Excel for further analysis. The continuous variables were expressed as mean and
standard deviation (SD), median and inter-quartile range (IQR) and frequency distribution for categorical variables.

Nonparametric tests like Man-Whitney Median tests, Chi-Square and Fishers exact test are applied when necessary. Subgroup
analysis is applied between various factors and outcome measures. p-value of < 0.05 was considered statistically significant.

Data was analysed using SSPS (21" Version).

Results

A total of 223 males and 182 females had UTI during the study period (M:F ratio 1.22:1) with UTI were analysed after excluding
those not willing to participate, having congenital structural anomalies, not willing to give consent and lost to follow-up. Majority
of the patients 270 (66.7%) were in the age group of 1-36 months. This group also exhibited male predominance.

Table-1: Cases of VUR and THC in study group (N = 403).

Conditions Total no Male no (%) Female no (%)
VUR 55 29/55 (52.72) 26/55 (47.27)
IHC 4 2/4 (50.0) 2/4 (50.0)
Without VUR/IHC 346 191/346 (55.20) 153/344 (44.21)

A total of 55 children were found to have VUR with 4 children showing evidence of idiopathic hypercalciuria. Out of which 55
children who had VUR, a majority of 41 children (74.54%) were again in the age group of 1-36 months with male predominance
(58.55%).

Gender ratio of all VUR cases was marginally skewed towards males (1.11:1). IHC was found to be distributed evenly amongst

both genders with 2 cases each. 346 children or 85.43% of sample size did not show any signs of VUR or IHC (Table 1).
Table-2: Prevalence of unilateral and bilateral VUR according to gender (N=55) and association with renal scars
(N=26).
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Conditions

Males number (%)

Females number (%)

VUR - Bilateral (30)

17/30 (56.66)

13/30 (43.33)

VUR - Unilateral (25)

13/25 (52.00)

12/25 (48.00)

Renal Scars (26/55)

14/26 (53.84)

12/26 (46.15)

17 male children (56.66%) and 13 female children (43.33%) had bilateral VUR. Thus, there were 85 refluxing ureters (47 in
males and 38 in females) with M:F ratio of 1.27:1. Among the 17 male children, 4 children (23.52%) had different grades of
VUR on either side compared to 15.38% (2 out of 13) in females. Out of the 55 children with VUR, 26 (47.27%) developed
renal scars. Amongst these, 14 out of 26 male children (48.27%) and 12 out of 26 female children (46.15%) had renal scars.
There was no statistical significance between the different genders on the propensity to develop renal scars due to VUR with

UTI (Table 2).

Table-3: Cases of hydronephrosis associated VUR and IHC:

Hydronephrosis Unilateral (%) Bilateral (%) Total no (%) Normal
VUR 13/55 (23.63) 10/55 (18.18) 23/55 (41.81) 32/55 (58.18)
IHC 1/4 (25.00) 1/4 (25.00) 3/4 (75.00)

A significant number of 23 children (41.81%) had also developed hydronephrosis in association with VUR in UTIL. Majority of
the cases of hydronephrosis associated with milder grades of VUR resolved spontaneously (Table 3).

Table-4: Outcome in number of refluxing ureters (N = 85):

Grades of VUR Improved No. (%) Not Improved No. (%)
Grade [ -
Grade II 11 (29.72) 26 (70.27)
Grade III 6 (30) 14 (70)
Grade IV 4(22.22) 14 (77.77)
Grade V 2 (20) 8 (80)

All children with different grades were given medical treatment. Management of VUR with prophylactic antibiotics resulted in
resolution of 27% of cases. The proportion of resolved cases decreased progressively with increasing grades of VUR. Only 20%
of children with Grade V VUR and 22.2% with Grade IV VUR improved. All the 8 cases with Grade V VUR who did not

improve underwent surgery (Table 4).
Discussion

UTI in children is a commonly encountered problem in
pediatric practice. Anatomical malformations such as VUR
and non-anatomical conditions such as hypercalciuria in
UTI are usually associated with more severe manifestations
including recurrent disease and reflux nephropathy. The
association of VUR with nephropathy is paradoxical. While
most children with renal lesions do not have VUR,
numerous studies show a close relationship between VUR
and nephropathy.

The higher the grade, the greater the risk of damage and loss
of renal function. Prognosis is worst when reflux
nephropathy (RN) is bilateral. The importance of VUR
therefore seems to be its association with worse outcomes.

Pyelonephritic damage leading to renal failure in the
absence of VUR has rarely been reported. The primary goal
of treatment with reflux is preventing renal injury,
symptomatic pyelonephritis and other complications of
reflux. Medical therapy is based on the principle that reflux
often resolves with time, and antibiotics maintain urine
sterility and prevent infections while the patient awaits
spontaneous resolution.

The basis of surgical therapy is that, in select situations,
ongoing vesico-ureteral reflux has caused or has a
significant potential for causing renal injury or other reflux
related complications and elimination of the reflux will
minimise their likelihood [7].

The incidence of VUR and resultant renal damage and scars
vary widely in different populations, regions and period of
study. The International Reflux Study in Europe gave a
conservative figure of 5.9% new renal scarring in a study of
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312 children [8]. However, subsequent studies done in
Sweden found the incidence to be higher at 11.7 to 26%
[9,10]. Studies done in Italy in primary VUR cases revealed
scarring upto 67 to 85% in individual refluxing kidneys or
units [11,12]. In multicentric RIVUR study done in children
with primary VUR in US, incidence of 9.5% renal scarring
was noticed in 607 children [13].

Studies done in Africa in Sudanese children noted higher
incidence varying from 54.46% to 61.5% [14,15]. Amongst
developed Asian countries, lower incidence was noted by
Yilmag et al in Turkey at 19.4%, Goldman et al in Israel at
19% and Howard et al in in Chinese boys (28%) and girls
(11%) [16,17,18]. In a South Korean study by Lee et al, the
incidence noted was 47.9% in 48 cases of VUR [19]. A
similar incidence of 41 % was found by Al-Ibrahim et al in
Saudi children [20]. Older studies done in North India by
Menon et al revealed a higher prevalence of renal scarring
(62%) in VUR patients with UTI [21].

The present study enrolled patients with UTI (culture
positive) in the age group of 1 month to 12 years and 405
children fulfilling the inclusion criteria were evaluated. A
total of 55 children were found to have VUR (13.58%) with
male predominance (1.11:1). No statistical significance was
seen in difference between both the genders. Of these, 30
children had bilateral VUR and 25 unilateral VUR making
a total of 85 refluxing ureters. This was in contrast to studies
done by Lama et al and Caione et al which had higher
proportion of unilateral VUR [10,11]. Out of the 55 children
with VUR, 26 (47.27%) developed renal scars. This
incidence was comparable to the study done by Lee et al
[19] and Al-Ibrahim et al [20] and was lower than the older
Indian study [21] which could be attributed to better
screening and treating facilities at present. The prevalence
was significantly higher than other Asian ethnicities as
observed by Yilmaz et al [16], Goldman et al [17] and RG
Howard et al [18].

Renal scarring as an outcome was more predominant in
findings described by Nacaroglu HT el al (54.46%) [14] and
Ali ET el al (61.53%) in Sudanese children [15] and those
described in Italian studies by Lama et al and Caione et al
[11,12]. Incidence of hydronephrosis was found to be
present in 23 out of 55 children (41.81%) in children with
VUR. A significant number of children had differential
renal function as a consequence of scarring associated with
VUR. The higher incidence of renal scars in VUR with UTI
in Indian population should prompt immediate treatment in
identified cases to prevent the consequent damage. The
prevalence was also in higher proportion in younger
children and male gender which should be targeted for more
Idiopathic hypercalciuria
characterized with increased excretion of calcium ions in
urine in spite of normal serum calcium levels [22], is a

intensive evaluations.
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condition commonly associated with urinary symptoms
[23]. It can present with nonspecific urinary symptoms such
as frequency, occasional dysuria, non-nephrotic range
proteinuria [23] and is the most common anomaly
associated with isolated hematuria and urolithiasis [24,25].
Idiopathic hypercalciuria has been shown to be important
risk factor for recurrent UTI [26] and if present with VUR
it correlates with more severe grades of VUR [27].

The prevalence can be upto 10% and depends on
geographical region, climate, nutrition and genetic factors.
Adequate treatment prevents stone formation and preserves
the bone mineral density in patients [27]. Management is
usually with liberal oral fluids with salt restriction. In cases
with gross hematuria or persistent dysuria, oral diuretic
(hydrochlorothiazide) therapy may be required for
resolution of symptoms [28]. As it is associated with
recurrent UTI and severe grades of VUR, treatment and
close monitoring for resolution of hypercalciuria is
warranted. Incidence of idiopathic hypercalciuria was
found to be negligible in the present study at 4 out of 405
cases (0.98%) of UTI which was statistically much lower
than reported earlier in other populations at 16.29%, 16 %
and 30 % by Balestracci A et al [6], Nacaroglu HT etal [14],
and Sadeghi-Bojd S et al [26] respectively. Moreover, the
spontaneous resolution of hypercalciuria without the
dreaded complications portends a benign profile in Indian
children. The causes of low incidence could be possibly
dietary or nutritional deficiencies and needs to be further
investigated in a larger controlled study.

With medical management there was improvement in 25
out of 85 refluxing ureters (29.41%) and non-resolution in
remaining 60 cases. The resolution of symptoms improved
in lower grades of VUR with maximal resolution in Grade
I VUR patients. Surgical management was only required in
8 cases with grade V VUR. No fresh scarring was noticed
in surgically managed cases in the duration of study period.
All 4 cases of THC resolved over next 1 year without
complications. The major limitation of the study was
limited time period of observation, so complications and
their resolution could be observed for a relatively smaller
period of time. A multicentric pan India study is needed to
delineate the long-term effects of VUR and IHC associated
with UTI in paediatric patients. Antenatally detected renal
diseases were not taken into account as it needs a separate
criterion for monitoring and follow up. Also, the patients
lost to follow up and those who refused consent could not
be followed up.

Conclusion

The incidence of renal scarring in VUR with UTI in Indian
children was comparable to other Asian populations at
47.27%. The prevalence of renal damage has improved
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compared to older studies most likely due to improved
healthcare facilities, however it remains significantly higher
compared to developed countries.

Medical management was sufficient for resolution in a
significant number of cases of low grade VUR (I-I1II).

Majority of high grade VUR did not resolve over the
observation period of 18 months, however surgical
management was required only in significant non-resolving
grade V VUR. A total of 27% refluxing ureters resolved
with medical management alone. The prevalence of
idiopathic hypercalciuria was found to be inappreciable
numbers (0.98%). All cases resolved over the period of
study without any significant complications.

What this study adds to existing knowledge?

Incidence of renal scarring consequent to VUR in UTI was
noted to be 47.27%, with resolution in approximately one
fourth of cases by medical management alone.

The incidence is reducing compared to older Indian studies
most likely consequent to improved healthcare facilities.
The association of Idiopathic hypercalciuria with UTI was
found to be negligible at 0.98% and complete resolution of
all cases was achieved with conservative treatment.
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