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Abstract

Background: To date, limited studies have evaluated the role of vitamin A in acute pyelonephritis (APN).
Accordingly, we aimed to investigate the effect of this vitamin on the prevention of renal damage in
children with APN.

Methods: This assessor-blind randomized controlled trial included 108 children with APN, aged 3 months
to 14 years, who were admitted to Bandar Abbas Children’s Hospital, Bandar Abbas, Iran, in 2020. Patients
were randomly allocated to two equal groups. Children in the vitamin A group received vitamin A in
addition to antibiotics (ceftriaxone), while those in the control group only received antibiotics. Then,
children in both groups underwent dimercaptosuccinic acid (DMSA) scanning once at baseline and four
months after treatment. Photopenic areas in the DMSA scan were regarded as damaged areas. Further,
serum vitamin A levels, C-reactive protein (CRP) levels, and erythrocyte sedimentation rate (ESR) were
measured in all participants before the initiation of treatment. Finally, the demographic features of the
participants were noted, including age and gender.

Results: Patients in both groups were comparable regarding age and sex. Serum vitamin A levels, CRP, and
ESR did not differ significantly between groups before treatment. The mean number of photopenic areas in
the baseline DMSA scan was similar in both groups (P=0.481); however, the mean number of photopenic
areas in the DMSA scan after four months was significantly lower in the vitamin A group compared to
controls (P=0.004).

Conclusion: Therefore, the use of vitamin A, along with antibiotics can significantly decrease renal damage
in children with APN.

Keywords: Pyelonephritis, Children, Vitamin A, Renal scar

Received July 12, 2021, Accepted: September 6, 2021, Published Online: October 10, 2022

*Correspondence to
Kambiz Ghasemi,

Tel: +989177611468,
Email: kambizghassemi@
yahoo.com

Open Access
Scan to access more

Background

Urinary tract infection (UTT), the most common infection
of the urogenital system, is regarded as one of the most
frequent infections in childhood (1). It can occur in two
forms, namely, cystitis and acute pyelonephritis (APN).
Delay in treating the acute infection can lead to injury to
the renal parenchyma, which is also called renal scarring
(2, 3). With incidence rates ranging from 5 to 57%
following APN, renal scarring can result in progressive
kidney damage (4).

The timely treatment of APN is of utmost importance
since severe scarring can occur even after the first episode
of kidney infection (5). As demonstrated in a multicenter
study, mere antibiotics administration was not effective
in the prevention of renal scarring in children with
APN (6). With inflammation and oxidative stress as the
potential underlying mechanisms of renal damage in
APN, antioxidants or anti-inflammatory agents appear
to decrease the risk of renal scarring (7). Backed up by

animal studies, vitamins have shown promising results in
this regard (8, 9); nonetheless, there are limited studies
on the effects of vitamins on kidney scarring in humans
(7). Vitamin A and B-carotene have anti-inflammatory
and antioxidant properties (10). It has also been reported
that vitamin A can contribute to the re-epithelialization
of injured mucosal surfaces (11, 12). Nevertheless,
contradictory results have been demonstrated on the
effects of vitamin A on renal scarring (7, 12, 13).

Objectives
Thus, this study aimed to evaluate the role of vitamin A
in the prevention of renal damage in children with APN.

Methods

Participants

The current assessor-blind randomized controlled trial
included 108 children with suspected APN (based on
clinical findings and positive urine culture) aged three
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months to 14 years admitted to Bandar Abbas Children’s
Hospital, Bandar Abbas, Iran from January 1, 2020, to
September 20, 2020. The inclusion criterion was positive
culture (210° CFU/mL in bagged specimens, >10* CFU/
mL in catheterized specimens, or >10° CFU/mL in
suprapubic aspirations). Patients who had anatomical
disorders of the urinary system were excluded from
the study. The sample size was calculated as at least 108
participants based on a=0.05, and f=0.1.

Study Design

First, written informed consent was obtained from the
parents or guardians of the children. The age and sex of
the participants were recorded as well. A random venous
blood sample was collected from all the children before
treatment for the measurement of serum vitamin A,
C-reactive protein (CRP), and erythrocyte sedimentation
rate (ESR). Serum vitamin A was measured using the
high-performance liquid chromatography method
(Younglin device, Korea).

Patients were randomly assigned to two equal groups
(54 in the vitamin A group and 54 as controls) using
simple randomization by randomly generated numbers
produced by the Random Allocation software. Details
of patient enrollment, randomization, and analysis are

depicted in Figure 1. Children in both groups received
50-75 mg/kg of intravenous ceftriaxone daily. In addition
to ceftriaxone, children in the vitamin A group received
25000 and 50000 units of intramuscular vitamin A
(Osvah Pharmaceutical Co., Iran) if they were younger
than 1 year and =1 year on their first day of admission,
respectively. Children in both groups received 8 mg/kg
oral cefixime daily after discharge.

All children underwent dimercaptosuccinic acid
(DMSA) scanning using the Siemens E.Cam® single-head
scanner once before treatment and four months after
treatment. DMSA scans were evaluated by an experienced
pediatric nephrologist who was blinded to the grouping
of patients. Photopenic areas in the DMSA scan were
regarded as damaged areas.

Data Analysis

The Statistical Package for the Social Sciences (SPSS)
software (version 26.0, Armonk, NY: IBM Corp., USA)
was used for data analysis. Mean, standard deviation,
frequency, and percentages were applied to describe
the variables. Based on the results of the Kolmogorov-
Smirnov test, continuous and categorical variables were
compared between groups using the Mann-Whitney and
chi-square tests, respectively. Further, the Wilcoxon test
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Assessed for eligibility (N=110)

Excluded (n=2)
+ Not meeting inclusion criteria (n=1)

4 Declined to participate (n=1)
+ Other reasons (n=0)

Randomized (n=108)

!

Y [ Allocation ] v
Allocated to the control group (n=54) Allocated to the vitamin A group (n=54)
+ Received antibiotics (n=54) + Received vitamin A (n=54)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
v [ Follow-Up ] v
AN J
e Lost to follow-up (n=0) e Lost to follow-up (n=0)
e Discontinued intervention (n=0) e Discontinued intervention (n=0)
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Analyzed (n=54) Analyzed (n=54)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 1. CONSORT Flow Diagram.
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was employed to compare the mean number of photopenic
areas on DMSA scans before and after treatment, and P
values <0.05 were considered statistically significant.

Results
Of the 108 children included in this study with a mean
age of 5.63+2.24 years, 52 (48.1%) were boys and the
remaining 56 (51.9%) were boys. Table 1 presents the
comparison of demographic features between groups.
Children in the vitamin A and control groups were
comparable in terms of age (P=0.914) and sex (P=1.000).
Baseline serum vitamin A levels, CRP, and ESR did not
differ significantly between groups (P=0.152, P=0.064,
and P=0.393, respectively, Table 2). Likewise, there was
no statistically significant difference between the vitamin
A and control groups regarding the mean number of
photopenic areas in the baseline DMSA scan (P=0.481).
The mean number of photopenic areas significantly
decreased in both groups in the follow-up DMSA;
however, this reduction was higher in the vitamin A
group (Table 3). Figures 2 and 3 demonstrate the number
of photopenic areas in the baseline and follow-up DMSA
scans in both groups.

Discussion

In the current study, it was found that vitamin A can
reduce renal scarring in children with APN. The follow-
up DMSA scan, performed four months after treatment,

Table 1. Comparison of Demographic Features Between the Vitamin A and
Control Groups

Variables Control (n=54)  Vitamin A (n=54) P Value
Age (y), mean+SD 5.68+2.36 5.59+2.14 0.9142
Sex, No. (%)

Male 26 (48.1) 26 (48.1) 1.000°
Female 28(51.9) 28(51.9)

Note. N: Number; SD: Standard deviation.*Analyzed by Mann-Whitney test.
> Analyzed by Chi-square test.

Table 2. Comparison of Baseline Serum Vitamin A, CRP, and ESR Between
Groups

Variables Control (n=54) V::la:;l:)A P Value*
\n/:;:ii”sg(“mow’ 035+0.16 030+0.21 0.152
CRP (mg/L), mean+SD 21.04+4.37 23.74+8.02 0.064
ESR (mm/h), mean+SD 35.83+14.82 38.61+16.89 0.393

Note. N: Number; SD: Standard deviation; CRP: C-reactive protein; ESR:
Erythrocyte sedimentation rate. ‘Analyzed by Mann-Whitney test.

Table 3. Comparison of Baseline and Follow-up DMSA Results Between Groups

Groups

Wvitamin A
Ncontrol

Count

The number of phatopenic areas in the baseline DMSA scan

Figure 2. Comparison of the Number of Photopenic Areas in the Baseline
DMSA Scan Between the Vitamin A and Control Groups. Note. DMSA:
Dimercaptosuccinic acid.

Groups

Mvitamin A
Ncontrel

Count

The number of photopenic areas in the follow-up DMSA scan

Figure 3. Comparison of the Number of Photopenic Areas in the Follow-
up DMSA Scan Between the Vitamin A and Control Groups. Note. DMSA:
Dimercaptosuccinic acid.

showed a significantly lower number of photopenic areas
in the vitamin A group compared to controls, which is in
line with the results of Kahbazi et al. They evaluated the
efficacy of vitamin A plus antibiotics for the improvement
of UTI symptoms and prevention of renal scarring in girls
with APN. In their study, the worsening of renal lesions
in the second DMSA scan was significantly lower with
vitamin A compared to placebo. Further, 63.8% of the
patients in the vitamin A group had improvements in the
number of photopenic areas, while the corresponding
percentage in the placebo group was 21% (4). Similarly,
Zhang et al concluded that vitamin A is inversely
correlated with renal parenchymal injury (7). On the
other hand, the findings of Dalirani et al are consistent
with those of our study. They investigated the role of
vitamin A in the prevention of renal scars following APN
and reported significantly lower progression of renal
damage and scars in the vitamin A group in comparison
with controls (12). Moreover, Ayazi et al demonstrated
significantly lower permanent renal damage with vitamin

Variables Control (n=54) Vitamin A (n=54) P Value*
Baseline DMSA (number of photopenic areas), mean+SD 2.00+0.99 1.83+0.69 0.481
DMSA at 4 months (number of photopenic areas), mean+SD 0.35+0.56 0.09+0.29 0.004
P value® <0.001 <0.001

Note. N: Number; SD: Standard deviation; DMSA: Dimercaptosuccinic acid.
*Analyzed by Mann-Whitney test; "Analyzed by Wilcoxon test.
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A (13). The results of Yilmaz et al are also in conformity
with our findings (14).

Although Sobouti et al compared vitamin A and
E supplementation for the reduction of renal scars
secondary to APN and found comparable results with
both vitamins, the effect of vitamin E was more promising
compared to vitamin A (15). This indicates that in
future studies, other vitamins should be compared with
vitamin A for the prevention of renal scarring in APN.
Yousefichaijan et al evaluated the effect of vitamin A on
the clinical presentations of recurrent APN in children.
Although they did not study renal parenchymal damage,
they reported that vitamin A administration led to a
significant decrease in urinary symptoms and fever.
Additionally, they concluded that vitamin A can be used
for the treatment of children with APN (2).

In general, the results of a limited number of studies
evaluating the role of vitamin A in APN conform to and
confirm our results. Therefore, it appears that vitamin A
is beneficial for the prevention of renal scars in children
with APN or the reduction of the already-formed scars
in the acute phase of the infection. Of note, the strength
of the current study, compared to previous studies, was
that both groups of our study were comparable regarding
the demographic features, as well as baseline serum
vitamin A levels, CRP, and ESR, which limits the potential
confounding effects of these factors on the results.

Nonetheless, this study was not without limitations.
The sample size was relatively small, which can restrict
the generalizability of our findings. Future studies with a
larger sample size are required to confirm our results.

Conclusion

In the current study, vitamin A was effective for the
prevention of renal scarring in children with APN. Thus,
we recommend the administration of a single dose of
intramuscular vitamin A in children with APN to avoid
or reduce the severity of renal scarring.
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