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Abstract
Background Numerous factors may contribute to renal tis-
sue injury after urinary tract infection. We have evaluated
the effects of vitamins A or E supplementation in combina-
tion with antibiotics for the prevention of renal scarring in
acute pyelonephritis.
Methods A simple non-blind randomized clinical trial was
conducted on 61 children aged 1 month to 10 years between
2004 and 2006. The inclusion criteria were positive urine
culture, clinical findings, and 99mTc-dimercaptosuccinic
acid (DMSA) scintigraphy-based evidence in favor of acute
pyelonephritis. The children were randomized into three
treatment groups: 10-day treatment with only antibiotics
(control group; n025) and 10-day treatment with supple-
ments of vitamin A (n017) or vitamin E (n018) in addition
to antibiotics during the acute phase of infection. The final
analysis was performed after excluding male patients. Each
patient was evaluated twice by 99mTc-DMSA scintigraphy

performed at least 6 months apart. P<0.05 was considered
to be statistically significant.
Results The analysis included 108 kidney units. The fre-
quency of inflammation at the beginning of therapy was not
significantly different in the three groups (63.3 % in vitamin
A, 61 % in vitamin E, and 76.2 % in the control group). A
worsening of lesions, based on the second 99mTc-DMSA
scan, was observed in 42.5, 0, and 23.3 % of the control,
vitamin E, and vitamin A patients, respectively (LR026.3,
P<0.001).
Conclusion Vitamins A or E supplements were effective in
reducing renal scarring secondary to acute pyelonephritis.

Keywords Vitamin A . Vitamin E . Pyelonephritis . Urinary
tract infection . 99mTc-DMSA

Introduction

Risk factors for renal parenchymal damage in urinary tract
infections (UTI) are the presence of vesicoureteral reflux
(VUR) [1], obstructive uropathy, the numbers of flares of
acute pyelonephritis (APN), and delay in treatment of acute
infection. However, a recent multicenter observational study
demonstrates that the incidence of renal scars detected by
99mTc-Dimercaptosuccinic acid (DMSA) scintigraphy is
about 30 % despite early or late antibiotic therapy [2].
Severe renal scarring has also been reported after the first
episode of APN [3]. The pathogenesis of APN is related to
bacterial virulence, immune response, tissue factors, apo-
ptosis, and the production of free radicals that lead to fibro-
sis and renal scarring [4]. Animal models show that the rate
of scarring is reduced by the co-administration of antioxi-
dant or anti-inflammatory agents [5–11]. Therefore, we have
studied the effect of vitamin A as an anti-inflammatory and
vitamin E as an antioxidant on prevention of renal scarring
in children with APN.
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Subjects and methods

A simple non-blind open-label randomized clinical trial was
conducted on 61 children (aged 1 month to 10 years) with
APN between September 2004 and October 2006. The
inclusion criteria were positive urine culture, positive clini-
cal findings, and evidence of APN on 99mTc-DMSA scans.
Children with neurogenic bladder, systemic hypertension,
obstructive uropathy, and high grade vesicoureteral (grade
4–5) were excluded from study. The study was conducted in
accordance with the guidelines of the declaration of Helsinki
and Tokyo for human research. It was also approved by the
Institutional Human Experimentation Committee of Tehran
University of Medical Sciences. Informed consent was
obtained from all parents. The IRCT registration number is
IRCT201103256102N1, and a description is available at the
following websites: http://www.irct.ir/searchresult.php?
id06102&number01 and http://apps.who.int/trialsearch/
trial.aspx?trialid0IRCT201103256102N1.

The diagnosis of APN was based on the presence of
high grade fever (>38.5 °C), with or without vomiting,
malaise, loin pain, or tenderness of costovertebral angle,
and the absence of other sources for fever on physical
examination.

Positive urine culture was defined as the isolation of >105

colony forming units (cfu)/ml of a single bacterium from the
midstream urine sample taken from a continent child, the
isolation of bacteria (per ml) from a suprapubic urine sam-
ple, or the isolation of >1,000 colonies of a single organism
from the catheter urine sample.

The radioisotopic renal cortical scan was performed on
the secondday of hospitalization. Following the injection of
37 MBq of 99mTc-DMSA intravenously, multiple projec-
tion images (anterior, posterior, left posterior oblique, and
right posterior oblique) were taken 3–4 h later. Any photo-
penic lesion (unilateral vs. bilateral/small vs. large/single vs.
multiple) visible on the posterior view without volume loss
was defined as APN. The lesions were classified further as
mild (25 %), moderate (25–50 %), or severe (>50 %) based
on renal involvement. The second 99mTc-DMSA scan was
performed at least 6 months later. The primary outcome was
the persistence of the photopenic lesions with or without
volume loss on second 99mTc-DMSA scan [12, 13]. The
activity of each kidney unit, as shown on the 99mTc-DMSA
scan, was recorded separately. The 99mTc-DMSA scans
were evaluated by a physician who was completely blinded
to the method and the outcome of therapy. The final out-
come was categorized into worsening and persistence or
improvement of lesions.

All children with a diagnosis of APN were admitted to
the nephrology department. Urinalysis and urine culture
were sent to the laboratory prior to the initiation of therapy.
Blood samples were taken for cell blood count, erythrocyte

sedimentation rate (ESR), C-reactive protein (qualitative),
and blood culture.

All children received cephalothin or ampicillin (100 mg/
kg/day four times daily) and amikacin (15 mg/kg/day three
times daily) for 10 days. Treatment method was affected by
the antibiogram profile. Based on the file number, children
were assigned in parallel and randomized to three groups
(n 0 20 cases in each group) sequentially. The first group
received only antibiotic therapy (control group), and the
second and third groups received antibiotics in combination
with oral supplements of either vitamin A (1,500 U/kg/day;
capsules 50,000 IU; CO.Tolid daru, Iran) or vitamin E
(20 IU/day; capsules 100 IU; CO. Daroopakhsh, Iran), re-
spectively, during the acute phase of infection for 10 days.
Renal ultrasound and voiding cystouretrogram were per-
formed for all children during hospitalization.

Secondary outcomes were the incidence of acute kidney
injury, intolerance to vitamins, and no response to antibiotic
therapy. These outcomes were evaluated by daily measure-
ments of urine output, serum creatinine, and blood pressure,
by daily clinical observation of the patient’s general condi-
tion, measurement of temperature for fever, and by repeating
the urine culture after 3 days of treatment.

The follow-up included a monthly urine culture, prophy-
lactic antibiotic treatment (cephalexin at one-third of thera-
peutic dosage) at nighttime, and a follow-up 99mTc-DMSA
scan after a minimum of 6 months.

Due to the small number of male children enrolled in the
study and the higher rate of primary scarring among these
children, all data pertaining to male children were excluded
from the final analysis (Fig. 1).

Sample size was calculated by using Altman nomogram
with a power of 80 %. Student’s t test and analysis of
variance were used to compare means. Non-parametric tests
for several independent samples were used to compare the
median. Frequency and relationship were analyzed by chi-
square and Pearson correlation tests, respectively. Data were
analyzed according to the pre-designated protocol. P<0.05
was considered to be statistically significant.

Results

As shown in Fig. 1, three children in the vitamin A
group and one child in the vitamin E group refused to
take vitamins. For the data analysis, these children were
therefore considered to have received only the antibiotic
therapy and added to the control group. Negative urine
cultures and males were excluded from the final analy-
sis. Table 1 shows the basic demographic data and
clinical findings at the time of hospitalization. Table 2
depicts the laboratory results at the time of hospitalization
for all three groups.
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The most frequent complaints were fever (100 %), fol-
lowed by poor feeding (31 patients, 57.4 %), irritability (21,
39 %), vomiting (20, 37 %), frequency(21, 39 %), dysuria
(16, 29.6 %). Additional other symptoms included foul
smelling urine (10 patients, 18.5 %), flank pain (10,
18.2 %), diarrhea (8, 15 %), constipation (4, 7.4 %), incon-
tinency (4, 7.4 %), dribbling (3, 5.6 %), secondary enuresis
(3, 5.6 %), suprapubic pain (2, 3.7 %), and abdominal pain
(2, 3.7 %).

The summary of the 99mTc-DMSA scan evaluations are
given in Table 3. The second 99mTc-DMSA scan was
performed after a mean period of 7.07 months (range 5–
19 months). Of the 11 kidney units in the vitamin A group
with no sign of inflammation, three (27.6 %) showed lesion
worsening in the second 99mTc-DMSA scan. In the vitamin
E group, 14 kidney units showed no signs of inflammation
on both the first and second 99mTc-DMSA studies. In the
control group, ten kidney units were assessed to be normal
in the first study, and five (50 %) showed lesion worsening
on the second 99mTc-DMSA scan. In terms of the study
outcome, 42.5 % (17 patients) of control patients showed
lesion worsening in the photopenic region at least 6 months
later. In contrast, of the children who received the antibiotic

therapy in combination with vitamin E or A supplements at
the time of acute inflammation, 10.6 % (7 patients) showed
evidence of worsening lesions in the photopenic region at
follow-up (relative risk4.1, 95 % confidence interval1.5–
9.4, P00.001). The condition of the photopenic lesions had
not changed in 32.5 % (13 patients) of control patients,
3.8 % (5) of vitamin E-treated patients, and 10 % (3) of
vitamin A-treated patients (P00.004). None of the kidney
units in the vitamin E-treated patients group showed wors-
ening lesions, in comparison to 26.3 % of those of the
vitamin A-treated patients (P00.003). The number of need
to treat (NNT) for vitamin A was 5.1, for vitamin E 2.32,
and for both supplements in general 2.5. In terms of the
secondary outcomes, no adverse effect was reported during
treatment (Table 4).

Discussion

The results of this study show that vitamin E or A supple-
ments were effective in reducing renal scarring secondary to
acute pyelonephritis. In contrast, infants who were only trea-
ted with antibiotic showed a higher rate of scar formation. The

Assessed for eligibility (n= 62) 

Excluded (n= 1) 
Not meeting inclusion criteria (n=0) 
Declined to participate (n=1) 
Other reasons (n= 0 ) 

Analysed (n=21) 
Excluded from analysis (lack of 

follow up DMSA) (n=1), (male n=4 
+ 2 out of 4 had negative urine 
culture)

Lost to follow-up (n=0) 
Refused to do the 2nd DMSA  (n=1) 

Allocated to receive aminoglycoside (n=25) 
Received aminoglycoside (n=20)

Received 3rd generation cephalosporin 
(antibiogram resistance) (n= 5 )

Lost to follow-up ((n=0) 
Refused to do the 2nd DMSA  (n=0) 

Allocated to receive vitamin A + 
aminoglycoside (n=17) 

Received vitamin A + aminoglycoside (n=12)

Received 3rd generation cephalosporin + 
vitamin A ( antibiogram resistance) (n= 5 )

Analysed (n=15) 
Excluded from analysis (male n=2)

Randomized (n=61) 

Allocated vitamin E+ aminoglycoside (n= 19) 
Received vitamin E+ aminoglycoside (n=17)

Received 3rd generation cephalosporin +  
Vitamin E (antibiogram resistant) (n= 2)

Lost to follow-up (n=0) 
Refused to do the 2nd DMSA (n= 0) 

Analysed (n= 18) 
Excluded from analysis (urine 

culture negative n= 1)

Enrollment

Allocation

Follow-Up

Analysis

Fig. 1 CONSORT flow diagram for the randomized clinical trial with vitamin A or vitamin E in children with acute pyelonephritis. DMSA 99mTc-
Dimercaptosuccinic acid scintigraphy

Pediatr Nephrol (2013) 28:277–283 279



risk factors for developing renal scars after acute pyelonephri-
tis are high grade VUR, voiding dysfunction, and recurrent
UTI. In a multicenter study, the early or late administration of
antibiotics was shown to have no effect on the prevalence of
renal scar formation in children with acute pyelonephritis [2].
Experimental studies have demonstrated that hypoperfusion
due to the aggregation of inflammatory cells and subsequent
reperfusion induces the production of free radicals, thereby
partly explaining tissue damage in acute pyelonephritis
[14–16]. One theory which has emerged is that an adjuvant
might be needed to prevent renal scar formation at the time of
inflammation [6]. The role of vitamins, nonsteroidal anti-

inflammatory drugs (NSAIDs), and steroids in reducing renal
cortical scar formation after acute pyelonephritis has been
studied experimentally [5–11]. An early study showed that
at the time of acute infection, there is a depletion of vitamin A
and an increase in the rate of renal retinol excretion [17]. In a
rat model with UTI, treatment with vitamin A decreases the
risk of cortical scar formation [5–7]. Using this rat model, it
has also been shown that following the inoculation of bacteria
inducing UTI, vitamin A can prevent renal fibrosis formation
independent of the treatment routes and times of prescription
and that this effect has no correlation with beta carotene
level [7, 8]. In their study, Ayazi et al [18]. administered a

Table 1 Basic demographic and clinical findings in case and controlsa

Demographic and clinical findings Control group (n021) Vitamin A group (n015) Vitamin E group (n018) P
value

Age (years) 1.5 (0.2–9) 3.5 (0.12–10) 1.9 0.5–7) 0.12

Weight (kg) 10 (4.4–25) 13 (3.2–34) 10.5 (7.2–23) 0.12

Height (cm) 77 (52–156) 92 (50–137) 85 (65–118) 0.14

Time gapb (days) 2 (0–14) 1 (0–10) 1 (0–20) 0.3

SBP (mmHg) 90 (50–105) 90 (85–110) 92 (70–120) 0.19

DBP (mmHg) 60 (50–80) 60 (50–80) 50 (50–70) 0.74

VUR (n) 1 (4.8 %) (unilateral, GII) 3 (20 %) (2 unilateral, 1 bilateral, GII) 4 (22.2 %) (unilateral,GII–III) 0.25

Abnormal renal sonography (n) 3 (14.3 %) 4 (26.7 %) 3 (16.7 %) 0.6

SBP, Systolic blood pressure; DBP, diastolic blood pressure; VUR, vesicoureteral reflux; G, grade

Data are presented as the median, with the range given in parenthesis, unless stated otherwise
a Control group consisted of patients receiving antibiotic therapy only. Vitamin A and vitamin E groups (cases) received antibiotic therapy in
combination with the respective vitamin
b Duration from the beginning of symptoms to hospitalization and start of antibiotic therapy

Table 2 Laboratory results of cases and control at the time of admission

Laboratory results Control group (n021) Vitamin A group (n015) Vitamin E group (n018) P value

White blood cell count (×103) 13.6 (7.9–23.8) 13 (8.1–22) 15.1 (4.6–29.3) NS

PMN (%) 62 (26–89) 72 (15–86) 69 (43–82) NS

Hemoglobin (g/dl) 11.9 (8.3–13.5) 12.9 (10–13.5) 11.4 (10.2–13.8) 0.03

Creatinine (mg/dl) 0.5 (0.3–0.8) 0.5 (0.3–0.7) 0.6 (0.4–0.9) NS

Blood urea nitrogen (mg/dl) 8 (3–20) 6 (5–10) 8 (3–15) NS

Erythrocyte sedimentation rate (mm/h) 58 (9–115) 43 (4–112) 80 (22–120) 0.059

C-reactive protein, positive, n (%) 20 (79) 10 (59) 14 (78) NSa

Urine specific gravity 1.013 (1.005–1.040) 1.010 (1.004–1.030) 1.015 (1.002–1.028)) NS

Pyuria (>10/mm3) n (%) 21 (100) 14 (93) 18 (100) NSa

Nitrite-positive, n (%) 8 (38) 5 (33) 2 (11) NSa

Bacteriuria, n (%) 17 (81) 14 (93) 18 (100) NSa

Urine culture, n (%)

Escherichia coli 19 (90) 14 (93) 16 (89)

Klebsiella 1 (5) 1 (7) 2 (11)

Enterococcus 1 (5) 0 0 NSa

PMN, Polymorphous nucleus; NS, not significant

Data are presented as the median, with the range given in parenthesis, unless stated otherwise
a Chi-square
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therapeutic dosage of vitamin A intramuscularly to 25 chil-
dren aged less than 24 months and found a higher percentage
of abnormalities on the repeat 99mTc-DMSA scans of the
controls (no vitamin A injection) after 3 months. We found
that the duration of 3 months after UTI is not a sufficient time
for scar formation and that the repeated 99mTc-DMSA scan
should be delayed until least 6 months or longer to evaluate
the establishment of the newly formed renal scars.

Our study has two main advantages. First, we prescribed
a physiologic dosage of vitamin A orally and, second, the
repeat 99mTc-DMSA scan was performed at least 6 months
after the first scan. Despite a similarity of renal involvement
in the initial renal 99mTc-DMSA scan and a similar fre-
quency of mild to moderate VUR in both groups, the
follow-up 99mTc-DMSA study revealed that 23.3 % of
patients in vitamin A group had a worsening of lesions
compared to 42.5 % in controls.

Bennette et al. reported that vitamin E supplement reduces
the degree of kidney inflammation in the rat model of pyelo-
nephritis [6]. Emamghorashi et al. [9] evaluated the effective-
ness of gentamicin therapy alone, vitamin (C and E) co-
treatment with gentamicin, and vitamin(s) treatment without
antibiotic administration in rat models of APN. Their study of
renal pathology among these three groups demonstrated mild
or no scar formation in the vitamin-treated groups regardless of
antibiotic therapy but moderate to severe scar in the antibiotic
group. The effect of antioxidants, including allopurinol and
vitamin E, has also been evaluated in the rat model of acute
pyelonephritis. The pathological results of that study show that

the groups treated with antioxidant during the acute phase of
inflammation had lower fibrosis, a lower apoptotic index, and
lower levels of transforming growth factor-beta [10]. In our
study, children who received supplements of vitamin E, despite
having higher ESR and leukocytosis, had less renal scarring
compared to the vitamin A group and controls.

A study by Haraoka et al. [11] shows that treatment
with prednisolone during inflammation prevents renal scar
formation in rats with pyelonephritis even if there is a
delay initiating antibiotic therapy [11]. The same clinical
experience was noted in children with pyelonephritis trea-
ted with dexamethasone in the acute phase of inflamma-
tion: the levels of urinary interleukin 8 (as a marker of
inflammation) and interleukin 6 (as a marker of fibrosis)
markedly decreased within 72 h after the injection of
dexamethasone compared to those who were only treated
with antibiotic [19].

The cumulative rate of renal scar formation after first UTI
in females has been reported to be 11.3 % [20]. In that study,
persistent photopenic lesion was considered to be a renal
parenchymal scar, and the controls had a significantly higher
incidence rate (77 %) of scar formation than the vitamin-
treated groups. This figure is not compatible with the inci-
dence rate of scar development after acute pyelonephritis
observed in our study. This difference between the studies
may be explained by following comments: Firstly, about
60–80 % of the children with febrile UTI meet the
99mTc-DMSA scan criteria for the diagnosis of acute py-
elonephritis at the beginning of a study and the remaining

Table 3 Assessment of lesions
based on the 99mTc-DMSA scans
of kidney units at the time of
hospitalization (first scan) and at
least 6 months later (second scan)

DMSA Dimercaptosuccinic acid
scintigraphy

Data are presented as the
number, with the percentage
given in parenthesis

99 m TC-DMSA Control group Vitamin A group Vitamin E group P value

First 99mTC-DMSA scan n0 42 n0 30 n0 36

Normal 10 (23.8) 11(36.7) 14(39) 0.32
Mild 22 (52.4) 14(46.7) 12(33.2)

Moderate 6 (14.3) 3(10) 9(25)

Severe 4 (9.5) 2(6.7) 1(2.8)

Second 99mTC-DMSA scan n0 40 n0 30 n0 36

Resolved, no change 23(57.5) 23(76.7) 36(100) <0.001
Worsening 17(42.5) 7(23.3) 0

Table 4 Clinical and laboratory course of patients at end of therapy

Secondary outcomes Control group (n021) Vitamin A group (n015) Vitamin E group (n0158 P value

Duration of fever after starting therapy (days) 3 (1–4.5) 3 (1–4) 2.5 (1–4.5) NS

Serum creatinine (mg/dl) 0.5 (0.3–0.7) 0.5 (0.3–0.7) 0.6 (0.4–0.9) NS

SBP (mmHg) 80 (70–110) 100 (70–110) 90 (80–110) NS

DBP (mmHg) 70 (50–75) 61 (53–80) 60 (50–75) NS

Urine output (ml/kg/h) 2.5 (1.5–4) 2 (2–4) 2.5 (1.5–3.5) NS

Data are presented as the median, with the range given in parenthesis

SBP systolic blood pressure; DBP diastolic blood pressure
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children have normal DMSA scan results [21–23]. This is in
contrast to our study prerequisite of at least one kidney unit
having to satisfy the criteria for APN. Second, in many
previous studies, the follow-up 99mTc-DMSA scans were
taken at longer intervals (2–11 years) in comparison to our
method. The incidence of renal parenchymal photopenic
changes has been found to fall from 86 to 24 % when the
repeat 99mTc-DMSA scan is performed after a longer inter-
val [21]. Orellana et al. studied 269 patients with febrile UTI
and assessed the risk of renal scar formation by comparing
99mTc-DMSA scans at 1- and 6- months intervals. These
authors found renal parenchymal damage in one-third of
children without VUR, in 72 % with VUR, in 60 % at the
first episode of UTI, and in 73 % with recurrent UTI [24].
The third explanation for this high rate of renal damage in
controls can be the false positive reporting of persistent mild
photopenic region at the poles, which can be a limitation of
our study.

The low power of the study, the absence of blindness on
drug administration, and the simple method of randomiza-
tion according to the file number are major limitations of our
study. The absence of serum vitamin E and A measurements
prior to treatment os another limitation. Confirmation of the
benefits of vitamin A and E supplements is reducing renal
scar formation in acute pyelonephritis needs larger randomized
clinical trials.

Conclusion

Vitamins A and E supplements may be effective in reducing
renal scar development secondary to acute pyelonephritis,
and vitamin E may be more beneficial in the prevention of
renal scar formation.
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