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INTRODUCTION

Although the gold standard method for the diagnosis of urinary 
tract infections (UTI) is urine culture, 99mTc dimercaptosuc-
cinic acid (DMSA) renal scanning is the best tool for discrimi-
nating acute pyelonephritis (APN) or the presence of a renal 

cortical defect on a DMSA scan (true APN) from its absence in 
infants with febrile UTI.1 Nevertheless, obtaining urine culture 
results can be time consuming, typically requiring at least 48 h. 
Furthermore, some parents of children with febrile UTI do not 
provide consent for their child to undergo urethral catheteriza-
tion or suprapubic aspiration for urine collection in the emer-
gency room or outpatient department, although it is strongly 
recommended by the American Academy of Pediatrics.2 There-
fore, pediatricians require simpler or less burdensome tools 
that may help promptly discriminate APN from other febrile 
illnesses in children with abnormal urinalysis findings mim-
icking APN.

In the present study, we investigated whether C-reactive 
protein (CRP) levels, urine protein-creatinine ratio (uProt/Cr), 
and urine electrolyte values can be useful tools for discriminat-
ing APN from other febrile illnesses or true APN from the ab-
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sence of a renal cortical defect on DMSA scans in infants with 
febrile UTI.

MATERIALS AND METHODS

Among 208 infants who were consecutively admitted to our 
hospital with their first febrile UTI from January 2010 to De-
cember 2012, 150 infants with completed data sheets were in-
cluded in this study. Fifty-eight infants who were missing data 
for the required parameters or the results of urine electrolytes 
sampled 24 h after hydration were excluded. Febrile UTI was 
defined as follows: high fever ≥38ºC, pyuria (>5 white blood 
cells/high-power field) and positive leukocyte esterase results 
on urinalysis, significant bacteriuria, positive CRP results (>0.3 
mg/dL), and the lack of any other fever focus. Bacteriuria was 
defined as the presence of >1×105 colony-forming units/high-
power field for a single-strain isolate. The clean catch bag meth-
od was used to collect urine samples. The infants’ prenatal so-
nograms revealed no remarkable findings. The mean duration 
of admission was 4.3 days. All enrolled infants with UTI under-
went renal ultrasonography (US) and a DMSA renal scan upon 
admission. In addition, blood [CRP, electrolytes, Cr, and serum 

osmolarity (Osm)] and urine tests (uProt/Cr, electrolytes, urine 
Cr, and urine Osm) were performed. Urine samples obtained 
for electrolyte analysis that were collected 24 h after hydration 
were excluded from this study, because renal compensation for 
plasma volume could alter the urine electrolyte values. CRP 
levels were measured by turbidimetry. Urine proteins were an-
alyzed using pyrogallol red dye (7600 DP; Hitachi Ltd., Tokyo, 
Japan). DMSA scanning was performed using the planar tech-
nique, and the findings were interpreted by both a nuclear 
medicine consultant and a pediatric nephrologist. True APN 
was defined as the presence of a cortical defect on a DMSA scan 
that showed reduced or the absence of localization of the tracer 
and indistinct margins that did not deform the renal contour. 
Voiding cystourethrography (VCUG) was performed only when 
DMSA scanning revealed cortical defects at the first febrile UTI 
episode. Written informed consent was obtained from the par-
ents of all infants with UTI prior to performing DMSA scanning 
and VCUG. However, the parents of 39 patients with true APN 
did not provide consent for performing VCUG. The doctors in 
charge read the informed consent form in front of their parents 
at admission, and the parents signed the consent form together 
with the doctors in charge and responsible researchers. The 
CHA University Institutional Review Board approved this study, 

Table 1. Comparison of Laboratory Data between Infants with True APN and Controls

DMSA (+) Control 
p value

U-test T-test
N 54 100
Age (month) 4.5 (3–7) 7 (3–10) 0.007* 0.005*
M:F 36:18 56:44 >0.05
Blood

CRP (mg/dL) 6.6 (4.3–10) 0.72 (0.1–2.6) 0.000* 0.000*
Na (mEq/L) 137 (135–138) 138 (136.8–140) 0.002* 0.001*
K (mEq/L) 4.9 (4.6–5.1) 4.65 (4.4–5) 0.042* 0.029*
Cl (mEq/L) 103 (101–104) 105 (103–106) 0.000* 0.000*
T-CO2 (mEq/L) 21 (18.8–22.9) 20.1 (18.2–21.9) 0.099 0.088
Cr (mg/dL) 0.4 (0.4–0.4) 0.4 (0.4–0.4) 0.548 0.800
Osm (mOsm/L) 283 (277–287) 287 (281–296) 0.015* 0.190

Urine
Protein/Cr 1.51 (0.84–2.73) 0.19 (0.09–0.28) 0.000* 0.000*
Na (mEq/L) 13.5 (8.5–24.5) 31 (12–51) 0.000* 0.000*
K (mEq/L) 30.9 (17.5–50) 15.1 (8–34.5) 0.001* 0.003*
Cl (mEq/L) 17 (11–26.3) 30 (17–51) 0.000* 0.000*
Cr (mg/dL) 23.5 (16.5–38.3) 13.7 (8–24.1) 0.001* 0.033*
Osm (mOsm/L) 231 (157–367) 214 (132–306) 0.272 0.830
Na/K 0.46 (0.3–0.856) 1.41 (0.75–4.34) 0.000* 0.067

TTKG 7.34 (5.53–9.26) 5.27 (3.74–8.06) 0.001* 0.006*
FENa 0.15 (0.1–0.27) 0.51 (0.2–1.3) 0.000* 0.000*
true APN, the presence of a cortical defect on DMSA scan; DMSA, dimercaptosuccinic acid renal scan; N, number of patients; U-test, Mann-Whitney’s U test; T-
test, Student’s t-test; M, male; F, female; CRP, C-reactive protein; Na, sodium; K, potassium; Cl, chloride; T-CO2, total CO2; Cr, creatinine; Osm, osmolarity; TTKG, 
transtubular potassium gradient; FENa, fractional excretion of sodium.
The laboratory examination results are expressed as median and interquartile range.
*p<0.05.
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including the consent procedure (CHA IRB No. BD2014-125).
The controls comprised 100 infants with completed data 

sheets, among 192 infants who were admitted with other febrile 
illnesses to our hospital during the same period. Ninety-two in-
fants with missing data for the required parameters or the re-
sults of urine electrolytes sampled 24 h after hydration were ex-
cluded. The controls included 8, 4, 2, 16, 5, 4, 7, 5, 10, 27, 8, and 
3 patients with acute bronchiolitis, bronchitis, croup, pharyngi-
tis, acute suppurative otitis media, tonsillitis, herpangina, exan-
them subitum, an unspecified fever, acute gastroenterocolitis, 
unspecified sepsis, and pneumonia, respectively.

All blood and urine data were collected prospectively. All 
data were compared between infants with febrile UTI and the 
controls, between infants with UTI with and without a cortical 
defect on DMSA scanning, and between patients with high 
CRP-UTI and low CRP-UTI (CRP <3 mg/dL).
 

Statistical analysis
All variables are presented as the median±interquartile range, 
and continuous variables were analyzed using the Mann-Whit-
ney U test (2-tailed probability), as well as Student’s t-test. Qual-
itative variables and correlations were analyzed using the Pear-
son chi-squared test and Pearson correlation coefficient (two-
tailed probability), respectively. To investigate the ability of 

parameters to predict true APN in infants with a UTI, multiple 
logistic regression analysis (MLRA) and predictive values [sen-
sitivity (Ss), specificity (Sp), positive predictive value (PPV), and 
negative predictive value (NPV)] were used. The cutoff values 
of relevant factors were calculated from the receiver operating 
characteristic (ROC) curve. Statistical analysis was performed 
using SPSS statistics 20 (SPSS Inc., Chicago, IL, USA). Statistical 
significance was defined as p≤0.05.

RESULTS

The demographic characteristics of patients with UTI and the 
controls are shown in Table 1. Among 150 infants with UTI, US 
revealed normal findings, hydroureter, hydronephrosis, in-
creased parenchymal echogenicity, swelling, bladder wall thick-
ening, and a duplex kidney in 60, 23 (22, <7 mm), 49 [all, grade 
1–2 (classification of the Society for Fetal Urology)3], 26, 8, 10, 
and 2 patients, respectively. Abnormal US findings exhibited a 
Ss of 65%, Sp of 45%, PPV of 40%, and NPV of 70% for predict-
ing true APN. VCUG was performed in 15 patients [10 kidney 
units, grade 1–3; 5 kidney units, grade 4–5 (classification of the 
International Reflux Study Committee)4].

Infants with true APN had higher CRP, uProt/Cr, urine potas-

Table 2. Comparison of Laboratory Data between Infants with UTI and Controls

UTI Control 
p value

U-test T-test
N 150 100
Age (month) 4 (3–6) 7 (3–10) 0.000* 0.000*
M:F 107:43 56:44 <0.05*
Blood

CRP (mg/dL) 3.9 (1.7–6.8) 0.72 (0.1–2.6) 0.000* 0.000*
Na (mEq/L) 137 (136–139) 138 (136.8–140) 0.010* 0.002*
K (mEq/L) 4.8 (4.5–5.1) 4.65 (4.4–5) 0.017* 0.013*
Cl (mEq/L) 103 (102–105) 105 (103–106) 0.004* 0.001*
T-CO2 (mEq/L) 20.5 (18.7–22) 20.1 (18.2–21.9) 0.288 0.160
Cr (mg/dL) 0.4 (0.4–0.4) 0.4 (0.4–0.4) 0.545 0.140
Osm (mOsm/L) 284.5 (281–289) 287 (281–296) 0.080 0.088

Urine
Protein/Cr 1.34 (0.43–2.79) 0.19 (0.09–0.28) 0.000* 0.000*
Na (mEq/L) 16 (9–30) 31 (12–51) 0.000* 0.000*
K (mEq/L) 24.5 (11.7–44.7) 15.1 (8–34.5) 0.004* 0.013*
Cl (mEq/L) 19 (12–33) 30 (17–51) 0.000* 0.000*
Cr (mg/dL) 23.5 (11.1–37.2) 13.7 (8–24.1) 0.001* 0.028*
Osm (mOsm/L) 208.5 (126–331) 214 (132–306) 0.928 0.230
Na/K 0.71 (0.42–1.16) 1.41 (0.75–4.34) 0.000* 0.006*

TTKG 7.17 (5.42–9.04) 5.27 (3.74–8.06) 0.002* 0.004*
FENa 0.21 (0.12–0.35) 0.51 (0.2–1.3) 0.000* 0.000*
UTI, urinary tract infection; U-test, Mann-Whitney’s U test; T-test, Student’s t-test; N, number of patients; M, male; F, female; CRP, C-reactive protein; Na, sodi-
um; K, potassium; Cl, chloride; T-CO2, total CO2; Cr, creatinine; Osm, osmolarity; TTKG, transtubular potassium gradient; FENa, fractional excretion of sodium.
The laboratory examination results are expressed as the median and interquartile range.
*p<0.05.



http://dx.doi.org/10.3349/ymj.2016.57.1.103106

Predictors of Cortical Defect on DMSA Scan in UTI 

sium (uK), and uCr values than the controls (p=0.000, 0.000, 
0.001, and 0.001, respectively), whereas infants with true APN 
had lower urine sodium (uNa), urine chloride (uCl), and uNa-
potassium ratio (uNa/K) values than the controls (p=0.000, 
0.000, and 0.000, respectively) (Table 1). Concomitantly, infants 
with true APN had statistically lower serum Na (sNa) and Cl 
and higher serum K (sK) values than controls, although only a 
small difference was noted (p=0.002, 0.000, and 0.042, respec-
tively) (Table 1). The comparison between patients with UTI 
and controls was similar to that between infants with true APN 
and controls (Table 2). We compared the patients with true 
APN to the controls because the urine culture samples collect-
ed with a urine bag had potentially high false positivity.

Infants with UTI and true APN had higher CRP levels than 
infants with UTI with no cortical defect on DMSA scanning, 
whereas they had lower uNa and uNa/K values (p=0.000, 0.043, 
and 0.000, respectively) (Table 3). Statistically, infants with UTI 
and true APN had lower serum Cl levels than those with no 
cortical defect on DMSA scanning, although only a small differ-
ence was noted (p=0.000) (Table 3). True APN was most strong-
ly positively correlated with CRP levels, whereas it was nega-
tively correlated with uNa/K and uNa values (CRP: r=0.62067, 

p=0.000; uNa/K: r=-0.16945, p=0.038; uNa: r=-0.16996, p=0.037).
By using MLRA including CRP, urine electrolyte, uNa/K, 

urine Osm, uProt/Cr, uCr, serum electrolyte, serum Osm, sCr, 
and serum T-CO2 values, we noted that CRP and uNa/K were 
relevant factors for predicting true APN in infants with UTI 
(p=0.000 and 0.003, respectively).

High CRP levels in UTI were associated with higher uProt/Cr 
values than low CRP levels in UTI (p=0.002) (Table 4). The cut-
off value of CRP ≥3 mg/dL was determined using the ROC 
curve between CRP and true APN [area under the ROC curve 
(AUC)=0.836; 95% confidence interval (CI)=0.77–0.90; p=0.000] 
(Fig. 1). CRP ≥3 mg/dL had a Ss of 93%, Sp of 59%, PPV of 56%, 
and NPV of 93% for predicting true APN (CRP ≥8 mg/dL: 
Ss=41%, Sp=92%, PPV=73%, and NPV=73%; CRP ≥1 mg/dL: 
Ss=100%, Sp=27%, PPV=44%, and NPV=100%) (Fig. 1).

The AUC between uNa/K and true APN was 0.698 (95% CI= 
0.607–0.788; p=0.000) when the value of the state variable was 0 
(Fig. 2). uNa/K ≤0.55 had a Ss of 61%, Sp of 74%, PPV of 57%, 
and NPV of 77% for predicting true APN (uNa/K ≤0.3: Ss=26%, 
Sp=90%, PPV=59%, and NPV=69%; uNa/K ≤1.2: Ss=83%, 
Sp=33%, PPV=41%, and NPV=78%) (Fig. 2).

The shape of the ROC curve between uNa and true APN was 

Table 3. Comparison of Laboratory Data in Infants with UTI between Those with and without a Cortical Defect on DMSA Scanning

DMSA (+) DMSA (−)
p value

U-test T-test
N 54 96
Age (month) 4.5 (3–7) 4 (3–6) 0.636 0.470
M:F 36:18 71:25 >0.05
Blood

CRP (mg/dL) 6.6 (4.3–10) 2.1 (1–4.8) 0.000* 0.000*
Na (mEq/L) 137 (135–138) 137 (136–139) 0.065 0.027*
K (mEq/L) 4.9 (4.6–5.1) 4.8 (4.5–5) 0.584 0.640
Cl (mEq/L) 103 (101–104) 104 (103–105.6) 0.000* 0.000*
T-CO2 (mEq/L) 21 (18.8–22.9) 20.1 (18.4–21.7) 0.133 0.150
Cr (mg/dL) 0.4 (0.4–0.4) 0.4 (0.3–0.4) 0.089 0.021*
Osm (mOsm/L) 283 (277–287) 285.5 (282–289) 0.022* 0.610

Urine
Protein/Cr 1.51 (0.84–2.73) 1.12 (0.24–2.96) 0.133 0.950
Na (mEq/L) 13.5 (8.5–24.5) 18 (9.5–34) 0.043* 0.019*
K (mEq/L) 30.9 (17.5–50) 21.2 (8.7–43.3) 0.054 0.100
Cl (mEq/L) 17 (11–26.3) 20 (13–37) 0.051 0.053
Cr (mg/dL) 23.5 (16.5–38.3) 17.7 (10.4–35.6) 0.099 0.880
Osm (mOsm/L) 231 (157–367) 189 (103.8–317) 0.069 0.200
Na/K 0.46 (0.3–0.856) 0.83 (0.51–1.46) 0.000* 0.003*

TTKG 7.34 (5.53–9.26) 7.11 (5.05–8.78) 0.288 0.290
FENa 0.15 (0.1–0.27) 0.24 (0.14–0.41) 0.008* 0.047*
UTI, urinary tract infection; DMSA, dimercaptosuccinic acid renal scan; DMSA (+), the presence of a cortical defect on DMSA scanning; DMSA (−), the absence 
of a cortical defect on DMSA scanning; U-test, Mann-Whitney’s U test; T-test, Student’s t-test; N, number of patients; M, male; F, female; CRP, C-reactive pro-
tein; Na, sodium; K, potassium; Cl, chloride; T-CO2, total CO2; Cr, creatinine; Osm, osmolarity; TTKG, transtubular potassium gradient; FENa, fractional excretion 
of sodium.
The laboratory examination results are expressed as median and interquartile range.
*p<0.05.
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not significant; however, the AUC was 0.602 (95% CI=0.51–
0.695; p=0.044) when the value of the state variable was 0 (Fig. 3). 
uNa ≤30 mg/dL had a Ss of 91%, Sp of 31%, PPV of 42%, and 
NPV of 88% for predicting true APN.

uProt/Cr was higher in infants with true APN than in controls 
(p=0.000) (Table 1). uProt/Cr ≥0.4 had a Ss of 96%, Sp of 31%, 
PPV of 41%, and NPV of 94% for predicting true APN. However, 
uProt/Cr was not a significantly relevant factor for predicting 
true APN by MLRA as well as by ROC curve analysis.

DISCUSSION

The development of an alternative diagnostic method for diag-
nosing true APN would obviate the need for urethral catheter-
ization, which is required for diagnosing APN via urine culture 
in infants with UTI. A positive urine culture indicates the pres-
ence of significant bacteriuria; however, it does not confirm the 
diagnosis of true APN as accurately as DMSA scanning.5 Print-
za, et al.6 reported that acute-phase DMSA scanning revealed 
renal changes in 16 (16.3%) of 98 infants experiencing their first 
febrile UTI, which was confirmed by urine culture with supra-
pubic paracentesis or catheterization. Most infants with APN or 
other febrile illnesses only present with a fever. Furthermore, 

among infants, 0.5% of males and 1.8% of females have asymp-
tomatic bacteriruia.7 Although true APN is an important dis-
ease that should not be overlooked, because it can result in ac-
quired renal scarring, particularly in infants, some infants with 
febrile illnesses mimicking APN are unnecessarily treated for 
true APN until their urine culture results are finally obtained. 
Furthermore, acute pyelitis cannot be diagnosed solely via a 
urine culture, and DMSA scanning is also required. Thus, in-
stead of urine culture, a method involving factors predictive of 
true APN should be developed and utilized when considering 
admission for UTI treatment or recommending an imaging 
study of the urinary tract in febrile infants with a UTI.

Urinalysis alone exhibits a high Ss and NPV for diagnosing 
UTI.8 However, abnormal urinalysis findings do not indicate 
APN. Aseptic pyuria, urethritis, vaginitis, and lower UTI are also 
associated with other febrile illnesses. Cases in which only a fe-
ver is noted at presentation, particularly in infants, are difficult 
to differentiate from APN until urine culture results are ob-
tained or a DMSA scan is performed. In such cases, CRP levels 
can be useful for differentiating lower and upper UTI. The pres-
ent study suggests that CRP levels are the strongest predictor of 
true APN. Moreover, CRP testing is 7-fold less expensive than 
procalcitonin testing in our hospital, and therefore, CRP testing 
is primarily used. However, some reports have indicated that 

Table 4. Comparison of Laboratory Data in Infants with UTI between Those with High and Low CRP Levels

High CRP (CRP ≥3 mg/dL) Low CRP (CRP <3 mg/dL)
p value

U-test T-test
N 89 61
Age (month) 4 (3–6) 4 (3–7) 0.777 0.510
M:F 60:29 47:14 >0.05
Blood

CRP (mg/dL) 5.8 (4.4–9.4) 1.34 (0.5–1.9) 0.000* 0.000*
Na (mEq/L) 137 (135–138) 138 (136.8–140) 0.042* 0.460
K (mEq/L) 4.9 (4.6–5.1) 4.65 (4.4–5) 0.561 0.620
Cl (mEq/L) 103 (101–104) 105 (103–106) 0.000* 0.000*
T-CO2 (mEq/L) 21 (18.8–22.9) 20.1 (18.2–21.9) 0.369 0.310
Cr (mg/dL) 0.4 (0.4–0.4) 0.4 (0.4–0.4) 0.289 0.230
Osm (mOsm/L) 283 (277–287) 287 (281–296) 0.036* 0.420

Urine
Protein/Cr 1.54 (0.76–3.15) 0.8 (0.19–2.12) 0.002* 0.008*
Na (mEq/L) 16.5 (10.3–28.8) 15 (9–32) 0.975 0.250
K (mEq/L) 30.9 (17.5–50) 15.1 (8–34.5) 0.389 0.440
Cl (mEq/L) 17 (11–26.3) 30 (17–51) 0.391 0.260
Cr (mg/dL) 23.5 (16.5–38.3) 13.7 (8–24.1) 0.429 0.530
Osm (mOsm/L) 231 (157–367) 214 (132–306) 0.221 0.370
Na/K 0.62 (0.4–1.11) 0.73 (0.48–1.22) 0.385 0.380

N with DMSA (+) 50 4 <0.05*
UTI, urinary tract infection; U-test, Mann-Whitney’s U-test; T-test, Student’s t-test; N, number of patients; M, male; F, female; CRP, C-reactive protein; Na, sodi-
um; K, potassium; Cl, chloride; T-CO2, total CO2; Cr, creatinine; Osm, osmolarity; TTKG, transtubular potassium gradient; FENa, fractional excretion of sodium; 
DMSA (+), the presence of a cortical defect on DMSA scanning.
The laboratory examination results are expressed as median and interquartile range.
*p<0.05.
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CRP levels have low Sp for detecting true APN.9,10 Ansari Gilani, 
et al.11 reported in their study that CRP levels were not predic-
tive of true APN in patients experiencing their first episode of a 
UTI using MLRA, although CRP was found to be significant by 

univariate analysis (CRP cutoff value, ≥3 mg/dL). They reported 
that a therapeutic delay time ≥48 h, therapeutic response time 
≥24 h, axillary temperature ≥39ºC, leukocyte count ≥13500/
mm3, and age ≥18 months were predictors of true APN.

Our focus on urine electrolytes as variables for differentiating 
true APN from the absence of a cortical defect on DMSA scans 
in patients with febrile UTI arose from the following hypothesis: 
if inflammation occurs in the renal cortex, which features a pro-
fuse microvascular structure, changes of renal plasma flow in 
the affected area, especially the perfusion of the juxtaglomeru-
lar apparatus, diameters of microvessels, or release of catechol-
amines, could affect activation of the renin-angiotensin-aldo-
sterone system (RAAS). RAAS activation can result in the strong 
tubular reabsorption of uNa and secretion of uK.12 If our hypoth-
esis is correct, uNa levels would be lower and uK levels would 
be higher in true APN than the values observed in the absence 
of a cortical defect on DMSA scans. Furthermore, as uNa/K has 
been found to be a useful index of the renal response to aldo-
sterone,13 we believed that uNa/K would be a more accurate 
parameter for detecting changes in RAAS activity than uNa or 
uK alone. To our knowledge, this is the first study to consider 
uNa/K as a predictive factor of true APN, and thus, articles sup-
porting our hypothesis in the literature are scarce.

When venipuncture is not permitted or only urinary screen-
ing is performed in the outpatient department or emergency 
room for differentiating APN from acute febrile illnesses, uProt/
Cr and uNa/K values are useful in addition to urinalysis. Only 
3.7% of infants with UTI and true APN had uProt/Cr values 
<0.4, whereas 84% of controls had uProt/Cr values <0.4 in the 

Fig. 1. Receiver operating characteristic curve between C-reactive pro-
tein (CRP) and true acute pyelonephritis (APN) (area under the curve=0.836, 
95% confidence interval=0.77–0.9, p=0.000) when the value of the state 
variable was 1.
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Fig. 2. Receiver operating characteristic (ROC) curve between the urine 
sodium-potassium ratio (uNa/K) and true acute pyelonephritis (APN) 
(area under the ROC curve=0.698, 95% confidence interval=0.607–0.788, 
p=0.000) when the value of the state variable was 0.
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present study. According to reports, 63–83% of patients with 
culture-confirmed UTIs exhibit positive results for protein 
tests.8,14-16 Several studies have attempted to distinguish be-
tween upper and lower UTIs in children on the basis of tubular 
proteinuia.17-19 However, patients with lower UTIs also exhibit 
proteinuria.5,20 The present study also suggests that uProt/Cr is 
not a relevant factor for predicting true APN in infants with UTI. 
An increased uProt/Cr in infants with UTI may be related to the 
presence of significant bacteriuria. Among urinary parameters, 
only uNa/K was a significantly relevant factor for predicting 
true APN in the present study. The uNa level alone was not a 
relevant factor for predicting true APN, although it showed high 
Ss and NPV for predicting true APN.

When DMSA scanning was performed in infants with febrile 
UTI, the following method demonstrated a Ss of 84%, Sp of 
70%, PPV of 59%, and NPV of 89% for predicting true APN 
when applied sequentially: 1) exclude infants with uProt/Cr 
values <0.4; 2) exclude infants with uNa values >30 mg/dL; and 
3) exclude infants with uNa/K values ≥1.2 at presentation. 
These scores are comparable to those of CRP ≥3 mg/dL alone 
and superior to those of uNa/K alone. Moreover, this method 
had a Ss of 94%, Sp of 65%, PPV of 60%, and NPV of 95% for pre-
dicting true APN when we applied the following: 1) include in-
fants with CRP ≥8 mg/dL; 2) exclude infants with CRP ≤1.0 mg/
dL; 3) exclude infants with uProt/Cr <0.4; 4) exclude infants 
with uNa >30 mg/dL; and 5) exclude infants with uNa/K ≥1.2 at 
presentation. The Ss and NPV of this method were superior to 
those of other combinations of these parameters. This second 
method could be helpful for the following reasons: 1) diagnosis 
of APN therewith is faster than use of urine culture. 2) Together 
with urinalysis, it could play a supportive role in differentiating 
APN from other acute febrile illnesses or suspicious febrile UTI 
being treated with antibiotics prior to urine sampling. 3) Cul-
ture-negative pyelonephritis can be treated appropriately. Tsao, 
et al.21 reported that among children with UTI with a cortical 
defect on DMSA scanning, 31% had negative results on urine 
culture sampled by suprapubic aspiration.5 4) These urinary 
parameters can be assessed without urethral catheterization or 
suprapubic aspiration. 5) Use of the method could shorten the 
admission period in UTI infants with a low risk of renal cortical 
defect. 6) Finally, its use could reduce the number of patients 
receiving imaging studies in infants with UTI. A disadvantage of 
this guideline is that if urine sampling is performed >24 h after 
hydration and intravenous antibiotic treatment is initiated, 
then the uProt/Cr and urine electrolyte values tend to return to 
their normal levels.

The exact pathogenesis of the change in urinary electrolytes 
in APN (relatively lower uNa and higher uK values than those 
in controls) is not known. We believe that RAAS activation may 
be stronger in patients with APN than in controls. Moreover, a 
certain factor that either activates the systemic or local RAAS, 
other than volume depletion, or induces powerful tubular re-
absorption of Na may contribute to the pathogenesis of APN. 

However, when considering the concomitant changes of serum 
electrolyte levels in patients with APN (relatively lower sNa and 
higher sK values than those in the controls) in the present 
study, APN appears to exhibit a tendency to progress toward 
pseudohypoaldosteronism-like features in the blood. Gil-Ruiz, 
et al.22 reported that a pseudohypoaldosteronism-like phenom-
enon occurs in APN. However, the results of the present study 
are diametrically opposed to those reported in their study. 
Herein, we revealed that uNa levels and fractional Na excretion 
were lower in infants with APN than in the controls (p=0.000 
and 0.000, respectively). Furthermore, uK levels and the trans-
tubular K gradient in infants with APN were higher than those 
in the controls, although the infants with APN were younger 
than the controls (p=0.001 and 0.001, respectively). These 
changes may have resulted from a normal response to aldoste-
rone. As well, their report22 had the following limitations: 1) the 
selection process of the controls was not clear, and therefore, 
they might have included patients with abnormal urinalysis 
findings or culture-negative pyelonephritis; 2) the patients with 
UTI enrolled in their study did not represent patients with true 
APN, because none of the patients underwent a DMSA scan. 
We believe that relatively higher sK values in APN may be 
caused by a decreased distal nephron flow rate resulting from 
powerful proximal tubular Na reabsorption rather than by renal 
tubular unresponsiveness to aldosterone, as the distal nephron 
flow rate is a primary determinant of renal K excretion.23 For in-
stance, reduced renal perfusion pressure may increase frac-
tional Na reabsorption at the proximal tubule.24 Additionally, an 
increased blood K level may result in an increase in aldosterone 
secretion to a greater extent.

The finding that US has low Ss and PPV for predicting true 
APN was determined in our previous study.25 However, US in 
patients with UTI is an important method for identifying several 
urinary tract anomalies, such as hydronephrosis or complica-
tions of APN.

The present study has the following limitations: urine culture 
was collected using a sterile urine bag. This method does not 
provide any information about renal scarring in APN infants. 
Also, the effect of urinary tract anomalies on the changes of 
urine electrolyte levels could not be evaluated, because VCUG 
was not performed in all infants with UTI.

In conclusion, we suggest that serum CRP, uProt/Cr, and 
uNa/K are useful for discriminating APN from other febrile ill-
nesses or differentiating true APN from the absence of a cortical 
defect on DMSA scans in infants with febrile UTI.

REFERENCES

1. Saadeh SA, Mattoo TK. Managing urinary tract infections. Pediatr 
Nephrol 2011;26:1967-76.

2. Subcommittee on Urinary Tract Infection, Steering Committee 
on Quality Improvement and Management, Roberts KB. Urinary 
tract infection: clinical practice guideline for the diagnosis and 
management of the initial UTI in febrile infants and children 2 to 



http://dx.doi.org/10.3349/ymj.2016.57.1.103110

Predictors of Cortical Defect on DMSA Scan in UTI 

24 months. Pediatrics 2011;128:595-610.
3. Fernbach SK, Maizels M, Conway JJ. Ultrasound grading of hy-

dronephrosis: introduction to the system used by the Society for 
Fetal Urology. Pediatr Radiol 1993;23:478-80.

4. Lebowitz RL, Olbing H, Parkkulainen KV, Smellie JM, Tamminen-
MÖbius TE. International system of radiographic grading of vesi-
coureteric reflux. International Reflux Study in Children. Pediatr 
Radiol 1985;15:105-9.

5. Busch R, Huland H. Correlation of symptoms and results of direct 
bacterial localization in patients with urinary tract infections. J Urol 
1984;132:282-5.

6. Printza N, Farmaki E, Piretzi K, Arsos G, Kollios K, Papachristou F. 
Acute phase 99mTc-dimercaptosuccinic acid scan in infants with 
first episode of febrile urinary tract infection. World J Pediatr 2012; 
8:52-6.

7. Siegel SR, Siegel B, Sokoloff BZ, Kanter MH. Urinary infection in 
infants and preschool children. Five-year follow-up. Am J Dis Child 
1980;134:369-72.

8. Simerville JA, Maxted WC, Pahira JJ. Urinalysis: a comprehensive 
review. Am Fam Physician 2005;71:1153-62.

9. Jaksic E, Bogdanovic R, Artiko V, Saranovic DS, Petrasinovic Z, 
Petrovic M, et al. Diagnostic role of initial renal cortical scintigra-
phy in children with the first episode of acute pyelonephritis. Ann 
Nucl Med 2011;25:37-43.

10. Garin EH, Olavarria F, Araya C, Broussain M, Barrera C, Young L. 
Diagnostic significance of clinical and laboratory findings to lo-
calize site of urinary infection. Pediatr Nephrol 2007;22:1002-6.

11. Ansari Gilani K, Modaresi Esfeh J, Gholamrezanezhad A, Ghola-
mi A, Mamishi S, Eftekhari M, et al. Predictors of abnormal renal 
cortical scintigraphy in children with first urinary tract infection: 
the importance of time factor. Int Urol Nephrol 2010;42:1041-7.

12. Brewster UC, Perazella MA. The renin-angiotensin-aldosterone 
system and the kidney: effects on kidney disease. Am J Med 2004; 
116:263-72.

13. Dear PR, Newell SJ. Oxford Textbook of Clinical Nephrology. In: 
Davison AM, Cameron JS, Grünfeld JP, Ponticelli C, Ritz E, Winearls 
CG, van Ypersele C, editors. Renal function in the newborn infant. 
3rd ed. New York: Oxford University Press; 2005. p.70.

14. Leman P. Validity of urinalysis and microscopy for detecting uri-

nary tract infection in the emergency department. Eur J Emerg 
Med 2002;9:141-7.

15. Eidelman Y, Raveh D, Yinnon AM, Ballin J, Rudensky B, Gottehrer 
NP. Reagent strip diagnosis of UTI in a high-risk population. Am J 
Emerg Med 2002;20:112-3.

16. Bagley RS, Center SA, Lewis RM, Shin S, Dougherty SA, Randolph 
JF, et al. The effect of experimental cystitis and iatrogenic blood 
contamination on the urine protein/creatine ratio in the dog. J Vet 
Intern Med 1991;5:66-70.

17. Schardijn G, Statius van Eps LW, Swaak AJ, Kager JC, Persijn JP. 
Urinary beta 2 microglobulin in upper and lower urinary-tract in-
fections. Lancet 1979;1:805-7.

18. Mengoli C, Lechi A, Arosio E, Rizzotti P, Lechi C, Corgnati A, et al. 
Contribution of four markers of tubular proteinuria in detecting 
upper urinary tract infections. A multivariate analysis. Nephron 
1982;32: 234-8.

19. Everaert K, Raes A, Hoebeke P, Samijn W, Delanghe J, Vande Wiele 
C, et al. Combined use of urinary alpha1-microglobulin and 99mTc 
DMSA scintigraphy in the diagnosis and follow-up of acute pyelo-
nephritis and cystitis in children. Eur Urol 1998;34:486-91.

20. Jantausch BA, Rifai N, Getson P, Akram S, Majd M, Wiedermann 
BL. Urinary N-acetyl-beta-glucosaminidase and beta-2-micro-
globulin in the diagnosis of urinary tract infection in febrile in-
fants. Pediatr Infect Dis J 1994;13:294-9.

21. Tsao CH, Huang WS, Cheng CY, Wu SL, Lin YZ, Lin MH. Evalua-
tion of culture negative acute pyelonephritis with 99mTc-DMSA 
renal scan in children. Ann Nucl Med Sci 2003;16:117-22.

22. Gil-Ruiz MA, Alcaraz AJ, MarañÓn RJ, Navarro N, Huidobro B, 
Luque A. Electrolyte disturbances in acute pyelonephritis. Pediatr 
Nephrol 2012;27:429-33.

23. DuBose T, Hamm L. Acid-base and electrolyte disorders: A com-
panion to Brenner & Rector’s The Kidney. Philadelphia: Saun-
ders; 2002.

24. Earley LE, Martino JA, Friedler RM. Factors affecting sodium re-
absorption by the proximal tubule as determined during block-
ade of distal sodium reabsorption. J Clin Invest 1966;45:1668-84.

25. Lee JH, Kim MK, Park SE. Is a routine voiding cystourethrogram 
necessary in children after the first febrile urinary tract infection? 
Acta Paediatr 2012;101:e105-9.


