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Abstract 

Background: Blunt abdominal trauma (BAT) is the most common cause of abdominal injury and is responsible 
for renal injury in children. Urine dipstick is used in various clinical conditions, and its use in the diagnosis of 
microscopic hematuria is very common in adults, but its efficacy in children with BAT is unclear. 
Objective: To determine the accuracy of urine dipstick test and compare it with microscopic urine analysis (UA) 
in predicting urinary system injury. 
Methods: This prospective cross-sectional study was conducted on children with BAT who were referred to the 
Acute Care II of the Emergency Medicine Department of Shiraz Namazi Hospital in south of Iran (April–October 
2018). The results of the urine dipstick test were compared with the results of UA, abdominal computed 
tomography (CT) scan as the gold standard, and the point-of-care ultrasound (POCUS). The diagnostic tests 
(sensitivity, specificity, positive and negative predictive values, positive and negative likelihood ratios, and 
accuracy) were calculated. 
Results: A total of 380 patients were enrolled, with a mean ± standard deviation age of 6.3 ± 3.45 years. We 
obtained a sensitivity, specificity, and accuracy of 71.43% (95% CI, 41.90–91.61), 96.99% (95% CI, 94.69–
98.49), and 96.05% (95% CI, 93.57–97.77), respectively, with a negative predictive value (NPV) of 98.89% 
(95% CI, 97.48–99.51) for the dipstick test in comparison with UA. In comparing the results of the dipstick and 
UA tests with CT scan, no difference was found in terms of sensitivity (P = 0.35), specificity (P = 0.65), accuracy 
(P = 0.72), and area under the curve (P = 0.97). 
Conclusion: Due to no difference in diagnostic values between the urine dipstick and UA tests, dipstick can be 
considered as an alternative means of UA in the management algorithm of pediatric BAT. Also, with higher 
specificity and NPV of the dipstick test in comparison with the UA test, based on the negative results of dipstick, 
hematuria can be ruled out in children with BAT. 
Keywords: Blunt Injuries, Urologic Diagnostic Technics, Computed tomography, Ultrasonography 

 

Abbreviations / Acronyms: 

AUC: area under the curve; BAT: Blunt abdominal trauma; POCUS: point-of-care ultrasound; PLR: positive 
likelihood ratio; PPV: Positive predictive value; NLR: negative likelihood ratio; NPV: negative predictive value; 
ROC: Receiver operating characteristics 
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1. Introduction 

Blunt abdominal trauma (BAT) is the most common cause of abdominal injury in children and is responsible for 
more than 90% of renal injury in children (1, 2). Renal injury occurs in 10%–20% of BAT cases and is more 
common than spleen, liver, and pancreatic injury (3). Penetrating trauma accounts for a small proportion of 
children's renal injury (2). Children are at greater risk of renal injury than adults due to structural and congenital 
predisposing factors and larger size of the kidney and lower renal fat content. Also, children’s kidneys may retain 
the fetal lobules, and the parenchyma is more likely to break after trauma (4). 
 
Blunt renal injuries in children are usually minor and require no intervention, and also the risk of subsequent 
complications is low (5). A small proportion of children have severe and potentially dangerous renal injury that 
requires immediate evaluation and treatment (2, 6). The challenge lies in the early diagnosis and choice of 
appropriate intervention in grade IV and V kidney injuries, because the clinical symptoms are not clear and further 
interventions are needed (7, 8). To assess the need for imaging, the number of red blood cells and the type of injury 
(>50 red blood cells [RBCs] per high-powered field in blunt trauma, and >5 RBCs in penetrating trauma) should be 
carefully considered (9, 10). It should be noted, however, that the presence or absence, as well as the severity of 
hematuria, cannot determine the degree of renal injury. Recent studies have reported severe hematuria in partial 
renal injury and no hematuria in cases with severe renal injury (IV and V) (10, 11).  
 
The renal blunt trauma management algorithm for achieving maximum kidney protection is discussed in the 
McAninch and Buckley study. In the pediatric BAT management algorithm, urine analysis (UA) is first performed 
in children with BAT, and based on the results, it is decided whether the patient needs further treatment (1). Urine 
microscopic analysis is the gold standard for the diagnosis of microscopic hematuria, and hematuria is usually 
identified by the UA and reported as RBCs/high-powered field. Another common screening test for the diagnosis of 
hematuria is the urinary dipstick test. The test is sensitive to urine hemoglobin, but it may have many false-positive 
results. In contrast, false negatives are unusual, and, as a result, a negative dipstick test rejects hematuria. Compared 
to microscopic UA, dipstick test is a simple, fast, and inexpensive method for detecting blood in urine. Kennedy et 
al. found that using the urine dipstick test would result in a savings of $63,000 annually (12). Currently, urine 
dipstick is used all over the world in various clinical conditions, and its use in the diagnosis of microscopic 
hematuria is very common in adults. This test has a sensitivity of 91%–100%, but its sensitivity in children with 
BAT is unclear (13). 
 
Considering the advantage of quick application of the urine dipstick test in the emergency department (ED), and, at 
the same time, limited studies being conducted on the use of this test in children with BAT, this study aimed to 
determine the accuracy of this test and compare it with microscopic UA in predicting urinary system injury. The 
hypothesis of this study was whether the use of urine dipstick test can be as effective as UA in the diagnosis of 
hematuria and the urinary system injury in children with BAT, also whether it could be used as an alternative for UA 
in the BAT management algorithm. 

 

2. Material and Methods  

2.1. Study design and setting 

The current prospective cross-sectional study (April–October 2018) was conducted in the Acute Care II of the 
Emergency Medicine Department (ED) at Namazi Hospital, a university-affiliated hospital in southern Iran. This ED 
records about 65,000 admissions annually. 
 

2.2. Study population and study protocol 

The study was performed on children (<18 years old) who were referred to the ED with BAT. Microscopic UA, as 
well as POCUS and spiral abdominal CT scan with intravenous (IV) contrast, was done on them. In the ED’s 
setting, radiographic evaluation is routinely performed for all traumatic children with hematuria, regardless of the 
amount of hematuria. Those patients whose urine samples were collected by catheterization or suprapubic catheters 
and those who were suspected to have urinary tract infection (leukocyte esterase positive in urine test) were 
excluded from the study. The urine dipstick test was done on all participants’ urine samples by an emergency 
medicine resident [SM]. The demographic variables (such as age, gender), type of trauma, as well as the results of 
microscopic UA, urine dipstick test, and radiological findings (abdominal CT scan and point-of-care ultrasound 
[POCUS]) were recorded in a data gathering form [SM]. All POCUS tests were done by third-year emergency 
medicine residents, supervised by emergency medicine attending physicians, who were Iranian board-certified in 
emergency medicine, and a faculty member, who was an expert in performing POCUS [RS], using a portable 
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ultrasonography machine (Fujifilm SonoSite, Inc., USA) with a high-frequency curve probe (5–8 MHz). POCUS is 
one of the topics of study in the emergency medicine curriculum, and is taught to emergency medicine residents in 
Iran, during their residency periods. All CT scans were performed and reported by the hospital’s radiology 
department. It should be noted that abdominal CT scan is considered the gold standard for diagnosing renal injuries 
following BAT. A urine dipstick score of 0, 1, and 2 was considered as a negative dipstick result in this study. Also, 

for microscopic UA, RBC > 50 is considered as a positive result, and RBC ≤ 50 as negative. 

 

2.3. Sample size and sampling method 

A sample size of 326 patients was calculated to obtain a 95% CI (SD = 5%) with an estimation of 22% prevalence of 
hematuria (α = 5%, d = 0.046) (14). The convenience sampling method was used for easy collection of samples 
from the participants.  
 

2.4. Statistical analysis 

All statistical analyses were performed by IBM© SPSS© Statistics version 26 (IBM© Corp., Armonk, NY, USA), 
using a Chi-squared test for independence, Fisher’s exact tests for proportions, and one-way ANOVA for the means. 
Kappa was used to assess the agreement between tests. Results are presented as mean ± standard deviation (SD) for 
continuous variables and are summarized in number (percentage) for categorical ones. To examine the two-sided 
hypothesis, a P-value less than 0.05 and CI of 95% were considered to be statistically significant. To determine 
different characteristics of the diagnostic tests, such as sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), positive likelihood ratio (PLR), negative likelihood ratio (NLR), and accuracy, the 
MedCalc Statistical Software version 13.3.3 (MedCalc Software Bvba, Ostend, Belgium; http://www.medcalc.org; 
2014) was used. Receiver operating characteristics (ROC) curve was drawn to obtain the area under the curve 
(AUC). 
 

2.5. Ethical consideration 

The current study was supported by the Shiraz University of Medical Sciences and was approved by the Vice-
Chancellor of Research and Technology as well as the local ethics committee of the Shiraz University of Medical 
Sciences (IR.sums.med.rec.1397.322). This study was conducted in accordance with the Declaration of Helsinki. To 
consider ethical issues, the collected data were not revealed to anyone except for the researchers. In the ED’s setting, 
radiographic evaluation (POCUS or spiral abdominal CT scan with intravenous) is routinely performed for all 
traumatic children with hematuria, regardless of the amount of hematuria. Urine dipstick test was done on urine 
samples, which were then taken for the UA test, which is routinely performed in these patients. So, a written 
informed consent was not separately needed for performing these modalities in the patients. 
 

3. Results 

In total, 380 patients were enrolled, of which 212 (55.8%) were male. The mean ± SD of age was 6.3 ± 3.45 years 
(range: 1–17 years). Most of the patients had moderate BAT (85.3%) (Table 1). As shown in Table 2, there was a 
correlation between the results of the dipstick test and number of RBCs in the UA test (P < 0.0001), and the 
agreement between them was relatively strong (Kappa = 0.667). Also, an association between the results of the 
dipstick test and those of POCUS was found (P < 0.0001), but the observed agreement between them was very poor, 
clinically (Kappa = 0.005). This association was statistically significant between the results of the dipstick test and 
the CT scan (P < 0.0001), with a very poor agreement (Kappa = 0.08). Moreover, there was a correlation between 
the number of RBCs in UA and the results of POCUS (P < 0.0001, Kappa = 0.001) as well as the results of the CT 
scan (P < 0.0001, Kappa = 0.078) (Table 3). 
 
The results of the dipstick and UA tests in diagnosis of renal injury in children with BAT are shown in Table 4. As 
shown in Table 5, the sensitivity and specificity of the dipstick test were 2.59% (95% CI, 1.19–4.87) and 63.64% 
(95% CI, 45.12–79.60), respectively, in comparison with CT scan, with an accuracy of 7.89% (95% CI, 5.39–11.08). 
For UA, the sensitivity and specificity were obtained as 0.86% (95% CI, 0.18–2.51) and 66.67% (95% CI, 48.17–
82.04), with an accuracy of 6.58% (95% CI, 4.3–9.56). AUC was found to be 0.331 (95% CI, 0.217–0.445, P = 
0.001) for the dipstick test and 0.338 (95% CI, 0.222–0.453, P = 0.002) for UA. Comparing these two diagnostic 
tests, no difference in sensitivity (P = 0.35), specificity (P = 0.65), accuracy (P = 0.72) as well as AUC (P = 0.97) 
could be found. Also, we obtained a sensitivity, specificity, and accuracy of 71.43% (95% CI, 41.90–91.61), 96.99% 
(95% CI, 94.69–98.49), and 96.05% (95% CI, 93.57–97.77), respectively, with AUC of 0.842 (95% CI, 0.801–
0.877, P < 0.0001) for the dipstick test in comparison with UA (Table 6). PPV and NPV were calculated as 47.62% 
(95% CI, 31.76–63.98) and 98.89% (95% CI, 97.48–99.51). Also, these values were calculated for the dipstick test 
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in comparison with POCUS: sensitivity of 2.45% (95% CI, 1.06–4.76), specificity of 75.47% (95% CI, 61.72–
86.24), and accuracy of 12.63% (95% CI, 9.46–16.40).  
 

Table 1. Patients’ characteristics 

Variables Values 

Age Mean±SD 6.3±3.45 

Maximum 17 

Minimum 1 

Gender (%) Male 212 (55.8) 

Female 168 (44.2) 

Type of trauma 
 

Moderate 324 (85.3) 

Severe 56 (14.7) 

Number of RBC in microscopic urine analysis (%) 0 283 (74.5) 

1-5 57 (15.0) 

5-50 26 (6.8) 

>50 14 (3.7) 

Number of RBC in urine dipstick test (%) 0 298 (78.4) 

1 39 (10.3) 

2 22 (5.8) 

3 21 (5.8) 

Ultrasound’s findings (%) Positive  327 (86.1) 

Negative 53 (13.9) 

Computed tomography (CT) scan’s findings (%) Positive  347 (91.3) 

Negative 33 (8.7) 

SD=standard deviation, RBC=red blood cell count 
 
Table 2. Relationship between urine dipstick and other diagnostic tests (the number of RBC in urine analysis, point-

of-care ultrasound (POCUS) and CT scan’s findings) 

Dipstick 
test 

Total Number of RBC in urine analysis POCUS’s findings CT scan’s findings 

0 1-5 5-50 >50 p-value Positive Negative p-value Positive Negative p-value 

0 298 
(78.42) 

281 
(94.3) 

15 
(5.0) 

2 
(0.7) 

0 (0) <0.0001* 16 (5.4) 282 
(94.6) 

<0.0001* 5 (1.7) 293 
(98.3) 

<0.0001* 

1 39 
(10.26) 

2 (5.1) 30 
(76.9) 

7 
(17.9) 

0 (0) 14 
(35.9) 

25 (64.1) 8 (20.5) 31 (79.5) 

2 22 
(5.79) 

0 (0) 9 
(40.9) 

9 
(40.9) 

4 
(18.2) 

10 
(45.5) 

12 (54.5) 8 (36.4) 14 (63.6) 

3 21 
(5.53) 

0 (0) 3 
(14.3) 

8 
(38.1) 

10 
(47.6) 

13 
(61.9) 

8 (38.1) 12 
(57.1) 

9 (42.9) 

Total 380 283 
(74.5) 

57 
(15.0) 

26 
(6.8) 

14 
(3.7) 

53 
(13.9) 

327 
(86.1) 

33 (8.7) 347 
(91.3) 

*Statistically significant, CT=computed tomography, RBC=red blood cell count 
 
Table 3. Relationship between the number of RBC in dipstick test and computed tomography (CT) scan’s findings 

Number of RBC in 
microscopic urine analysis 

Total Ultrasound’s findings p-value CT scan’s findings p-value 

Positive Negative Positive Negative 

0 283 16 (5.7) 267 (94.3) <0.0001* 4 (1.4) 279 (98.6) <0.001* 

1-5 57 17 (29.8) 40 (70.2) 8 (14.0) 46 (86.0) 

5-50 26 13 (50.0) 13 (50.0) 10 (38.5) 16 (61.5) 

>50 14 7 (50.0) 7 (50.0) 11 (78.6) 3 (21.4) 

Total 380 53 (13.9) 327 (86.1) 33 (8.7) 347 (91.3) 

*Statistically significant, CT=commuted tomography, RBC=red blood cell count 
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Table 4. Comparison of diagnostic values of urine dipstick and microscopic urine analysis tests for diagnosing renal 
injury in comparing with CT scan’s findings 

Tests Sensitivity Specificity Positive 
Predictive 
Value 

Negative 
Predictive 
Value 

Positive 
Likelihood 
Ratio 

Negative 
Likelihood 
Ratio 

Accuracy Area 
under 
the curve 

p-value 

Urine 
dipstick test 

2.59% 
(1.19-
4.87%) 

63.64% 
(45.12-
79.60) 

42.86% 
(25.45-
62.23) 

5.85% 
(4.58-
7.45) 

0.07 
(0.03-
0.16) 

1.53 
(1.18-
1.98) 

7.89% 
(5.39-
11.08) 

0.331 
(0.217-
0.445) 

0.001 
* 

Microscopic 
urine 
analysis 

0.86% 
(0.18-
2.51) 

66.67% 
(48.17-
82.04) 

21.43% 
(7.41-
48.16) 

6.01% 
(4.78-
7.53) 

0.03 
(0.01-
0.09) 

1.49 
(1.17-
1.89) 

6.58% 
(4.3-
9.56) 

0.338 
(0.222-
0.453) 

0.002* 

p-value 0.35 0.65 0.001* 0.96 0.90 0.98 0.72 0.97 - 

* Statistically significant 
 
Table 5.The results of urine dipstick and microscopic urine analysis tests for diagnosing renal injury in children 

with blunt abdominal trauma 

Diagnostic tests CT scan’s findings Total 

Positive Negative 

Urine dipstick test Positive (3) 9 12 21 

Negative (0-2) 338 21 359 

Total 347 33 380 

Microscopic urine analysis Positive (>50) 3 11 14 

Negative (≤50) 344 22 366 

Total 347 33 380 

CT=computed tomography 
 
Table 6. Diagnostic values of urine dipstick test for diagnosing renal injury in comparing with urine analysis test, 

point-of-care ultrasound (POCUS) and abdominal computed tomography scan 

Diagnostic values Microscopic UA POCUS Abdominal CT scan 

Sensitivity 71.43% (41.90-91.61) 2.45% (1.06-4.76) 2.59% (1.19-4.87%) 

Specificity 96.99% (94.69-98.49) 75.47% (61.72-86.24) 63.64% (45.12-79.60) 

Positive predictive value 47.62% (31.76-63.98) 38.10% (21.13-58.57) 42.86% (25.45-62.23) 

Negative predictive value 98.89% (97.48-99.51) 11.14% (9.70-12.77) 5.85% (4.58-7.45) 

Positive likelihood ratio 23.77 (12.17-46.43) 0.10 (0.04-0.23) 0.07 (0.03-0.16) 

Negative likelihood ratio 0.29 (0.13-0.67) 1.29 (1.11-1.51) 1.53 (1.18-1.98) 

Accuracy 96.05% (93.57-97.77) 12.63% (9.46-16.40) 7.89% (5.39-11.08) 

Area under curve 0.842 (0.801-0.877) 0.390 (0.298-0.481) 0.331 (0.217-0.445) 

p-value  <0.0001* 0.01* 0.001* 

* Statistically significant, CT=computed tomography scan, UA=urine analysis 
 
Figure 1 shows the ROC curves of the dipstick test in diagnosis of renal injury in children with BAT in comparison 
with microscopic UA, POCUS, as well as abdominal CT scan. The AUC of the urine dipstick test in diagnosis of 
renal injury in children with BAT was more than that for the microscopic UA by 0.5 (0.842 with 95% CI, 0.801–
0.877, P < 0.0001). However, it was less than that of POCUS by 0.5 (0.390 with 95% CI, 0.298–0.481, P = 0.01) 
and abdominal CT scan (0.331 with 95% CI, 0.217–0.445, P = 0.001). 
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Figure 1. Receiver operating characteristics (ROC) curve of urine dipstick test for diagnosing renal injury in children 
with abdominal blunt trauma. A) In comparison with microscopic urine analysis: AUC is 0.842 (95%CI, 0.801-0.877, 

P<0.0001); B) In comparison with point-of-care ultrasound: AUC is 0.390 (95%CI, 0.298-0.481, P=0.01); C) In 
comparison with abdominal computed tomography scan: AUC is 0.331 (95%CI, 0.217-0.445, P=0.001). 

 

4. Discussion  

This study was performed to determine the diagnostic accuracy of the urine dipstick test and compare it with 
microscopic UA in detecting urinary tract injuries in children with BAT who were referred to ED. The results 
showed that the sensitivity, specificity, and accuracy of the dipstick test were low in comparison with CT scan. 
These results were not statistically different in comparison with UA. Also, the AUCs were similar. Moreover, the 
agreement between these two tests was relatively strong. It was found that the sensitivity, specificity, and accuracy 
of the urine dipstick test were high in comparison with microscopic UA. With high specificity and NPV for the 
dipstick test in comparison with UA, based on the negative results of dipstick, hematuria can be ruled out in children 
with BAT. 
 
Over the past several decades, various methods have been investigated for the diagnosis of microscopic hematuria, 
and their accuracies have always been compared. Many studies have investigated the ability of the urine dipstick test 
in detecting renal injury and evaluating its severity, but to our knowledge, no study in line with the current study has 
been performed in children, which distinguishes the present study from previous ones. 
 
We found that the dipstick test had high specificity and NPV in detecting urinary tract injuries in children with BAT 
in comparison with UA. In line with our study, Kennedy et al. (12) compared the dipstick and microscopic UA tests 
to evaluate their efficacy in predicting the severity of urinary system injury. They found that dipstick is a safe, 
accurate, and valid test for determining the presence or absence of hematuria in patients with abdominal trauma. 
Also, Daum et al. (15) examined the agreement between the UA and dipstick tests in patients with BAT. In 178 
patients, the sensitivity and specificity of the dipstick test were found to be 100% and 58.6%, respectively. They 
reported PPV and NPV of 60.8% and 100%, respectively. Similar to the results obtained in the present study, they 
suggested that other tests, including microscopic UA, would not be needed if the dipstick test result was negative. 
 
The results of this study showed that the sensitivity, specificity, and accuracy of the urine dipstick test were high in 
comparison with microscopic UA. In line with our study, Chandhoke and McAninch (16) compared the prediction 
rates of microscopic hematuria based on the dipstick and microscopic UA tests in 339 patients with BAT, whose 
injury severity was identified through radiographic studies. In contrast with our findings, the results of their study 
indicated that the correlation between these two methods was low (Pearson coefficient: 0.41). But, similar to the 
current study, they found that the dipstick test had more than 97.5% sensitivity and specificity in the diagnosis of 
microscopic hematuria. They concluded that although the UA test determines microscopic hematuria more 
accurately, it can also be detected using dipstick. Moreover, Anigilaje et al. (17) compared the efficacy of the urine 
dipstick and microscopic UA tests in patients with thalassemia. They reported that both tests had a Pearson 
correlation of 0.623. Matulewicz et al. (18) compared these two methods in the detection of microhematuria for the 



 

http://www.ephysician.ir 

 Page 7854 

 

diagnosis of bladder cancer. Also, they investigated the sensitivity and specificity of the dipstick test compared with 
UA. In line with our findings, they stated that there was a strong correlation between the results of the two tests. 
Also, similar to the results of the present study, no significant difference was found in the accuracy of the two 
methods. They suggested that the dipstick test can be used to rule out microhematuria due to its high specificity. 
 
Similar to the present study, Moustafa et al. (19) evaluated the efficacy of the urine dipstick test compared with 
abdominal CT scan in adult patients admitted to ED due to BAT. Results of this retrospective, multicenter cohort 
study showed that of the 100 patients studied, this test had a sensitivity of 72.2% and specificity of 53.1%. In line 
with our findings, due to low sensitivity and specificity of the dipstick test in comparison with CT scan, they stated 
that the dipstick test was unable to predict and determine abdominal injury in these patients. Furthermore, similar to 
the results of the present study, Sabzghabaei et al. (14), Capraro et al. (20), and Seyedhosseini-Davarani et al. (21) 
showed that CT scan’s performance in diagnosis of patients with BAT is better compared with UA. However, Trop 
et al. (22) stated that microscopic UA has moderate power in predicting urologic injuries in children with BAT 
compared to abdominal and pelvic CT scans. In their study, Zamani et al. (23) compared the results of focused 
assessment with sonography for trauma (FAST) and UA test with CT scan in children with BAT in the ED. They 
concluded that the combination of these two tests would increase the diagnostic accuracy of abdominal injuries. 
 

5. Study limitations 

One of the limitations of the present study is that it was conducted in a single center with limited patients. Also, this 
study was performed only on children with BAT. Hence, its results cannot be generalized to children with 
penetrating trauma and adult patients, who make up the majority of trauma patients. It is suggested that future 
studies should include a larger, multicenter population of patients of different age to be able to extrapolate the results 
to all trauma patients. 
 

6. Conclusions  

The results of this study showed that the urine dipstick and microscopic UA tests have no higher sensitivity and 
specificity in comparison with abdominal CT scan, and they cannot be considered as a diagnostic tool in 
determining renal injury and its severity in children with BAT. Due to no significant difference in diagnostic values 
between the urine dipstick and microscopic UA tests, dipstick can be considered as an alternative for UA in the 
pediatric BAT treatment algorithm. Also, with high specificity and NPV for the dipstick test in comparison with 
UA, it may be concluded that based on the negative results of dipstick, hematuria can be ruled out in children with 
BAT. Hence, future studies with a larger, multicenter population of patients of different age groups are highly 
recommended. 
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