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Hematuria–Child
Variant 1:

Child. Isolated microscopic hematuria (nonpainful, nontraumatic) without proteinuria.
Initial imaging.
Radiologic Procedure

Rating Recommendation

Relative Radiation Level

US kidneys and bladder

Usually Not Appropriate

O

Arteriography kidneys

Usually Not Appropriate

☢☢☢☢

CT abdomen and pelvis with IV contrast

Usually Not Appropriate

☢☢☢☢

CT abdomen and pelvis without and with IV
contrast

Usually Not Appropriate

☢☢☢☢☢

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

☢☢☢☢

Usually Not Appropriate

O

Usually Not Appropriate

O

Voiding cystourethrography

Usually Not Appropriate

☢☢

Voiding urosonography

Usually Not Appropriate

O

X-ray abdomen and pelvis (KUB)

Usually Not Appropriate

☢☢

X-ray intravenous urography

Usually Not Appropriate

☢☢☢

MRI abdomen and pelvis without and with
IV contrast
MRI abdomen and pelvis without IV
contrast

Variant 2:

Child. Isolated microscopic hematuria (nonpainful, nontraumatic) with proteinuria. Initial
imaging.
Radiologic Procedure

Rating Recommendation

Relative Radiation Level

US kidneys and bladder

Usually Appropriate

O

Arteriography kidneys

Usually Not Appropriate

☢☢☢☢

CT abdomen and pelvis with IV contrast

Usually Not Appropriate

☢☢☢☢

CT abdomen and pelvis without and with IV
contrast

Usually Not Appropriate

☢☢☢☢☢

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

☢☢☢☢

MRI abdomen and pelvis without and with
IV contrast

Usually Not Appropriate

O

MRI abdomen and pelvis without IV contrast

Usually Not Appropriate

O

Voiding cystourethrography

Usually Not Appropriate

☢☢

Voiding urosonography

Usually Not Appropriate

O

X-ray abdomen and pelvis (KUB)

Usually Not Appropriate

☢☢

X-ray intravenous urography

Usually Not Appropriate

☢☢☢
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Variant 3:

Child. Isolated macroscopic hematuria (nonpainful, nontraumatic). Initial imaging.
Radiologic Procedure

Rating Recommendation

Relative Radiation Level

US kidneys and bladder

Usually Appropriate

O

Arteriography kidneys

Usually Not Appropriate

☢☢☢☢

CT abdomen and pelvis with IV contrast

Usually Not Appropriate

☢☢☢☢

CT abdomen and pelvis without and with IV
contrast

Usually Not Appropriate

☢☢☢☢☢

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

☢☢☢☢

MRI abdomen and pelvis without and with
IV contrast

Usually Not Appropriate

O

MRI abdomen and pelvis without IV contrast

Usually Not Appropriate

O

Voiding cystourethrography

Usually Not Appropriate

☢☢

Voiding urosonography

Usually Not Appropriate

O

X-ray abdomen and pelvis (KUB)

Usually Not Appropriate

☢☢

X-ray intravenous urography

Usually Not Appropriate

☢☢☢

Variant 4:

Child. Painful hematuria (nontraumatic). Suspected urolithiasis. Initial imaging.
Radiologic Procedure

Rating Recommendation

Relative Radiation Level

CT abdomen and pelvis without IV contrast

Usually Appropriate

☢☢☢☢

US kidneys and bladder

Usually Appropriate

O

X-ray abdomen and pelvis (KUB)

May Be Appropriate

☢☢

CT abdomen and pelvis with IV contrast

Usually Not Appropriate

☢☢☢☢

MRI abdomen and pelvis without and with
IV contrast

Usually Not Appropriate

O

X-ray intravenous urography

Usually Not Appropriate

☢☢☢

Voiding cystourethrography

Usually Not Appropriate

☢☢

Voiding urosonography

Usually Not Appropriate

O

Arteriography kidneys

Usually Not Appropriate

☢☢☢☢

Usually Not Appropriate

☢☢☢☢☢

Usually Not Appropriate

O

CT abdomen and pelvis without and with IV
contrast
MRI abdomen and pelvis without IV
contrast
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Variant 5:

Child. Traumatic hematuria (macroscopic). Initial imaging.
Radiologic Procedure

Rating Recommendation

Relative Radiation Level

CT abdomen and pelvis with IV contrast

Usually Appropriate

☢☢☢☢

X-ray retrograde urethrography

May Be Appropriate

☢☢☢

CT pelvis with bladder contrast (CT
cystography)

May Be Appropriate

☢☢☢☢

US kidneys and bladder

Usually Not Appropriate

O

Arteriography kidneys

Usually Not Appropriate

☢☢☢☢

X-ray abdomen and pelvis (KUB)

Usually Not Appropriate

☢☢

X-ray intravenous urography

Usually Not Appropriate

☢☢☢

Voiding cystourethrography

Usually Not Appropriate

☢☢

Voiding urosonography

Usually Not Appropriate

O

CT abdomen and pelvis without and with IV
contrast

Usually Not Appropriate

☢☢☢☢☢

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

☢☢☢☢

Usually Not Appropriate

O

Usually Not Appropriate

O

MRI abdomen and pelvis without IV
contrast
MRI abdomen and pelvis without and with
IV contrast
Variant 6:

Child. Traumatic hematuria (microscopic). Initial imaging.
Radiologic Procedure

Rating Recommendation

Relative Radiation Level

CT abdomen and pelvis with IV contrast

Usually Appropriate

☢☢☢☢

CT pelvis with bladder contrast (CT
cystography)

May Be Appropriate

☢☢☢☢

US kidneys and bladder

May Be Appropriate

O

X-ray retrograde urethrography

May Be Appropriate

☢☢☢

X-ray abdomen and pelvis (KUB)

Usually Not Appropriate

☢☢

Voiding cystourethrography

Usually Not Appropriate

☢☢

Voiding urosonography

Usually Not Appropriate

O

X-ray intravenous urography

Usually Not Appropriate

☢☢☢

Arteriography kidneys

Usually Not Appropriate

☢☢☢☢

CT abdomen and pelvis without and with IV
contrast

Usually Not Appropriate

☢☢☢☢☢

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

☢☢☢☢

Usually Not Appropriate

O

Usually Not Appropriate

O

MRI abdomen and pelvis without IV
contrast
MRI abdomen and pelvis without and with
IV contrast
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HEMATURIA–CHILD
Expert Panel on Pediatric Imaging: Jonathan R. Dillman, MD, MSca; Cynthia K. Rigsby, MDb;
Ramesh S. Iyer, MDc; Adina L. Alazraki, MDd; Sudha A. Anupindi, MDe; Brandon P. Brown, MDf;
Sherwin S. Chan, MD, PhDg; Scott R. Dorfman, MDh; Richard A. Falcone Jr, MD, MPHi;
Matthew D. Garber, MDj; Jie C. Nguyen, MD, MSk; Craig A. Peters, MDl; Nabile M. Safdar, MD, MPHm;
Andrew T. Trout, MDn; Boaz K. Karmazyn, MD.o
Summary of Literature Review
Introduction/Background
Hematuria is the presence of red blood cells in the urine, either visible to the eye (macroscopic hematuria) or as
viewed under the microscope (microscopic hematuria). Detecting blood in the urine of a child may cause alarm to
patients, parents, and physicians.
The clinical evaluation of children with any form of hematuria begins with a meticulous history. Topics covered
in the history commonly include urinary tract infection, strenuous exertion, tropical exposure, recent strep throat,
recent trauma, menstruation, bleeding tendency, bloody diarrhea, joint pains, rash, flank pain, frequency, and
dysuria. Searching for occult forms of trauma, foreign body insertion, family history of sickle cell disease or
hemophilia, stone disease, hearing loss, familial renal disease [1,2], and hypertension should be undertaken.
Factitious causes of “hematuria,” such as food substances or medicines coloring the urine without actually having
red blood cells in the urine, should also be investigated [3-5]. An assessment of the child’s height and weight
should be followed by a thorough physical examination. Fevers, arthritis, rashes, soft-tissue edema,
nephromegaly, abdominal masses, genital or anal bleeding suggesting sexual abuse, deafness, and costovertebral
angle tenderness should be discerned.
The next step is a thorough evaluation of the urine. Tea-colored urine and hematuria accompanied by proteinuria
(>2+ by dip stick), red blood cell casts, and deformed red blood cells (best seen with phase contrast microscopy)
suggest a glomerular source of hematuria (eg, glomerulonephritis) [6]. The presence of white cells and
microorganisms within the urine clearly indicate the possibility of a urinary tract infection, which will direct care
and imaging by a different set of criteria. Evaluation for hypercalciuria (such as a spot urine calcium/creatinine
ratio) and a urine culture may be indicated. When concern for chronic kidney disease exists, basic laboratory
metabolic screening in the initial evaluation should include blood urea nitrogen test, a serum creatinine test, and
complete blood count with platelets. If suggested by the initial clinical workup, more advanced medical
assessment for various causes of glomerulonephritis and vasculitis should be performed, and an audiogram and
slit lamp examinations should be performed if there is suspicion for Alport syndrome [7-13].
The need for imaging evaluation depends on the clinical scenario in which hematuria presents. This review
focuses on the following clinical variations of childhood hematuria:
 Isolated hematuria (nonpainful, nontraumatic)
 Painful hematuria
 Renal trauma with macroscopic hematuria
 Renal trauma with microscopic hematuria
In children with post-traumatic macroscopic hematuria, the role of imaging is to identify any evidence and the
extent of renal or urinary tract injury. In other children, imaging has a role in identifying the cause of hematuria
and to assess the size of the kidneys as an indicator of the chronicity of the renal disease and also as an assessment
a
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before renal biopsy. In this situation, ultrasound (US) is the best modality to display the anatomy, size, and
position of the kidneys (especially prior to biopsy) and to screen for other pre-existing structural lesions. Definite
medical diagnosis can sometimes be suggested by clinical evaluation (such as postinfectious glomerulonephritis,
Henoch-Schönlein purpura, coagulopathy, sickle cell disease, systemic lupus erythematosus, or infection). In
other cases, renal biopsy is necessary for the diagnosis of renal parenchymal diseases causing hematuria, such as
IgA nephropathy (Berger disease) or Alport syndrome. However, many patients with isolated microscopic
hematuria who are otherwise asymptomatic are followed clinically without more extensive workup [3,7,10,14,15].
Discussion of Procedures by Variant
Isolated Hematuria (nonpainful, nontraumatic)
Asymptomatic microscopic hematuria (usually defined as five or more red blood cells per high-powered field in
either 2 or 3 of 3 consecutive urine specimens [16]) is a common entity, with an incidence estimated to be 0.25%
to 1.0% in children 6 to 15 years of age [3-5,7-9,11,14,15].
Variant 1: Child. Isolated microscopic hematuria (nonpainful, nontraumatic) without proteinuria. Initial
imaging.
Patients without proteinuria or dysmorphic red blood cells (which indicate glomerular disease) are unlikely to
have clinically significant renal disease, and no imaging is indicated [3,4,7,14,15]. Feld et al [3] evaluated 325
patients with microscopic hematuria; 87% had renal US and 24% had voiding cystoscopy urethrograms (VCUG),
and no findings were deemed to be clinically significant. Screening family members’ urine may also be useful in
the setting of persistent unexplained microhematuria, as benign familial hematuria, including thin basement
membrane nephropathy, has been described [1,17,18]. Thin basement membrane nephropathy, an autosomal
dominant condition, has been reported to be the most common cause of asymptomatic hematuria and usually has a
benign course.
CT
Computed tomography (CT) is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic
hematuria without proteinuria.
US
US is generally not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria without
proteinuria.
Microscopic hematuria is sometimes associated with hypercalciuria [19] and hyperuricosuria, and some authors
advocate renal US to evaluate for renal calculi in these patients [14,20], although others have found little value in
this technique [3]. In cases of persistent unexplained microhematuria, US may be used to evaluate for occult
anatomic abnormalities (cystic renal disease, nutcracker syndrome, congenital anomalies, etc), although the yield
of these examinations is low [7-9,11,14,21]. Isolated microscopic hematuria is very rarely the presenting scenario
of Wilms tumor [3].
IVU
Intravenous urography (IVU) is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic
hematuria without proteinuria [14,21].
MRI
Magnetic resonance imaging (MRI) is not appropriate in the initial evaluation of isolated nonpainful,
nontraumatic hematuria without proteinuria.
VCUG
VCUG is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria without
proteinuria.
Voiding Urosonography
Voiding urosonography is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria
without proteinuria.
Radiography
Radiography (abdomen and pelvis [KUB]) is not appropriate in the initial evaluation of isolated nonpainful,
nontraumatic hematuria without proteinuria.
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Arteriography
Arteriography is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria without
proteinuria.
Variant 2: Child. Isolated microscopic hematuria (nonpainful, nontraumatic) with proteinuria. Initial
imaging.
While protein and blood in the urine can be harmless in some children, patients with both microscopic hematuria
and leakage of protein into the urine (with or without hypertension and edema) are more likely to have glomerular
renal disease and eventually develop progressive chronic kidney disease [22]. Imaging findings are usually not
specific for any underlying pathology.
US
Kasap et al [23] showed that glomerulonephritis is a frequent cause of increased renal cortical echogenicity in
childhood. The kidneys also may be enlarged in the setting of acute glomerulonephritis. In long-standing
glomerular kidney disease, the kidneys may become atrophic with altered corticomedullary differentiation.
Finally, US can help assess the feasibility of percutaneous kidney biopsy and aid in preprocedural planning.
CT
CT is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria with proteinuria.
IVU
IVU is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria with proteinuria.
MRI
MRI is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria with proteinuria.
Radiography
Radiography (KUB) is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria
with proteinuria.
VCUG
VCUG is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria with proteinuria.
Voiding Urosonography
Voiding urosonography is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria
with proteinuria.
IVU
IVU urography is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria with
proteinuria.
Arteriography
Arteriography is not appropriate in the initial evaluation of isolated nonpainful, nontraumatic hematuria with
proteinuria.
Variant 3: Child. Isolated macroscopic hematuria (nonpainful, nontraumatic). Initial imaging.
Isolated asymptomatic macroscopic hematuria is usually due to benign processes such as hypercalcuria and IgA
nephropathy [4,19,24-26]. Imaging has a role to exclude nephrolithiasis, underlying urologic abnormalities, and
rarely renal or bladder tumors.
US
Renal and bladder tumors may present with gross hematuria and are likely to be found with US [4,14,27-29]. In
addition to assessment of the kidneys, the child’s urinary bladder should be examined during the US examination
to assess for the presence of bladder lesions not diagnosed by the medical workup, such as polyps, masses, or
vascular lesions [11]. The bladder should be distended with urine in order to optimize sonographic assessment.
However, if unexplained hematuria persists in the absence of findings on US and there is concern for bladder
urothelial neoplasm, cystoscopy may be indicated [30,31]. A renal or bladder mass that is detected by US may
require further imaging with CT or MRI to define the local extent of disease or vascular invasion (in the case of
Wilms tumor) and to detect the presence of any metastases [32]. Renal US is also an appropriate first-line imaging
test for assessing children with suspected left renal vein obstruction (ie, nutcracker syndrome) [32].
®
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VCUG
VCUG is usually not indicated in the evaluation of isolated macroscopic hematuria. A VCUG could be considered
to evaluate for suspected posterior urethral valves in the male or other suspected urethral causes of hematuria,
such as polyps, meatal stenosis, Cowper duct cyst, urethral stenosis, or an abnormality of the fossa navicularis.
Voiding Urosonography
While voiding urosonography is usually not indicated in the evaluation of isolated macroscopic hematuria, and
there is a paucity of literature to support its use, it is likely that voiding urosonography also can be used to assess
for causes of hematuria that may be detected by VCUG.
CT
CT is generally not indicated as a first-line test for isolated macroscopic hematuria. However, contrast-enhanced
CT has a role in evaluation of renal mass diagnosed by US, and it may be considered in children with recurrent
macroscopic hematuria with negative US and extensive clinical workup in the rare setting of suspected left renal
vein obstruction (ie, nutcracker syndrome) [33]. Unenhanced CT may also be used to evaluate for suspected
asymptomatic nephrolithiasis as a cause of hematuria in the setting of a negative US.
IVU
Because the incidence of upper urinary tract urothelial neoplasia is extremely rare in children, IVU is not
indicated in the initial evaluation of isolated macroscopic hematuria [14,34].
MRI
MR is generally not indicated as the first-line test for isolated macroscopic hematuria. In the cases of suspected
renal mass or nutcracker syndrome, MRI may be of value for further diagnosis [25,27-29,33,35-41].
Arteriography/Venography
Arteriography and venography have no role in the initial evaluation of isolated macroscopic hematuria.
Radiography
Radiography (KUB) is generally not appropriate in the initial evaluation of isolated nonpainful, nontraumatic
isolated macroscopic hematuria. Radiography may have a limited role for detecting suspected asymptomatic
nephrolithiasis as a cause of hematuria.
Variant 4: Child. Painful hematuria (nontraumatic). Suspected urolithiasis. Initial imaging.
In the patient with abdominal pain and hematuria, the principal differential diagnosis is urolithiasis, although
tumor and ureteropelvic junction (UPJ) obstruction should also be included. In young patients with genitourinary
tract stone disease, the presenting symptoms may not be as classic as in adults, which in turn leads to uncertainty
about the best imaging approach [42]. Interestingly, a number of pediatric patients with urolithiasis do not have
hematuria [43]. While the incidence of pediatric stone disease is considerably lower than in adults, it is still
commonly seen in busy pediatric practices [44]. Affected children may have a family history of nephrolithiasis or
predisposing inborn metabolic disease [45,46]. While the literature provides general suggestions and guidelines,
universal agreement regarding the imaging procedure of choice in suspected urolithiasis has not been reached.
CT
There is good evidence in adults that CT is the most accurate imaging modality in the identification of stones and
the quantification of stone burden, with sensitivity and specificity both well above 90% [44,47-55]. With proper
techniques and newer image iterative reconstruction algorithms, the CT dose can be very low and lowered to less
than that of a traditional IVU [44,56,57]. Limitations of radiography (eg, small stone size, obscuration of stones
by bowel contents) and US (eg, small stone size, obscuration of a portion of the kidney by bowel gas, poor
sonographic window) in children do not impair CT evaluation. CT may be particularly useful in the setting of
painful hematuria, a negative kidney and bladder US examination, and high clinical suspicion for urolithiasis,
particularly if detection would impact treatment.
US
US of the kidneys and bladder has limited sensitivity in detection of renal and ureteral stones. Palmer et al [49]
reported that US found 75% of all urinary tract stones, although US found only 38% of stones within the ureter.
Similarly, Oner et al [48] showed that US correctly found stones in 78% of patients, although it only found 25%
of ureteral stones.
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Stones typically appear as an echogenic focus with posterior acoustic shadowing; however, small stones may not
have acoustic shadowing, especially when using newer US systems that are designed to minimize image artifacts.
Ideally, any echogenic focus should be evaluated without spatial compounding as it decreases imaging artifacts,
including posterior shadowing [58]. It is important to optimize imaging parameters, such as the use of harmonic
imaging, as well.
The addition of color Doppler evaluation for “twinkling” artifact increases sensitivity of renal stone detection in
the renal collecting system and visualized portions of the ureter, including at the ureterovesical junction [59-62].
A study by Masch et al [63] that included both adults and children found that twinkling artifact, in general,
increases sensitivity, but decreases specificity. An isolated focus of sonographic twinkling has a sensitivity of
78%, but only has a specificity of 40% based on their study.
The same study by Masch et al [63] showed that US has a sensitivity of only 31% for renal stone detection if an
echogenic focus, posterior acoustic shadowing, and twinkling artifact are all required findings to make a
diagnosis. US is still recommended by some as a first-line screening test and, if positive, can then direct patient
management [48,49,64], with the caveat that a negative US does not exclude stone disease [49].
Radiography
Levine et al [47] in a study of 178 adult and pediatric patients found radiographs had a 59% sensitivity for stone
detection.
IVU
IVU is seldom indicated in children as an initial examination, although a limited study may provide information
about stone position, degree of urinary tract obstruction, and movement after initial diagnosis.
MRI
MRI is not appropriate in the initial evaluation of painful hematuria and suspected urolithiasis.
VCUG
VCUG is not appropriate in the initial evaluation of painful hematuria and suspected urolithiasis.
Voiding Urosonography
Voiding urosonography is not appropriate in the initial evaluation of painful hematuria and suspected urolithiasis.
Arteriography
Renal arteriography is not appropriate in the evaluation of painful hematuria and suspected urolithiasis.
Traumatic Hematuria
Hematuria is frequently found in the pediatric patient with blunt abdominal trauma [65,66]. In children, the most
commonly injured viscera are the spleen, liver, and kidney. The amount of hematuria that should trigger
radiologic investigation of the urinary tract is somewhat controversial, but several facts are well accepted:
 Macroscopic (ie, gross) hematuria is a finding that necessitates a radiologic evaluation of the abdomen and
pelvis [67-72]. In a study by Santucci et al [72] of 334 pediatric blunt trauma patients that underwent imaging,
59 renal injuries were identified in the setting of gross hematuria, shock, or history of significant deceleration.
 Isolated microscopic hematuria without any clinical or laboratory findings of visceral trauma or concerning
mechanism of injury does not need emergency investigation [67,68,70-74]. In a study by Brown et al [67],
pediatric patients with blunt trauma, microscopic hematuria, and no associated injuries were determined not to
require radiologic evaluation, as significant renal injuries are unlikely in this setting. Another study by PerezBrayfield et al [75] concluded that radiologic evaluation for renal injury is only indicated in the setting of
blunt trauma when 50 or more red blood cells are present on urinalysis, when the patient is hypotensive upon
presentation, or based on mechanism of injury.
 The presence of blood in the urethral meatus in a patient with pelvic fractures should lead to an investigation
of the urethra and bladder (50% incidence of genitourinary injury) [76].
 Minor trauma to an anomalous kidney can cause major clinical repercussions (renal anomalies occur in 1% to
4% of the population) [68].
 All CT scans must be done with intravenous contrast (enhanced CT), unless specifically contraindicated.
 Hypotension is an unreliable clinical indicator for prompting imaging in children [70].
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If the abdominal and pelvic CT is used as the criterion standard for identifying urologic trauma in children,
the microscopic urinalysis has moderate discriminatory power to predict urologic injury [77].

Variant 5: Child. Traumatic hematuria (macroscopic). Initial imaging.
CT (including CT cystography)
There is good evidence from multiple adult and pediatric studies that contrast-enhanced CT is the best modality
for evaluating renal trauma, and that such imaging is required in patients with gross hematuria [67,68,7073,78,79]. If renal injury is detected on CT, delayed scans should be obtained to evaluate for collecting system
disruption [80].
Patients with gross hematuria and pelvic fractures are at high risk for bladder rupture [81,82]. The conventional
fluoroscopic cystogram requires moving the patient to another imaging suite. There is evidence that CT
cystography (ie, CT of the pelvis performed after retrograde distention of the urinary bladder with iodinated
contrast material) is an accurate method of evaluation, with the advantage that the patient need not be moved from
the CT scanner [81-83]. Images are to be obtained with a contrast-filled bladder and may be obtained after
drainage, although one study in adults suggests that postvoid images may be unnecessary [81]. Multiplanar
reformatted images may help in diagnosis [84].
Retrograde Urethrography
Patients with blood at the urethral meatus, especially if associated with pelvic fractures or straddle injury, are at
risk for urethral injury and disruption. These patients should undergo retrograde urethrography prior to bladder
catheter placement [76] and may warrant a cystogram to exclude concomitant bladder injury.
US
While US has been advocated as a first-line imaging test in abdominal trauma, renal injuries are sometimes
missed [85-87], and in the setting of gross hematuria these patients are better served with CT. A study by Mayor
et al [88] documented a diagnostic accuracy of 41% for US when considering all types of renal injuries. Pilot
studies on few post-traumatic patients suggest that contrast-enhanced US may increase sensitivity of US in
detection of renal injuries. More studies are necessary to evaluate if contrast-enhanced US has any role in
evaluation of renal injury [89,90]. Only a single US contrast agent has been approved for pediatric use in the
United States as of this writing and would be used “off-label” in this setting.
IVU
The limited or “one-shot” IVU was once a mainstay of adult renal trauma imaging. In current practice in a
hemodynamically stable pediatric patient, the IVU has no role in the evaluation of hematuria [81].
Radiography
In general, radiography is not appropriate in the initial evaluation of traumatic macroscopic hematuria.
Radiographs of the pelvis may reveal pelvic fractures and, in the setting of macroscopic hematuria, raise the
possibility of bladder or urethral injury.
VCUG
VCUG is not appropriate for the initial evaluation of traumatic macroscopic hematuria. If there is concern for
urethral injury, dedicated retrograde urethrography is a more appropriate initial imaging test. If there is concern
for bladder injury, dedicated CT cystography is a more appropriate initial imaging test.
Voiding Urosonography
Voiding urosonography is not appropriate for the initial evaluation of traumatic macroscopic hematuria. If there is
concern for urethral injury, dedicated retrograde urethrography is a more appropriate initial imaging test. If there
is concern for bladder injury, dedicated CT cystography is a more appropriate initial imaging test.
Arteriography
Arteriography is not appropriate in the initial evaluation of traumatic macroscopic hematuria. In the setting of
hemodynamic instability and renal or pelvic artery extravasation detected by CT, arteriography may be used to
guide endovascular embolization. Arteriography may also be used to guide the treatment of CT-detected posttraumatic pseudoaneurysms and arteriovenous fistulas [91,92].
MRI
MRI is not appropriate in the initial evaluation of traumatic macroscopic hematuria.
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Variant 6: Traumatic hematuria (microscopic). Initial imaging.
Different threshold values have been used for evaluating post-traumatic microhematuria, but in general >50
RBC/hpf has been used as a threshold for imaging [75,93]. Recent studies note, at best, a fair correlation between
degree of microhematuria and risk or severity of renal injury [67,70-72]. A study on patients ≥16 years old by
Olthof et al [94] showed that although the presence of macroscopic hematuria (n = 16) led to clinical
consequences in 73% of the patients, microscopic hematuria on urinalysis in combination with no findings on
imaging led to clinical consequences in only 8 out of 212 patients (4%) and that microscopic hematuria on
urinalysis in patients who did not undergo imaging for urogenital injury did not lead to clinical consequences (0
out of 54 patients; 0%). In children compared with adults, there is limited evidence and no consensus on the
relationship between microscopic hematuria and renal trauma [71,79].
CT (including CT cystography)
Unlike in adults, no firm consensus has been reached on the best guidelines for imaging in pediatric blunt
abdominopelvic trauma and microscopic hematuria [71,79]. For adult patients with isolated microscopic
hematuria without coexistent injury, there is evidence that renal imaging with CT is unlikely to disclose clinically
significant findings [67,70-72]. However, the evidence for that in children is limited. A study by Nguyen and Das
[71] found that 12 of 32 (37.5%) with grades 2 to 5 renal injuries did not have macroscopic hematuria; 8 had
microscopic hematuria, and 4 had normal urinalyses. Thus, the authors concluded that significant renal injuries
can be encountered in the setting of microscopic hematuria, and the decision to perform CT should be based on
history and mechanism of injury and not urinalysis alone. Children with congenital renal abnormalities (eg, UPJ
obstruction), multiorgan injury, history of deceleration injury, localized flank pain, and ecchymosis should
undergo CT imaging to evaluate for renal injury, even when gross hematuria is not present. Renal injury without
macroscopic hematuria can also be found in a child with falling hemoglobin or a hemodynamic instability
[70,72]. Microscopic hematuria has also been combined with other clinical variables to create prediction rules for
identifying children with intra-abdominal injuries following blunt abdominal trauma [95].
Patients with hematuria, even microscopic, in the setting of pelvic fractures are at risk for bladder injury.
Dedicated CT cystography is an accurate method of evaluation of bladder injury [81-83].
US
There is little evidence to support the use of US in the initial evaluation of traumatic microscopic hematuria. That
said, renal US may be considered in cases of pediatric renal trauma that might otherwise not be imaged with CT
because of low levels of hematuria to provide a screening tool for the occult vascular injury, pre-existing
congenital anomaly, or the unusual major renal injury without significant hematuria.
Arteriography
Renal arteriography is not appropriate in the initial evaluation of traumatic microscopic hematuria.
Radiography
Radiography (KUB) is not appropriate in the initial evaluation of traumatic microscopic hematuria.
VCUG
VCUG is not appropriate in the initial evaluation of traumatic microscopic hematuria. If there is concern for
urethral injury, dedicated retrograde urethrography is a more appropriate initial imaging test. If there is concern
for bladder injury, dedicated CT cystography is a more appropriate initial imaging test.
Voiding Urosonography
Voiding urosonography is not appropriate in the initial evaluation of traumatic microscopic hematuria. If there is
concern for urethral injury, dedicated retrograde urethrography is a more appropriate initial imaging test. If there
is concern for bladder injury, dedicated CT cystography is a more appropriate initial imaging test.
Retrograde urethrography
Retrograde urethrography is not appropriate in the initial evaluation of traumatic microscopic hematuria, unless
there is high clinical suspicion for urethral injury (eg, pelvic fractures or known straddle injury).
IVU
IVU is not appropriate in the initial evaluation of traumatic microscopic hematuria.
MRI
MRI is not appropriate in the initial evaluation of traumatic microscopic hematuria.
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Summary of Recommendations
 Imaging is usually not appropriate in the child initially presenting with nonpainful, nontraumatic isolated
microscopic hematuria without proteinuria.
 US of the kidneys and bladder is usually appropriate in the child initially presenting with nonpainful,
nontraumatic isolated microscopic hematuria with proteinuria.
 US of the kidneys and bladder is usually appropriate in the child initially presenting with nonpainful,
nontraumatic isolated macroscopic hematuria.
 Either US of the kidneys and bladder or CT of the abdomen and pelvis without IV contrast is usually
appropriate in the child initially presenting with painful, nontraumatic hematuria and suspected urolithiasis.
 CT of the abdomen and pelvis with IV contrast is usually appropriate in the child presenting with
macroscopic hematuria in the setting of trauma.
 CT of the abdomen and pelvis with IV contrast is usually appropriate in the child presenting with microscopic
hematuria in the setting of trauma, particularly in the setting of congenital renal abnormalities (eg, UPJ
obstruction), multiorgan injury, history of deceleration injury, localized flank pain, and flank ecchymosis.
Summary of Evidence
Of the 96 references cited in the ACR Appropriateness Criteria® Hematuria-Child document, 95 references are
categorized as diagnostic references including 3 well-designed studies, 5 good-quality studies, and 23 quality
studies that may have design limitations. There are 64 references that may not be useful as primary evidence.
There is 1 reference that is a meta-analysis study.
The 96 references cited in the ACR Appropriateness Criteria® Hematuria-Child document were published from
1987-2016.
Although there are references that report on studies with design limitations, 8 well-designed or good-quality
studies provide good evidence.
Appropriateness Category Names and Definitions
Appropriateness Category Name
Usually Appropriate

May Be Appropriate

May Be Appropriate
(Disagreement)

Usually Not Appropriate

Appropriateness
Rating

Appropriateness Category Definition

7, 8, or 9

The imaging procedure or treatment is indicated in
the specified clinical scenarios at a favorable riskbenefit ratio for patients.

4, 5, or 6

The imaging procedure or treatment may be
indicated in the specified clinical scenarios as an
alternative to imaging procedures or treatments with
a more favorable risk-benefit ratio, or the risk-benefit
ratio for patients is equivocal.

5

The individual ratings are too dispersed from the
panel median. The different label provides
transparency regarding the panel’s recommendation.
“May be appropriate” is the rating category and a
rating of 5 is assigned.

1, 2, or 3

The imaging procedure or treatment is unlikely to be
indicated in the specified clinical scenarios, or the
risk-benefit ratio for patients is likely to be
unfavorable.

Relative Radiation Level Information
Potential adverse health effects associated with radiation exposure are an important factor to consider when
selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures associated with
different diagnostic procedures, a relative radiation level (RRL) indication has been included for each imaging
examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to estimate
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population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at
inherently higher risk from exposure, both because of organ sensitivity and longer life expectancy (relevant to the
long latency that appears to accompany radiation exposure). For these reasons, the RRL dose estimate ranges for
pediatric examinations are lower as compared to those specified for adults (see Table below). Additional
information regarding radiation dose assessment for imaging examinations can be found in the ACR
Appropriateness Criteria® Radiation Dose Assessment Introduction document [96].
Relative Radiation Level Designations
Relative Radiation Level*

Adult Effective Dose Estimate
Range

Pediatric Effective Dose Estimate
Range

O

0 mSv

0 mSv

☢

<0.1 mSv

<0.03 mSv

☢☢

0.1-1 mSv

0.03-0.3 mSv

☢☢☢

1-10 mSv

0.3-3 mSv

☢☢☢☢

10-30 mSv

3-10 mSv

☢☢☢☢☢

30-100 mSv

10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary
as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is
used). The RRLs for these examinations are designated as “Varies”.

Supporting Documents
For additional information on the Appropriateness Criteria methodology and other supporting documents go to
www.acr.org/ac.
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The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for
diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians
in making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this
document. The availability of equipment or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques
classified as investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should
be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring
physician and radiologist in light of all the circumstances presented in an individual examination.
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