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Synopsis 

Hematuria may have a number of causes, the more common causes are urinary tract calculi, urinary tract infection, urinary tract neoplasms including renal cell carcinoma and urothelial tumours, trauma to the urinary tract and renal parenchymal disease. This review article will discuss the current status of imaging of patients suspected of having “urological” causes of hematuria. The role of all modalities including plain radiography, intravenous urography or excretory urography, retrograde pyelography, ultrasonography, multidetector computed tomography (MDCT) including MDCT urography (MDCTU) and magnetic resonance (MR) urography in evaluation of these patients will be discussed.
In recent years, MDCTU has undergone significant development and has been the subject of research and investigation as a new technique for evaluation of patients with urinary tract pathology with evidence accumulating which suggests that this technique is now ready to play a pivotal role in imaging of patients presenting with hematuria.  The review article will highlight the current status of MDCTU in imaging of patients with hematuria and will discuss various often controversial issues such as optimal protocol design, accuracy of the technique in imaging of the urothelium and the significant issue of radiation dose associated with MDCTU. If efforts to optimize radiation results in acceptable radiation dosages comparable with IVU, MDCTU would appear to be the most likely imaging study to offer comprehensive ‘one-stop’ imaging of the urinary tract.
Background 
Hematuria may have a number of causes, the more common causes are urinary tract calculi, urinary tract infection, urinary tract neoplasms including renal cell carcinoma and urothelial tumours, trauma to the urinary tract and renal parenchymal disease (1,2,3,4,5). Hematuria is broadly divided into macroscopic and microscopic varieties (6). Haematuria is described as macroscopic or frank when blood is visible within urine (7,8). A diagnosis of microscopic (occult) hematuria requires the detection of 3-5 red cells per high powered view, or greater than 5 red blood cells per 0.9mm3 of urine (5,9). The prevalence of microscopic hematuria in asymptomatic individuals is approximately 2.5% (10).

Investigation of Hematuria:

The investigation of hematuria should begin with a search for bacteruria or pyuria (11). If either is present, a urine culture should be ordered to confirm UTI (11).  In the absence of infection, the next step is to distinguish glomerular and non-glomerular sources of hematuria  (11).  If the findings suggest a glomerular source of bleeding, no urological evaluation is necessary, at least initially, and referral to a nephrologist is indicated (11).  Indeed there is a body of opinion which suggests that patients aged less than 40 years presenting with hematuria, can be investigated initially by a nephrologist, as the risk of urological malignancy is low (6).  The results of a recent study by Edwards et al. (2006) support this policy (6).  
If a glomerular source is excluded in those with risk factors for urological disease, urological referral is advised (12).  Risk factors include smoking history, occupational exposure to chemicals or dyes, history of macroscopic hematuria, age greater than 40 years, previous urological history, symptoms of irritative voiding, urinary tract infections, analgesic abuse, cyclophosphamide intake and history of pelvic irradiation (12). Most experts agree that a complete urological evaluation should include imaging of the upper urinary tract and cytoscopic examination of the urinary bladder (12).  The role of urine cytology is controversial as a negative cytology can never completely exclude the presence of a bladder tumor (12).  The goal of imaging is to detect neoplasms, including renal cell carcinoma (RCC) and the less prevalent transitional cell carcinoma (TCC) of the renal pelvis and ureters, urinary tract calculi, renal cystic disease and obstructive lesions (11).  This review article will discuss the current status of imaging of patients suspected of having “urological” causes of hematuria.  The imaging of post-traumatic hematuria, of patients with urinary tract infection (UTI) and patients with glomerular causes of hematuria is beyond the scope of this review.   The role of all modalities including plain radiography, intravenous urography or excretory urography, retrograde pyelography, ultrasonography, Multidetector Computed Tomography (MDCT) including MDCT urography (MDCTU) and magnetic resonance (MR) urography will be discussed.  In recent years, MDCTU has undergone significant development and has been the subject of research and investigation as a new technique for evaluation of patients with urinary tract pathology (13,14) Evidence is accumulating which suggests that this technique is now ready to play a pivotal role in imaging of patients presenting with hematuria.  The review article will highlight the current status of MDCTU in imaging of patients with hematuria and will discuss various often controversial issues such as optimal protocol design, accuracy of the technique in imaging of the urothelium and the significant issue of radiation dose associated with MDCTU.
Common urological causes of hematuria:

Urinary tract calculi

Urolithiasis is associated with idiopathic hypercalciuria, secondary hypercalciuria and hyperuricosuria (15). Stones are most commonly composed of calcium oxalate and phosphate (34%), calcium oxalate (33%), calcium phosphate (6%), mixed struvite and apatite (15%), uric acid (8%), and cystine (3%) (16). Nephrocalcinosis is characterized by the formation of calculi within renal tubules and interstitium, leading to impaired renal function (17)  Nephrocalcinosis is associated with medullary sponge kidney, renal tubular acidosis and hyperparathyroidism and may present with hematuria (17,18) Urinary tract calculi frequently present with ureteric colic due to obstruction of the urinary collecting system.  With regard to the association of urinary tract calculi with development of microscopic hematuria, a recent study by Edwards et al. (2006) showed a prevalence of urinary tract calculi of 7.8% in adult patients with microscopic hematuria and 8.8% in patients with macroscopic hematuria (6)
Malignancy

The most common malignant conditions associated with hematuria in adults are renal cell carcinoma (RCC), transitional cell carcinoma (TCC), prostate carcinoma and less commonly squamous cell carcinoma which can result from chronic inflammatory conditions (19,20,21,) 

RCC is the most common malignant neoplasm of the kidney, representing up to 90% of renal neoplasms and up to 3% of all neoplasms (19,22). RCC is more common in men than women, has a peak incidence at 60-70 years of age and is associated with smoking, obesity and anti-hypertensive therapy (23).  In recent years, the triad of flank pain, hematuria and a palpable mass is less frequently the mode of presentation for RCC, because over 50% of lesions are identified by cross-sectional imaging, either incidentally or when performed for vague and apparently unrelated symptoms.  This is not surprising as systemic symptoms such as anorexia and weight loss are commonly associated with RCC (24). 

Urothelial tumours account for 10% of upper urinary tract neoplasms (25) Although urothelial malignancies are most likely to occur in the bladder, the ureters have been reported to be involved in 2%, and the renal pelvis (extrarenal pelvis in preference to infundibulocalyceal regions) in 5% of cases (26,27)  The multifocal and bilateral nature of TCC makes this a challenging condition for the radiologist (24).  Synchronous tumors occur in up to 2% of renal and 9% of ureteric lesions with metachronous lesions typically occurring within the bladder in up to 50% of cases with upper ureteric tumors on presentation (28,29).  Therefore, imaging is required for primary diagnosis of TCC but is very commonly utilized for detection of synchronous and metachronous lesions (24). 

Bladder neoplasia is the 5th most common malignancy in Europe and the 4th most common cancer in the US (30). TCC of the bladder occurs more commonly in men than women, is associated with smoking (four fold greater than non-smokers), exposure to chemicals such as benzene and 2-naphtylamine and structural abnormalities (horseshoe kidney) (31,32)  Squamous cell carcinoma and adenocarcinoma are significantly less common in the bladder than TCC (33).Greater than seventy percent of bladder cancers are superficial and 25% invade muscle at the time of diagnosis (34) . Bladder cancer most frequently presents with hematuria but can be associated with more non-specific signs such as urinary frequency and urgency, dysuria and suprapubic pain  (24). 

Macroscopic and Microscopic Hematuria and Prevalence of Urological disease:

Both macroscopic and microscopic hematuria are associated with an increased likelihood of carcinoma (6) A recent study by Edwards et al. (2006) reported the results of a prospective analysis of the diagnostic yield from the attendance of over 4000 patients presenting at a protocol-driven hematuria clinic(6).  This study was unique in its detailed dissection of the largest volume of prospectively recorded consecutive contemporary data derived in a diagnostic protocol in the setting of hematuria.  1950 patients had microscopic hematuria (48.5%) and 2073 had macroscopic hematuria (51.5%).  Of the 1950 patients with microcopic hematuria, 153 had urinary tract calculi (7.8%), 19 had RCC (1.0%), 3 had upper tract TCC (0.2%), 73 (3.7%) had bladder TCC while 87.3% had no cause for hematuria detected.  The overall prevalence of malignancy in patients with microscopic hematuria was 4.8% (6).  For the  2073 patients presenting with macrocopic hematuria, 183 (8.8%) had urinary tract calculi, 41 (2.0%) had RCC, 10 (0.5%) had upper tract TCC, 342 (16.5%) had bladder TCC while 1497 (72.2%) had no cause identified for their hematuria(6).  The overall prevalence of malignancy in patients with macroscopic hematuria was 18.9% (6).  There was a higher prevalence of malignant disease detected in males compared with females (14% vs 9%). Of note no upper tract malignancies were detected in patients<30 years, with no upper tract TCC detected in those patients less than 50 years.  Most upper tract TCC presented with microscopic hematuria, whereas for those with RCC, the mode of presentation was equivalent between microscopic and macroscopic hematuria (6).  One of the most interesting findings of this study was that the prevalence of UT tumors in this study was four times greater than that of the largest previous series (6,35).  Two possible explanations which were proposed included occult variations in patient population or the increasing usage of CT where US/IVU findings were equivalent.  If the increased prevalence of UT tumors reported in this study is a result of increased utilization of CT, this finding highlights the importance of appropriate choice of imaging modality in patients presenting with microscopic hematuria.

Imaging of Hematuria:

The issue of how best to image patients suspected of these pathologies has always been controversial and remains controversial, particularly in recent years with the development and continued refinement of MDCTU (13,14)
Conventional radiography:

Plain radiography, being a widely available, inexpensive, reproducible examination, familiar both to urologists and nephrologists, has long been the mainstay of screening and quantifying the burden of urolithiasis (36). However, conventional radiography has only a 60% sensitivity for the detection of renal and ureteric calculi (37). Since Smith’s initial report of 97% sensitivity and 96% specificity for detection of urinary tract calculi with non-spiral CT, several reports have confirmed these findings with sensitivities ranging from 98-100% and specificities of 92-100% (38-41).  Therefore, for the definitive detection of urinary tract calculi and for the characterization of calcifications in the anatomic distribution of the urinary tract as calculi, plain film radiography does not compare favourably with MDCT.  The major factors which prevent the abandonment of plain radiography and its replacement with MDCT is the expense, limited availability of CT in comparison with plain radiography at most centres and most importantly the significantly increased radiation dose associated with MDCT (3.63 mSv) in comparison with plain radiography (0.7 mSv) (42,43),.  As will be described later in greater detail, Kalra et al. (2005) have reported that radiation dose can be reduced by 43-66% for ‘stone protocol’ MDCT, using automatic tube current modulation technology, as increased image noise associated with radiation dose reduction can be tolerated with “stone-protocol” MDCT because of the marked difference in density between calculi and surrounding soft tissue in the kidneys, ureter and bladder (44).  In addition, and even more significantly, a recent study by Kluner et al. (2006) reported that ultralow dose CT (0.5mSv in men and 0.7 mSv in female) with a radiation dose equivalent to that of a KUB had a sensitivity and specificity for detection of urinary tract calculi of 97% and 95%, respectively, compared with 67% and 90%, respectively for US (45).  Therefore, further protocol development focused on optimizing radiation dose in an era of rapidly improving MDCT technology should result in diagnostic quality ‘stone protocol’ MDCT at doses approaching plain radiography, thus removing one of the most compelling current arguments for continued utilization of plain radiography 

A recent study documented cumulative effective doses from follow CT examinations in 176 patients with chronic nephrolithiasis (46).  These patients underwent 3-18 CT examinations with effective doses of 6-17 mSv (46).  In the follow-up of patients in whom urinary tract calculi are diagnosed initially by MDCT, plain radiography and scout films from MDCT studies can be utilized for follow-up in an effort to minimize radiation dose (47). Correlation of scout film and MDCT can increase detectability of calculi by defining the level on plain radiography thus facilitating follow up by plain radiography rather than MDCT.  Another potentially more effective option would be to use the ultra-low dose MDCT protocol described above (45).

Plain radiography typically has little value in the detection of TCC (48).  Calcifications occur in approximately 7% of TCC lesions (48). These tumors may obstruct the collecting system and can mimic urinary calculi (49).  Renal cell carcinoma is only rarely detectable on plain radiography, when calcified (8-18%) (24) or when the tumor has reached sufficient size to cause displacement of bowel loops or normal soft tissue structures or fat stripes.  Therefore when tumors of the kidney or urothelium are suspected, plain radiography is of little value and in patients characterized as “high risk” by the  American Urological Association Best Practice criteria, plain radiography should be avoided when further upper urinary tract imaging is required (12,48),. 

IVU /Excretion urography

The urinary tract was first imaged in 1923 when it was noticed by Osborne et al. (1923) that 10% sodium iodide injected intravenously as part of the treatment of syphilis, was excreted in urine (50). This discovery precipitated efforts to minimise iodine toxicity and led to the first IVU in 1929 using Uroselectan, a mono-iodinated compound (51).   Since then IVU or excretory urography has undergone many changes and refinements in protocol and the switch from ionic monomers to non-ionic monomers reduced the risk of contrast reactions and also resulted in less osmotic diuresis and higher urinary tract opacification (52).  With the development of ultrasound and MDCT and more recently MDCTU, there has been a significant reduction in utilization of IVU (53).  In 1975, an estimated 10,000,000 urograms were performed annually in the United States (53) .  By 1995, the number of IVU’s had dropped to approximately 600,000 per year (53).  Accompanying this reduced utilization, there is undoubtedly cause for concern at many centres regarding reduced quality of IVU studies being performed because of de-skilling of radiographers/technologists in the performance of IVU, quality of equipment in IVU suites, and skills of radiologists in the interpretation of IVU (36).

A full IVU including nephrotomograms, totalling an average of 11.6 films has been calculated to yield an effective dose between 5 and 15mSv (54). Reducing the number of films acquired directly affects the dose imparted (54,55)). A mean effective dose of 3mSv has been reported when an average of 9.3 films are acquired (55). Three-phase MDCTU examinations yield a mean effective dose of 15±9mSv (155-200 mAs at 120kV, 1-2.5mm collimation), corresponding to a radiation dose 1.5 times higher than conventional urography (54). Interestingly, the mean skin dose of conventional urography was 2.7 times that of MDCTU. This was due to exponential decrease in radiation dose between entrance and exit sites, unlike MDCTU, which administers a more uniform exposure. Caoili et al. (2002) found doses to range from 25 to 35mSv for 4 phase examinations (37),. Therefore, in many studies, MDCTU has been reported to be associated with much higher radiation dose than IVU and careful assessment of pre-test probability of risk of significant pathology should be calculated before MDCTU is performed  (56).   

In the investigation of suspected urolithiasis , IVU is gradually being replaced by CT. The rationale for this change in practice is CT’s unsurpassed diagnostic accuracy for detection of urinary tract calculi (57).  Many reports have suggested that IVU fails to detect urinary tract calculi in 31-48% of cases compared to reported sensitivities of 100% for unenhanced MDCT (53).  IVU requires the use of intravenous contrast, is time consuming requiring at least 30 minutes to perform, and occasionally requires delayed radiographs taken up to 24 hours after IV contrast administration to define the level of obstruction (13,36). 

One of the factors which contributed to the continued referral of patients to radiology for IVU, was the perception that pelvicaliceal morphology could be better evaluated with IVU than with ultrasound or MDCT (58).   Experience with IVU had defined characteristic imaging features in conditions such as medullary sponge kidney and papillary necrosis (58).  However, increasing experience with MDCTU and improving capability for 3D reconstruction should allow these characteristic findings to be appreciated at MDCTU (13). 

When performed alone, IVU has limited sensitivity in detecting renal masses when compared to US and MDCT (12). For masses confirmed and characterized by CT, the sensitivity of IVU is only 21%, 52% and 85% for masses less than 2cm, 2-3cm and greater than 3cm respectively (59).  In addition masses detected by IVU inevitably require further imaging for lesion confirmation and characterization by either US, MDCT or more recently by MRI.

Many urologists and some radiologists believe that intravenous urography is still the "gold-standard" examination for evaluating the urothelium (60). This belief is maintained, in spite of reports in the literature intravenous of detection rates for urothelial neoplasms with IVU of only 43-64% (37). In the early stages, these neoplasms are seen on IVU as subtle filling defects or focal mural thickening (48). TCC tends to appear as fixed smooth or irregular, single or multiple filling defects within the renal collecting systems (48).  On IVU, a papillary lesion may absorb contrast into its interstitium resulting in a stipple sign (48).  However, although frequently associated with TCC, this radiological sign is not specific for TCC and can be produced by other pathological processes such as fungal lesions and blood clots (61). An obstructed infundibulum occurs in 26% of cases (48). This can produce a phantom calyx that may fill either early, late or not at all due to the presence of a TCC (62). Traditionally, retrograde pyelogram has been utilised to demonstrate an amputated calyx which might not be demonstrated by IVU (48). Sometimes subtle in appearance, a delayed nephrogram due to longstanding pelviureteric junction obstruction and atrophy occurs in 13% of cases (48,58). Acute hydronephrosis with renal enlargement may also occur. Signs of ureteric TCC include the presence of a non-functioning kidney (46%), fixed wall thickening which can be either eccentric or circumferential, filling defects, hydronephrosis (36%) with or without hydroureter and irregular ureteric narrowing with proximal shouldering (goblet sign) (48,63).  One of the difficulties in the interpretation of IVU or MDCTU, is that a filling defect in the renal pelvis or ureter can be due to a primary neoplasm, metastases (Fig 1), calculus, blood clot, mycetoma, or vascular impression.   Unlike MDCTU, IVU or retrograde ureterography only demonstrate the lumen of the ureter and do not allow direct visualization of extrinsic abnormalities that involve the ureter. The ability to evaluate renal parenchyma in the vicinity of a pelvicaliceal abnormality or the wall or tissues surrounding the ureter can yield important diagnostic information which can aid in characterization of imaging appearances suspicious for TCC.  MDCTU has shown increased sensitivity and specificity for detecting urothelial tumor compared with retrograde ureterography, an imaging test assumed to be superior to IVP in evaluating the collecting system and ureters (64).  Caoli et al. (2005) reported 89% sensitivity with MDCTU in detection of malignant upper tract urothelial lesions (confirmed by surgery or endoscopic biopsy) in a study population of 18 patients (65) and Tsili et al. (2007) detected 7 of 7 foci of upper tract malignancy and 9 of 10 urinary bladder malignancy with MDCTU (66).  Therefore early evidence in small case series suggests that MDCTU is a promising technique in imaging the urothelium and further studies in larger groups of patients are awaited to ascertain if MDCTU can replace the role of IVU in imaging the urothelium.   The attractiveness of MDCTU over IVU is its potential to act as a “one-stop” imaging study assessing renal parenchyma and urothelium, whereas IVU will always need to be supplemented with US or CT for evaluation of the renal parenchyma (12).
Retrograde pyelography

Retrograde pyelography is indicated to further characterize filling defects or lesions in the renal pelvis or ureters identified at IVU or MDCTU.  In the era before MDCTU was developed, opacification of the urinary tract was frequently very poor with IVU in patients with diminished renal function (even with double dose of iodinated contrast), and retrograde pyelography was then the only available method of visualizing the pelvicaliceal system and ureters. The development of MDCTU has facilitated excellent pelvicaliceal and ureteric visualization because of the modality’s ability to easily trace the anatomic course of the ureter and the excellent contrast resolution of MDCT facilitates evaluation of an opacified ureter, even with diminished renal function or in the obese patients.  MR urography is another option in these patients and this has the advantage, in this patient cohort of not requiring the use of iodinated contrast administration (67).  The improved ability to visualise the ureters in patients with diminished renal function and in obese patients compared to IVU is therefore no longer an indication for retrograde pyelography .  Retrograde pyelography is still used to further evaluate filling defects detected on other modalities such as US, MDCT, IVU and MR urography (Fig 2).  However, a recent study by Cowan et al. (2007) was performed to validate quantitatively the use of MDCTU for diagnosing upper urinary tract urothelial tumor (64).  This study compared retrograde ureteropyelography (RUP) and MDCTU  in patients with suspected urothelial tumors (64).  The results of the study showed that RUP shared similar diagnostic sensitivities and specificities for diagnosis of upper urinary tract urothelial tumors leading to recommendation that MDCTU should replace ultrasound, IVU and RUP for investigating patients with hematuria and RUP should be reserved for patients in which findings on MDCTU are equivocal and in whom the increased radiation is not justifiable  (64).  Further studies with larger patient numbers are required to determine the remaining role of retrograde pyelography in the era of MDCTU.

Ultrasound (US):

In patients with hematuria, US is a safe method of examining for urolithiasis particularly in pediatric patients, thus avoiding the use of radiation (68,69),. US is inferior to plain radiography and MDCT for the quantification of stone burden (70). In comparison with MDCT, ultrasound has reported sensitivities as low as 24% for the detection of calculi (71). Conventional radiography in combination with ultrasound increases sensitivity for stone detection to 70%, but this level of sensitivity does not approach MDCT for detection of urinary tract calculi (72).

Before the development of CT, renal tumors less than 3 cm represented 5% of renal lesions (73).  With increasing usage of CT, the number of detected renal lesions less than 3 cm has increased to between 9 and 38% of lesions detected (73).   In 1988, a study by Warshauer et al. (1988) documented the relative insensitivity of intravenous urography and ultrasound for renal masses detected by CT (59).  For lesions less than 3 cm IVU was much less sensitive than ultrasound (50% vs 82%).  For lesions less than 2 cm, intravenous urography was less sensitive than ultrasound  (13% vs 60%) and these differences in sensitivity were much more striking for lesions less than 1 cm (13% vs 26%).  One of the most worrisome findings in this study was the poor sensitivity of ultrasound in detecting renal masses less than 2cm (59).    Additional studies have reported data which suggest that CT is more sensitive than US for detection of small renal masses (<1.5 cm) (74).   

US is very useful in determining internal architecture of renal lesions detected on other modalities such as CT.  The findings on US in this setting can be useful in determining the Bosniak grade of cystic lesions which is vital to guiding future management.  Cystic lesions may be effectively examined using US for the presence of wall thickening and internal septations and so assist in classification  (48,59),. Category 1 and 2 are considered benign and lesions with wall and septal thickening or solid areas are categorised as 3 or 4.   US is very useful is in the evaluation of hyperattenuating renal lesions, detected on MDCT  to determine whether they represent hyperdense cysts (Bosniak 2) or solid lesions.  Combination of US and CT findings has been shown to improve characterization of renal masses particularly in the case of renal lesions greater than 1cm when compared to interpretation based on each modality alone (74).  One potential pitfall when charatecterizing renal lesions with US, is that internal echoes can sometimes give such lesions a solid appearance at US. In this scenario, further evaluation by “renal mass protocol” CT or MRI can be helpful and is usually indicated.  ”Renal mass protocol CT” comprises two or three-phase CT scans to assess for definitive enhancement or de-enhancement when nephrographic phase images are compared to unenhanced and delayed phase images (5 mins) (13,75).  Density measurements in Hounsfield units, can be made pre and post contrast and an assessment can be made for unequivocal enhancement, which is indicative of solid mass and neoplasm (75).  The issue of definitive or unequivocal contrast enhancement at MDCT is defined later in this article and is indicative of solid lesion (13,75). Overall, however, US is not as sensitive as MDCT, performed using optimised protocol, in identifying or characterising renal masses (58). 

On sonography, most RCC’s are solid, but can be appreciated at sonography as hypoechoic, isoechoic or hyperechoic lesions (24).  The majority of RCC’s are isoechoic and smaller numbers of lesion are hypoechoic or echogenic (24).  Two recent papers have suggested that smaller lesions are more likely to be echogenic with between 61-77% of lesions less than 3cm being found to be echogenic relative to normal kidney (24).   This poses difficulty to the radiologist as the distinction between small RCC and angiomyolipoma can be difficult.  

The main disadvantage in using ultrasound as a screening test in patients with hematuria is its inability to thoroughly evaluate the urothelium for TCC (58).  The use of US, alone, therefore, is not considered appropriate for the evaluation of microscopic hematuria in high risk patients although the development of endoluminal US may change this (76).  US has poor sensitivity in detecting urothelial lesions in the pelvicaliceal system and also in the ureters (58).  One possible solution suggested by many authors is that US should be performed in combination with IVU for patients believed to be at high risk patients for upper urinary tract neoplasm as the combination of these two modalities ensures a more comprehensive evaluation of the renal parenchyma and the urothelium for malignant causes of hematuria, than is possible with the use of US or IVU alone (6,11).  

When TCC of the renal pelvis is detected during US examination, it typically appears as a central soft tissue mass in the echogenic renal sinus, with or without hydronephrosis (24,58) . The presence of fat within the renal sinus frequently makes detection and exclusion of TCC in this region very difficult (58).  The appearance of TCC on sonography can be very variable depending on tumor morphology, location and size, and small non-obstructing TCC’s may be impossible to visualize (24).   Frequently, TCC is slightly hyperechoic relative to surrounding renal parenchyma and may cast a subtle posterior acoustic shadow, though not as impressive as that cast by calculi (58).  When central, these lesions can be impossible to differentiate from blood clots, sloughed papilla or fungus ball (24).  The use of MDCTU can be helpful in making this distinction and the interpretation of both studies together can be very helpful.  Occasionally, high-grade TCC may show areas of mixed echogenicity  (58).  Infundibular tumors may cause focal hydonephrosis (58).  Although lesions may extend into the renal cortex and cause focal contour distortion, typically TCC is infiltrative and does not cause renal contour distortion (58).

US has a very limited role in the evaluation of ureteric TCC as the ureters are rarely visualised in their entirety even if dilated (58).  Most TCC’s of the ureter are found in the lower third (24). On sonography the most common positive finding is hydronephrosis and hydroureter and if ureteric TCC’s are visualized, these tumors are seen as intraluminal soft tissue masses with proximal ureteric distension (58).  

Bladder TCC’s occur most frequently at the trigone and along the lateral and posterior walls of the bladder (24).  Sonographic detection of bladder TCC is excellent with sensitivities of greater than or equal to 95% being reported (24).  The typical appearance of bladder TCC is of a focal non-mobile mass or area of urothelial thickening.  These findings however are not specific to TCC of bladder and must be confirmed by cystoscopy and biopsy to exclude conditions which can mimic TCC including cystitis, wall thickening secondary to bladder outlet obstruction, blood clot, post-operative change, prostate carcinoma, lymphoma, neurofibromatosis and endometriosis (24).  

MDCTU

The advent of multidetector computed tomography (MDCT) has made evaluation of the entire urinary tract possible during a single breath-hold, with reduction in respiratory mis-registration and partial-volume effect (13,75).  In addition, the acquisition of multiple thin overlapping slices of optimally distended and opacified urinary tract potentially provides excellent two-dimensional (2D) and three-dimensional (3D) reformations of the urinary tract (77). The concept of "Multidetector CT Urography (MDCTU)" has emerged from the combination of these technical improvements (13,75).  Multidetector CT urography (MDCTU) may be defined as the examination of the urinary tract by MDCT in the excretory phase following intravenous contrast administration (14).  The range of indications for MDCTU has rapidly expanded and has replaced intravenous urography at many institutions for almost all indications.  There is a large volume of research currently focused on the refinement of MDCTU protocols and this subject remains controversial and is still a work-in-progress, with a variety of protocols being utilized at different centres.  Protocol design has required input from experts in multidetector CT technology but also has relied heavily on “old tricks” learned initially by uroradiologists while optimizing intravenous urography (IVU) for general usage and also for specific indications. Most CT urography protocols, performed for the evaluation of hematuria, resemble IVU providing unenhanced images of the urinary tract for detection of calcifications and for subsequent quantification of lesion enhancement following intravenous contrast administration, a nephrographic phase for renal parenchymal evaluation and delayed imaging in the pyelographic phase for evaluation of the urothelium (14).  

Indications for MDCTU:

Proponents of MDCTU describe it as a comprehensive test which can be performed as a substitute “one-stop” imaging test for a number of imaging studies, thereby saving time, hospital visits and cost and potentially shortening the duration of diagnostic evaluation for urinary tract pathology (8,14).  It has been established unequivocably that currently, MDCT is the most sensitive and specific test for the diagnosis of urinary tract calculi and also for the detection and characterization of renal masses (14).  The major controversy surrounding MDCTU is the question of whether this modality is as accurate as IVU for the evaluation of the urothelium in patients presenting with hematuria and this still represents the final major “hurdle” facing MDCTU before it will be universally accepted by radiologists and urologists as a replacement for IVU (9,13,14).  Many studies published in the early years of this decade, are showing very encouraging sensitivities for MDCTU in detection of upper tract TCC, with MDCTU outperforming IVU and even retrograde pyelography in many of these studies (64).  Once the utilization of MDCTU for evaluation of the urothelium in patients with hematuria is validated unequivocally, its potential as a “one-stop” imaging study will be realized.  MDCTU will then simultaneously confirm or exclude urinary tract calculi and also evaluate the renal parenchyma, ureters and bladder for neoplasms , thus eliminating the need for a combination of imaging tests as is the case currently with ultrasound and IVU(13,38,78)  .  The second major concern which may limit universal acceptance of MDCTU is the radiation dose associated with the procedure.  At the extreme end of the spectrum, radiation dosages of between 25-35 mSv have been reported by Caoli et al. (2002) for four-phase MDCTU (37).  This level of radiation dose clearly significantly exceeds IVU (14,37). A recent study by Eikefjord et al. (2007) compared average effective dose for unenhanced MDCT (ie “stone protocol” CT) and IVU, performed for acute flank pain, and found that the dose for MDCT was twice that of IVU (7.7 mSv versus 3.63 mSv) (42).  Clearly the difference in average effective dose would be much higher for MDCTU which typically comprises two additional phases of imaging i.e a nephrographic phase and a pyelographic phase.  Radiation dose can be reduced by careful monitoring of scanning parameters for each phase of MDCTU and by reduction of number of phases (54,75) .

Imaging Protocol

Noncontrast CT

Noncontrast CT scans are obtained initially to locate the kidneys, visualize anomalies, evaluate for urinary tract calcifications including calculi, detect hematoma, and obtain baseline attenuation of renal masses (75). Unenhanced CT is accepted as the primary imaging investigation to detect urinary tract calculi (57). The rationale for the utilization of unenhanced CT scanning for this indication is its unsurpassed accuracy for detection of urinary tract calculi (57).  Since Smith’s initial report of 97% sensitivity and 96% specificity for detection of urinary tract calculi with non-spiral CT, several reports have confirmed these findings with sensitivities ranging from 98-100% and specificities of 92-100%(38-41) .  This compares with much poorer sensitivities of 60% reported for plain radiography and other studies reporting that up to 48% of urinary calculi can be missed on IVU (75). Other advantages of MDCT, when compared with IVU are the speed at which MDCTU can detect calculi and accurately detect level of obstruction (57). .In addition, MDCTU enjoys another advantage over IVU, namely the ability to exclude extraurinary pathologies that may mimic calculi in clinical presentation (Fig 3) (79). With IVU, determining the level of obstruction can depend on delayed imaging at up to 24 hours following contrast examination.  MDCT eliminates the need for the administration of iodinated contrast material (required for IVU) in almost all cases, and thus eliminates associated risks of nephrotoxicity (13). 

Unenhanced helical CT reliably detects urinary tract calculi, including those containing uric acid, in the collecting system by direct visualization, because calculi are of sufficient density to be visualized by CT (13).  At most institutions, the “stone protocol” component of MDCTU comprises 3-5 mm thick images from the upper poles of the kidneys to the symphysis pubis.  Oral contrast should be avoided in evaluation of urolithiasis as dense oral contrast can be problematic and can make detection of ureteral stones more difficult (13,75).    

MDCT can detect calculi in unusual positions such as in caliceal diverticulae and is more accurate than IVU for detecting presence, size and location of urinary tract calculi (13).  The two known exceptions are stones of proteases inhibitors, such as indinavir sulfate, or mucoid matrix stones which are of low attenuation similar to soft tissue and frequently, therefore, are not visible directly by CT (80,81).

Following initial introduction of MDCT for investigation of patients with urinary tract calculi, skeptics argued against MDCT because it lacked IVU’s advantage of demonstrating physiological information, gained from the degree of delayed excretion, which was considered an index of severity of obstruction (14).  However, study of MDCT findings in cases of obstructing urinary tract calculi, has demonstrated reliable secondary signs of obstructing calculi (13).  These include hyronephrosis, hydroureter, ipsilateral renal enlargement, perinephric and periureteral fat stranding, perinephric fluid, “ureter rim sign” and ureterovesical edema (13,38).  The combination of hydronephrosis, hydroureter and perinephric stranding has a positive predictive value of 90% for obstructing urinary tract calculi (13).  Recent studies have proposed that the extent of perinephric edema on unenhanced CT images can be used to accurately predict the degree of acute ureteral obstruction in ureterolithiasis (75,82). However, at times, non-obstructing ureteral calculi may be indistinguishable from phleboliths on unenhanced MDCT  (13,75).  The presence of the “soft-tissue rim sign” namely a  circumferential rim of soft tissue attenuation surrounding an abdominal or pelvic calcification is a reliable indicator that the calcification in question represents a calculus within the ureter (83). Calculi associated with the “soft-tissue rim” sign have a mean size of 4 mm (84,85).   Conversely, a “comet-tail sign”, namely a linear or curvilinear soft-tissue structure extending from an abdominal or pelvic calcification has been reported as an important indicator that a suspicious calcification represents a phlebolith, whereas its absence suggests indeterminate calcification (75,84-86).  Coll et al have documented the relationship of spontaneous passage of ureteral calculi to stone size and location as revealed by unenhanced helical CT.  Spontaneous passage rate for ureteric calculi was 76% for 2-4 mm calculi, 60% for 5-7mm calculi and 48% for 7-9mm stones and less than 25% for stones greater than 9mm (87).  

The administration of iodinated contrast is rarely necessary for investigation of patients with suspected urinary tract calculi (13).  Rarely, intravenous contrast administration followed by imaging in the pyelographic phase may be helpful when uncertainty exits as to whether a calcification is within or external to the urinary tract.  Contrast can also be helpful in attempting to distinguish parapelvic cysts from hydronephrosis, a distinction which may also be difficult on ultrasound examination (13).  

Contrast-enhanced CT

In the ten-year period since the initial description of CT urography, many innovative modifications have been employed to optimize protocols and currently there is no consensus as to which is the most appropriate protocol (13,14).  Differences exist at every stage of performance of MDCTU including: 

a) techniques of intravenous contrast injection (i.e. a single or “split-bolus” of intravenous contrast), 

b) number of phases of CT scanning (i.e. single, two-phase, three-phase, or four-phase), 

c) the use of imaging with MDCT alone versus hybrid techniques (i.e. CT combined with conventional intravenous urography or MDCTU supplemented with CT digital radiography images during the excretory phase), 

d) patient positioning during MDCTU (i.e. prone vs supine versus combination of prone and supine for different imaging phases), 

e) the use of compression techniques

f) the additional administration of saline or low-dose diuretics during the procedure, 

g) the timing of CT scanning for pyelographic phase imaging (13,14,88)  

Common Protocol variations:

The most commonly utilized MDCTU protocol comprises a three-phase protocol, which typically consists of an initial unenhanced phase, as described above, a second phase acquired following the administration of non-ionic contrast material (100-150ml of 300 mg/ml iodine concentration at a rate of 2-4 ml/sec), i.e. the nephrographic phase, which is acquired following a delay of 90-100 seconds (13,75).  Typically, during this phase, CT scanning (2.5-5 mm slice thickness) is confined to the kidneys (13,75).  This phase is employed to evaluate the renal parenchyma for masses; the nephrographic phase has been shown to have the highest sensitivity for the detection of renal masses and comparison of nephrographic phase with unenhanced-phase images is required for assessment of unequivocal enhancement within detected renal lesions (13).  This phase is then followed by the pyelographic phase, typically taken 5-10 minutes following contrast administration to evaluate the urothelium from the pelvicaliceal system to the bladder (14).  One of the disadvantages of MDCTU when compared to IVU is encountered in patients with asymmetric excretion.  This is most commonly seen in patients with unilateral obstruction and the lack of sequential imaging with MDCTU can result in suboptimal opacification in the pyelographic phase on the obstructed side (14).  

A three-phase protocol is used at most institutions as it allows a thorough evaluation of the urinary tract for the most common ‘urological’ causes of hematuria i.e. urinary tract calculi, renal neoplasms and urothelial tumors. Caoli et al described a four-phase protocol (two excretory phases at 5 minutes and 7.5 minute) in an effort to optimize ureteric distension and opacification (89).  Subsequently, Caoli’s group has reverted to three phase protocol with the excretory phase being acquired at 12 minutes (88).

The major disadvantages of three and four-phase techniques are high radiation dose, time-consuming technique and increased number of images for review by the radiologist.  In an effort to tackle these important issues, which impact patient safety and throughput, Chai et al. (2001) proposed the utilization of a split-bolus technique in place of a single intravenous injection to facilitate a two-phase protocol, namely an unenhanced series of images and a second phase in which nephrographic and pyelographic phases are simultaneously acquired-the "nephropyelographic phase" (90).   With this protocol, after the initial non-contrast examination, 30 cc of non-ionic contrast material (300mg/ml, Ultravist, Berlex, Princeton, NJ) are infused intravenously and the patient is removed from the CT table.  If feasible, the patient is encouraged to walk about for 10 minutes.  After 10-15 minutes, the patient is again placed on the CT table, in the prone position and a dynamic contrast-enhanced study is performed, following the administration of an additional 100 cc of non-ionic contrast material (300 mg/ml injected at 2 cc/s) following a delay of 100 seconds (13). Thus, in a single "nephropyelographic phase" acquisition, the renal parenchyma (nephrographic phase) and the collecting system, ureters and bladder (pyelographic phase) are assessed  (Fig 4) (13).  A variation of this technique, again utilizing a “split bolus technique” to achieve a two-phase technique has been described by Chow et al.(2007) (91) .  Potential disadvantages of the “split bolus” approach have been suggested including small volume of contrast distending and opacifying the collecting systems and ureters and potential for streak artefacts from opacified collecting systems during nephropyelographic phase which could impact assessment of renal parenchyma (13,90,92).  We have utilized Chai’s technique extensively and have investigated means of optimizing opacification and distension of the ureters and collecting system with various manoeuvres including supine and prone imaging and additional intravenous administration of saline (93).  Subjective and objective evaluations of images acquired with these protocols during these trials suggested satisfactory technique and the potential disadvantages, suggested above, did not significantly impact study quality (93).

Most experts in the field agree, however, that regardless of protocol being used, there will always be segments of the ureters which are sub-optimally opacified and distended (13,75,90).  Concerns exist that sub-optimal opacification and distension may lead to failure to detect urothelial lesions within unopacified segments (14). This is not a universally held view, however, as some investigators believe that urothelial neoplasms almost always manifest as filling defects or obstruction (66).  Tsili’s et al.(2007) study, showed a negative predictive value of 100% of the non-opacified ureter for the presence of urothelial lesions  supporting the latter belief (66).
Techniques to improve urinary tract distension and opacification

Comprehensive evaluation of the urothelium is widely believed to be dependent on adequate opacification and distension of the pelvicaliceal system and ureters (13).  Over the past few years, protocol design and modification have focused on these factors (14,89).  Many of the techniques developed for IVU have been employed as part of these efforts.  

Compression:

Lower abdominal compression, is a well established technique in intravenous urography for improving distension of the upper urinary tract (94).  Various authors have shown it is possible to successfully utilize compression techniques in CT urography (89,95,96) and again there is variation in the ways in which compression is incorporated into MDCTU protocols. One method results in excretory phase-CT scanning being split into two ranges, one scan from the diaphragm to the iliac crests with compression and the second range (post-release of compression) from the iliac crests to the symphysis  (14,77).  Another protocol has been described which acquires two excretory-phase scans, each including the whole urinary tract, one scan with compression and one after release of compression (89), but this obviously adds an extra phase with an associated increase in radiation dose, examination time and number of images for review.  External compression is not recommended in patients with abdominal pain or in patients with history of urinary tract obstruction, radical cystectomy, recent surgery, and aortic aneurysm (14). As to the effectiveness of abdominal compression in improving ureteric distension and opacification, two separate reports by Heneghan et al (2001) and McNicholas et al (1998) suggested a positive impact on ureteric distension as a result of abdominal compression (95,96). In a subsequent study, Caoli et al (2005) showed improved opacification scores with compression, compared to controls, for all segments of the urinary tract.  However, analysis of the data suggested that the percentage of non-visualized segments reached up to 25% with compression, which was not significantly different from CT urography without compression (89).  In our practice we remain unconvinced of the benefits of compression and feel that the benefits are outweighed by added inconvenience and discomfort for the patient.  We have not incorporated compression into our MDCTU protocol.  

Saline infusion:

Another method utilized to optimize ureteric distension at MDCTU is the addition of intravenous saline infusion to MDCTU protocols.  However, theoretically at least, additional intravenous saline administration can result in reduced opacification of the urinary tract because of the dilutional effect of saline on endoluminal iodinated contrast.  This would almost certainly be a major disadvantage for IVU  (14).  However, with MDCT, because of the technique’s superior contrast resolution in comparison with IVU, over-zealous opacification of the collecting system can result in streak and beam-hardening artifact and thus the dilutional effect can counter these effects and potentially, may even be advantageous.  Numerous reports have investigated the value of infusion of 100-250cc of saline infused either before or immediately after the administration of non-ionic contrast (89,97,98).  The data from these studies show some conflicting findings, with Caoli et al.(2005) and McTavish et al (2000) showing improved opacification following saline infusion, however the segments in which improved opacification was observed were significantly different in the two studies (89,97).  However, Sudakoff et al.(2006) found that saline infusion did not significantly improve ureteric distension or opacification (99) and suggested that saline infusion may stimulate ureteric peristalsis in certain cases, potentially having a deleterious effect (99).  Our group also evaluated the impact of addition of 100 cc of intravenous saline administration on ureteric distension and opacification in the split-bolus two-phase technique, described above, and found no significant effect (93).  The ineffectiveness of saline infusion in our study was attributed by some commentators to the fact that 100cc was an insufficient volume to positively impact ureteric distension and opacification at MDCTU (14).

Diuretic administration:  

There are only very few reports of the utilization of intravenous low-dose diuretic to optimize MDCTU.  Proponents of low-dose diuretic administration have recommended that the diuretic be administered 1 minute prior to contrast administration (14).  The administration of intravenous diuretic has been reported to increase ureteric distension and also to dilute contrast (14).  However, as discussed above, due to MDCT’s excellent inherent contrast resolution in comparison to IVU, this is not a particular disadvantage and may be actually be advantageous.

Patient positioning:

As previously described, distension and opacification of the mid and especially the distal ureters is frequently suboptimal with MDCTU. McNicholas et al (1998) reported that MDCTU performed with the patient in the prone position achieved higher opacification of the mid and distal ureters than supine scanning, reaching statistical significance only for the mid ureters (95). The study reported by McTavish et al suggested that prone positioning did not significantly impact opacification of the distal ureters (97).  In spite of conflicting and equivocal supporting evidence, we routinely employ prone positioning for the nephropyelographic phase of our “split-bolus” two-phase technique. 

Radiation dose associated with MDCTU:

One of the major concerns which may limit universal acceptance of MDCTU is the radiation dose associated with the procedure.  Radiation dosages of between 25-35 mSv have been reported by Caoli et al. (2005) for four-phase MDCTU which clearly significantly exceeds IVU (14,37).  IVU, in comparison, in a recent study was reported to have a mean effective dose of 3.63 mSv (42).  Radiation dose can be reduced by careful monitoring of scanning parameters for each phase and by reduction of number of phases (13,54,75).  There is little doubt that radiation dose can be reduced for the initial non-contrast component as inherent image noise associated with radiation dose reduction is less likely to be problematic with “stone-protocol” MDCT because of the marked difference in density between calculi and surrounding soft tissue in the kidneys, ureter and bladder.  We have previously investigated the use of automatic tube current modulation techniques (z-axis technique) for radiation dose reduction during “stone-protocol” MDCT and found that detection of urinary tract calculi was feasible even with very high noise indices and significant radiation dose reductions of up to 43-66% were possible at noise indices of 14 to 20 without compromising stone depiction (100). As previously discussed, a recent study by Kluner et al. (2006) reported that ultralow dose CT (0.5mSv in men and 0.7 mSv in female) with a radiation dose equivalent to that of a KUB had a sensitivity and specificity for detection of urinary tract calculi of 97% and 95%, respectively (45).  This data offers promise for future radiation dose reduction  at MDCTU, even if these ultralow dose techniques can only be employed during the initial unenhanced phase of the study.
Overall, with consensus emerging regarding protocol design with regard to issue of optimizing urinary tract distension and opacification, there is little doubt that future modifications and protocol design will focus on radiation dose reduction.  Based on our previous work and the work of others, there is cause for optimism that increased availability of emerging technologies, such as automatic tube current modulation, should achieve significant radiation dose reductions at least in the initial unenhanced phase.  In addition in optimizing MDCTU protocols, every effort must be made to reduce the number of imaging phases. 

Image Interpretation:

As  previously discussed, interpretation of MDCTU involves review of a large number of images which includes thorough comparison of unenhanced and enhanced images for presence of calculi and for assessment of degree of contrast enhancement which is particularly important for characterization of renal masses.  The importance of state-of-the-art, user-friendly workstations cannot be over emphasized.  When MDCTU was initially introduced the importance of 3D reformation was stressed  (13,75) .  There is no doubt that 3D reconstruction was hugely important in convincing urologists initially of the acceptability of this technique as 3D images most closely resembled conventional IVU (13,75).  MPR and MIP images are most commonly utilized and are still very useful in the evaluation of the ureter and in localizing the exact level of the abnormality (13,75).  These reformats are also useful in the characterization of urinary tract anomalies.  One other very important point worth emphasizing is that the liberal usage of wide window settings in the evaluation of delayed pyelographic phase images is very useful to reduce potential for obscuration of intraluminal filling defects by artifacts from excessively dense endoluminal contrast material within the ureters (13,75).
Current status of MDCTU in the evaluation of the patient with hematuria:

There is little doubt that MDCTU is an appropriate imaging test for detection and characterization of renal masses (13).  The initial unenhanced CT is obtained to serve as the baseline for measurements of enhancement on nephrographic-phase images (13). Most renal cell cancers (RCC) are solid with attenuation values greater than 20 Hounsfield units (HU) on unenhanced CT (101). Lesion enhancement greater than 10 HU following intravenous contrast also suggests a solid lesion and enhancement greater than 20HU is considered highly suspicious of malignant lesion (102). Small lesions (<3cm) are usually homogenous in appearance but large lesions are more likely to be heterogenous secondary to hemorrhage or necrosis (Fig 5).  Confirmation of unequivocal enhancement within a small lesion can be impacted by volume averaging and can also be difficult in larger lesions which have necrotic components (102).

The location of the tumor may be helpful in the diagnosis and characterization of solid renal masses.  Renal cell carcinoma (RCC) is frequently located at the periphery or near the corticomedullary junction of the kidney as it originates in the renal cortex, whereas transitional cell carcinoma (TCC) and other tumors arise from the urothelium and thus extend into the kidney from the renal pelvicaliceal system and occur more centrally in the kidney and usually displace surrounding renal sinus fat (103,104).

Transitional cell carcinoma is the commonest malignant neoplasm of the urothelium (105). TCC is 30–50 times more common in the bladder than in the ureters and renal pelvis, and is often multifocal (105). Many urologists believe that intravenous urography is still the "gold-standard" for evaluating the urothelium (60). However as previously described, intravenous urography has been reported in the literature to have detection rates for urothelial neoplasms of only 43-64% (37). In the early stages, these neoplasms are seen as subtle filling defects or focal mural thickening .  A filling defect in the renal pelvis or ureter can be due to a neoplasm, calculus, blood clot, mycetoma, or vascular impression.   MDCTU has shown increased sensitivity and specificity for detecting urothelial tumor compared with retrograde ureterography, an imaging test assumed to be superior to IVP in evaluating the collecting system and ureters (56). One of the main advantages of MDCTU over intravenous urography includes identification and characterization of intrinsic and extrinsic causes of ureteric obstruction including mural thickening with short segment malignant strictures, retroperitoneal masses or lymphadenopathy, retroperitoneal fibrosis, benign ureteric strictures and iatrogenic causes (13,75).

Results of recent studies evaluating the ability of MDCTU to detect urothelial tumors in the renal collecting system or in the ureter have reported very promising data (13). One recent study suggests that MDCTU can detect urothelial tumors in up to 89% of cases (65).  Another recent study suggests that MDCTU is an accurate means for detection and staging of upper urinary tract TCC, with accuracy for prediction of peritumoral invasion with positive and negative predictive values of 88.8% and 87.5%, respectively (106).  Cowan et al validated quantitatively the use of MDCTU for diagnosing upper urinary tract urothelial tumor with sensitivity of 0.97, a specificity of 0.93 and a positive predictive value (PPV) of 0.79 and negative predictive value (NPV) of 0.99 (56).  In the same study retrograde ureteropyelography (RUP) had sensitivity of 0.97, specificity of 0.93 and PPV and NPV 0.79 and 0.99 (56).   Therefore, MDCTU and RUP shared similar diagnostic sensitivities and specificities for diagnosis of upper urinary tract urothelial tumors leading to recommendation that MDCTU should replace ultrasound, IVU and RUP for investigating patients with hematuria and RUP should be reserved for patients in which MDCTU is equivocal and in whom the increased radiation is justifiable (56).

Cystoscopy remains the gold-standard for evaluation of the urinary bladder but MDCTU is playing an increasing role in detection of bladder urothelial neoplasms (107).   As with other urinary tract tumors, assessment for bladder tumor requires contrast-enhanced examination with optimum distention and opacification of the urinary bladder for detection of abnormalities (13).  In cases where bladder neoplasm is suspected, the two-phase MDCTU technique can be modified with additional further delayed images (5-10 minutes post nephropyelographic phase) to obtain a more densely opacified and more distended bladder  (13).  As with urothelial tumors of the upper urinary tract, bladder neoplasms present as a filling defect, a focal mass or an area of focal bladder wall thickening (Fig 6) (107).  Turney at all reported a sensitivity of 93% and a specificity of 99% when compared to cystoscopy (108).  Dillman et al. (2007) alluded to data from an unpublished study which found a sensitivity for MDCTU for diagnosis of bladder tumors of 89% when compared to cystoscopy (107).  A very interesting finding of this study was that 4 lesions located in the bladder base and dome were detected at MDCTU but were not seen at cystoscopy (107).  Overall the sensitivity of MDCTU for detecting bladder TCC is comparable or very slightly inferior than published sensitivities for US (24).   

With regard to protocol design, non-contrast images of the bladder are again important in order to detect focal areas of mural calcification  which can be associated with transitional cell or squamous cell carcinoma of the bladder (13,37).   Other causes of bladder wall calcification include cyclophosphamide induced cystitis, prior radiation treatment, schistosomiasis  or TB (75).  Mural filling defects or focal bladder wall thickening when associated with increased bladder wall enhancement also suggests carcinoma whereas diffuse or uniform bladder wall thickening is usually secondary to cystitis or changes related to obstructive uropathy (37).

MR urography

One of the main advantages of MDCTU in the evaluation of patients with hematuria, is its ability to display and thoroughly evaluate the entire urinary tract, including renal parenchyma, pelvicaliceal systems, ureters and the bladder using a single imaging study (13,75). The alternative imaging studies including ultrasonography and IVU, alone, do not offer equivalent coverage (13). Magnetic resonance urography (MRU) is the only  alternative study, which can thoroughly image all the anatomic components of the urinary tract in a single test (109).  MRU using either heavily T2-weighted pulse sequences or gadolinium-enhanced T1-weighted sequences has shown potential to detect, localize, and characterize collecting system abnormalities (110). Because neither iodinated intravenous contrast nor ionizing radiation is used, it is safe in patients with contraindication to iodinated contrast media, in young patients, and in the pregnant patient (60).  However, with MRU contrast is usually required to evaluate the renal parenchyma especially for renal masses (111). The main disadvantages of MR urography, which have hindered its widespread usage in the evaluation of the urinary tract, is its limited ability to reliably detect urinary tract calcifications,  and air; limited availability in comparison to MDCTU; and limited experience in interpretation of images (109).  With regard to detection of calcifications and urinary calculi, these appear as filling defects or signal voids on both heavily T2 weighted and gadolinium enhanced T1-weighted MR urograms (Fig 7).  Recent reports have reported sensitivities of 94-100% in diagnosing ureteral stones in the setting of obstruction (60).  However, the visualisation of non-obstructing stones is much more difficult. Another disadvantage of MRU is that spatial resolution of MRU does not approach MDCTU or IVU and therefore, subtle ureteric or collecting system abnormalities could potentially be missed (60)  
How Should we image the patient with hematuria in 2007?

In 2001, the American Urological Association published Best Practice Policy on evaluation of  adults with microscopic hematuria (12).  It would appear that there was no representation from the subspeciality of uroradiology among the co-authors of this report.  With regard to imaging , this report concluded that no data was available at that time which demonstrated the impact of IVU, US, CT or MRI on the treatment of patients with asymptomatic microscopic hematuria and that evidence based guidelines could not be formulated (12).  The potential role of CT was considered without discussion of specific protocols such as MDCTU, although the use of imaging with MDCT and hybrid techniques (i.e. additional scout or KUB following contrast enhanced MDCT) was suggested (12).  However, this report suggested that IVU or CT should be considered the methods of choice (12) and that CT protocols should be modified to diagnostic goals (12). It did suggest that for low-risk patients KUB and US could replace IVU and CT.  It is interesting that radiation dose was not a major consideration in choice of imaging modality at the time.

Since then MDCTU has undergone major refinement in an attempt to optimise ureteric distension and opacification to guarantee optimal evaluation of the urothelium (13,14,75).  A systematic review in Health Technology Assessment published in 2006, evaluated diagnostic tests and algorithms used for the investigation of hematuria (5). In spite of a growing literature supporting the use of MDCTU for evaluation of the urothelium,  this systematic review concluded that the evidence from studies included in the review was insufficient to draw any firm conclusions regarding the diagnostic accuracy of imaging studies in determining the cause of haematuria (5).   This conclusion reflects the low level of the evidence, mostly derived from case-series and the lack of randomised controlled studies or meta-analyses. Economic analyses suggested that US followed by CT in the case of a negative result with persisting hematuria may be cost-effective (5).  Once again, CT was considered without discussion of specific protocols such as MDCTU or ‘stone protocol CT’. 

The low-level evidence currently available, suggests that MDCTU offers excellent sensitivity (89-100%) and specificity for detection of both pelvicaliceal and ureteric TCC (66).  In addition it is already widely accepted that MDCTU outperforms all other modalities including US, IVU and plain radiography in the evaluation of the renal parenchyma for masses and the urinary tract for calculi (13,59,75).  These data have prompted leading investigators in the field to conclude that MDCTU is more sensitive and specific than IVU and retrograde pyelography for detection of urothelial tumors (64),  and that MDCTU should be considered as a first-line investigation in patients with hematuria, when risk of disease outweighs risk of radiation exposure i.e. patients at high-risk of urological cancer (64).  Clearly therefore, in the opinion of many radiologists, additional radiation exposure with MDCTU in selected patients, has replaced concern regarding sensitivity in detecting urothelial tumors, as the major obstacle to replacing IVU or RP with MDCTU.

The identification of patients in which risk of disease outweighs risk of radiation exposure associated with MDCTU will require further study.  The study of a over 4000 patients with hematuria reported by Edwards et al.(2006), highlighted a few important findings which may aid in answering this question (6).  No upper tract neoplasms were detected in patients < 30 years.  RCC’s but no upper tract TCC’s were diagnosed in patients less than 50 years (6).  Upper tract TCC was twice as common in men as women.  Most UT TCC presented with macroscopic hematuria whereas with RCC, the mode of presentation was equivalent (6). The authors reported  a prevalence of upper tract neoplasms, four times that of previous series and suggested that the increased prevalence could be due to increased usage of CT  when US/IVU findings were equivocal (6)).  The authors concluded that US should be used in most patients presenting with hematuria and that IVU should be confined to those patients with macroscopic hematuria or in men aged >50 years.   With the currently available evidence, in patients less than 50 years,  upper tract imaging could be performed by US to detect RCC and could be supplemented by ultralow-dose CT as described by Kluner (45), to detect urinary tract calculi.  An advantage of US in this setting is that the bladder could be evaluated for TCC but could be supplemented by cystoscopy when deemed necessary.  In patients, greater than 50 years-old, especially if male, MDCTU should be considered, because of its potential as a “one-stop” imaging test simultaneously evaluating the urinary tract for calculi, the renal parenchyma and urothelium for neoplasms and could be supplemented by cystocopy.  Efforts at optimising MDCTU protocols need to be focussed on radiation dose optimisation.  These questions currently are controversial and require careful discussion by a  multdisciplinary group from the fields of urology, uroradiology, nephrology, family practice, pathology/cytology public health and health technology assessment.  

CONCLUSION:

MDCTU protocols have undergone refinement in an effort to optimize contrast opacification and distension to allow thorough evaluation of the urothelium in patients with hematuria.  Recent studies have shown encouraging data validating MDCTU usage in the evaluation of the urothelium for neoplasms including transitional cell carcinoma.  Future efforts in continued refinement of these protocols must focus on radiation dose optimization and radiation dose reduction, which will likely be achieved by reducing the number of imaging phases and by using emerging technologies for radiation dose reduction at MDCT.  If efforts to optimize radiation results in acceptable radiation dosages comparable with IVU, MDCTU would appear to be the most likely imaging study to offer comprehensive ‘one-stop’ imaging of the urinary tract. 
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Figure Legends
Fig 1: 32 year old female with metastatic melanoma presenting with hematuria
(a) Intravenous urogram showing multiple filling defects within the right collecting system, ureter (white arrows) and bladder.  On the left side, there is a delayed nephrogram with hydroneprosis and hydroureter to the level of the ureterovesical junction,.  The left ureteric obstruction, at this level was due to metastatic deposit in the bladder at the ureterovesical junction (black arrow) (b).
Fig 2:65 year-old male with painless hematuria

(a) MDCT performed in nephrographic  phase shows filling defect within the right collecting system (black arrow).
(b) Retrograde pyelogram  shows corresponding filling defect in right collecting system (white arrow) suspicious for TCC. This was confirmed at surgery to be TCC of the collecting system
Fig 3: 50 year old female presenting with abdominal pain and hematuria presumed to represent ureteric colic with background primary hyperparathyroidism.

(a),(b)  ‘Stone protocol’ CT demonstrates bilateral renal and ureteric calculi  with bilateral hydronephrosis.  There is severe global cortical loss in the right kidney suggesting long-standing obstruction.  Incidental note was made of fluid in the both anterior pararenal spaces and significant pancreatic swelling and peripancreatic fat ‘stranding’.  

(c) Contrast enhanced MDCT was  performed and confirmed acute pancreatitis without acute pancreatic necrosis. Surgical referral was advised and acute pancreatitis was confirmed.  

(d) Coronal oblique MPR confirms bilateral hydronephrosis with bilateral Ureteropelvic stones.  The MPR shows preservation of cortex on the left.  There is marked cortical loss on the right suggesting long-standing obstruction.

Fig 4: 53 year old patient with microscopic hematuria.  Nephropyelographic phase image showing the normal left renal parenchyma, left collecting system, ureter and bladder.

(a) Coronal MPR image showing normal left renal parenchyma, collecting system and proximal ureter.
(b) Coronal oblique 3D MIP image showing entire left urinary tract in a single image.

Fig 5: 70-year old male with frank hematuria
(a) Image from IVU  showing distorted and extrinsically compressed pelvicaliceal and collecting system at mid and lower  pole of left kidney.
(b, c) Two images from subsequent renal ultrasound confirms large mass in  left kidney at mid and lower pole.
(c) MDCT performed in nephrographic phase shows large enhancing mass with low attenuation centrally suggesting necrosis. Imaging features suggested RCC and this was confirmed  at surgery
Fig 6: 75 year old man with frank hematuria
(a) Non-contrast MDCT of pelvis shows normal bladder, seminal vesicles and rectum
(b) Further MDCT of bladder was performed 5-10 minutes post-contrast adminstration   showing a partially contrast-filled bladder with filling defect on right posterior lateral wall of bladder (black arrow) and subtle contiguous thickening of the posterior bladder wall suspicious for TCC. This was confirmed at cystoscopy with biopsy.
Fig 7: Pregnant patient presenting with ureteric colic.
(a), (b) MRI with MR urogram shows presence of large signal void suggesting filling defect in right renal pelvis consistent with a large stone.
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