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Abstract 

Aim. With an intent to present our experience with the non-contrast computed tomography (CT) 

during the work-up of patients admitted with acute urinary complaints in the emergency service, 

we reviewed our clinical and non-contrast CT imaging data of patients presented with flank pain 

and suspected urinary stone. Methods. Clinical and non-contrast CT with ultrasound examinations 

performed at our Emergency and Radiology Departments in 2011 were reviewed retrospectively in 

102 adult urinary stone patients in acute conditions. Results. In 102 patients with suspected 

urinary stones, 95 had urinary stones detected with non-contrast CT. Ultrasonography provided 

helpful findings for the evaluation of calyceal dilatation and hydronephrosis. There was no specific 

side and level preference of urinary stones in the urinary tract. There was no hydronephrosis in for 

the percent of urinary stone patients. The BUN and creatinine levels in the patients with multiple 

urinary stones were higher than those in the patients with single urinary stones (p<0.05). Although 

single urinary stone was more common, overall there was no specific propensity of single and 

multiple urinary stones to kidney, ureter, and bladder. Conclusions. In this study, we attempted to 

reveal the efficacy of non-contrast CT during the diagnosis of urinary stones in patients presenting 

to the Emergency Department in acute conditions. According to our findings, non-contrast CT 

with ultrasound is diagnostic modality for patients with urinary stones in the Emergency 

Department. Further studies are needed to shed light on the long-term effects of the choice of this 

pathway on the clinicoradiologic diagnosis of urinary stone patients. According to our findings, 

non-contrast CT with ultrasound is diagnostic modality for patients with urinary stones in the 

Emergency Department. Further studies are needed to shed light on the long-term effects of the 

choice of this pathway on the outcome of urinary stone patients.  

Keywords: Urinary stone, emergency department, non-contrast computed tomography, 

ultrasonography 

 

Özet 

Amaç. Acil servise akut üriner şikayetlerle başvuran hastaların incelenmesi sırasında kontrastsız 

bilgisayarlı tomografi (BT) ile ilgili tecrübelerimizi sunmak amacı ile yan ağrısı ile gelen ve 

şüpheli üriner taşı olan hastaların klinik ve kontrastsız (BT) verilerini değerlendirdik. Yöntem. 

Klinik, kontrastsız BT ve ultrasonografi (US) incelemeleri 2011 yılında acil ve radyoloji 

departmanlarında yapılan 102 adet erişkin akut üriner taş hastasında retrospektif olarak 

değerlendirildi. Bulgular. Değerlendirilen 102 olgunun 95 tanesinde kontrastsız BT'de taşı 

mevcuttu. Ultrasonografi kaliks dilatasyonu ve hidronefrozun değerlendirilmesinde yardımcı 

bulgular sağladı. Üriner sistemde üriner taşların spesifik bölgesi ve seviye tercihi 

bulunmamaktaydı. Multipl üriner taşı olan hastalarda BUN ve kreatinin seviyeleri tek üriner taşı 

olan hastalardan daha yüksekti (p<0,05). Tek üriner taş sayısı daha sık olduğu halde tek ve multipl 

taşların böbrek, üreter ve mesanede bulunma oranı özellik göstermiyordu. Sonuçlar. Bu çalışmada 

akut durumlarda Acil servise başvuran hastalarda üriner taşların tanısı sırasında kontrastsız BT'nin 

etkinliğini göstermeyi amaçladık. Bizim bulgularımıza göre US ile birlikte kontrastsız BT Acil 

serviste üriner taşlı hastalar için tanısal modalitedir. Üriner taşlı olguların klinikoradyolojik tanıları 

üzerinde önerdiğimiz yolun tercih edilmesinin etkilerini aydınlatmak için daha fazla çalışmalara 

ihtiyaç vardır. 

Anahtar sözcükler: Üriner taş, acil servis, non-kontrast bilgisayarlı tomografi, ultrasonografi 
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Introduction 

Non-contrast computed tomography (CT) gained important role with high sensitivity 

(98%) and specificity (96%-98%) for detection of urinary stones [1]. There are many 

advantages of non-contrast CT such as short examination time, ability to detect almost all 

types of urinary stones and extra-urinary causes of flank pain, and no risk of contrast 

media injection [2, 3]. Appendicitis, diverticulitis, and gynecological or vascular 

disorders need to be considered during differential diagnosis of urinary stones. 

Nowadays, in the era of advanced techniques like CT and ultrasonography (US), the 

value of abdominal x-ray (AXR) is decreased considerably. Especially, in cases with 

negative results, there is a need for additional imaging work-up. AXR should be ordered 

for specific conditions such as urolithiasis patients with a history of radiopaque stone 

formation in order to reduce its unnecessary requests [4]. AXR has limited diagnostic 

benefits because of several factors such as bowel gas, extra renal calcifications, and 

obesity. These factors reduce the sensitivity of AXR for the diagnosis of urinary stones. 

Intravenous urography (IVU) detects urinary stones in 31%-48% of cases and has the risk 

of anaphylaxis related to the injection of contrast media [5].  

In clinical practice, US gained important place for scanning of urinary system 

abnormalities. US has a diagnostic value in some of the patients in the assessment of 

urolithiasis, especially its dependence to the operator and its pitfalls during evaluation of 

distal ureteral calculi [6]. Although experience is considerably important for detection of 

urinary stones, there are studies attempting to increase its sensitivity. CT, US, and color-

Doppler US with can be useful as complementary techniques for detecting urinary stones 

[7, 8]. 

Since 1990s, non-contrast CT has become the method of choice for the evaluation of 

urolithiasis in the emergency department and replaced AXR and IVU [9, 10]. Non-

contrast CT performed to investigate whether there is urolithiasis accounts for nearly 22% 

of all CT examinations of the evaluation of acute abdominal pain [11, 12].  

In patients admitted to the emergency service, urinary stones are a relatively common 

problem and a frequent emergency service diagnosis in patients who present with acute 

flank and lower abdominal pain. Disorders related to urinary stones are associated with 

significant and increasing costs to the medical system [13]. While there is a decreased 

popularity of other imaging modalities such as intravenous pyelography, renal US, and 

AXR for the assessment of kidneys, ureters, and bladder, nowadays, non-contrast CT is 

becoming method of choice in the evaluation of patients with suspected urinary stone 

owing to its high sensitivity and specificity for all types of urolithiasis. During assessment 

of patients admitted to the emergency service, we prefer non-contrast CT with urinary US 

in cases with a complaint of pain possibly related to the urinary stone in current practice. 

With intent to contribute to the knowledge related to non-contrast CT during the work-up 

of patients admitted with acute urinary complaints in the emergency service, we reviewed 

our clinical and non-contrast CT imaging data of patients admitted for the evaluation of 

flank pain and suspected urinary stone. 

Materials and methods 

After the approval of Human Ethics Committee of Cumhuriyet University, this study 

retrospectively reviewed electronically available notes for patients who met inclusion 
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criteria. Inclusion criteria were being seen in the Emergency Department (ED) in 2011, 

ED diagnosis of urinary stone; complaints of flank/lower abdominal pain with or without 

urinary symptoms; imaging with non-contrast CT with ultrasonography; and adult 

patient. Patients were excluded if they had a previous diagnosis of urinary stone and a 

history of trauma.  

After ultrasonographic examination of urinary system from kidney to bladder, CT 

scanning was performed. Ultrasonographic evaluation was performed with Acuson 

Antares Ultrasonography System (Siemens Medical Solutions USA, Inc., Mountain 

View, CA, USA). The CT scanner used in this study was a 128-detector-row CT scanner 

(Aquilion, Toshiba Medical Systems, Tokyo, Japan) and with 250 mAs, 120 kVp 3 mm 

collimation and scanned from the dome of the diaphragm to the symphisis pubis. The 

acquisition time ranged from 13 to 15 seconds. About 250 images were generated per 

patient. No contrast medium was administered. This is the standard protocol utilized at 

our university hospital. The images analyzed at a workstation that was capable of 

reconstruction processing. Two radiologists evaluated all images. Interobserver and 

intraobserver reliability was determined as Kappa coefficient ranged from 0.74-0.84 and 

0.76-0.82, respectively. 

Age, gender, BMI, presence of blood (microscopic hematuria) and calcium oxalate in 

urine, and blood urea nitrogen and serum creatinine levels were determined. Stone 

dimensions were recorded in all cases. Stone locations were categorized as kidney, 

proximal, middle, and distal ureter as well as the stone number as single or multiple. 

Location of calyceal dilatation, side of ureteral dilatation, and ratio of hydronephrosis 

were recorded according to the findings of US evaluation.  

Data were presented as mean±SD or percentage, or number. Chi-square and t test were 

used for analyses of clinical data. A p value of less than 0.05 was accepted as significant. 

Results 

Age, gender, BMI, microhematuria, calcium oxalaturia, and ureteral dilation were shown 

in Table 1. Of 102 patients, 95 had urinary stones as single or multiple in kidney or 

ureter. There was no patient with urinary stone in bladder. We found that the presence of 

microhematuria and absence of calcium oxalate in urine samples were prominent. The 

ratios of ureteral dilation sites were comparable as none, right, or left.  

Table 1. Selected clinical and urinary data of study population. 

Characteristics Patients (n=102) 

Age (mean±SD) 41.5±17.1 

Gender (F/M) 40 / 62  

BMI 24.44±4.28 

Microhematuria  

Present 86 (84.3%) 

Absent 16 (15.7%) 

Urine Ca oxalate  

Present 11 (10.8%) 

Absent 91 (89.2%) 

Ureteral dilatation  

None 37 (36.3%) 

Right 33 (32.4%) 

Left 32 (31.4%) 

 

Figure 1 presents the ratios of presence and location of calyceal dilatation of patients with 

urinary stones (n=95) with ultrasonographic and non-contrast CT examinations. The ratio 

of patients with none or all calyces dilated was higher than compared to the other types of 

calyceal dilatation. 
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Figure 1. Location of calyceal dilatation of the patients with urinary stones (n=95). 

 

Figure 2 shows the BUN and creatinine levels of the patients grouped according to 

presence of single or multiple urinary stones. The BUN and creatinine levels in the 

patients with multiple urinary stones were higher than those in the patients with single 

urinary stones (p<0.05). 

 

 

Figure 2. BUN and creatinine levels of based on number of calculi (single or multiple). 

a,b
P<0.05 vs. single group. 

 

Figure 3 displays impact of location of ureter stones on hydronephrosis. There was no 

significant difference in the ratio of hydronephrosis related to location of ureter stone 

(p>0.05). 
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Figure 3. Impact of location of ureter stones on hydronephrosis. Ureter was divided into 

three parts; proximal, middle, and distal. 

 

Figure 4 presents the calculus diameter of patients according to presence of ureteral 

dilatation. In patients with ureteral dilatation, calculus diameter was significantly higher 

compared to that of patients without ureteral dilatation (4.2±2.8 vs. 2.3±1.3; p<0.05). 

 

 

Figure 4. Presence of ureteral dilatation according to diameter of ureteral calculi measured 

with non-contrast CT. 

a
P<0.05 vs. absent of ureteral dilatation group. 

 

Figure 5 displays stone locations and whether the stone found as single or multiple in the 

study population. The number of patients with single stones on left side is more than that 

on the right side in the ureter contrary to the kidney. According to the number of patients 

with multiple stones, overall, there was no site preference of multiple stones as right or 

left kidney, bilateral kidneys, right and left kidney and ureter, right kidney plus left ureter, 

and left kidney plus right ureter.  
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Figure 5. Location and number of urinary stones in the study population (n=95).  

The numbers of stones were displayed as single or multiple. K, kidney; U, Ureter. 

 

Discussion 

In 102 patients with suspected urinary stones, 95 had urinary stones detected with non-

contrast CT. Ultrasonography was found helpful for the evaluation of calyceal dilatation 

and hydronephrosis. In our study population, the presence of urinary oxalate was lower 

than expected. Of patients with calyceal dilatation, we found that the calyceal dilatation 

of all calyces were prominent. Of patients with urinary stones, the ratio of no calyceal 

dilatation was more than the ratio of other calyceal dilation types. As maybe expected, the 

BUN and creatinine levels of patients with multiple urinary stones were meaningfully 

higher compared to patients with single urinary stones. According to the location of 

urinary stone in the ureter as proximal, middle, or distal ureter, the ratio of severity of 

hydronephrosis was found comparable. In patients with ureteral dilatation, calculus 

diameter was more than that of patients without ureteral dilatation. As single urinary 

stone, left ureter, right ureter, right kidney, and left kidney in rank was more preferred 

sites. As multiple urinary stones, the site preference was distributed and there was no 

specifically selected location.  

With non-contrast CT, calcified and non-calcified urinary stones may be identified, along 

with the location and size of the stone from kidney to bladder. Secondary signs of 

obstructive uropathy, including hydronephrosis and ureteral ecstasies. On non-contrast 

CT, calcified urinary stones appear as opaque densities within the urinary tract as seen on 

AXRs. Interestingly, non-calcified urinary stones those are radiolucent on AXR can also 

seen as calcified urinary stones on non-contrast CT. To differentiate calcified and non-

calcified urinary stones according to their appearance is not possible. Degree of accuracy 

in interpreting a non-contrast CT in a case with urinary stone increases in accordance 

with the severity of urinary obstruction [14-16]. 

Previous studies demonstrated that CT allowed diagnosis and determining the size, 

composition, and location of stones. Tisdale et al. [17] analyzed the correlation between 

stone dimensions assessed with CT and plain radiography of the kidneys, ureter and 

bladder. The accurate assessment of stone size were important as it was related to the 
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success of treatment with SWL [18, 19]. Liu et al. [20] demonstrated a sensitivity of 97%, 

specificity of 96%, and accuracy of 97% in evaluation of calculi in a study of 60 patients. 

Identification of the number, size, and location of urinary stones and detection of 

hydronephrosis are easily made with CT [21, 22]. The ED is a common setting for 

evaluation of patients with urinary stones based on acute symptoms and a propensity for 

repeated presentations requiring optimization of clinical approaches to improve the 

efficacy of acute care for urinary stone patients [23]. 

In contrast to non-contrast CT, magnetic resonance imaging (MRI) may provide higher 

sensitivity and specificity for detection and measure of the secondary effects of clinically 

active urinary stone, including ureteral dilatation and measures of altered renal function 

[24]. MRI, like ultrasonography is an alternative modality to radiation-based non-contrast 

CT, of particular importance in children and pregnant patients. Kalb et al. [24] stated that 

the cost-benefits of MRI in the setting of ED patient for acute care of renal colic remains 

an area for continued study and that MRI may be helpful in patients with symptomatic 

urinary stones. According to our experience, during the examination of patients with 

acute and severe pain, non-contrast CT is completed in short time and found considerably 

tolerable.  

Ripollés et al. [25] and Winkel et al. [7] conducted prospective studies to evaluate the 

usefulness of the twinkling artefact (TA) seen on color-Doppler ultrasound images during 

diagnosing urolithiasis. Winkel et al. [7] performed ultrasonography and color-Doppler 

ultrasonography with CT. They suggested that during color-Doppler ultrasonography, the 

TA was a useful contribution for detecting urolithiasis [7, 25] in patients especially when 

CT was contraindicated [7]. 

Rafi et al. [26] noted that patients presenting to the ED with complaints related to urinary 

stone benefited from early and accurate detection by CT imaging. They stated that early 

completion of CT examination and assessment of radiologic findings may hasten the 

management of urinary stone disease. In our study, all non-contrast CT and ultrasound 

examinations were assessed to determine the presence of acute urinary abnormalities 

including urinary stones and dilatations as real-time decisions in the radiology 

department. 

Although we mentioned potential benefits of the use of non-contrast CT in the evaluation 

of acute abdominal pain related to the urinary stone, there are challenges remaining to be 

addressed. For differential diagnosis of gastrointestinal and gynecologic disorders, there 

may be need to other imaging modalities such as MRI, US, and AXR. Considering the 

limitations of US related to urinary stones less than 3 mm and urinary stones of ureter, 

non-contrast CT has important advantages related to its ability to detect the size, location 

and dansity of urinary stones as a method of choice. There is a need to balance the higher 

per-study cost of imaging modalities with the lower post-study benefits derived from the 

additional diagnostic information that may lead to less total number of tests and more 

precisely delivered therapies. Results of this study suggests that non-contrast CT can be 

preferred as the first modality during the work-up of cases with urinary stone admitted to 

the ED. 
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