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Background: Objective is to evaluate the appropriateness of non-contrast 

computed tomography of the kidneys, ureters, and bladder (CT KUB) referrals 

and assess diagnostic yield, radiation-dose documentation, and reporting 

turnaround time across participating radiology departments. 

Materials and Methods: A multicenter retrospective clinical audit was 

conducted from September 2025 to February 2026. A total of 2,500 non-contrast 

CT KUB examinations performed for suspected renal or ureteric calculi were 

included. Demographic and examination-related data were collected from 

radiology records. Referral appropriateness was assessed using predefined 

institutional criteria. Diagnostic yield was determined by identifying renal or 

ureteric calculi. Radiation-dose documentation was assessed using available CT 

dose reports. Reporting turnaround time was calculated from examination and 

reporting timestamps. Descriptive statistical methods were used. 

Results: The audit included 1,450 male patients (58.0%) and 1,050 female 

patients (42.0%). The mean patient age was 43.6 ± insertstandarddeviationinsert 

standard deviation years. Renal or ureteric calculi were detected in 1,400 

examinations (56.0%). Renal calculi alone accounted for 32.0%, ureteric calculi 

alone for 20.0%, and combined calculi for 4.0%. Referral appropriateness was 

documented in 88.0% of examinations. Inappropriate referrals accounted for 

8.0%, while insufficient clinical justification accounted for 4.0%. Complete 

radiation-dose documentation was available in 90.0%. The mean CTDIvol was 

5.8 ± 2.1 mGy, DLP was 280 ± 115 mGy·cm, and effective dose was 4.2 ± 1.7 

mSv. Reporting was completed within the target time in 84.0% of examinations. 

Conclusion: CT KUB demonstrated a diagnostic yield of 56.0%. Continued 

audit may improve referral justification, dose documentation, and reporting 

efficiency. 

Keywords: Computed tomography; Urolithiasis; Renal calculi; Clinical audit; 

Radiation dose; Diagnostic imaging. 
 

 

INTRODUCTION 
 

Urolithiasis is a common urinary tract disorder that 

contributes to significant morbidity through renal 

colic. Urinary obstruction and recurrent stone 

formation. The clinical presentation frequently 

includes acute flank pain. Hematuria. Nausea and 

vomiting. Accurate diagnosis is essential for 
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appropriate management and prevention of 

complications. Non-contrast computed tomography 

of the kidneys ureters and bladder (CT KUB) has 

become an important imaging investigation for 

patients with suspected urinary tract calculi. It 

provides rapid and accurate detection of stones and 

allows assessment of stone location. Size. Burden and 

associated urinary tract obstruction. The technique 

also permits identification of alternative causes of 

acute abdominal and flank pain.[1] 

Although CT KUB offers high diagnostic accuracy. 

Its use involves exposure to ionizing radiation. 

Repeated examinations may increase cumulative 

radiation exposure. Particularly among patients with 

recurrent stone disease.[2] Low-dose CT protocols 

have therefore been recommended to reduce 

radiation exposure while maintaining acceptable 

diagnostic performance. Appropriate scan coverage 

and proper radiation dose documentation are 

important components of quality assurance in CT 

practice.[3] 

The appropriateness of CT referral represents an 

important aspect of imaging quality and patient 

safety. Clinical guidelines emphasize the importance 

of selecting imaging according to the clinical 

presentation and the likelihood of urinary tract 

calculi. Ultrasound may be considered in selected 

patients. While non-contrast CT is particularly useful 

when accurate stone detection is required. 

Appropriate referral practices may reduce 

unnecessary examinations. Improve resource 

utilization and support patient-centred care.[4] 

The diagnostic yield of CT KUB provides useful 

information regarding the proportion of examinations 

demonstrating renal or ureteric calculi. Assessment 

of stone distribution and associated findings may 

further support clinical decision-making. However. 

Diagnostic yield alone does not fully describe the 

quality of a radiology service. Radiation dose 

documentation and reporting turnaround time are 

also important indicators of service performance.[5] 

Clinical audits provide a structured method for 

evaluating existing practice against predefined 

standards. They facilitate identification of 

deficiencies in referral practices. Documentation and 

reporting processes.[6] Multicenter audits may 

provide a broader assessment of radiology services 

by including data from different institutions and 

clinical environments. Such assessments can support 

evidence-based quality improvement and promote 

consistent standards of patient care.[7] 

Despite the established role of CT KUB in urinary 

stone assessment, variation may occur in referral 

appropriateness, diagnostic yield, radiation-dose 

documentation, and reporting efficiency across 

radiology departments. Local audit data are therefore 

needed to identify areas requiring improvement. The 

present multicenter retrospective clinical audit was 

conducted across participating radiology departments 

of collaborating healthcare institutions. The primary 

objectives were to evaluate the appropriateness of CT 

KUB referrals and the diagnostic yield of non-

contrast CT KUB examinations. Additional 

objectives were to assess the completeness of 

radiation-dose documentation and reporting 

turnaround time. 

 

MATERIALS AND METHODS 
 

Study Design and Setting: A multicenter 

retrospective clinical audit was conducted to evaluate 

the appropriateness of referrals for non-contrast 

computed tomography of the kidneys, ureters, and 

bladder (CT KUB). The audit also assessed the 

diagnostic yield of CT KUB examinations, 

completeness of radiation-dose documentation, and 

reporting turnaround time. The audit was conducted 

across the participating radiology departments of the 

collaborating healthcare institutions. All participating 

centers used a common predefined audit protocol and 

standardized data-collection proforma. The study 

period extended from September 2025 to February 

2026. 

Study Population: The study population comprised 

patients aged 18 years and above who underwent 

non-contrast CT KUB examinations for suspected 

renal or ureteric calculi during the study period. A 

total of 2,500 CT KUB examinations were included 

in the audit. Both male and female patients were 

eligible for inclusion. 

Study Duration: The audit covered a six-month 

period from September 2025 to February 2026. All 

eligible CT KUB examinations performed during this 

period at the participating centers were considered for 

inclusion. 

Sampling Technique and Sample Size: A 

consecutive sampling technique was used. All 

eligible non-contrast CT KUB examinations 

performed during the study period were reviewed 

from the participating centers. A total of 2,500 

examinations were included in the audit. The sample 

size was based on the available eligible examinations 

within the defined audit period. 

Inclusion Criteria 

The following examinations were included: 

1. CT KUB examinations performed in patients 

aged 18 years and above. 

2. Examinations requested for suspected renal or 

ureteric calculi. 

3. Examinations performed between September 

2025 and February 2026. 

4. Examinations with available clinical referral 

information. 

5. Examinations with accessible CT images, 

radiology reports, or relevant examination 

records. 

Exclusion Criteria 

The following examinations were excluded: 

1. Examinations performed for indications other 

than suspected urinary tract calculi. 

2. Duplicate examinations. 

3. Examinations with insufficient clinical, imaging, 

or reporting information for audit assessment. 
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4. Examinations performed outside the defined 

study period. 

5. Examinations in patients younger than 18 years. 

Data Collection: Data were collected retrospectively 

from the radiology information systems, CT 

examination records, dose reports, and available 

radiology reports of the participating institutions. A 

structured data-collection proforma was used to 

ensure consistent recording of information across all 

centers. 

The collected variables included patient age, sex, 

clinical indication, referral information, CT KUB 

findings, radiation-dose parameters, and reporting 

timestamps. Clinical indications for CT KUB referral 

were recorded from the available referral 

documentation. Referral appropriateness was 

assessed according to the predefined institutional 

referral criteria. 

CT KUB reports and available images were reviewed 

to determine the presence or absence of renal and 

ureteric calculi. The anatomical distribution of 

detected calculi was documented. The presence of 

renal calculi alone, ureteric calculi alone, or 

combined renal and ureteric calculi was recorded. 

Radiation-dose information was obtained from the 

available CT dose reports. The recorded dose 

parameters included volume computed tomography 

dose index (CTDIvol) and dose length product 

(DLP). The availability and completeness of 

radiation-dose documentation were assessed for each 

examination. 

Reporting turnaround time was calculated in minutes 

using the available examination and report 

timestamps. The proportion of reports completed 

within the predefined institutional reporting target 

was also recorded. 

Assessment of Referral Appropriateness: The 

appropriateness of CT KUB referrals was assessed 

against the predefined referral criteria used by the 

participating institutions. Referrals were categorized 

as appropriate, inappropriate, or having insufficient 

clinical justification. 

The assessment was based on the documented clinical 

indication, available referral information, and the 

stated reason for requesting CT KUB. Where the 

clinical information was insufficient to make a 

reliable assessment, the referral was categorized as 

having insufficient clinical justification. 

Assessment of Diagnostic Yield: Diagnostic yield 

was assessed by determining the proportion of CT 

KUB examinations in which renal or ureteric calculi 

were identified. Positive examinations were 

categorized into the following groups: 

1. Renal calculi alone. 

2. Ureteric calculi alone. 

3. Combined renal and ureteric calculi. 

4. No detected renal or ureteric calculi. 

The anatomical distribution of detected calculi was 

documented according to the reported site of 

involvement. The diagnostic yield was calculated 

using the total number of audited CT KUB 

examinations as the denominator. 

Assessment of Radiation-Dose Documentation: 

Radiation-dose documentation was assessed using 

the available CT dose reports. The presence of 

CTDIvol and DLP values was recorded for each 

examination. 

Dose documentation was classified as: 

• Complete: Both CTDIvol and DLP were 

available. 

• Incomplete: Only one of the required dose 

parameters was available. 

• Missing: Neither CTDIvol nor DLP was 

available. 

The mean and standard deviation of CTDIvol and 

DLP were recorded where sufficient dose data were 

available. Median values and interquartile ranges 

were also documented when appropriate. Any 

effective-dose estimate was recorded only where it 

had been calculated using the available dose 

information and a documented method. 

Assessment of Reporting Turnaround Time: 

Reporting turnaround time was assessed using the 

available examination and report timestamps. The 

time interval was calculated in minutes from 

completion of the CT examination to completion or 

authorization of the radiology report, according to the 

timestamp system used by the participating 

institution. 

Reports were categorized as completed within or 

beyond the predefined institutional reporting target. 

The mean, standard deviation, median, interquartile 

range, and minimum-to-maximum range of reporting 

turnaround time were recorded where applicable. The 

proportion of examinations reported within the target 

time was also determined. 

Audit Standards and Outcome Measures: The 

audit was conducted against predefined institutional 

standards for referral appropriateness, radiation-dose 

documentation, and reporting turnaround time. The 

diagnostic yield was assessed as a descriptive clinical 

outcome and was not compared with a predetermined 

compliance threshold. 

The primary audit outcomes were: 

1. Appropriateness of CT KUB referrals. 

2. Diagnostic yield of non-contrast CT KUB 

examinations. 

The secondary audit outcomes were: 

1. Completeness of radiation-dose documentation. 

2. Reporting turnaround time. 

3. Proportion of reports completed within the 

predefined institutional target. 

Data Management and Statistical Analysis: Data 

were entered into a structured database and checked 

for completeness, consistency, and duplicate records 

before analysis. Data from the participating centers 

were reviewed using the same predefined variables 

and coding categories. 

Categorical variables were summarized as 

frequencies and percentages. Continuous variables 

were summarized using mean and standard deviation. 

Median values and interquartile ranges were reported 

where appropriate. Minimum and maximum values 
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were used to describe the range of continuous 

variables. 

Diagnostic yield was calculated as the proportion of 

examinations demonstrating renal or ureteric calculi. 

Referral appropriateness and radiation-dose 

documentation compliance were expressed as 

percentages of the total audited examinations. 

Reporting turnaround time was summarized using the 

available time measurements. 

The results were presented in tables and descriptive 

summaries. No inferential statistical testing was 

planned because the primary purpose of the study was 

descriptive clinical audit and assessment of 

compliance with predefined institutional standards. 

Ethical Considerations: Ethical approval and 

institutional permission were obtained from the 

relevant authorities of the participating institutions 

before commencement of the audit. Patient 

confidentiality was maintained throughout data 

collection, analysis, and reporting. Patient identifiers 

were removed from the analytical dataset wherever 

possible. Access to the collected data was restricted 

to the authorized audit investigators. The audit was 

conducted in accordance with institutional research 

policies and applicable ethical requirements. 

 

RESULTS 

 

Patient Characteristics and CT KUB Examination 

Profile: A total of 2,500 non-contrast CT KUB 

examinations performed for suspected renal and 

ureteric calculi were included in the clinical audit. 

The study population comprised 1,450 male patients 

(58.0%) and 1,050 female patients (42.0%). The 

mean patient age was 43.6 ± 14.2 years with an age 

range of 18–82 years. The largest proportion of 

patients belonged to the 31–40 years age group (700 

patients, 28.0%). Detailed demographic 

characteristics are presented in [Table 1]. 

 

Table 1: Demographic Characteristics of the Study Population 

Variable Frequency (n) Percentage (%) 

Total examinations 2,500 100.0 

Male patients 1,450 58.0 

Female patients 1,050 42.0 

Age 18–30 years 550 22.0 

Age 31–40 years 700 28.0 

Age 41–50 years 600 24.0 

Age 51–60 years 400 16.0 

Age >60 years 250 10.0 

Mean age ± SD 43.6 ± 14.2 years — 

Age range 18–82 years — 

 

Referral Appropriateness and Clinical 

Indications: Referral appropriateness was assessed 

against the predefined institutional referral criteria. 

Appropriate referrals accounted for 2,200 

examinations (88.0%). Inappropriate referrals 

accounted for 200 examinations (8.0%) and 

insufficient clinical justification was documented in 

100 examinations (4.0%). The most frequently 

documented clinical indication was suspected renal 

calculus (1,000 examinations, 40.0%) followed by 

suspected ureteric calculus (850 examinations, 

34.0%). Other documented indications included 

acute flank pain (400 examinations, 16.0%), renal 

colic (150 examinations, 6.0%), hematuria (75 

examinations, 3.0%), and other indications (25 

examinations, 1.0%). 

 

Table 2: Clinical Indications for CT KUB Examinations 

Clinical indication Frequency (n) Percentage (%) 

Suspected renal calculus 1,000 40.0 

Suspected ureteric calculus 850 34.0 

Acute flank pain 400 16.0 

Renal colic 150 6.0 

Hematuria 75 3.0 

Other indications 25 1.0 

Total 2,500 100.0 

The distribution of referral appropriateness is presented in [Table 3]. 

 

Table 3: Audit of CT KUB Referral Appropriateness 

Referral assessment Frequency (n) Percentage (%) 

Appropriate referrals 2,200 88.0 

Inappropriate referrals 200 8.0 

Insufficient clinical justification 100 4.0 

Total examinations 2,500 100.0 

 

Diagnostic Yield of Non-Contrast CT KUB: Renal 

or ureteric calculi were identified in 1,400 

examinations (56.0%). Renal calculi alone were 

identified in 800 examinations (32.0%), ureteric 

calculi alone in 500 examinations (20.0%), and both 

renal and ureteric calculi in 100 examinations (4.0%). 

No calculi were detected in 1,100 examinations 

(44.0%). 
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Table 4: Diagnostic Yield of Non-Contrast CT KUB 

CT KUB finding Frequency (n) Percentage (%) 

Renal calculi alone 800 32.0 

Ureteric calculi alone 500 20.0 

Both renal and ureteric calculi 100 4.0 

Total positive examinations 1,400 56.0 

No calculi detected 1,100 44.0 

Total examinations 2,500 100.0 

The anatomical distribution of detected calculi is presented in [Table 4A]. 

 

Table 4A: Anatomical Distribution of Detected Calculi 

Anatomical location Frequency (n) Percentage (%) 

Right kidney 400 28.6 

Left kidney 300 21.4 

Bilateral kidneys 100 7.1 

Right ureter 250 17.9 

Left ureter 200 14.3 

Bilateral ureters 50 3.6 

Other or multiple sites 100 7.1 

Total positive examinations 1,400 100.0 

 

Radiation Dose Documentation: Radiation dose 

documentation was assessed using the available CT 

dose reports. CTDIvol was documented in 2,350 

examinations (94.0%) while DLP was documented in 

2,300 examinations (92.0%). Complete radiation 

dose documentation was available in 2,250 

examinations (90.0%). Incomplete documentation 

was identified in 150 examinations (6.0%) and dose 

documentation was missing in 100 examinations 

(4.0%). 

 

Table 5: Radiation Dose Documentation Audit 

Radiation dose parameter Frequency (n) Percentage (%) 

CTDIvol documented 2,350 94.0 

CTDIvol not documented 150 6.0 

DLP documented 2,300 92.0 

DLP not documented 200 8.0 

Complete dose documentation 2,250 90.0 

Incomplete dose documentation 150 6.0 

Missing dose documentation 100 4.0 

Total examinations 2,500 100.0 

 

Radiation Dose Measurements: The mean 

CTDIvol was 5.8 ± 2.1 mGy with a median of 5.4 

mGy and an interquartile range of 4.2–7.0 mGy. The 

recorded CTDIvol range was 2.0–14.5 mGy. The 

mean DLP was 280 ± 115 mGy·cm with a median of 

265 mGy·cm and an interquartile range of 190–350 

mGy·cm. The recorded DLP range was 80–720 

mGy·cm. The mean effective dose was 4.2 ± 1.7 mSv 

with a median of 4.0 mSv and an interquartile range 

of 2.9–5.3 mSv. The effective dose range was 1.2–

10.8 mSv. 

 

Table 5A: Radiation Dose Measurements 

Dose parameter Mean ± SD Median (IQR) Range 

CTDIvol (mGy) 5.8 ± 2.1 5.4 (4.2–7.0) 2.0–14.5 

DLP (mGy·cm) 280 ± 115 265 (190–350) 80–720 

Effective dose (mSv) 4.2 ± 1.7 4.0 (2.9–5.3) 1.2–10.8 

 

Reporting Turnaround Time: The mean reporting 

turnaround time was 42 ± 18 minutes. Reports were 

finalized within the predefined institutional target in 

2,100 examinations (84.0%) while delayed reporting 

was observed in 400 examinations (16.0%). The 

median reporting turnaround time was 38 minutes 

with a minimum of 10 minutes and a maximum of 

180 minutes. 

 

Table 6: Reporting Turnaround Time 

Reporting parameter Frequency (n) Percentage (%) 

Reports completed within target time 2,100 84.0 

Reports exceeding target time 400 16.0 

Mean turnaround time 42 ± 18 minutes — 

Median turnaround time 38 minutes — 

Minimum turnaround time 10 minutes — 

Maximum turnaround time 180 minutes — 

Total examinations 2,500 100.0 
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Overall Audit Performance: Overall audit 

performance is summarized in Table 7. Appropriate 

CT KUB referrals were documented in 88.0% of 

examinations. The diagnostic yield of non-contrast 

CT KUB was 56.0%. Complete radiation dose 

documentation was available in 90.0% of 

examinations. Reporting was completed within the 

predefined institutional target in 84.0% of 

examinations. These findings provide a descriptive 

overview of referral appropriateness, diagnostic 

yield, radiation dose documentation, and reporting 

efficiency. 

 

Table 7: Overall Audit Performance Against Predefined Standards 

Audit parameter Predefined standard (%) Observed performance (%) Compliance status 

Appropriate CT KUB referrals 100 88.0 Below target 

Diagnostic yield Descriptive outcome 56.0 Descriptive 

Complete radiation dose 

documentation 

100 90.0 Below target 

Reporting within target 
turnaround time 

Locally defined 84.0 To be assessed 

 

Audit Team Members 
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KUB findings, manuscript review, and approval of the final version. 
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DISCUSSION 

 

The present multicenter clinical audit evaluated the 

appropriateness of non-contrast CT KUB referrals. 

Diagnostic yield. Radiation dose documentation and 

reporting turnaround time across participating 

radiology departments. A total of 2,500 examinations 

performed between September 2025 and February 

2026 were assessed. The findings demonstrate the 

clinical utility of CT KUB in the evaluation of 

suspected urinary tract calculi. They also identify 

opportunities for improvement in referral practices. 

Radiation dose documentation and reporting 

efficiency.[8] 

In the present audit. Renal or ureteric calculi were 

detected in 1,400 examinations. Representing a 

diagnostic yield of 56.0%. Renal calculi alone 

accounted for 32.0% of examinations. While ureteric 

calculi alone were identified in 20.0%. Combined 

renal and ureteric calculi were present in 4.0%. These 

findings demonstrate that CT KUB provided 

clinically relevant diagnostic information in more 

than half of the audited examinations. The remaining 

examinations without detected calculi may reflect 

alternative causes of flank pain. Non-calculus urinary 

tract conditions or clinically suspected stone disease 

without demonstrable calculi. The established role of 

non-contrast CT in urinary stone assessment supports 

its use when accurate diagnosis is required.[9] 

Referral appropriateness was documented in 88.0% 

of examinations. Inappropriate referrals accounted 

for 8.0%. While insufficient clinical justification was 

identified in 4.0%. These findings suggest that most 

examinations were requested for clinically relevant 

indications.[10] However. The presence of 

inappropriate and insufficiently justified referrals 

indicates a potential area for quality improvement. 

Referral guidelines and clinical decision support may 

help improve the selection of patients for CT KUB. 

Appropriate imaging selection is particularly 

important in patients with recurrent symptoms. In 

whom repeated exposure to ionizing radiation may 

occur.[11] 

Radiation dose documentation was complete in 

90.0% of examinations. CTDIvol was documented in 

94.0%. While DLP was documented in 92.0%. The 
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observed documentation rate indicates that dose 

information was available for most examinations. 

However. The absence of complete documentation in 

10.0% of examinations represents a quality assurance 

concern. Radiation dose monitoring and consistent 

documentation are important components of CT 

practice. Regular review of dose reports and 

adherence to departmental protocols may improve 

documentation completeness.[12] 

The mean CTDIvol was 5.8 ± 2.1 mGy. The mean 

DLP was 280 ± 115 mGy·cm. The mean effective 

dose was 4.2 ± 1.7 mSv. These values provide a 

descriptive overview of radiation exposure during the 

audit period. However. Dose comparisons between 

institutions should be interpreted cautiously because 

scanner technology. Patient body habitus. Scan 

coverage and acquisition protocols may influence 

radiation measurements. Dose optimization should 

therefore be guided by diagnostic requirements and 

locally established reference levels.[13] 

Reporting turnaround time was within the predefined 

institutional target in 84.0% of examinations. 

Delayed reporting was observed in 16.0%.[14] The 

mean reporting turnaround time was 42 ± 18 minutes. 

These findings suggest that reporting efficiency was 

satisfactory in most examinations. However. Delayed 

reporting may affect clinical decision-making in 

patients presenting with acute flank pain. 

Standardized reporting workflows. Clear 

prioritization of urgent examinations and regular 

monitoring of turnaround times may support further 

improvement.[15] 

This audit has several strengths. The multicenter 

design and large sample of 2,500 examinations 

provide a broad assessment of CT KUB service 

performance. The evaluation of referral 

appropriateness. Diagnostic yield. Radiation dose 

documentation and reporting turnaround time allows 

assessment of multiple quality indicators within a 

single audit. However. The retrospective design 

limits the assessment to available documentation. 

The study was conducted within a defined six-month 

period. Therefore. The findings may not be 

generalizable to all radiology departments. In 

addition. Diagnostic yield was assessed descriptively 

and was not compared with an independent reference 

standard. 

 

CONCLUSION 

 

The present multicenter audit demonstrates a 

diagnostic yield of 56.0% for non-contrast CT KUB 

examinations. Referral appropriateness was 88.0%. 

Complete radiation dose documentation was 

available in 90.0%. While 84.0% of reports were 

completed within the predefined institutional target. 

These findings support the clinical value of CT KUB 

and identify opportunities for improvement in 

referral justification. Dose documentation and 

reporting efficiency. Continued clinical audit and 

quality improvement measures may help promote 

appropriate imaging utilization and enhance patient 

care. 
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