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ABSTRACT

Non-contrast CT is the reference imaging test for urolithiasis, but the associated radiation dose is a concern, especially in young
patients who may undergo repeated scans. This study assessed the diagnostic accuracy of low-dose CT (LDCT) against standard-
dose CT (SDCT) for the detection of urinary tract stones. In this prospective comparative study at Al-Hussein Teaching Hospital
in Al-Nasiriyah (Thi-Qar Province, Iraqg), 150 adults with suspected renal colic underwent both LDCT and SDCT in the same
session. SDCT served as the reference standard. Two radiologists, blinded to the reference reading, independently interpreted
the LDCT images. Per-patient and per-stone sensitivity, specificity, predictive values, and accuracy were calculated with 95%
confidence intervals (Cl), with subgroup analysis by stone size and body mass index (BMI) and comparison of effective radiation
dose. Reporting followed the STARD 2015 guideline. Urolithiasis was present in 102 of 150 patients (68%). LDCT achieved a per-
patient sensitivity of 95.1% (95% Cl| 88.9-98.4), specificity of 97.9% (95% CI 89.1-99.9), and accuracy of 96.0%. Per-stone
sensitivity was 94.0% overall but fell sharply for stones smaller than 3 mm (69.2% vs 98.6% for > 3 mm; p < 0.001) and was lower
in patients with BMI > 30 (88.9% vs 97.2%). Inter-observer agreement was excellent (k = 0.88). The mean effective dose was 76%
lower with LDCT (1.9 £ 0.5 vs 8.1 £ 1.8 mSy; p < 0.001). LDCT detected urolithiasis with high accuracy at roughly one-quarter of
the radiation dose of SDCT and can serve as the first-line protocol for suspected renal colic. Its main limitation is reduced
sensitivity for sub-3-mm stones and in obese patients, where a standard-dose protocol should be considered.
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1. Introduction

Since the demonstration in the mid-1990s that non-contrast helical CT outperforms intravenous urography for acute flank pain,
unenhanced CT has become the reference imaging test for suspected urolithiasis, offering high sensitivity and specificity and the
ability to reveal alternative diagnoses.['23] Current appropriateness guidance endorses non-contrast CT as the primary imaging
study for acute flank pain when a stone is suspected. .

The principal drawback of CT is ionising radiation. Patients with stone disease are frequently young and prone to recurrence, so
they may undergo repeated scans over a lifetime, and the cumulative dose is a recognised concern.®! This concern is amplified
by the rising use of CT for suspected urolithiasis in emergency settings,!! and current European guidance similarly emphasises

limiting radiation while preserving diagnostic yield.[”! These considerations motivate dose reduction consistent with the ALARA
(as low as reasonably achievable) principle, provided diagnostic performance is preserved.

Low-dose CT (LDCT) protocols — typically delivering an effective dose below 3 mSv through reduced tube current, lower tube
voltage, and iterative reconstruction — have been reported to maintain high accuracy for stone detection. A seminal
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comparative study and subsequent meta-analyses reported pooled sensitivities around 93-97% and specificities around 95-97%
for LDCT relative to standard-dose or reference imaging.[8219 Modern iterative reconstruction algorithms are central to this
achievement, substantially reducing image noise at low dose and preserving stone detection compared with filtered back-
projection.l'1:121 Syccessive dose reductions have been explored down to sub-millisievert, ultra-low-dose levels.[3-141 However,
performance varies with stone size and patient body habitus,!'*! and rigorous, transparently reported local data remain valuable,
particularly from regions such as Thi-Qar Province in southern Iraq where urinary stone disease is highly prevalent. The aim of
this study was to determine the diagnostic accuracy of LDCT against SDCT as the reference standard for the detection of
urolithiasis in a Thi-Qar cohort, and to examine the influence of stone size and BMI while quantifying the achievable dose
reduction.

2. Materials and Methods
2.1 Study design and setting

This prospective comparative diagnostic accuracy study was conducted in the Department of Radiology at Al-Hussein Teaching
Hospital, Al-Nasiriyah, Thi-Qar Province, Irag, over a 12-month period. The study was approved by the institutional research
ethics committee, and all participants provided written informed consent, including consent for the incremental radiation of a
second acquisition. Reporting adheres to the STARD 2015 statement for diagnostic accuracy studies.[16:17.181,

2.2 Participants

Consecutive adults (2 18 years) presenting to the emergency and urology departments of Al-Hussein Teaching Hospital in Al-
Nasiriyah with acute flank pain and clinically suspected renal colic were recruited. Exclusion criteria were pregnancy, known non-
calculous cause of pain, haemodynamic instability, and inability to consent. Each participant underwent LDCT immediately
followed by SDCT of the kidneys, ureters, and bladder in the same session, without repositioning. A total of 150 patients were
enrolled. The recruitment of a local Thi-Qar cohort was intended to provide region-specific evidence, given the high regional
burden of urinary stone disease.

2.3 Imaging, reference standard, and interpretation

Both acquisitions were performed on the same multidetector scanner. SDCT used the department's standard renal-colic protocol
and served as the reference standard; LDCT used reduced tube current and low tube voltage with iterative reconstruction, an
approach shown to permit substantial dose reduction while maintaining image quality.l"" Two radiologists, blinded to clinical
details and to the reference reading, independently interpreted the LDCT images for the presence, number, size, and location of
calculi; disagreements were resolved by consensus. The reference SDCT reading was performed separately by a third radiologist.
Stone size was recorded as the maximum axial diameter, and patients were grouped by BMI (< 30 versus > 30 kg/m?). The
effective dose was estimated from the dose-length product using published conversion factors.!9l,

2.4 Statistical analysis

Sensitivity, specificity, positive and negative predictive values (PPV, NPV), and accuracy were calculated at the per-patient and
per-stone levels, each with 95% Cls (Wilson method). Paired proportions were compared with the McNemar test, and subgroup
sensitivities (stone size, BMI) with the chi-square or Fisher exact test. Inter-observer agreement for LDCT was assessed with the
Cohen « statistic. Effective doses were compared with the paired-samples t-test. A two-sided p-value < 0.05 was considered
statistically significant.

3. Results
3.1 Participants and stone burden

Of 150 patients (mean age 43.6 + 12.8 years; 61.3% male), urolithiasis was confirmed on SDCT in 102 (68.0%). A total of 168
calculi were identified on the reference standard, of which 142 (84.5%) measured > 3 mm and 26 (15.5%) measured < 3 mm.
Baseline characteristics are summarised in Table 1.
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Table 1. Participant characteristics and stone burden (n = 150).

Characteristic Value

Age, years — mean = SD 436 + 12.8
Male sex — n (%) 92 (61.3)

BMI, kg/m? — mean * SD 279 + 47
BMI = 30 — n (%) 45 (30.0)
Patients with urolithiasis on SDCT — n (%) 102 (68.0)
Total calculi on SDCT —n 168

Calculi 2 3 mm —n (%) 142 (84.5)
Calculi < 3 mm —n (%) 26 15.5)

3.2 Diagnostic accuracy of LDCT

Against SDCT as the reference standard, LDCT correctly classified 97 of 102 patients with stones and 47 of 48 without, giving a
per-patient sensitivity of 95.1% (95% Cl 88.9-98.4), specificity of 97.9% (95% Cl 89.1-99.9), PPV of 99.0%, NPV of 90.4%, and
overall accuracy of 96.0% (Figure 1; Table 2). Inter-observer agreement for LDCT interpretation was excellent (k = 0.88). Per-

stone sensitivity was 94.0% (158/168).
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Figure 1. Per-patient diagnostic performance of LDCT against SDCT as the reference standard (bars = point estimate; whiskers =
95% Cl).
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Table 2. Diagnostic performance of LDCT versus SDCT (reference standard).

Measure Per-patient (95% Cl) Per-stone (95% CI)
Sensitivity 95.1% (88.9-98.4) 94.0% (89.4-96.9)
Specificity 97.9% (89.1-99.9) —

PPV 99.0% (94.4-99.9) —

NPV 90.4% (79.0-96.8) —

Accuracy 96.0% (91.4-98.5) —

3.3 Effect of stone size and body habitus

Per-stone sensitivity depended strongly on calculus size: LDCT detected 140 of 142 stones > 3 mm (98.6%) but only 18 of 26
stones < 3 mm (69.2%; p < 0.001). Sensitivity was also lower in patients with BMI > 30 than in non-obese patients (88.9% vs
97.2%) (Figure 2). All eight missed stones were sub-3-mm calculi, five of which occurred in patients with BMI > 30.
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Figure 2. Per-stone sensitivity of LDCT by stone size and BMI subgroup; sensitivity falls for sub-3-mm stones and higher BMI.
3.4 Radiation dose

The mean effective dose was substantially lower with LDCT than SDCT (1.9 + 0.5 vs 8.1 £ 1.8 mSv), a 76% reduction (p < 0.001)
(Figure 3; Table 3).
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Figure 3. Mean effective radiation dose for LDCT versus SDCT (error bars = SD).
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Table 3. Subgroup sensitivity and radiation dose.

Parameter LDCT SDCT / comparator
Sensitivity, stones > 3 mm 98.6% reference
Sensitivity, stones < 3 mm 69.2% reference
Sensitivity, BMI < 30 97.2% reference
Sensitivity, BMI > 30 88.9% reference
Effective dose, mSv — mean + SD 19 +0.5 81 =18

4. Discussion

In this prospective comparison, LDCT detected urolithiasis with high per-patient sensitivity and specificity and excellent inter-
observer agreement, while delivering roughly one-quarter of the effective dose of SDCT. These results are consistent with a

seminal comparative study and with pooled meta-analytic estimates, supporting LDCT as a first-line protocol for suspected renal
colic.[&:3:10],

The clinically important limitation was reduced sensitivity for stones smaller than 3 mm and, to a lesser extent, in obese patients
— the expected consequence of increased image noise at low dose, which most affects the smallest, lowest-contrast targets and
patients with greater soft-tissue attenuation. Reassuringly, sub-3-mm stones are frequently of limited clinical consequence and
often pass spontaneously, so the impact of missing them on management is usually small; nonetheless, when a small distal stone
would change management, or in larger patients, a standard-dose acquisition remains justified.!:1%1,

The dose reduction achieved here is clinically meaningful given that stone-forming patients are typically young and subject to
recurrent imaging over decades, so lowering the per-examination dose reduces cumulative exposure and its associated
stochastic risk, in line with the ALARA principle and appropriateness guidance.>2%1 Wider adoption of LDCT could therefore
mitigate the radiation burden associated with the rising use of CT for urolithiasis.!6! A further strength of non-contrast CT that is
largely preserved at low dose is the detection of clinically relevant alternative diagnoses for flank pain, first highlighted in the
early comparative literature.Bl.

4.1 Limitations

This study has limitations. Using SDCT rather than stone retrieval or composition analysis as the reference standard may
overestimate agreement, since both acquisitions share the same modality and any modality-specific blind spots. Performing two
acquisitions raises an ethical consideration regarding incremental dose, mitigated here by consent and by the low dose of the
index test. The single-centre design and the exclusion of pregnant patients limit generalisability, and inter-scanner variation was
not assessed. Adherence to the STARD checklist strengthens transparency but cannot remove these design constraints.[16],

5. Conclusion

Low-dose CT detected urolithiasis with high diagnostic accuracy — per-patient sensitivity 95.1% and specificity 97.9% — at
approximately one-quarter of the radiation dose of standard-dose CT. Its principal weakness is reduced sensitivity for sub-3-mm
stones and in obese patients. LDCT is recommended as the default protocol for suspected renal colic, reserving standard-dose
CT for larger patients or when detecting a small stone would alter management. Multicentre studies with a composition-based
reference standard would further strengthen the evidence.
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