
Investigation of the predictive 
value of Hounsfield units in 
predicting stone culture results in 
urinary stone disease
Bedreddin Kalyenci 1, Ali Çift 1, Ahmet Burak Aydemir 2, Hasan Sulhan 1, 
Can Benlioğlu 1 & Mehmet Özgür Yücel 1

This study aimed to investigate the predictive ability of Hounsfield unit (HU) measurements for 
microorganism growth observed microbiologically in stone cultures after stone surgery and to create 
a model by adding other predictive factors for predicting stone culture positivity. Patients who 
underwent percutaneous nephrolithotomy, retrograde intrarenal surgery, or ureteroscopy and had 
stone cultures performed were included in the study. Demographic and clinical data, including age, 
gender, body mass index, stone size, stone volume, hydronephrosis grade, stone location, energy 
used, presence of preoperative stent or nephrostomy, operation duration, midstream urine culture, 
renal pelvic urine culture, stone culture results, and postoperative fever and systemic inflammatory 
response syndrome criteria, were recorded. Non-contrast computed tomography images were 
used to measure the HU at the stone’s core (HUcore), the proximal surface of the stone periphery in 
the collecting system (HUproximal), the distal surface of the stone periphery in the collecting system 
(HUdistal), and the average HU of the stone periphery (HUperiphery mean). Absolute and relative differences 
between these values were calculated. A total of 383 patients were included, with microorganism 
growth observed in the stone cultures of 75 patients (19.6%). Radiological cut-off values distinguishing 
stones with positive cultures included RelativeHUdifference distal & proximal < 81.8, HUproximal < 807.0, and 
AbsoluteHUdifference core & periphery mean > 179.5. Factors associated with a statistically significant increase in 
the likelihood of positive stone cultures included longer operation duration (odds ratio [OR] = 1.102, 
95% confidence interval [CI]: 1.053–1.154, p < 0.001), higher preoperative hydronephrosis grade 
(OR = 1.898, 95% CI: 1.289–2.795, p < 0.001), and the presence of preoperative stents or nephrostomy 
(OR = 4.232, 95% CI: 1.551–11.543, p = 0.005) in addition to the identified radiological HU cut-off values. 
HU values, as a radiological parameter, can predict microorganism growth in stone cultures, enabling 
identification of patients at risk for postoperative infectious complications.
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Urinary stone disease (USD) is a condition that negatively affects renal function and quality of life and is a 
common urological disorder with a globally increasing incidence1. When stones obstruct the urinary system, 
surgical intervention is often required based on the stone’s size and location2. Surgical complications after 
urinary system stone disease vary between 5% and 25%, and the majority (1–6.6%) are postoperative infections3. 
Bacterial colonies on the stone surface can worsen the disease course and lead to sepsis-related comorbidities. 
Therefore, infectious complications are among the most critical issues following stone surgery4–6. To identify 
microorganisms responsible for infections associated with stones, it is essential to cultivate the organism 
microbiologically in a culture medium. To this end, microbiological diagnostic strategies such as midstream 
urine culture (MSUC), prior to surgery, renal pelvic urine culture (RPUC) obtained from the upper urinary 
tract during the operation, and stone culture (SC) are employed7–9. The collection of stone samples for SC 
after lithotripsy is strongly recommended by European Association of Urology guide postoperative antibiotic 
selection10–12.

The Hounsfield Unit (HU) is a parameter used in computed tomography (CT), defined based on predetermined 
values of 0 for water and − 1,000 for air, and measures the standardized linear attenuation coefficient of a 
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substance. In a study comparing HU measurements of the renal papillae between stone-forming and non-stone-
forming patients, the average density in stone formers was shown to be over 50 HU, and it was emphasized 
that CT could be used as a screening tool for future nephrolithiasis in the coming years13. Clinically, it provides 
insights into stone composition and hardness, assisting in the selection of treatments targeting the stone and in 
predicting post-treatment outcomes. In another study evaluating stone measurements and stone analysis results 
on CT images, maximum, minimum, and average HU values were compared, and high sensitivity and specificity 
results were reported in identifying monomineral stones14. Recently, HU has also been reported as a potential 
indicator for distinguishing pyonephrosis from hydronephrosis and predicting infectious complications15–17. 
It was shown that the HU of all patients with pyonephrosis and positive urine cultures was significantly higher 
than that of patients with hydronephrosis15.

SC results obtained during the operation take at least 24–48 h to be reported, and this is a long period in 
cases where infective complications develop in terms of patient mortality and morbidity18. New studies targeting 
stone components and structure to predict infective complications early are becoming popular19. Stones contain 
bacteria and their metabolites, which have been proven to be strongly associated with postoperative infection20,21. 
It has also recently been demonstrated that bacteria affect stone formation not only in infection stones but also 
in other stone compositions22. Bacterial colonization on the stone surface and the kidney’s own microbiota may 
trigger stone formation23. Bacteria ascending from the lower urinary tract to the upper urinary tract may first 
colonize the distal surface of the stone, then the proximal surface, or bacteria arriving via the hematogenous 
route, may colonize the proximal surface and then the central and distal surfaces24. This study was designed to 
focus on different regions of the stone in CT images using the HU difference between two different points and 
to contribute to predicting and diagnosing stones that will show growth in SC. Based on this hypothesis, the 
current study aimed to predict SC results obtained during surgery in patients undergoing operations for USD by 
utilizing HU parameters measured using preoperative non-contrast computed tomography (NCCT).

Methods
Following approval by the Clinical Research Ethics Committee of Adiyaman University (decision number: 
2023/1–5), a retrospective review of data was conducted for patients who underwent surgery for USD at the 
Urology Department of Adiyaman University between January 2015 and June 2024. All methods were conducted 
in accordance with the relevant guidelines and regulations. Informed consent was obtained from all patients and/
or their legal guardians. Patients aged over 18 years who had undergone percutaneous nephrolithotomy (PCNL), 
retrograde intrarenal surgery (RIRS), or ureteroscopy (URS) and whose SCs were submitted were included in 
the study. Patients who did not undergo SC or RPUC analysis, those with contaminated culture results, those 
for whom standardized NCCT imaging was unavailable, and those with incomplete or inaccessible clinical data 
were excluded.

Demographic and clinical data, including age, gender, body mass index, stone size, stone volume, 
hydronephrosis grade (categorized per the classification recommended by the Society for Fetal Urology), stone 
localization and position, energy used for stone fragmentation, presence of preoperative stents or nephrostomy, 
MSUC, SC, RPUC, postoperative fever, and systemic inflammatory response syndrome (SIRS), were recorded. 
Radiological stone measurements were obtained using the abdominal window of NCCT images with high 
magnification of the stone and its surroundings. All cases were scanned using a 128-detector CT scanner (GE 
Healthcare). Axial images were obtained with a slice thickness of 0.625 mm and subsequently reformatted 
in coronal and sagittal planes. The preoperative NCCT scans of all patients were evaluated independently 
by one radiologist and one urologist. Stone size was defined as the largest dimension of the stone measured 
in millimeters on axial NCCT images. In cases of multiple stones, the parameters of the largest stone were 
measured. Stone volume, defined as the surface area of the stone in the maximum section, was calculated using a 
validated formula (volume = length × width × depth × π × 0.167) and expressed in mm3. For each stone, absolute 
HU values were measured. A region of interest of 5 mm² was selected in the NCCT coronal image at the largest 
stone cross-section. HU measurements were taken separately for the stone core (HUcore), the proximal surface of 
the stone periphery within the collecting system (HUproximal), and the distal surface of the stone periphery within 
the collecting system (HUdistal) (Fig. 1).

The absolute difference between HUproximal and HUdistal was recorded as 
AbsoluteHUdifference distal & proximal; that between HUcore and HUdistal as AbsoluteHUdifference core & distal; that between 
HUcore and HUproximal as AbsoluteHUdifference core & proximal; and that between HUcore and the average HU of the two 
peripheral surfaces (HUperiphery mean) as AbsoluteHUdifference core & periphery mean. In addition, the relative difference 
between HUproximal and HUdistal was computed as RelativeHUdifference distal & proximal; that between HUcore and HUdistal 
as RelativeHUdifference core & distal; that between HUcore and HUproximal as RelativeHUdifference core & proximal, and that between 
HUcore and HUperiphery mean as RelativeHUdifference core & periphery mean. Absolute HU differences were calculated as 
simple subtractions, while relative differences were expressed as percentages of the respective values.

All patients had negative MSUC and received prophylaxis with a third-generation cephalosporin (ceftriaxone 
sodium 1  g, intravenously) in accordance with the AUA Guidelines on Urological Infections. If MSUC was 
positive, surgery was performed under antibiotic treatment for one to seven days. Surgeries were performed 
under general or regional anesthesia. Fever was defined as a body temperature exceeding 38 °C. SIRS was defined 
based on the presence of at least two of the following criteria: fever < 36 °C or > 38 °C, heart rate > 90 beats/
minute, respiratory rate > 20 breaths/minute, and white blood cell count < 4,000/mm³ or > 12,000/mm³.

Stones were fragmented using a pneumatic lithotripsy device (Swiss LithoClast® Master) and a 30 W 
holmium laser (Dornier Medilas® H Solvo) and collected in a sterile manner with foreign body forceps. Stone 
fragments were divided into smaller pieces in sterile liquid thioglycollate media and sent to the microbiology 
laboratory along with urine samples for SC analysis. Bacteria were identified using both conventional 
microbiological methods and the BD Phoenix™ automated microbiology system (Becton-Dickinson & Co., NJ, 
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USA). The antibiotic susceptibility of the isolates was tested using the BD Phoenix™ automated microbiology 
system (Becton-Dickinson & Co., NJ, USA), based on the current Breakpoint Table of the European Committee 
on Antimicrobial Susceptibility Testing, version 10.0, 2020. Stone analysis was performed using the X-ray 
diffraction (XRD) method, which identified powdered stone samples using an XRD analyzer equipped with a 
copper tube, operating in the 2–30° range (MTA Ankara, Turkey). All data were analyzed by dividing patients 
into subgroups: Group A included patients with positive SC, and Group B included those with negative SC. 
Comparisons between the two groups were made accordingly.

Statistical analysis
Data analysis was performed using IBM SPSS Statistics version 25 software (IBM Corporation, Armonk, NY, 
US). The Kolmogorov-Smirnov and Levene’s tests were respectively used to investigate whether the assumptions 
of normal distribution and homogeneity of variances were met. Categorical data were expressed as numbers and 
percentages, while quantitative data were given as median (25 th −75 th percentile) values. The Mann-Whitney 
U test was applied for comparisons of the continuous variables for which parametric assumptions were not met. 
Unless otherwise stated, Pearson’s χ2 test was used in the analysis of categorical data. In all 2 × 2 contingency 
tables to compare categorical variables, the Yates-corrected χ2 test was used when one or more of the cells had 
an expected frequency of 5–25, and Fisher’s exact test was used when one or more of the cells had an expected 
frequency of 5 or less. In RxC cross-tabulations (if at least one of the categorical variables in the row or column 
had more than two results), if the expected frequency was below 5 in at least ¼ of the cells, the Fisher-Freeman-
Halton test was used. Receiver operating characteristic (ROC) curve analyses were performed to determine 
the cut-off levels for each radiographic measurement as a predictor of Group A. Youden’s (J) index method 
was used to identify the best cut-off values when the area under the curve (AUC) value indicated statistically 

Fig. 1.  Hounsfield unit (HU) measurements taken at the core of the stone (HUcore), the proximal surface of 
the stone periphery (HUproximal), and the distal surface of the stone periphery within the collecting system 
(HUdistal) on the non-contrast computed tomography image.
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significant results. For the measurements with significant AUCs, sensitivity and specificity values corresponding 
to each data point were calculated. The optimal cut-off point for each parameter was determined as the value 
at which the sum of sensitivity and specificity was maximized. At these cut-off points, sensitivity, specificity, 
positive predictive value, negative predictive value, and diagnostic accuracy rates were calculated. Intraclass 
correlation coefficients (ICCs) and 95% confidence intervals (CIs) were calculated to determine the degrees of 
reliability between the measurements that were obtained from the urologist and the radiologist. The McNemar 
test was performed to examine whether the difference in proliferation frequencies among SC, MSUC, and 
RPUC was statistically significant. To determine the best predictors of Group A, multiple logistic regression 
analysis was undertaken via the forward likelihood ratio procedure. Any variable whose univariable test had a 
p-value less than 0.25 was accepted as a candidate for the multivariable model. Odds ratios (ORs), 95% CIs, and 
Wald statistics for each independent variable were also calculated. A p-value of less than 0.05 was considered 
statistically significant. Figure 2 presents the data analysis flowchart.

Fig. 2.  Data analysis flowchart.
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Results
Data from 1,071 patients were retrospectively reviewed, and 383 patients who met the inclusion criteria were 
enrolled in the study. SC positivity was identified in 75 patients (19.6%). SC positivity was identified in 75 
patients (19.6%). Candida was isolated in three patients, Enterococcus faecalis in eight, Escherichia coli in 13, 
Klebsiella pneumoniae in 10, Proteus in nine, Pseudomonas in seven, Staphylococcus in 22, and Streptococcus 
in three. Comparisons of the demographic and clinical characteristics of the groups are presented in 
Table  1, while comparisons of radiological measurements are shown in Table  2. When the groups were 
compared based on HU parameters, the values of HUproximal, HUdistal, 

AbsoluteHUdifference distal & proximal, and 
RelativeHUdifference distal & proximal were statistically significantly lower in Group A, while AbsoluteHUdifference core & distal, AbsoluteHUdifference core & proximal, 

AbsoluteHUdifference core & periphery, 
RelativeHUdifference core & distal, 

RelativeHUdifference core & proximal, 
and RelativeHUdifference core & periphery measurements were statistically significantly higher in this group (p < 0.01).

According to ROC analysis, except for HUcore, all other radiological measurements had statistically 
significant AUC values for distinguishing between the groups (p < 0.01) (Table 3). Independent of other factors, 
the likelihood of SC positivity was significantly increased in stones with a Relative HUdifference distal & proximal of < 81.8 
(OR = 2.930, 95% CI: 1.376–6.237, p = 0.005), a HUproximal periphery of < 807.0 (OR = 2.367, 95% CI: 1.224–4.579, 
p = 0.010), and an AbsoluteHUdifference core & periphery of > 179.5 (OR = 2.060, 95% CI: 1.026–4.135, p = 0.042).

ROC curves for HUcore, HUproximal periphery, and HUdistal periphery are presented in Fig.  3; those 
for AbsoluteHUdifference distal & proximal, 

AbsoluteHUdifference core & distal; 
AbsoluteHUdifference core & proximal, and 

AbsoluteHUdifference core & periphery in Fig. 4; and those for RelativeHUdifference distal & proximal, 
RelativeHUdifference core & distal, RelativeHUdifference core & proximal, and RelativeHUdifference core & periphery in Fig. 5.

The most discriminative factors for distinguishing the groups were further analyzed using multivariate 
forward logistic regression. A stepwise forward modeling approach was employed to derive the final model. 
Two alternative models were derived. In Model 1, the type of surgery was included as a candidate variable 
in the regression model, whereas in Model 2, it was excluded. According to Model 1, independent of other 
factors, compared to cases who underwent PCNL, the likelihood of detecting growth in stone cultures was 
statistically significantly higher in cases who underwent URS (OR = 52.763, 95% CI: 8.857–314.322, p < 0.001) 
and RIRS (OR = 8.223, 95% CI: 1.825–37.055, p = 0.006). The likelihood of SC positivity increased significantly 
as the duration of the operation increased (OR = 1.102, 95% CI: 1.053–1.154, p < 0.001). Higher preoperative 
hydronephrosis grade (OR = 1.898, 95% CI: 1.289–2.795, p < 0.001) and the presence of preoperative stents or 
nephrostomy (OR = 4.232, 95% CI: 1.551–11.543, p = 0.005) were also associated with a significantly increased 
likelihood of SC positivity. In addition, independent of other factors, having RelativeHUdifference distal&proximal < 81.8 
(OR = 2.930, 95% CI: 1.376–6.237, p = 0.005), HUproximal periphery < 807.0 (OR = 2.367, 95% CI: 1.224–4.579, p = 
0.010), and AbsoluteHUdifference core & periphery > 179.5 (OR = 2.060, 95% CI: 1.026–4.135, p = 0.042) significantly 
increased the likelihood of detecting growth in stone culture. In Model 2, unlike Model 1, the likelihood of 
culture growth in renal stones was statistically significantly higher compared to ureteral stones (OR = 12.397, 
95% CI: 3.663–41.958, p < 0.001) (Table 4).

Using the cut-off values obtained from the ROC analysis for radiological measurements, true-negative 
and true-positive rates were compared across surgery types. Regarding HUproximal periphery, HUdistal periphery, AbsoluteHUdifference distal & proximal, 

RelativeHUdifference core & distal, and RelativeHUdifference core & periphery, RIRS group had 
statistically significantly higher true-negative rates compared to PCNL group (p < 0.05). For HUproximal periphery, 
both PCNL and RIRS groups had statistically significantly higher true-negative rates compared to URS group 
(p < 0.05). On the other hand, regarding AbsoluteHUdifference distal & proximal, 

AbsoluteHUdifference core & proximal, and 
AbsoluteHUdifference core & periphery, URS group had statistically significantly higher true-negative rates compared to 
PCNL group (p < 0.05). Lastly, when examining HUproximal periphery, HUdistal periphery, 

AbsoluteHUdifference distal & proximal, AbsoluteHUdifference core & distal, 
AbsoluteHUdifference core & proximal, 

AbsoluteHUdifference core & periphery, 
RelativeHUdifference distal & proximal, RelativeHUdifference core & distal, 

RelativeHUdifference core & proximal, and RelativeHUdifference core & periphery, URS group had 
statistically significantly higher true-positive rates compared to PCNL group (p < 0.05) (Table 5).

The agreement between measurements by the urologist and the radiologist was evaluated using ICCs and 95% 
CIs. The radiological measurements by both evaluators, including stone volume, stone size, HUcore, HUproximal, 
and HUdistal showed strong agreement, as shown in Table 6.

There were 34 patients with observed infectious complications. Among these, 26 patients (76.5%) had SC 
positivity, while MSUC and RPUC were positive in 21 (61.8%) and 12 (35.3%) cases, respectively, as shown in 
Table 7.

SC positivity was less frequently observed in all surgical procedures compared to MSUC (p < 0.05), as shown 
in Table 8.

Discussion
Based on the hypothesis that microorganisms colonizing the surface of stones create regional differences in 
stone density, this study investigated the HU values of the stone core, distal, and proximal regions in stones 
with SC positivity and investigated the absolute and relative differences in these values. Multivariate logistic 
regression analysis identified the most predictive factors for determining SC positivity. Independent of other 
factors, RelativeHUdifference distal & proximal < 81.8, HUproximal < 807.0, and AbsoluteHUdifference core & periphery mean > 179.5, 
measured on NCCT, were found to be statistically significant cut-off values for predicting SC positivity. These 
findings suggest that preoperative HU parameters derived from NCCT could serve as a guide in predicting SC 
positivity in patients undergoing surgery for USD.

NCCT is the gold standard imaging modality for evaluating USD, providing predictive information for 
treatment planning by determining stone size (length and volume), location, and HU25. Several approaches, 
including the difference between central and peripheral HU, the stone heterogeneity index, the attenuation/
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size ratio, and combinations of mean and maximum HU values, have been employed to characterize stone 
compositions26–29. It has been shown that mean and maximum HU values are significantly higher in calcium 
oxalate stones compared to uric acid stones in distinguishing uric acid stones from calcium oxalate stones26. In 
a study comparing core HU, periphery HU, absolute and relative HU differences, and HU density of calcium 
oxalate, uric acid, and cystine stones, calcium oxalate stones could be predicted with high accuracy, whereas 

Group A Group B p-value

n (383) 75 (19.6%) 308 (80.4%)

Age (years) 42.0 (32.0–58.0) 43.0 (31.0–60.0) 0.864a

Gender 0.125b

Male 39 (52.0%) 190 (61.7%)

Female 36 (48.0%) 118 (38.3%)

BMI (kg/m2) 26.0 (24.0–28.0) 26.0 (24.0–28.0) 0.219a

Stone Volume(mm3) 692.2 (110.1–5828.5) 1167.3 (212.9–6879.2) 0.085a

Stone size (mm) 14.0 (7.0–27.0) 15.0 (9.0–28.0) 0.127a

Stone location 0.005c

Ureter 34 (45.3%) 86 (27.9%)

Renal 41 (54.7%) 222 (72.1%)

Stone laterality 0.005b

Distal ureter 25 (33.3%)A 53 (17.2%)A

Proximal ureter 8 (10.7%) 24 (7.8%)

Lower pole 1 (1.3%)A 40 (13.0%)A

Middle pole 17 (22.7%) 76 (24.7%)

Upper pole 1 (1.3%) 7 (2.3%)

Staghorn 23 (30.7%) 108 (35.1%)

Type of surgery 0.009b

PCNL 35 (46.7%) 165 (53.6%)

URS 33 (44.0%)A 84 (27.3%)A

RIRS 7 (9.3%) 59 (19.1%)

Preoperative hydronephrosis grade < 0.001b

I 13 (17.3%)A 129 (41.9%)A

II 22 (29.3%) 84 (27.3%)

III 40 (53.3%)A 95 (30.8%)A

Stone disintegration 0.359b

Pneumatic 36 (48.0%) 166 (53.9%)

Laser 39 (52.0%) 142 (46.1%)

Preoperative status < 0.001d

None 63 (84.0%)A 292 (94.8%)A

Stent 3 (4.0%) 14 (4.6%)

Nephrostomy 9 (12.0%)A 2 (0.6%)A

Postoperative infectious complication < 0.001d

None 49 (65.3%)A 300 (97.4%)A

Fewer 15 (20.0%)A 4 (1.3%)A

SIRS 11 (14.7%)A 4 (1.3%)A

Stone composition 0.606d

Calcium 17 (22.7%) 89 (28.9%)

Uric acid 6 (8.0%) 14 (4.5%)

Sistine 4 (5.3%) 20 (6.5%)

Struvite 5 (6.7%) 17 (5.5%)

Mixed 15 (20.0%) 47 (15.3%)

None 28 (37.3%) 121 (39.3%)

Table 1.  Comparison of demographic and clinical characteristics between groups. Data are expressed as 
median (25 th −75 th percentile), aMann-Whitney U test, bPearson’s χ2 test, cYates-corrected χ2 test, dFisher-
Freeman-Halton test, eFisher’s exact test. AStatistically significant differences between groups (p < 0.01). Group 
A: patients with positive stone cultures, Group B: patients with negative stone cultures, BMI: Body mass index, 
PCNL: percutaneous nephrolithotomy, URS: ureteroscopy, RIRS: retrograde intrarenal surgery, SIRS: systemic 
inflammatory response syndrome.
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cystine and uric acid stones could not be differentiated due to overlap27. Additionally, some studies have reported 
that mean and maximum HU can be used to make more accurate predictions in identifying uric acid stones28. 
The initial use of HU for identifying infectious conditions was evaluated in a study by Yuruk et al., which used 
HU values to differentiate between pyonephrosis and hydronephrosis, reporting higher HU cut-off values for 
pyonephrosis15. Similarly, other studies demonstrated that the HU values of fluid in the dilated renal collecting 
system were lower in individuals with positive MSUCs compared to those with negative cultures16,17. HU values 
are defined across a spectrum, ranging from − 1,000 for air, 0 for water, and − 100 to 100 for most soft tissues, to 
approximately 2,000 for dense bone (e.g., cochlea) and over 3,000 for metals.

In this study, all HU parameters except for HUcore showed statistically significant AUC values for identifying 
SC positivity. The findings suggest that stones with SC positivity have lower mean HU values, possibly attributable 
to the biofilm layer formed around the stone. Furthermore, the HU value of the stone’s distal surface in the 
collecting system was found to be lower. This may be due to bacteria ascending through the upper urinary tract, 
initially colonizing the distal surface and forming a denser biofilm layer in this region, leading to lower HU 
values compared to the proximal surface. These results strongly support the hypothesis of the study.

It has been emphasized in the literature that urease-producing organisms were cultured in 71% of positive 
SCs and that bacteria were highly concentrated on the stone surface21. Previous studies have suggested that 
bacteria may play a potential role in lithogenesis due to the increased bacterial density on the surface of the 
stone30,31. Various bacterial species, particularly in calcium oxalate (CaOx) stones, have been shown to induce 
or exacerbate metabolic stone disease through ionic interactions between anions on the bacterial surface and 
cations (i.e., Ca²⁺) on CaOx crystals32. The presence of biofilm-coated microorganisms on the surface of urinary 
stones and the protective effect of antibacterial proteins within stone cores are also implicated in the composition 
of stones33,34. There is a clear relationship between the density and composition of stones and bacteria. However, 
uncertainties in stone formation, composition, and density underscore the need for further in vivo and in vitro 
studies.

AUC (95% CI) p-value Cut-off points Sensitivity Specificity PPV NPV Accuracy

HUcore 0.570 (0.497–0.643) 0.060 n/a n/a n/a n/a n/a n/a

HUproximal periphery 0.651 (0.581–0.721) < 0.001 < 807.0 69.3% 57.1% 28.3% 88.4% 59.6%

HUdistal periphery 0.681 (0.611–0.750) < 0.001 < 515.0 52.0% 77.6% 36.1% 86.9% 72.6%
AbsoluteHUdifference distal & proximal 0.598 (0.522–0.675) 0.008 <−102.5 42.7% 77.9% 32.0% 84.8% 71.1%
AbsoluteHUdifference core & distal 0.635 (0.556–0.713) < 0.001 > 253.5 56.0% 74.0% 34.4% 87.4% 70.5%
AbsoluteHUdifference core & proximal 0.632 (0.553–0.711) < 0.001 > 152.5 60.0% 69.2% 32.1% 87.7% 67.3%
AbsoluteHUdifference core & peripherymean 0.636 (0.557–0.716) < 0.001 > 179.5 64.0% 67.5% 32.4% 88.5% 66.8%
RelativeHUdifference distal & proximal 0.660 (0.582–0.738) < 0.001 < 81.8 48.0% 85.7% 45.0% 87.1% 78.3%
RelativeHUdifference core & distal 0.658 (0.581–0.735) < 0.001 > 142.9 56.0% 78.9% 39.3% 88.0% 74.4%
RelativeHUdifference core & proximal 0.665 (0.590–0.740) < 0.001 > 124.5 53.3% 78.9% 38.1% 87.4% 73.8%
RelativeHUdifference core & peripherymean 0.665 (0.590–0.740) < 0.001 > 1.35 52.0% 81.2% 40.2% 87.4% 75.5%

Table 3.  Results of ROC analyses regarding radiographical measurements in differentiating group A from 
group B. ROC: receiver operating characteristic, Group A: patients with positive stone cultures, Group B: 
patients with negative stone cultures, HU: Hounsfield unit, AUC: area under the curve, CI: confidence interval, 
PPV: positive predictive value, NPV: negative predictive value.

 

Group A Group B p-valuea

HUcore 919.0 (694.0–1,250.0) 1073.0 (783.3-1,259.5) 0.060

HUproximal 733.0 (437.0–950.0) 930.5 (650.0–1,150.0) < 0.001

HUdistal 502.0 (302.0–850.0) 815.0 (540.0–1,100.0) < 0.001
AbsoluteHUdifference distal & proximal −95.0 (−200.0)–(−40.0) −60.0 (−100.0)–(−30.0) 0.008
AbsoluteHUdifference core & distal 268.0 (124.0–553.0) 170.0 (110.0–260.0) < 0.001
AbsoluteHUdifference core & proximal 210.0 (61.0–344.0) 100.0 (58.0–200.0) < 0.001
AbsoluteHUdifference core & peripherymean 225.5 (94.0–447.5) 140.0 (95.0–220.0) < 0.001
RelativeHUdifference distal & proximal 83.3 (63.0–93.9) 92.0 (86.7–96.8) < 0.001
RelativeHUdifference core & distal 161.8 (114.4–269.4) 119.4 (113.6–136.1) < 0.001
RelativeHUdifference core & proximal 126.3 (109.6–171.1) 111.9 (106.2–121.6) < 0.001
RelativeHUdifference core & peripherymean 1.40 (1.12–2.13) 1.17 (1.10–1.25) < 0.001

Table 2.  Comparisons between groups in terms of radiographical measurements. Data are expressed as 
median (25 th − 75 th percentile), aMann-Whitney U test. Group A: patients with positive stone cultures, 
Group B: patients with negative stone cultures, HU: Hounsfield unit.
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Consistent with previous studies, the results of the current study demonstrated that SC was more sensitive 
than MSUC or RPUC for predicting infectious complications following stone surgery35. SC positivity correlates 
with a higher rate of infectious complications following endourological procedures; however, it exhibits 
significant disagreement with MSUC results obtained preoperatively36. While SC presents results within 24–48 
h and offers clinical guidance in managing antibiotic therapy in cases of sepsis, it provides delayed insights 
into predicting which patients may develop infectious complications37. Preoperative modeling could serve as an 
alert mechanism to anticipate the risk of such complications38. Apart from HU parameters, factors identified in 
previous studies, such as prolonged operation time, high preoperative hydronephrosis grade, and the presence 
of preoperative stents or nephrostomy catheters, were also supported by this study as significant predictors of SC 
positivity36. In cases of USD, predicting infectious complications postoperatively without waiting for SC results 
can be achieved using the proposed model, which incorporates the radiological characteristics of stones.

The retrospective design of this study is susceptible to bias. Due to advancements in surgical instruments, 
the use of suction-enabled sheaths known to reduce infective complications, and the replacement of reusable 
instruments with disposable ones were significant sources of heterogeneity in this study. The study had 
limitations, such as not including variables with potential risk factors, such as diabetes or immunosuppression, 
and not examining other relevant variables in the patients. The inclusion of MSUC positive patients in the 
study and the fact that they underwent surgery under the influence of long-term antibiotic treatment may 
have affected the potential for SC positivity. In addition, infectious complications in the postoperative period 
can occur for reasons unrelated to infection, including cardiogenic events, atelectasis, hypovolemia, and pain. 
Despite its limitations, this study is the first to investigate the relationship between SC and HU parameters in 
stone surgery, paving the way for future prospective studies to establish clearer conclusions.

Conclusion
In predicting SC positivity, HU parameters identified to have significant cut-off values were 
RelativeHUdifference distal&proximal < 81.8, HUproximal < 807.0, and AbsoluteHUdifference core&periphery mean > 179.5. In addition, 
prolonged operation duration, high preoperative hydronephrosis grade, and the presence of preoperative stents 

Fig. 3.  ROC curve analysis of HUcore, HUproximal periphery, and HUdistal periphery.
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or nephrostomy catheters were determined to be significant predictive factors. By incorporating these parameters 
into preoperative models, patients at risk for postoperative infectious complications can be predicted.

Fig. 4.  ROC curve analysis of AbsoluteHUdifference distal & proximal, 
AbsoluteHUdifference core & distal, AbsoluteHUdifference core & proximal, and AbsoluteHUdifference core & periphery.
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Fig. 5.  ROC curve analysis of 
RelativeHUdifference distal & proximal

, RelativeHUdifference core & distal
, RelativeHUdifference core & proximal, and 

RelativeHUdifference core & periphery.
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PCNL URS RIRS p-value

True negative n = 165 n = 84 n = 59

HUproximal periphery 91 (55.2%)A 39 (46.4%)B 46 (78.0%)A, B < 0.001a

HUdistal periphery 119 (72.1%)A 66 (78.6%) 54 (91.5%)A 0.009a

AbsoluteHUdifference distal & proximal 116 (70.3%)A, C 74 (88.1%)C 50 (84.7%)A 0.002a

AbsoluteHUdifference core & distal 113 (68.5%) 68 (81.0%) 47 (79.7%) 0.058a

AbsoluteHUdifference core & proximal 104 (63.0%)C 67 (79.8%)C 42 (71.2%) 0.024a

AbsoluteHUdifference core & periphery mean 102 (61.8%)C 65 (77.4%)C 41 (69.5%) 0.043a

RelativeHUdifference distal & proximal 134 (81.2%) 77 (91.7%) 53 (89.8%) 0.050a

RelativeHUdifference core & distal 119 (72.1%)A 70 (83.3%) 54 (91.5%)A 0.004a

RelativeHUdifference core & proximal 123 (74.5%) 68 (81.0%) 52 (88.1%) 0.078a

RelativeHUdifference core & periphery 125 (75.8%)A 70 (83.3%) 55 (93.2%)A 0.011a

True positive n = 35 n = 33 n = 7

HUproximal periphery 19 (54.3%)C 28 (84.8%)C 5 (71.4%) 0.019b

HUdistal periphery 9 (25.7%)C 27 (81.8%)C 3 (42.9%) < 0.001b

AbsoluteHUdifference distal & proximal 7 (20.0%)C 22 (66.7%)C 3 (42.9%) < 0.001b

AbsoluteHUdifference core & distal 12 (34.3%)C 27 (81.8%)C 3 (42.9%) < 0.001b

AbsoluteHUdifference core & proximal 16 (45.7%)C 26 (78.8%)C 3 (42.9%) 0.009b

AbsoluteHUdifference core & periphery mean 17 (48.6%)C 27 (81.8%)C 4 (57.1%) 0.014b

RelativeHUdifference distal & proximal 8 (22.9%)C 27 (81.8%)B, C 1 (14.3%)B < 0.001b

RelativeHUdifference core & distal 10 (28.6%)C 28 (84.8%)C 4 (57.1%) < 0.001b

RelativeHUdifference core & proximal 11 (31.4%)C 26 (78.8%)C 3 (42.9%) < 0.001b

RelativeHUdifference core & periphery 8 (22.9%)C 28 (84.8%)B, C 3 (42.9%)B < 0.001b

Table 5.  Comparisons among surgery types regarding true positive cases in group A and true negative cases 
in group B. aPearson’s χ2 test, bFisher-Freeman-Halton test. A PCNL vs. RIRS (p < 0.05), BURS vs. RIRS (p < 
0.05), CPCNL vs. URS (p < 0.05). Group A: patients with positive stone cultures, Group B: patients with 
negative stone cultures, HU: Hounsfield unit PCNL: percutaneous nephrolithotomy, URS: ureteroscopy, RIRS: 
retrograde intrarenal surgery.

 

OR (95% CI) Wald p-value

Model 1

URS 52.763 (8.857–314.322) 18.970 < 0.001

RIRS 8.223 (1.825–37.055) 7.524 0.006

Preoperative hydronephrosis grade 1.898 (1.289–2.795) 10.540 < 0.001

Operation duration 1.102 (1.053–1.154) 17.352 < 0.001

Stent or nephrostomy 4.232 (1.551–11.543) 7.938 0.005

HUproximal periphery < 807.0 2.367 (1.224–4.579) 6.551 0.010
AbsoluteHUdifference core & periphery > 179.5 2.060 (1.026–4.135) 4.131 0.042
RelativeHUdifference distal & proximal < 81.8 2.930 (1.376–6.237) 7.778 0.005

Model 2

Renal stones 12.397 (3.663–41.958) 16.377 < 0.001

Preoperative hydronephrosis grade 1.788 (1.225–2.609) 9.081 0.003

Duration of operation 1.065 (1.030–1.100) 14.041 < 0.001

Stent or nephrostomy 5.929 (2.138–16.444) 11.695 < 0.001

HUproximal periphery < 807.0 2.107 (1.112–3.994) 5.221 0.022
RelativeHUdifference distal & proximal < 81.8 4.290 (2.242–8.208) 19.349 < 0.001

Table 4.  Results of multiple logistic regression analyses determining the best predictors affecting stone culture 
proliferation. OR: odds ratio, CI: confidence interval. URS: ureterorenoscopy, RIRS: retrograde intrarenal 
surgery.
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Culture type

Midstream urine culture Renal pelvic urine culture Stone culture

Postoperative infectious complication

Absent (n = 349) 94 (26.9%) 35 (10.0%) 49 (14.0%)

Present (n = 34) 21 (61.8%) 12 (35.3%) 26 (76.5%)

p-value < 0.001a < 0.001b < 0.001a

Fever

Absent (n = 364) 104 (28.6%) 41 (11.3%) 60 (16.5%)

Present (n = 19) 11 (57.9%) 6 (31.6%) 15 (78.9%)

p-value 0.014a 0.019b < 0.001b

SIRS

Absent (n = 368) 105 (28.5%) 41 (11.1%) 64 (17.4%)

Present (n = 15) 10 (66.7%) 6 (40.0%) 11 (73.3%)

p-value 0.003b 0.005b < 0.001b

Table 7.  Culture positivity according to infectious complications. aYates-corrected χ2 test, bFisher’s exact test. 
SIRS: systemic inflammatory response syndrome.

 

Urologist Radiologist ICC (95% CI) p-value

Stone size 0.886 0.922 0.905 p < 0.001

HUcore  0.977 0.985 0.981 p < 0.001

HUproximal  0.969 0.979 0.975 p < 0.001

HUdistal  0.953 0.986 0.974 p < 0.001

Table 6.  Agreement between urologist and radiologist measurements with ICC and 95% CI values. ICC: 
intraclass correlation coefficient CI: confidence interval.
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Data availability
The data sets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.
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