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Abstract
Purpose  To investigate the utility of attenuation value (Hounsfield unit) of the filled bladder on computed tomography (CT) 
images and the association of these values with simultaneously obtained urine culture results.
Methods  Between January 2016 and December 2017, retrospective data of 58 patients who were admitted to the emergency 
department for various symptoms were examined. All patients were evaluated with urine dipstick microscopy, urine culture, 
and abdominal CT simultaneously. Group 1 consisted of patients with positive urine culture (n = 28) and Group 2 consisted 
of patients with negative urine culture (n = 30). The attenuation value of urine in the bladder at the level of the bladder 
trigone was measured inside an elliptical drawing covering all the urine inside the bladder excluding the bladder wall on axial 
non-contrast CT images. The predictive value of this calculated attenuation value for urine culture positivity was evaluated.
Results  The median attenuation value was − 6 (range − 17.8 to + 11) and 12 (range 0–32) in group 1 and group 2 (p < 0.001). 
According to cut-off value of − 1 attenuation value, sensitivity for predicting urine culture positivity was 92.9%, whereas 
specificity was 100% (AUC: 0.977 p < 0.001). Urine culture was positive in all of the 26 patients with attenuation value < − 1, 
whereas only two of the 32 patients with attenuation value > − 1 had urine culture positivity (p < 0.001 OR 14).
Conclusion  The attenuation value of the urine in the defined area of the bladder may aid in the diagnosis of urinary infection 
with high sensitivity and specificity and without any additional cost.
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Introduction

Urinary tract infections (UTI) are among the most prevalent 
infectious diseases with a substantial financial burden on 
society. In the US, UTIs are responsible for more than 7 mil-
lion physician visits annually [1].

Fifteen percent of antibiotics used in USA were pre-
scribed for UTI [2]. Similar data were reported from Euro-
pean countries [3]. UTI, especially pyelonephritis, is the 
indication for hospitalization for > 100,000 patients annually 
in the USA [1].

The urine culture is gold standard for UTI diagnosis; 
however, it takes some time to get the results. So, clinicians 
are obliged to rely on some urine and blood tests for diag-
nosis in the acute phase.

Dipstick tests are easy to perform, give an immediate 
result, and are relatively cheap. The results of a systematic 
review showed that a dipstick for leukocyte esterase (LE) 
and nitrite, where both test results are interpreted in com-
bination, was a good test both for ruling in (both positive) 
and ruling out (both negative) a UTI. A dipstick positive for 
either LE or nitrite and negative for the other provides incon-
clusive diagnostic information and further testing is there-
fore required for these patients. Microscopy is more time 
consuming and expensive to perform than a dipstick test, 
but potentially quicker and cheaper than culture. Together 
with dipstick tests, a combination of microscopy for pyuria 
and bacteriuria can be used accurately to rule in and rule 
out a UTI. An indeterminate test result is again obtained if 
microscopy is positive for either pyuria or bacteriuria, and 
negative for the other. Confirmatory culture is required in 
these patients. In patients considered to have a UTI, further 
culture to determine antibiotic sensitivities may be an option 
to inform treatment decisions [4].
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The Hounsfield scale of tissue density is based on two 
values: air with − 1000 HU (minimum HU value) and water 
with 0 HU. Density of other tissues is related to this range, 
usually from − 1000 to + 1000 HU (− 1024 to 1024 or 3072 
depending on the coding of particular vendor) [5]. HU val-
ues are measured and reported in a variety of clinical appli-
cations [6–9].

In this recent study, we aimed to investigate the utility 
of attenuation value in a unique area. Attenuation value of 
the filled bladder on the CT images was calculated and the 
association of this value with simultaneously obtained urine 
culture results was evaluated.

Materials and methods

Between January 2016 and December 2017, the retrospec-
tive data of 129 patients that presented to the emergency 
service with complaints of acute abdominal pain and dysuria 
were evaluated, and all these patients were evaluated with 
urine dipstick microscopy, urine culture, and abdominal CT 
simultaneously. Seventy-one of the patients were excluded; 
20 had urinary instrumentation (15 urinary catheters, 3 D-J 
stent, 2 nephrostomy), 30 had intravenous contrast-enhanced 
CT, 20 had incomplete bladder filling, and 1 had artifacts on 
imaging due to femur head prosthesis. In the end, 58 patients 
were included in the recent study that all had urine dipstick 
microscopy, urine culture, and non-contrast abdominal CT 
simultaneously.

Imaging technique

All CT scans were carried out using a 64 detector CT scan-
ner (Toshiba®Aquilion64). Raw data obtained on axial 
plane with 1-mm slices were processed and 5-mm axial and 
3-mm slices coronal and sagittal images were achieved on 
non-contrast CT images. Attenuation value was measured 
on axial images using Probel®PACS (Picture Archiving and 
Communication System) system.

The bladder filling rate (bladder volume) was between 
150 and 600 cc in all patients. The attenuation value was 
measured inside an elliptical drawing at the level of the blad-
der trigone covering all the urine inside the bladder exclud-
ing the bladder wall on axial non-contrast CT image and 
also the distance of the region of interest to the skin was 
measured (Fig. 1). The measurements were made by one 
urologist and one radiologist blindly, and the analysis of the 
data was made using the mean of these two values.

Microbiological diagnosis

Mid-stream urine was sent in a sterile container and cultured 
in 5% sheep blood agar and eosin-methylene blue agar and 

incubated at 37° for 18–24 h. The results were quantita-
tively evaluated [10]. The bacterial growth of ≥ 105cfu/ml 
was accepted as positive and included in the study.

Biochemical diagnosis

The urine analyses were completed using URISED 
II&LABUMAT II®(77 ElektronikaKft.Hungarian).

The patients were divided into two groups according to 
urine culture positivity. Group 1 consisted of patients with 
positive urine cultures, whereas group 2 consisted of patients 
with negative urine cultures. The attenuation value of the 
bladder urine at the level of the defined area was calculated 
for each patient in the two groups and the association of 
bacterial growth with attenuation value was assessed. Also, 
the correlations of attenuation value with WBC in blood, 
neutrophilia in blood, and urine analysis characteristics were 
evaluated.

Statistical analysis

Data were analyzed using the Statistical Package for Social 
Sciences, version 20.0 (SPSS, Chicago, Ill) software pro-
gram. According to Urine Culture positivity, patients were 
divided into two groups as positive Urine Culture (Group 1) 
and negative Urine Culture (Group 2) groups. Mann–Whit-
ney U test and Chi-square test (Yates’ Chi-square test and 
Fisher’s exact test) analyses were used for the groups. In 
addition, to define the cut-off value of the attenuation value 
for predicting positive urine culture, ROC Curve analysis 
was used. According to the cut-off value, patients were 
divided into two groups as under the cut-off value and above 
the cut-off value. Mann–Whitney U test and Chi-square test 
(Yates’ Chi-square test and Fischer’s exact test) analyses 

Fig. 1   Measurements of attenuation value in bladder urine and the 
distance from the region of interest to the skin. Attenuation value is 
calculated at the level of trigone using an elliptical drawing covering 
all the urine inside the bladder excluding the bladder wall on axial 
non-contrast CT image
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were also used for these groups. Statistical significance was 
defined as p < 0.05.

Results

Urine culture was positive in 28 patients (group 1) and 
urine culture was negative in 30 (group 2). No statistically 
significant difference was found between the two groups in 
terms of mean age, sex, WBC count in blood, neutrophil 
count in blood, urine pH, and urine-specific gravity. Fever 
was detected in 22 and 2 patients in group 1 and group 
2, respectively (p < 0.001). Nitrite positivity was detected 
in 11 patients in group 1, whereas none of the patients 
had nitrite positivity in group 2 (p < 0.001). The LE was 
statistically significantly higher in group 1 compared to 
group 2 (p < 0.001). The distance of the region of interest 
to the skin and bladder volume values was similar between 
the groups. The median attenuation value was − 6 (range 
− 17.8 to + 11) and 12 (range 0 to + 32) in group 1 and 
group 2, respectively (Table 1). Also, the attenuation value 
of the cases was evaluated for each group according to the 
bladder volumes. An average bladder volume of 300 ml 
was accepted as cut-off value. Twelve and fifteen of the 
patients had bladder volume ≤ 300 ml, whereas sixteen 

and fifteen patients had bladder volume > 300 ml in group 
1 and group 2, respectively. The mean attenuation values 
were − 4.4 ± 6.7 and − 6.7 ± 4.2 for bladder volumes ≤ 300 
and > 300 ml, respectively, in group 1 (p = 0.286). The 
mean attenuation values were 14.4 ± 7.8 and 10.7 ± 7.7 
for bladder volumes ≤ 300 and > 300 ml, respectively, in 
group 2 (p = 0.203).

The calculated cut-off value of the attenuation value 
for predicting urine culture positivity was − 1 attenua-
tion value based on ROC curve analysis. According to 
this cut-off value, the sensitivity of attenuation value for 
predicting urine culture positivity was 92.9% and specific-
ity was 100% (AUC: 0.977 p < 0.001). Urine culture was 
positive in all of the 26 patients with attenuation value 
≤ − 1, whereas only two of the 32 patients with attenua-
tion value > − 1 had urine culture positivity (p < 0.001 OR 
14). The correlation of attenuation value with urine culture 
results is shown in Fig. 2. Also, the attenuation value of 
≤ − 1 was correlated with neutrophil count, fever, nitrite 
positivity, and LE positivity which are known predictors 
of UTI (Table 2).

Furthermore, three patients in group 1 later had non-con-
trast CT and simultaneous urine culture after antibiotic treat-
ment. The urine culture was negative in these three patients 
and also the attenuation value had changed to positive.

Table 1   The demographical 
data and association of factors 
with culture positivity

Group1, positive urine 
culture (n = 28)

Group 2, negative urine 
culture (n = 30)

p

Age (years) 55 (29–80) 53.5 (18–75) 0.889
Sex
 Male 14 15 1
 Female 14 15

Bladder volume (mm3) 310 (150–550) 305 (180–600) 0.791
The distance of the region of inter-

est to the skin (mm)
44.8 (18.6–100.7) 46.1 (18.2–97) 0.738

WBC (103/mm3) 14 (4.2–28) 10 (4–24) 0.165
Neutrophil (103/mm3) 11.5 (5–27) 8 (3–22) 0.058
Fever
 Positive 22 2 < 0.001
 Negative 6 28

Nitrite
 Positive 11 0 < 0.001
 Negative 17 30

Leukocyte esterase
 Negative 1 15 < 0.001
 1+ 3 7
 2+ 8 4
 3+ 16 4

Urine pH 5.5 (5–8) 5.5 (5–7.5) 0.491
Urine-specific gravity 1015 (1004–1031) 1020 (1006–1036) 0.139
Bladder attenuation value − 6 (− 17.8 to + 11) 12 (0 to + 32) < 0.001
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Discussion

Although it is a widespread disease, some difficulties still 
persist in the diagnosis of UTI which poses a problem for 
physicians. The ideal test should be fast, cheap, and acces-
sible with high accuracy. Some UTI may be asymptomatic 
or can be manifested with atypical signs and symptoms. For 
these reasons, there are limited laboratory tests that physi-
cians can trust on, for the diagnosis of UTI.

The chemical analysis of urine is performed with a dip-
stick test. These dry reactive sticks can detect the specific 
gravity, urine pH, the presence of nitrites, LE, protein, 
and peroxidase in urine. The detection of the protein, LE, 
in urine is indicative of the presence of neutrophils and 
thus pyuria. LE is detected via WBCs esterase procedure. 
However, false positivity is common due to contamina-
tion with vaginal flora bacteria. Nitrite positivity is a fast 
indirect indicator of bacteriuria. Bacterial species includ-
ing E. coli, Klebsiella, Proteus, etc. can convert nitrate to 
nitrite. However, bacterial species including Pseudomonas, 
enterococci, and S. Saprophyticus are nitrite-negative 

Fig. 2   The correlation of attenuation value with urine culture results

Table 2   The association of 
factors with attenuation value 
(cut-off value − 1)

Attenuation value ≤ − 1 (n = 26) Attenuation value > − 1 
(n = 32)

p

Age (years) 55 (30–80) 51 (18–75) 0.568
Sex
 Male 13 16 1
 Female 13 16

Bladder volume (mm3) 315 (180–550) 300 (150–600) 0.372
The distance of the region of 

interest to the skin (mm)
44.9 (18.6-100.7) 45.4 (18.2–97) 0.656

WBC (103/mm3) 14 (4.2–28) 10 (4–24) 0.142
Neutrophil (103/mm3) 11.5 (6–27) 8 (3–22) 0.04
Fever
 Positive 21 3 < 0.001
 Negative 5 29

Urine culture
 Positive 26 2 < 0.001

OR 14
 Negative 0 30

Nitrite
 Positive 11 0 < 0.001
 Negative 15 32

Leukocyte esterase
 Negative 1 15 < 0.001
 1+ 3 7
 2+ 7 5
 3+ 15 5

Urine pH 5.5 (5–8) 5.5 (5–7.5) 0.708
Urine-specific gravity 1014.5 (1004–1028) 1020 (1006–1036) 0.035
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organisms and the nitrite test is negative although these 
bacteria grow in urine cultures [11].

A meta-analysis including 70 studies about the results 
of dipstick tests revealed a sensitivity of 75%, specificity 
of 98% for LE and sensitivity as low as 30%, specific-
ity of 90% for nitrite positivity in the diagnosis of UTI. 
Using a combination of these two parameters, the sensitiv-
ity increases above 88% [12].

The results of a systematic review including 12,544 
patients revealed that only for nitrite positivity, the likeli-
hood ratio was 29.3 (14.4–59.7), negative likelihood ratio 
was 0.48 (0.37–0.62). and the diagnostic odds ratio was 
61. The same parameters for LE alone were positivity 4.9 
(3.3–7.3), 0.31 (0.18–0.51), and 15.8, respectively. The 
combination of nitrite and LE positivity has likelihood 
ratio of 9.6 (5.4–17) negative likelihood ratio of 0.54 
(0.26–1.1) and diagnostic odds ratio of 17.8 [13].

Bagga et al. reported that LE has sensitivity of 51.2%, 
specificity of 92.0%, positive predictive value of 60.2%, 
and negative predictive value of 88.9% in their study 
evaluating the parameters predicting UTI. In the same 
study, these parameters were 37.8, 88.1, 42.9, and 85.8%, 
respectively. The combination of nitrite and LE positiv-
ity has sensitivity of 62.2%, specificity of 82.8%, positive 
predictive value of 45.9%, and negative predictive value 
of 90.3% [14].

Attenuation values on non-contrast CT can be used to dif-
ferentiate the type and contents of ascites. In a study by Miz-
imura et al., the authors evaluated the intraabdominal ascites 
with non-contrast computed tomography and they tried to 
differentiate patients with bladder ruptures by calculating 
the ascites. They found that the value of ascites in bladder 
rupture (median 5.7; range 3.1–6.1) was significantly lower 
than in cases of gastrointestinal perforation (median 14.7; 
range 4.7–25.4) and intestinal ischemia (median 13.3; range 
6.0–18.1) (p = 0.004) [15].

In the recent study, we found that the sensitivity of attenu-
ation value was 92.9% and the specificity was 100%, when 
the cut-off value for attenuation value was accepted as − 1. 
The measurement of the attenuation value in non-contrast 
BT can be easily performed as we described. Of course, we 
do not suggest imaging with CT for diagnosis of UTI. But in 
cases with an acute event that can be related to urinary tract 
symptoms and non-contrast CT is ordered for the patient, the 
reporting of attenuation value may provide valuable infor-
mation to the physician about the possible diagnosis of UTI. 
This is because the attenuation value has higher sensitivity 
and specificity compared to the commonly used urine dip-
stick test parameters (nitrite, LE).

It is hard to explain the possible mechanism that results 
in the negative attenuation value for bladder urine with UTI. 
It may be attributable to disintegration of molecules in urine 
by bacteria or to the bacterial load itself.

The limitations of this study are its retrospective design, 
the limited number of patients due to strict inclusion criteria, 
and the absence of control CT (showing change in attenua-
tion value) and urine culture after treatment. We only have 
three patients that had non-contrast CT and urine culture 
after treatment. In all these three patients, we showed that 
the attenuation value changed to positive values when the 
urine culture was negative.

Conclusions

The attenuation value of the urine in the defined area of the 
bladder may aid in the diagnosis of urinary infection with 
high sensitivity and specificity and without any additional 
cost. We recommend radiologists to report the attenuation 
value of bladder urine on non-contrast CT routinely. Further 
studies are necessary to confirm our results as this is the first 
study on this topic.
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