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Abstract
Purpose  To evaluate the predictive value of attenuation value (HU) in renal pelvis urine for detecting renal pelvis urine 
culture (RPUC) positivity in obstructed urinary systems.
Methods  The study group consisted of patients who had nephrostomy insertion performed because of obstructed system 
and suspicion of pyonephrosis and percutaneous nephrolithotomy (PCNL) patients who had obstructed calculi. Group 1 
consisted of RPUC positive 28 patients during nephrostomy insertion or needle access in PCNL and group 2 consisted of 23 
patients with negative RPUC. RPUC results and non-contrast computed tomography measurements [Hounsfield unit (HU)] 
were compared between group 1 and group 2. A cut-off value was determined for HU. All patients were grouped according 
to whether they were above or below this value.
Results  The median HU calculated from the renal pelvis was − 8.5 (range − 29/− 1) and 10 (range− 4/+ 17) (p < 0.001) in 
group 1 and group 2, respectively. The cut-off value of HU that predicted positive RPUC was 0. Sensitivity and specificity of 
HU when considering this cut-off value were 100% and 96%, respectively (p < 0.001). Whereas RPUC positivity was found in 
96.6% (28/29) of patients with HU < 0, there were no patients with HU > 0 where RPUC positivity was detected (p < 0.001).
Conclusion  In this cohort, we found that HU of the urine in the renal pelvis can be used to predict RPUC positivity.

Keywords  Pyonephrosis · Urinary tract obstruction · Urine culture · Computed tomography · Attenuation value (Hounsfield 
unit)

Introduction

Any blockage in the upper urinary tract may cause hydro-
nephrosis, which leads to incomplete destruction of bacte-
ria and an increase in bacterial resistance [1]. The bacterial 
overgrowth in the obstructed system may then cause pyone-
phrosis which is a urological emergency. This can rapidly 
progress to urosepsis and septic shock. It was reported that 
urinary tract obstruction was the underlying cause in up to 
85% of patients who develop urosepsis and shock [2–4]. 
The septic shock associated mortality rate can be up to 50% 
[5–8]. If bacterial overgrowth can be detected by any method 

patients can be treated with antibiotics prior to any interven-
tion or drainage. Negative urethral urine susceptibility test 
results do not correlate well with upper urinary tract infec-
tion [9]. Especially in obstructed systems, the renal pelvis 
urine culture (RPUC) can be positive although the mictur-
ated urine culture (MUC) is sterile.

So, it is important to detect significant bacterial presence 
in the obstructed system before the clinical signs appear. In 
a recent study, we showed that the attenuation value [Houns-
field unit (HU)] of urine can be used to predict the culture 
positivity with high sensitivity and specificity [10]. We 
aimed to study the predictive role of HU of renal pelvis urine 
in detecting RPUC positivity in obstructed urinary systems.

Methods

A total of 31 patients with percutaneous nephrostomy 
insertion (PCN) performed because of obstructive uri-
nary tract infection (UTI) and 22 patients with obstructed 
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calculi who underwent PCNL between Feb 2017 and May 
2018 were retrospectively evaluated. Patients were divided 
into two groups according to the presence of positive or 
negative RPUC. Group 1 consisted of RPUC positive 
patients with PCN insertion or needle access in PCNL 
and group 2 consisted of RPUC negative patients dur-
ing these interventions (Fig. 1). Patients in both groups 
were evaluated for non-contrast computed tomography 
(NCCT) images, MUC, urine analysis, RPUC, leukocyto-
sis and fever. Patients with contrast-enhanced CT were not 
included in the study because the enhancement can change 
the attenuation values. Patients with inadequate dilatation 
(Grade 1 hydronephrosis) were not included in the study. 
Also patients with the lack of RPUC results and who had 
positive preoperative urine culture and treated with anti-
biotics were excluded from the study in PCNL patients.

When clinical improvement was not detected in patients 
with obstructive urinary tract infection within 48–72 h of 
adequate antimicrobial treatment and/or there was progress 
into urosepsis, a drainage procedure was performed under 
the guidance of ultrasonography. All cases of PCN were 
performed under ultrasonographic guidance with local 
anesthesia with the patient in a prone or prone-oblique 
position.

This study was approved by the Institutional Review 
Boards of HSU Izmir Bozyaka Training and Research 
Hospital.

Informed consent was obtained from all individual par-
ticipants included in the study prior to surgery.

Imaging technique

The imaging data were gathered from our electronic 
imaging database system. A 64 detector CT scanner 
(Toshiba®Aquilion64) was used for all cases. Unprocessed 
data acquired on axial plane with a slice thickness of 1 mm 
were processed and 5 mm axial and 3 mm slice coronal and 
sagittal images were obtained from non-contrast CT images. 
In addition, antero-posterior renal pelvis diameter and renal 
pelvis area were measured on NCCT images using the same 
system.

An ellipse-shaped line that included all the urine inside 
the renal pelvis was created and HU was calculated on axial 
NCCT images (Fig. 2).

All CT scans were reviewed by two experienced urol-
ogists blindly and the HU were gathered from the PACS 
system which were calculated automatically and the results 
were analyzed according to the mean of these two values. 

Fig. 1   Flow diagram of the 
study
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The HU value measured from the mentioned localization 
was calculated for every patient and the relation between 
HU and RPUC positivity was investigated.

Microbiological diagnosis

Urine culture was performed using 5% sheep blood agar 
and eosin-methylene blue agar and incubated at 37 °C for 
18–24 h. The results were quantitatively evaluated [11]. The 
bacterial growth of ≥ 105 cfu/ml was determined as positive 
and as an inclusion criterion for the study. Two groups were 
compared in terms of white blood cell (WBC), presence of 
diabetes mellitus, hydronephrosis degree and pelvis antero-
posterior (AP) diameter.

Statistical analysis

Data were analyzed using the Statistical Package for Social 
Sciences, version 20.0 (SPSS, Chicago,Ill) software pro-
gram. The Mann–Whitney U test and Chi-square test were 
used for comparing RPUC positive and negative groups. 
Receiver operating characteristic (ROC) Curve analysis 
was performed to determine the cut-off value for HU and to 
calculate the sensitivity and specificity rates for predicting 
positive RPUC. Patients were grouped according to the cut-
off value. Group 1 included patients with HU results under 
the cut-off value. Group 2 included patients with HU results 
above the cut-off value. The Mann–Whitney U test and Chi-
square test were also applied to compare the results of these 
two groups. Statistical significance was defined as p < 0.05.

Results

The mean age of all patients was 53.5 (27–80) years and 12 
of these were female. The comparison of data between the 
two groups is shown in Table 1. The minimum and maxi-
mum duration between the CT scan and the intervention was 
2 days and 7 days, respectively. Two groups were similar for 
AP renal pelvis diameter, renal pelvis area, age and presence 
of DM. The presence of stones in group 1 and group 2 was 
89.3% and 84%, respectively (p = 0.570). The RPUC positive 
patients had more leukocytosis and fever. The median HU 
calculated from the renal pelvis at the level of largest AP 
diameter on the axial images was − 8.5 (range − 29/− 1) and 
10 (range − 4/+ 17 HU) (p < 0.001) in group 1 and group 2, 
respectively (Table 1).

Fig. 2   An ellipse shaped line that included all the urine inside the 
renal pelvis

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

Positive RPUC group (n = 28) Negative RPUC group 
(n = 25)

p

Age (years), median (min–max) 55 (27−72) 53 (30−80) 0.567
Sex, n (%)
 Male 17 (60.7) 24 (96) 0.009
 Female 11 (39.3) 1 (4)

DM presence, n (%) 5 (17.9) 1 (4) 0.112
Stone presence, n (%) 25 (89.3) 21 (84) 0.570
AP diameter of the kidney (mm), median (min–max) 19.4 (14.9–24.6) 20.1 (15–25.1) 0.412
Attenuation value of renal pelvis (HU), median (min–max) − 8.5 (− 29 to − 1) 10 (− 4 to + 17) < 0.001
Attenuation value of bladder (HU), median (min–max) −5.5 (− 15 to + 10) 7 (− 3 to + 18) < 0.001
Micturated urine culture (MUC) positivity, n (%) 25 (89.3) 0 (0) < 0.001
WBC (103/mm3), median (min–max) 11.5 (4.2–19) 8.4 (5.8–18) 0.026
Fever, n (%)
 Positive 18 (64.3) 2 (8) < 0.001
 Negative 10 (35.7) 23 (92)
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The cut-off value of HU that predicts positive RPUC was 
calculated as 0 HU based on ROC curve analysis. Sensitivity 
and specificity of HU when considering this cut-off value 
were 100% and 96%, respectively (AUC: 0.989, p < 0.001) 
(Fig. 3).

Whereas RPUC positivity was found in 96.6% (28/29) 
of patients with HU < 0, there were no patients with HU > 0 
with RPUC positivity detected (p < 0.001, OR = 0.04, 
CI = 0.006–0.273) (Table 2). The comparison of HU with 
RPUC results is illustrated in Fig. 4.

Discussion

The MUC may be negative in patients with urinary obstruc-
tion although infection persists in the upper system. In 10.1% 
of patients RPUC were positive and preoperative MUC were 
negative [9]. This data resulted from that study confirms the 
mentioned theory. Not all the patients with a positive RPUC 
may necessarily have signs and symptoms of infection, so 
not all of them received antibiotics prior to surgery. The 
patients who were given antibiotherapy due to signs and 
symptoms of urinary infection were excluded from the study, 
as stated in the material and method section.

Radiological examinations are important because a quick 
result can be obtained. In pyelonephritis, CT imaging is 
often associated with nonspecific findings such as thicken-
ing of the renal pelvis and stranding of perirenal fat [12–14].

The Hounsfield scale of tissue density is related to two 
values: air with − 1000 HU (minimum HU value) and water 
with 0 HU. Density of other tissues varies around this range, 
usually from − 1000 to + 1000 HU (− 1024 to 1024 or 3072 
according to the coding of the particular vendor) [15]. HU 
can be used in a variety of clinical applications [16–19].Fig. 3   ROC curve analysis

Table 2   The association of factors with attenuation value (cut-off value 0)

Bold indicates the statistical significance which was defined as p < 0.05

Attenuation value < 0 (n = 29) Attenuation value > 0 
(n = 24)

p

Age (years), median (min–max) 55 (27–72) 54 (30–80) 0.830
Sex, n (%)
 Male 18 (62.1) 23 (95.8) 0.014
 Female 11 (37.9) 1 (4.2)

DM presence, n (%) 5 (17.2) 1 (4.2) 0.135
Stone presence, n (%) 26 (89.7) 20 (83.3) 0.499
AP diameter of the kidney (mm), median (min–max) 19.3 (14.9–24.6) 20.3 (15–25.1) 0.326
Attenuation value of Renal pelvis (HU), median (min–max) − 8 (− 29 to − 1) 10 (1–17) < 0.001
RPUC positivity, n (%) 28 (96.6) 0 (0) < 0.001

OR:0.004 
(0.006–
0.273)

Attenuation value of Bladder (HU), median (min–max) − 5 (− 15 to + 10) 7 (1.1–18) < 0.001
Micturated urine culture (MUC) positivity, n (%) 25 (86.2) 0 (0) < 0.001
WBC (103/mm3), median (min–max) 11 (4.2–19) 8.5 (5.8–8) 0.059
Fever, n (%)
 Positive 18 (62.1) 2 (8.3) < 0.001
 Negative 11 (37.9) 22 (91.7)
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In their population-based study, Zeb et al. calculated HU 
in the evaluation of fatty liver disease and they concluded 
that fatty liver can be diagnosed using NCCT [16]. Pickhard 
et al. showed that lower CT attenuation values were related 
with osteoporosis [17]. In urological practice, CT attenua-
tion values were used for predicting urinary stone composi-
tion and success of extracorporeal shock wave lithotripsy 
[19].

HU on NCCT can be performed to differentiate the sub-
stances in the ascites. Mizimura et al. found that intraab-
dominal acid due to bladder rupture could be differentiated 
by HU measurement on NCCT. In their study, the value of 
ascites in patients with bladder rupture (median 5.7; range 
3.1−6.1) was significantly lower compared with cases 
diagnosed with gastrointestinal perforation and intestinal 
ischemia [20].

We investigated the correlation of bladder urine HU on 
NCCT images with MUC results in a recent published study. 
As a result, our study showed that when a cut-off value 
of − 1 is used for HU, MUC positivity can be predicted 
with 92.9% sensitivity and 100% specificity (AUC: 0.977, 
p < 0.001). In that study, MUC was positive in all patients 
with HU < − 1; however, only 6.2% of those with HU > − 1 
had MUC positivity (p < 0.001, OR: 14) [10].

In another paper published by Yuruk et al. the authors 
found that the HU of the renal pelvis in patients with 
pyonephrosis and urine culture positivity obtained dur-
ing nephrostomy insertion was significantly higher than 
for patients with hydronephrosis (13.51 ± 13.29 vs. 
4.67 ± 5.37, p = 0.0001). A HU of 9.21 or over diagnosed 

pyonephrosis accurately with 65.96% sensitivity and 
87.93% specificity [21]. This study had some limitations. 
Contrast-enhanced CT was used in most of the patients 
except the ones with contrast allergy in the mentioned 
study, while non-contrast CT was used without exception 
for imaging in our study. It is known that there are three 
phases of contrast media excretion including the vascu-
lar, nephro-graphic, and pyelographic phases. The pyelo-
graphic or excretory phase is reached 3 min after injection 
of IV contrast material [22]. It is impossible to determine 
the exact time for the pyelographic phase of contrast mate-
rial excretion and, furthermore, the HU of the renal pelvis 
changes with contrast material excretion in the collecting 
system. In our study the attenuation values had lower val-
ues, whereas in the study mentioned above attenuation val-
ues were 13.51 ± 13.29 in patients with culture positivity. 
This can be attributed to imaging with contrast-enhanced 
CT in that study.

In this study, we concluded that when the cut-off value 
for HU was considered as 0, the sensitivity and specific-
ity of HU was 100% and 96%, respectively. The evalua-
tion of HU on NCCT can be practically achieved as we 
have mentioned. It is definitely not our aim to suggest CT 
imaging to diagnose UTI. Nevertheless, for patients with 
an acute incident which may be related to urinary tract 
symptoms, when the patient undergoes NCCT, the evalu-
ation of HU may provide additional information to the 
clinician for the probable diagnosis of UTI. The results of 
the recent study implicate the importance of CT-imaging 
in acute evaluation of pyonephrosis. Using the HU in addi-
tion to the classical parameters (thickening of the renal 
pelvis and stranding of the perirenal fat) for pyonephro-
sis in CT-imaging allows responsible physicians to make 
earlier diagnosis and earlier interventions. In addition, 
knowledge about UTI is important preoperatively in renal 
stone patients with urinary system obstruction, because in 
the case of purulent urine being found during access the 
operation is postponed. Using the method we explained 
if UTI present physicians can place a nephrostomy tube 
and plan antibiotherapy and avoid unnecessary operations. 
This information may be used to discover patients who 
will need preoperative nephrostomy tube placement prior 
to a PCNL procedure.

The mechanism that leads to attenuation values becom-
ing negative for renal pelvic urine in patients with upper 
tract infection is unknown. In our opinion, it can be attrib-
uted to bacterial load and/or disintegrated urine molecules 
by the colonizing bacteria.

The current study has some limitations; a limited num-
ber of patients were included because of the strict inclu-
sion criteria, there was no control NCCT after treatment 
and the design was retrospective.

Fig. 4   Renal pelvis attenuation value distributions in the RPUC nega-
tive and positive patients
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Conclusions

In this study, we found that the HU value of urine in the 
renal pelvis may predict the RPUC positivity. This informa-
tion may be used to determine patients who will need preop-
erative nephrostomy tube placement prior to a PCNL proce-
dure. Future studies are necessary to understand what may 
cause this decrease in attenuation when urine is infected.
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