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ABSTRACT

Objective: To investigate the relationship between numerical values obtained using computed tomography (CT) in stone-re-
lated urinary obstruction and the duration of obstruction.

Study Design: Cross-sectional study.

Place and Duration of Study: Department of Urology, Alanya Alaaddin Keykubat University, Turkey, from January 2018 to
September 2019.

Methodology: Eighty-three patients were investigated. Commencement of obstruction was defined as time of onset of pain.
Cases with less than seven days elapsed between onset of obstruction; and CT were classified as acute obstruction; and those
with durations of seven days or more as chronic obstruction. Bilateral renal parenchymal and renal fatty tissue densities were
measured in three planes.

Results: Acute obstruction was present in 53 patients and chronic obstruction in 30. Median renal parenchymal densities in the
obstructive and non-obstructive kidneys were 33 and 37 Hounsfield unit (HU), respectively; and median perirenal densities were
99 and 108 HU, the differences being statistically significant (p <0.05). Median perirenal density were 96 HU in acute obstruc-
tion and 104.5 HU in chronic obstruction and the difference was statistically significant (p <0.05). No statistically significant

difference was determined between renal parenchymal density in acute and chronic obstruction (p >0.05).
Conclusions: A low perirenal density on CT indicated prolonged duration of urinary obstruction.
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INTRODUCTION

The most significant clinical finding in ureteral stones is pain.
The duration and character of this pain varies from case to case,
but is generally severe, sudden-onset, and colic.” The pain is
caused by peristaltic contraction of the ureter in order to over-
cometheureteral obstruction.

Obstruction-related dilatation occurs proximally to the obstruc-
tion, and this further exacerbates the pain. The gold standard
imaging method for the diagnosis of ureter stones is non-con-
trast computed tomography (NCCT).> NCCT is a safe (no
contrast infusion), accurate, and rapid technique in the diag-
nosis of urinary systemstone.*
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Its sensitivity in diagnosing urinary system stone is 94-100%,
with specificity of 92-100%.” In addition to NCCT in stone diag-
nosis, the Hounsfield Unit (HU) value is obtained by measuring
tissue and stone density. The HU value is different in different
tissues.®

When obstruction occursin the ureterforany reason, a series of
obstruction-related changes occurin the urinary system. Renal
intrapelvic pressure increases transiently or permanently and
pyelovenous and pyelo-lymphatic reflux occur.” This leads to
hydronephrosis and urine leakage into the perirenal region.
Density of ureteral wall and renal parenchyma, density of peri-
ureteral and perirenal tissues can be measured using NCCT.
Obstructed and non-obstructed system results different HU
when the densities of tissues are evaluated with NCCT.? Renal
cortex and papillae density are higher in stone kidney
compared to stoneless opposite kidney of the same patient.” A
study in rats showed decreased kidney parenchymal density
due to ureteral obstruction. Kidney parenchymal density may
reflectrenal parenchymal damage.™

Periureteraltissue, renalparenchyma, andperirenaltissue densi-
ties change in ureteral stone-related obstruction, depending on
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the type of stone.™ NCCT findings in patients who have passed a
kidney stone only return to normal after a some time has
elapsed.” Patient tolerability increases during the presence of
stone in the ureter, and pain may gradually decrease. Tissue
densities at NCCT vary in urinary system according to obstruc-
tion time. The purpose of this study was to investigate the rela-
tionships between urinary obstruction time due to ureteral stone
andrenal parenchymal and perirenalfatty tissue.

METHODOLOGY

Following receipt of Ethical Committee approval, patient data
were examined retrospectively from the Alanya Alaaddin
Keykubat University Hospital information system. Ninety-nine
patients undergoing NCCT between January 2018 and
September 2019, with stone-related unilateral urinary obstruc-
tion, and with no laboratory and/or clinical findings of infections
were investigated retrospectively. Fifteen of these patients
were excluded due to renal parenchymal atrophy/small size,
and one due to renal ectopia. Eighty-three patients met the
inclusioncriteria; andthey wereenrolled inthe study.

The onset of pain based on anamnesis was adopted as onset of
obstruction. Time of onset of urinary system obstruction and
time when CT was performed were recorded. In literature, we
could not find any definition of acute urinary obstruction and
chronic urinary obstruction. Cases were divided into two
groups; those in which the time elapsed between onset of
urinary obstruction and CT was less than seven days were
regarded as acute obstruction; and those with periods of seven
days or more as chronic obstruction. The same patients’
contralateral non-obstructive kidneys were examined as the
controlgroup.

Evaluations were performed separately by a single radiologist
with 13 years’ experience in the field of radiology, and by a
single specialist physician with five years’ experience in the
field of urology. Then a consensus was reached by reassessing
togetherforeach patient.

CT examinations were performed on a 16-detector CT device
(ToshibaAlexion™ /Advance, Toshiba Medical Systems Corpora-
tion Nashu, Japan). Parameters for abdominal CT were set at 1
mm thickness; 120 kVp; 50-65 mAs; 0.938 pitch; 0.75 s rotation
time; 16x1 collimation; matrix 512x512; and 250x300 mm FOV.
Evaluations were performed using three-dimensional (3D)
multiplanar image reformation and maximum density projec-
tions on a radiology workstation (Sectra Workstation IDS 7,
Linképing, Sweden).

Renal parenchyma and perirenal fat density measurements at
CT were made in the axial plane from the upper/middle/lower
pole levels of both kidneys. Density values measured in the
renal parenchyma at all three pole levels and in perirenal fat
tissue atthe sameplanesusingacircularregion ofinterest (ROI)
in three separate areas. The means of the renal parenchyma
and perirenalfat, obtained were calculated (Figure 1,2).

Figure 1 (a,b): Bilateral renal parenchymal density measurement from
the middle part of the renal hilum at computed tomography. The right
kidneyisnormal (Figure 1a), whileureteral obstructioncanbeseeninthe
leftkidney (Figure 1b).

Figure 2 (a,b): Bilateral perirenal fat tissue density measurement from
the middle part of the renal hilum at computed tomography. The right
kidneyis normal (Figure 2a), while ureteral obstruction canbeseeninthe
leftkidney (Figure 2b).
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Figure 3: ROC analysis chart for estimation of duration of obstruction
based on perirenaldensity.

Descriptive statistics were expressed as number and percen-
tage values for categorical data. In normally distributed contin-
uous variables were expressed as mean =+ standard deviation.
Median interquartile range values were determined for
abnormal distributed continuous variables. Normal distribution
assumptions for measurement data were examined using the
Shapiro-Wilk test.

The p-values >0.05 was assumed to indicate normal distribu-
tion and were confirmed using histogram charts. The indepen-
dent groups t-test was used to compare normally distributed
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data, and the Mann-Whitney U-test for abnormal distributed
measurement data. Athreshold value for predicting duration of
the disease by examining perirenal and parenchymal densities
was determined at receiver operating characteristic (ROC)
curve analysis. The p-values <0.05 were regarded as statisti-
cally significantforall analysis, which were performed on IBM ©
SPSSversion 20 software.

Table I: Renal parenchymal density and perirenal density values in acute
andchronicobstruction.

Acute (<7 days) Chrg:}i;)(ﬂ
n=53(63.9%) | - 30(36.1%) |Pvalue
Median (IQR) Median (IQR)
RPD (HU) 32.0 (31.0-34.0) 33.0(30.0-35.0) 0.871
Perirenal density (HU) 96.0(900-105.0) | %4300 | 0.032
RPD = Renal parenchymal density, Mann-Whitney U-test.
Tablell:ROCcurveanalysisresults.
Time 7 days | 10 days
Area under the curve (AUC) 0.639 0.642
Confidence interval lower limit 95% for AUC 0.500 0.520
Confidence interval upper limit 95% for AUC 0.777 0.765
p 0.055 0.032
Threshold value 98
Sensitivity 73.3
Specificity 58.4
Positive predictive value 50.0
Negative predictive value 79.5

RESULTS

The NCCT images of 83 ureteral stone patients were examined.
Twenty-four (28.9%) of them were women and 59 (71.1%) of
them were men. The mean age of the patients was 36.9 £10.3
years. Duration of urinary obstruction was <7 days (defined as
acute obstruction) in 53 cases and =7 days (defined as chronic
obstruction) in 30 cases. Median obstruction durations in the
acuteandchronicgroupswere 2 and 30days, respectively (Table
).

Renal parenchymal density was significantly lowerand perirenal
density was significantly higher, in the presence of obstruction.
Median renal parenchymal density and perirenal density in the
obstructive kidneys were 33 (30.0-34.0) HU and 99 (92.0-107.0)
HU, respectively, compared to 37 (35.0-38.0) HU and 108
(103.0-113.0) HU in the non-obstructive kidneys (p <0.001 for
both).

Perirenal density was significantly lower in patients with chronic
obstruction than in those with acute obstruction. Median
perirenal density values were 96.0 (90.0 - 105.0) HU in the acute
obstruction group and 104.5 (97.0 - 109.0) HU in the chronic
obstruction group (p = 0.032). There was no statistically signifi-
cant difference between the chronic and acute obstruction
patientsintermsofrenal parenchymal density (p: 0.871, Tablel).

ROCanalysisforperirenal density revealed adensity value of 98
HU and an obstruction duration of 10 days or above as signifi-
cant predictors. If perirenal density 98 or less that indicates this
obstruction was longer than 10 days. (Figure 3 and Table ).
When it was accepted as 7 days threshold value no statistically
significant threshold value for predicting duration of disease at
ROCanalysis.

DISCUSSION

Renal parenchymal density may change secondary to
hydronephrosis occurring in ureteral obstruction. Inarat study,
Yildirim et al. reported lower renal parenchymal density in the
obstructed kidney than in the non-obstructed kidney in the
same animal.’® Measurement of renal parenchymal density
from any point of the renal parenchyma is reported to be
sufficient and there is no significant difference between
measurements from upper, middle orlower pole. Another study
reported lower parenchymal density in the obstructed kidney
compared to the non-obstructed kidney.” A difference in
parenchymal density exceeding 5 HU was determined between
the obstructed and non-obstructed kidneys in 89.1% of
patients. Another study reported that a density difference of 5
HU or more was diagnostic or ureteral stone with 100%
specificity, a 100% positive predictive value, and 79% accu-
racy.” Similarly, in the present study, renal parenchymal
density was lowerinthe presence of obstructionthaninthenon-
obstructedkidney.

Erbas etal. observed a higher mean renal parenchymal density
in chronic obstruction than in acute obstruction.” However, no
significant difference was observed in renal parenchymal
density between acute and chronic obstruction in the present
study. The discrepancy between the two studies may be due to
the lack of a clear definition of acute and chronic obstruction. In
the present study, acute obstruction was defined as onset of
pain in less than seven days, while chronic obstruction was
defined as pain persisting formorethansevendays.

Perirenal density increases in addition to the secondary finding
of the obstructed kidney at NCCT. Chou et al. also observed
more thinning in perirenal thickness in the presence of obstruc-
tion." In the present study, perirenal density in the obstructed
kidney was significantly greater than in the non-obstructed
kidney. Perirenal density was also significantly higher in
patients with acute obstruction than in those with chronic
obstruction. This may be due to urine leaking into the perirenal
area in the acute period secondary to obstruction further
altering the density in the perirenal region. Another reason for
this may be that perirenal density reaches normal values with
compensatory mechanisms asthe eventbecomeschronic.

Perirenal density varies depending on the ureteral obstruction
and the duration of obstruction.*® This study estimated duration
of disease by examining perirenal density. According to ROC
analysis, perirenal density values of 98 or less indicated dura-
tion of obstruction 10 days or more. Our scan of the literature
suggests that this the first study establishing a link between
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perirenal density and duration of urinary obstruction. Knowing
that obstruction has been present for a prolonged period can
assist with establishing the urgency of the intervention to be
performed. If obstructionis longstanding, then the intervention
to be performed is not urgent, exceptin rare conditions such as
solitary kidney or obstruction-related pyelonephritis.”*® Erbas
et al. evaluated renal parenchymal density for the differentia-
tion of acute and chronic obstruction but detected nosignificant
threshold.”The authors think that this may again be due to the
absence of specific definitions of acute and chronic obstruc-
tions.

There are number of limitations to this study. One is that, time of
onsetofpainwasadoptedasonsetofobstructionandthisinforma-
tion was got from patients’ declarations. This may on rare occa-
sions not actually apply and some memory problems can effect
our results. Another limitation is that we classified the patients'
obstructiontime as acute or chronic, while we considered them as
7daysorl0days. Sincetherearenodefinitions of acute or chronic
obstructions in the literature, we made these definitions in this
way. If we defined the acute and chronic obstruction time differ-
ently, theresults mighthave beendifferent.

CONCLUSION

Changes occur in the renal parenchymal and perirenal areas
secondarytoobstructioninureteral stone-related obstructions.
These changes may vary depending on the duration of the
obstruction. While no change occurs in renal parenchymal
density depending on whether obstruction is acute or chronic,
perirenal density is higher in acute obstruction. It may be
concluded that perirenal density of 98 or less indicates that this
urinary obstructionhasbeen presentforatleast10days. Investi-
gating perirenal density alone at NCCT, when clinical histories
obtained from patient, is insufficient can yield useful informa-
tionconcerningtheduration of obstruction.
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