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Abstract
Introduction

Impacted stones typically make it di�cult to perform ureteroscopic lithotripsy (URSL), so it is useful to
preoperatively predict such impaction. We focused on CT attenuation values of the ureter above and
below the stone (‘HU above’ and ‘HU below’) and calculated their ratio (HAB ratio). The aim was to
investigate whether HAB ratio could predict impacted stones preoperatively.

Material and Methods

Between 2011 and 2019, 171 patients from our hospital that had URSL for ureteral stones with
pretreatment non-contrast computed tomography (NCCT) were retrospectively identi�ed. Ureteral wall
thickness (UWT), ureteral wall volume (UWV) and HAB ratio were recorded. HAB ratio was calculated as
‘HU below’ divided by ‘HU above’. Impacted stones were de�ned as �xed stones that did not move by
means of ureteroscopic manipulation or water pressure.

Results

Of the 171 procedures, 46 (27%) involved patients with impacted stones. Comparing patient
characteristics and stone parameters according to impaction status, factors with signi�cant difference
included grade of hydronephrosis, UWT, and HAB ratio (all P<0.01). Multivariate analysis indicated that
signi�cant independent predictors of impacted stones were thicker UWT and higher HAB ratio (all
P<0.01).

Conclusions

HAB ratio was a signi�cant preoperative predictor of stone impaction in patients undergoing URSL for
ureteral stones. HAB ratio may be useful for selecting the treatment and preoperative preparations.

Introduction
Impacted ureteral stones are those that stay in the same place for long time, although this de�nition has
not been agreed upon. The presence of impacted stones is extremely important information in ureteral
stone treatment. Low rate of shock wave lithotripsy (SWL) success has been shown in patients with
impacted ureteral stones because of ureteral epithelial edema and hypertrophy[1-3]. SWL should therefore
be avoided as much as possible for patients with impacted stones. On the other hand, ureteroscopic
lithotripsy (URSL) is often complicated in patients with impacted stones, as clear visualization cannot be
maintained and the �xation of ureteral stones need to be removed. Impacted stones may also increase
the intra-operative rate of complications (including ureteral perforation and avulsion), and decrease the
stone-free rate (SFR) [4-6]. For these reasons, a means of predicting stone impaction is urgently required
for treatment selection and adequate preoperative preparation.
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Many studies have been conducted to predict stone impaction based on preoperative factors obtained
from non-contrast computed tomography (NCCT) [4], and more recently, ureteral wall-related factors have
attracted attention [7, 8]. Ureteral wall thickness (UWT) assessed by NCCT where there are ureteral stones
has been reported as the representative ureteral wall-related factor for predicting stone impaction [8].
Furthermore, one recent study reported that CT attenuation of the ureter above and below the ureteral
stone was useful for predicting stone impaction [9].

The de�nition of impacted stones has varied in previous reports, but intraoperative ureteroscopic �ndings
can determine whether ureteral stones are actually impacted. In this study, impacted stones were de�ned
as those that could not be moved by means of ureteroscopic procedure or irrigation pressure. To our
knowledge, no studies have previously de�ned impacted stones from intraoperative ureteroscopic
�ndings and evaluated whether ureteral wall-related factors, including CT attenuation of the ureter above
and below the ureteral stone, can predict impacted stones. We therefore aimed in this study to elucidate
what can preoperatively predict stone impaction.

Materials And Methods
Patients

We retrospectively reviewed the records of 171 consecutive patients who underwent URSL at Wakayama
Medical University for a single ureteral stone shown on preoperative NCCT between January 2011 and
April 2019. Institutional review board approval was received.

Surgical Procedures

All URSL procedures were performed in lithotomy position using a 7.5 Fr semi-rigid ureteroscope (Karl
Strorz, Tuttlingen, Germany), and/or �exible ureteroscopy (URF-P6 or P7, OLYMPUS, Tokyo, Japan) under
general anesthesia. First, to observe the inside of the ureter, a semi-rigid ureteroscope was inserted from
the ureteral ori�ce to the stone. Subsequently, a ureteral access sheath (Cook Medical, Bloomington, IN,
size; 9.5/11.5 Fr, 12/14 Fr and Boston Scienti�c, Marlborough, MA, size; 11/13 Fr) was placed in patients
with proximal or middle ureteral stones that could not be disintegrated using the semi-rigid ureteroscope.
A 270 µm Medilas H Solvo holmium laser (Dornier, Lindau, Germany) with short/long pulse width setting
and an energy level of 0.6-1.2 J and a rate of 8-10 Hz was used to disintegrate the target stone. A 1.5 Fr
N-Circle nitinol tip-less basket (Cook Medical) was used for stone removal. Finally, an indwelling ureteral
stent was placed in most patients, with the exception of those that did not use ureteral access sheath.
Procedures were all performed by or observed by expert surgeons.

Data Collection

Patient demographics, clinical data and surgical outcomes were retrospectively collected from patient
medical records, and impacted stone presence was evaluated from operative videos. Patient
demographics included patient age, sex, body mass index (BMI) and Eastern Cooperative Oncology
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Group performance status. Clinical data included stone size, stone volume, mean stone density (MSD),
UWT, UWV, stone location (proximal, middle or distal ureter), grade of hydronephrosis, CT attenuation of
the ureter above and below the stone (‘HU above’ and ‘HU below’) and presence of preoperative stenting.
All patients underwent preoperative non-contrast computed tomography (NCCT) with a 5-10 mm
thickness slice (LightSpeed 64-slice multidetector helical CT scanner, GE Healthcare Technologies,
Waukesha, WI) at 0.5 s per rotation (120 kV and 100 mA). UWT was de�ned as the maximum thickness
of the ureteral wall in the maximum stone diameter on axial NCCT image. UWV was de�ned as the
volume of the ureteral wall from the upper edge to the lower edge of the stone [10]. UWV was evaluated
using Aquarius iNtuition Viewer (TeraRecon Inc., Durham, NC) as well as stone volume and MSD. Stones
were de�ned as lesions ≥ 100 Houns�eld unit (HU), as previously described [11]. ‘HU above’ and ‘HU
below’ were measured at the center of the ureter of the one slice proximal and distal to the stone,
respectively (Fig.2). HAB ratio, the ratio of ‘HU above’ and ‘HU below’, was calculated by ‘HU below’
divided by ‘HU above’ (Fig.1). All NCCT measurements were via the abdominal window by experienced
urologists blinded to the outcome of this study, the presence of impacted stone. Surgical outcomes
included operation time, intraoperative complication rate (ureteral injury), and SFR. Our de�nition of
stone-free status was the absence of residual stones ≥ 4 mm based on NCCT or kidney-ureter-bladder X-
ray �lms within 3 months after the operation. Impacted stones were de�ned as �xed stones that did not
move by means of ureteroscopic manipulation or irrigation pressure.

Statistical Analysis

Patient demographics, clinical data and surgical outcomes were compared with Chi square tests or
Mann-Whitney U tests according to impaction status. We performed univariate and multivariate logistic
regression analyses to identify predictive factors associated with the presence of impacted stones.
Statistical analyses were all performed using JMP Pro 13 (SAS Institute, Cary, NC) and P < 0.05 was
considered statistically signi�cant.

Results
Overall, included in this study were 171 patients (59 female, 112 male). Of the 171 procedures, 46 (27%)
involved patients with impacted stones. Table 1 compares patient characteristics, surgical outcomes and
stone parameters between the impacted and non-impacted groups. UWT was signi�cantly thicker in the
impacted group compared with the non-impacted group (4.26 mm vs 3.28 mm, P<0.01), and UWV was
also signi�cantly larger in the impacted group (975 mm3 vs 819 mm3, P=0.04). Regarding grade of
hydronephrosis, the rate of high grade was signi�cantly higher in the impacted group than in the non-
impacted group (P<0.01). Furthermore, ‘HU above’ was signi�cantly lower (12 HU vs 16 HU, P=0.01) and
HAB ratio was signi�cantly higher (2.18 vs 1.46, P<0.01) in the impacted group than in the non-impacted
group. Similarly, operation time was found to be signi�cantly longer (84 min vs 64 min, P<0.01) and the
rate of ureteral injury was signi�cantly higher (17.4% vs 2.4%, P<0.01) in the impacted group than in the
non-impacted group.
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The results of univariate and multivariate logistic regression analyses of various preoperative factors that
predict the presence of impacted stone are shown in Table 2. On univariate analysis, thicker UWT, grade
of hydronephrosis ≥ 3, and higher HAB ratio were associated with the presence of impacted stone (all
P<0.01). On multivariate analysis, thicker UWT, grade of hydronephrosis ≥ 3, and higher HAB ratio were
the signi�cant independent predictors for the presence of impacted stone (all P<0.01).

The association between the rate of the patients with impacted stones and the number of predictive
factors is shown in Figure 3; UWT ≥ 3.98 mm, grade of hydronephrosis ≥ 3 and HAB ratio ≥ 3.00. The
optimal cutoff values of these risk factors were determined by ROC curve analyses. The rate of patients
with impacted stones were 4.4%, 22.2%, 43.9%, and 76.9%, respectively, when the number of risk factors
were 0, 1, 2, 3. As the number of risk factors increased, the rate of patients with impacted stones also
increased signi�cantly (P<0.01).

Discussion
We investigated preoperative factors to predict stone impaction that was de�ned by intraoperative
uteroscopic �ndings. High UWT, high grade of hydronephrosis and high HAB ratio were each independent
preoperative factors that predicted stone impaction. Additionally, the higher the number of these factors,
the greater the risk of impacted stones. 

In the case of impacted stones, the stone remains in the same position in the ureter, causing chronic
in�ammation of the mucosa, �brosis of the interstitium, and thickening of the uroepithelium, resulting in
mucosal edema, polyps, and stone adherence [1, 12]. When URSL is performed, these changes in the
ureteral wall often make the operative procedures di�cult because of the inability to maintain clear
visualization and the need to remove stones from ureteral mucosa. In a previous study, operation time
was longer, SFR was lower, and intraoperative complications rate was higher in the patients with
impacted stones than in those without impacted stones (all P<0.001) [4]. Similarly, operation time was
found to be longer and the rate of ureteral injury was higher in the impacted group than in the non-
impacted group (all P<0.01).

Several de�nitions of impacted stones have been reported, but no single de�nition has yet been
established. The �rst de�nition is the failed initial attempt to pass a guidewire or catheter through the
stone [8]. Although this de�nition has been the most cited, it is di�cult to evaluate whether a guidewire or
catheter could be passed through the stone retrospectively, and it cannot be assessed in patients
undergoing SWL without ureteroscopic procedures. The second de�nition is when stones stagnate
without moving in the ureter for more than two months [5, 13]. In a previous study, the period from �rst
diagnosis or onset of symptoms to the date of treatment was calculated, but it is di�cult to assess the
exact start date. The third de�nition is when the ureter distal to the stone is not contrasted on computed
tomographic urography (CTU) or intravenous urography (IVU) [6]. However, CTU and IVU may not be
possible in all patients because of renal dysfunction or allergies [14]. Previous de�nitions thus have
issues and do not always accurately re�ect the actual impacted stones that are di�cult to treat. In the
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present study, we de�ned impacted stones based on ureteroscopic �ndings in order to accurately extract
ureteral stones that are di�cult to treat with URSL.

UWT, ureteral wall thickness at the stone site, was �rst reported as a predictive factor of SWL success [7].
It was hypothesized that UWT would be increased in impacted stones because of the formation of
mucosal edema and polyps at the stone site, and they reported that high UWT was an independent factor
predicting stone impaction (odds ratio [OR]: 5.43, P<0.01, optimal cut off value: 3.49 mm) [8]. Similarly, in
the present study, UWT was an independent predictor of stone impaction, and the optimal cut off value
was also close (OR:1.20, P<0.01, optimal cut off value: 3.98 mm). UWV (volume of the ureteral wall at the
stone site) was previously reported to be a better predictive factor of treatment success for SWL than
UWT [10], but no previous reports have evaluated UWV in URSL. In the present study, UWV was not a
signi�cant factor in predicting stone impaction (OR:1.00, P=0.06).

CT attenuation of the ureter above and below ureteral stones, was shown in another recent study to be a
novel predictor of stone impaction (‘HU above’; OR:0.92, P=0.000, ‘HU below’; OR:1.13, P=0.000) [9]. ‘HU
below’ (CT attenuation of the ureter below ureteral stones) was reported to be signi�cantly higher, while
‘HU above’ (CT attenuation of the ureter above ureteral stones) was reported to be lower in impacted
stones. The cause of these results has been unclear. However, ‘HU above’ tended to have liquid density
because of hydronephrosis, while ‘HU below’ tended to have tissue density because of ureteral mucosal
edema and in�ammatory changes. We therefore focused on HAB ratio, the ratio of ‘HU above’ and ‘HU
below’. Ozbir et al. reported that the area under curve (AUC) of the ratio of ‘HU above’ and ‘HU below’ was
equivalent to that of UWT in terms of predicting stone impaction [9]. In the present study, HAB ratio was
an independent predictor of stone impaction (OR:1.47, P<0.01, optimal cut off value: 3.00).

The grade of hydronephrosis is expected to be high in patients with impacted stones because of poor
urinary passage. Hydronephrosis was previously reported to be an independent predictor of stone
impaction [9], which was consistent with the results of this study. 

Figure 3 shows the association between the rate of the patients with impacted stones and the number of
predictors (UWT ≥ 3.98 mm, grade of hydronephrosis ≥ 3 and HAB ratio ≥ 3.00). When the number of
risk factors was 0, 1, 2, 3, the rate of the patients with impacted stones was 4.4%, 22.2%, 43.9%, 76.9%,
respectively. These results suggest that preoperative factors might be used to predict stone impaction.

This study has a small number of limitations. First, it was retrospective and used a comparatively small
cohort. Second, CT slice thickness was not uni�ed. Consequently, there might be some small errors in
HAB ratio because ‘HU above’ and ‘HU below’ were measured in the one slice proximal and distal to the
stone. Third, all URSL were not performed by the same single surgeon, although all procedures were
performed or observed by expert surgeons. Despite these limitations, UWT, HAB ratio and grade of
hydronephrosis were shown to be novel preoperative predictors of stone impaction in which de�nition
was based on ureteroscopic �ndings. We believe that this information will aid the selection of the
treatment of impacted stones.
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Conclusion
HAB ratio is a novel predictor of stone impaction in patients with ureteral stones undergoing URSL. It may
be useful for selecting the treatment and preoperative preparations.
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BMI: body mass index

CTU: computed tomographic urography
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MSD: mean stone density

NCCT: non-contrast computed tomography

OR: odds ratio

SFR: stone-free rate

SWL: shock wave lithotripsy

URSL: ureteroscopic lithotripsy

UWT: ureteral wall thickness

UWV: ureteral wall volume
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Figures

Figure 1

Schematic diagram showing the ureteral wall-related factors. HAB ratio is the ratio of CT attenuation of
the ureter above and below ureteral stone. UWT is an indicator of thickening of the ureteral wall at the
stone site. UWV is an indicator of ureteral wall volume at the stone site.

Figure 2

The measurement method of ‘HU above’ and ‘HU below’ from an NCCT image. (A) ‘HU above’ and ‘HU
below’ were measured from the �rst slice proximal and distal to the stone. (B) ‘HU above’ was measured
at the center of the ureter. (C) ‘HU below’ was measured at the center of the ureter.

Figure 3

The association between the rate of the patients with stone impaction and the number of predictive
factors.
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