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Original Article 
Are Hounsfield densities of ureteral stones a predictive 
factor for effectiveness of extracorporeal shock wave 
lithotripsy?
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Abstract: Extracorporeal Shock Wave Lithotripsy (SWL) has long been used successfully to dissolve ureteral stones. 
We researched whether Hounsfield values of ureteral stones is a factor that affects the success of SWL. Methods: 
Data from 144 patients who had diagnoses of ureteral stones and underwent SWL, were retrospectively reviewed 
between January 2011 and December 2012. Urinary tomography of patients was processed and classified into 3 
groups by Hounsfield units (Group 1, < 500 HU; Group 2, 500-1000 HU; and Group 3, > 1000 HU) and 2 groups 
by stone size (Group A; < 1 cm, Group B; > 1 cm). SWL success was analyzed for both of these group types. Failure 
was defined as any fragments of the stone that remained within the ureter. Results were analyzed by evaluating the 
predictive factors in both groups. Results: The study included 144 patients (100 men, 44 women) who fit the inclu-
sion criteria. In Hounsfield unit Group 1 (12 women and 44 men), the mean age was 37.2 ± 13.2, stone size was 8.5 
± 2.5 mm, number of shocks was 3240 ± 1414 (1200-7500) and number of treatments was 1.4 ± 0.6. In Group 2 
(26 women and 32 men), the mean age was 33.6 ± 7.6, stone size was 9.6 ± 3.1 mm, process number was 3375 ± 
2103 (1200-8750) and shock amount was 1.6 ± 0.8. In Group 3 (6 women and 24 men), the mean age was 42.2 ± 
13.6, stone size was 11.7 ± 3.0 mm, number of shocks was 4513 ± 2458 (1300-8700) and number of treatments 
was 2.1 ± 1.2. In size Group 1 (28 women and 74 men), the mean age was 35.8 ± 10.6, stone size was 8.1 ± 1.4 
mm, process number was 3105 ± 1604, shock amount was 1.4 ± 0.5 and HU value was 580 ± 297. In Group 2 (16 
women and 26 men), the mean age was 39.9 ± 14.2, stone size was 13.9 ± 2.4 mm, number of shocks was 4722 
± 2467, number of treatments was 2.3 ± 1.1 and HU value was 912 ± 270. Conclusion: Although stone density 
predicted the failure of SWL, size of the stone is more important criterion for successful lithotripsy of ureteral stones. 
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Introduction 

Before the period when Extracorporeal Shock 
Wave Lithotripsy (SWL) entered therapeutic use 
in the 1980’s, invasive methods had been used 
in urolithiasis treatment. Today more than 90% 
of urolithiasis cases are treated with SWL and 
this is the primary treatment modality for 
stones in the kidney and ureter [1].

The success rate of this procedure is influenced 
by stone factors (stone size, location, composi-
tion, degree of obstruction), clinical factors 
(comorbidities such as concomitant infection, 

solitary kidney, abnormal ureteral anatomy), 
and technical factors (available equipment, 
source of energy) [2]. Several factors influenc-
ing the stone clearance and success rate such 
as body mass index, skin-to-stone distance, 
and the grade of hydronephrosis have been 
widely studied [3]. In addition, the attenuation 
value of calculi on computed tomography, mea-
sured in Hounsfield units (HUs), has also been 
studied to determine its ability to predict the 
stone-free rate after SWL [4]. 

Non-Contrast-enhanced Computed Tomography 
(NCCT) has become the radiographic modality 
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of choice in the diagnosis of urinary stone dis-
ease [5]. CT has emerged as the modality of 
choice in the evaluation of acute flank pain. It is 
safe, rapid and accurate, with one series report-
ing 96% sensitivity, 99% specificity, and 98% 
accuracy in the diagnosis of urolithiasis [6].

Material and methods

Data from144 patients undergoing SWL for ure-
teral stones between June 2008 and December 
2012 were retrospectively reviewed.

Indications for SWL were presence of symp-
toms (pain, obstruction) typically found with 
stone size larger than 6 mm, and lack of and 
spontaneous passage. Prior to the treatment, 
patients were assessed by urinary tract tomog-
raphy (CT). Non-enhanced computed tomogra-
phy (NECT) was used in the diagnosis. Stone 
localizations, dimensions, Hounsfield units and 
the effect on the urinary system on these 
patients were determined before the treat-
ment. After treatment, patients were evaluated 
by Direct Urinary System Graphy (DUSG) and 
Ultrasonography (USG) for a period of 1 month. 
Also, non-contrasted CT was added to the eval-

uation methods when required. Urea, creati-
nine, urinalysis and urine culture examinations 
were carried out on patients diagnosed with 
ureteral stones, prior to SWL treatment. During 
SWL, non-steroidal analgesics (diclofenac sodi-
um) were applied to patients who had pain 
scores (numerical pain ratings) of 5 and above. 
Before SWL, none of the patients had ​​prophy-
lactic antibiotics or analgesia. After the proce-
dure, the patients received diclofenac, tamsu-
losin, nitrofurantoin, and were recommended 
to consume copious fluids. 

A Storz Medical Modulith SLK was used in the 
SWL process. This device includes both ultra-
sonic and X-ray fluoroscopic focus systems. To 
give minimum radiation exposure with this 
device, the ultrasonic focus was typically 
applied. In order to better view the stone with 
ultrasound, patients were processed while their 
bladders were half full. SWL was not performed 
on those whom were pregnant, had bleeding 
diathesis, had significant deterioration in renal 
function, or had a urinary tract infection.

One to four (mean: 1.65) sessions of SWL were 
applied to the patients. For each session, the 
average shock number was 3812 (1200-8750) 
and shock severity was 30-75kv (mean: 60kv).  
Patients were examined on the 7th, 14th, 21st, 
and 30th days after the SWL process. Stones 
were analyzed with USG and DUSG. SWL was 
applied if the stone was not fragmented at the 
7th day examination. SWL was not applied if 
the stone was fragmented. Success was deter-
mined by all fragments of the stone having 
passed through the ureter.

Table 1. Data values of Housfield unit (HU) groups
Group 1 (n = 56) Mean ± SD Group 2 (n = 58) Mean ± SD Group 3 (n = 30) Mean ± SD

Age (years) 37.2 ± 13.2 33.6 ± 7.6 42.2 ± 13.6
Male/Female (M/F) 12/44 26/32 6/24
Stone diameter (mm) 8.5 ± 2.5 9.6 ± 3.1 11.7 ± 3.0
SWl shocks 3240 ± 1414 (1200-7500) 3375 ± 2103 (1200-8750) 4513 ± 2458 (1300-8700)
SWL sessions 1.4 ± 0.6 1.6 ± 0.8 2.1 ± 1.2

Table 2. Variables per group according to the diameter of the Stone (SD Groups)
M/F Age (years) Stone Diameter (mm) SWl Shocks SWL Sessions Housfield Unit (HU)

SD Group I (n = 102) 
≤ 10 mm

28/74 35.8 ± 10.6 8.1 ± 1.4 3105 ± 1604 1.4 ± 0.5 580 ± 297

SD Group II (n = 40) 
> 10 mm

16/26 39.9 ± 14.2 13.9 ± 2.4** 4722 ± 2467* 2.3 ± 1.1* 912 ± 270

Independents Samples Test: *P < 0.05, **p < 0.01.

Table 3. The comparison of differences in data 
values between groups

Age Size Shock Sessions
Group 1-Group 2 0.080 0.047* 0.688 0.131
Group 1-Group 3 0.105 0.000** 0.003* 0.000**

Group 2-Group 3 0.000** 0.003* 0.026* 0.010*

*P < 0.05, **p < 0.01.
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Figure 1. Data of Hounsfield unit groups (boxplots).

Figure 2. Data of stone diameter groups (boxplots).

Patients’ age, sex, stone dimension, Hounsfield 
unit, and stone locations were evaluated. 
Patients were divided into 3 groups according 
to their Hounsfield unit values (Group 1; < 500 
HU, Group 2; 500-1000 HU, Group 3; > 1000 
HU). Also they were divided into 2 groups 
according to stone radius (Group A; < 1 cm, 
Group B; > 1 cm). Both groups’ success for SWL 
was analyzed. Failure was defined as the pres-
ence of any remaining stones or fragments of 3 
mm or larger. The data were analyzed to deter-
mine clinical and radiological factors associat-
ed with treatment. Univariate analysis was 

Figure 3. The correlation plot of Hounsfield Unit and 
stone diameter and shockwave number.

Figure 4. The correlation plot of Hounsfield unit.

used to evaluate the effects of single or multi-
ple factor results. After this, multivariate logis-
tic regression analysis was performed. This was 
done to determine independent predictors of 
treatment failure.

Statistical evaluation 

The SPSS 11.5 (Statistical Package for Social 
Sciences, Chicago, USA) software was used for 
all statistical evaluations. The differences 
between the data of the patient groups were 
examined by Independent Sample t-test and 
box plots. The similarity between the data of 
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the patient groups was examined by Pearson’s 
correlation analysis and scatter grams. 
Correlations with p < 0.05 values were consid-
ered statistically significant.

Results

The study included 144 patients (100 men, 44 
women) who matched the inclusion criteria. 
Average age was 37.7 (16-73), average stone 
size was 9.6 mm (6-19), the average number of 
treatments was 1.65 (1-4), and the average 
number of shocks was 3812 (1200-8750).

In the Hounsfield unit Group 1 (12 women and 
44 men), the mean age was 37.2 ± 13.2, stone 
size was 8.5 ± 2.5 mm, number of shocks was 
3240 ± 1414 (1200-7500) and the mean num-
ber of treatments was 1.4 ± 0.6. In Group 2 (26 
women and 32 men), the mean age was 33.6 ± 
7.6, stone size was 9.6 ± 3.1 mm, the number 
of shocks was 3375 ± 2103 (1200-8750) and 
the number of treatments was 1.6 ± 0.8. In 
Group 3 (6 women and 24 men), the mean age 
was 42.2 ± 13.6, stone size was 11.7 ± 3.0 
mm, number of shocks was 4513 ± 2458 
(1300-8700) and number of treatments was 
2.1 ± 1.2 (Table 1). 

In size Group 1 (28 women and 74 men), the 
mean age was 35.8 ± 10.6, stone size was 8.1 
± 1.4 mm, number of shocks was 3105 ± 1604, 
number of treatments was 1.4 ± 0.5 and HU 
value was 580 ± 297. In Group 2 (16 women 
and 26 men), the mean age was 39.9 ± 14.2, 
stone size was 13.9 ± 2.4 mm, number of 
shocks was 4722 ± 2467, number of treatment 
was 2.3 ± 1.1 and HU value was 912 ± 270 
(Table 2).

Anatomical placements of the stones were 
proximal-right ureter (32), mid-right ureter (18), 
distal-right ureter (28), proximal-left ureter (24), 
mid-left ureter (12), and distal-left ureter (30). 

There were 57 patients with a stone size less 
than 1 cm, and 23 patients who had a stone 
size greater than 1 cm. As a result, the stone 
was isolated for 136 patients (94.5%), and 8 
patients (5.5%) required extra treatment. 
Failure to fragment the stone occurred in 5 
patients. Successful fragmentation which, 
nonetheless, required further treatment 
occurred in 3 patients. Eighty-six patients 
(59.7%) had macroscopic hematuria in their ini-
tial urine sample after an SWL session. Two 

patients developed urinary tract infections 
within one week after an SWL session. One of 
these patients was treated as an inpatient with 
parenteral antibiotic therapy; the other one was 
treated with oral antibiotic therapy. Out of 8 
patients who had unsuccessful SWL sessions, 
two had proximal, two had middle and four had 
distal ureteral stones. These stones’ sizes were 
all greater than 15 mm.

There was significant correlation between 
stone size and shocks (r: 0.544, p < 0.001). 
There was significant correlation between 
stone size and number of sessions (r = 0.609, p 
< 0.001). There was significant correlation 
between process amounts and Hounsfield 
units (r = 0.219, p = 0.008). There was also sig-
nificant correlation between stone size and 
Hounsfield units (r = 0.447, p < 0.001).

Hounsfield groups 1 and 2 showed no signifi-
cant differences between process amount and 
sessions (p = 0.688 and p = 0.131). Group 1 
and group 3 had significant correlation between 
process amounts and sessions (p = 0.003 and 
p = 0.000). Groups 2 and 3 showed significant 
correlation between process amounts and ses-
sions (p = 0.026 and p = 0.10). The comparison 
of differences in data values between groups 
was shown in Table 3 and depicted in Figures 
1-4.

The stone radius was greater than 1 cm in 8 
patients who had unsuccessful ESWL sessions. 
Out of these 8 patients, 5 patients’ stone den-
sities were over 1000 HU (Group 3), 2 patients’ 
stone densities were between 500 and 1000 
HU (Group-2) and one patient’s stone density 
was under 500 HU (Group-1). 

Discussion 

Effective treatment for ureteral stones should 
resolve clinical complaints of the patient and 
avoid the negative impacts of the obstruction 
on the kidney [7]. Ureteral stones that are 
under 3 mm or less will pass spontaneously 
86-97% of the time without symptoms or 
sequelae and do not require medical treat-
ment. At 4 mm and above, ureteral stones will 
pass spontaneously 80% of the time [8]. A 
meta-analysis which considered only the stone 
size, regardless of the location, determined 
that stones that are less than 5 mm pass 68% 
of the time. In contrast, stones that are 5-10 
mm pass 47% of the time [1]. 
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Spontaneous passage depends on stone size, 
location, and right laterality [8]. Solitary or bilat-
eral ureteral stones which do not pass sponta-
neously and create renal dysfunction require 
medical intervention. While expectantly manag-
ing spontaneous passage in patients with 
associated pain, intervention can be carried 
out per patient’s preference. Intervention meth-
ods available for ureteral stones are SWL, URS 
+ lithotripsy and open or minimally invasive sur-
gical procedures. SWL is more advantageous 
compared to the alternatives, because it is an 
outpatient procedure with minimal complica-
tions compared to surgery and anesthesia. 
Today, 90% of ureteral stones are treated with 
SWL [1].

Renal stones were evaluated in the vast major-
ity of studies on factors affecting the success 
of SWL. Factors affecting the success of SWL 
were separated into 3 groups to improve intel-
ligibility. These include factors related to the 
stones (size, surface area, volume, location, 
composition, degree of obstruction), clinical 
factors (concomitant infection, solitary kidney, 
the presence of a stent, abnormal urethral 
anatomy) and technical factors (hand equip-
ment, energy supply and shock intensity) [10-
12]. In recent studies, the data for body mass 
index (BMI), skin-stone distance (SSD), the 
stone Hounsfield units (HU) are also considered 
[5, 13]. Even though they appear to be clinical 
factors, BMI and SSD are physical characteris-
tics of conditions associated with lithotripsy.

Unfavorable composition of the stone is the 
major factor for failure of SWL. It is therefore 
important that the composition of the stone 
must be known before starting a treatment. 
This information can be assessed by stone 
analysis in patients with recurrent disease. In 
studies in the 1990s, success of SWL was esti-
mated by looking at density on DUSG and 
shape of the stone [13-15]. The accuracy of the 
estimation of stone composition in DUSG and 
the success rate of the estimation were 39% 
and 40% respectively [15]. 

This was clearly a poor predictor of the success 
of SWL. Today, diagnosis of the stone can be 
done by helical NCCT with 96% sensitivity, 99% 
specificity and 98% accuracy. NCCT is an 
advanced image reconstruction technology 
that is capable of producing multiple, thin-slice 
images with advanced computer software. 

Stone shape, stone size, and attenuation val-
ues ​​can be measured in order to predict the 
success of SWL.

The relationship between stone compositions 
and density of stone has been accomplished by 
in vitro studies. Thus, HU values of pure stones 
are distinct because they do not overlap [16-
20]. In one study, these values were 112-436 
HU for uric acid stones, 510-681 HU for struvite 
stones, 994-1180 HU for cystine calculi, 1252-
1640 HU for calcium phosphate, 1813 HU for 
calcium oxalate dihydrate and 1743-2857 HU 
for calcium oxalate monohydrate. In another 
analytical study, stones were classified on the 
basis of urate, phosphate, and oxalate. These 
classes (urate, Ca, phosphate, oxalate, H, N, C, 
Mg) were studied, and different HU values were 
found (urate 513 ± 197 HU; phosphate 1660 ± 
292 HU; oxalate 1684 ± 290 HU) [21]. However, 
stones often comprise a combination of crys-
tals. Approximately 80% of the stones in the 
urinary tract are formed by two or more differ-
ent combinations of crystal phase. Thus, every 
stone should preferably be fragmented by an 
appropriate number and severity of shocks 
based on their composition [22].

Recent studies were carried out to evaluate the 
role of HU values in predicting the success of 
SWL [3, 4, 23-30]. These studies (prospective 
and retrospective) clearly showed HU values 
affected ESWL results (number of shocks, ses-
sion, success), and tried to determine a thresh-
old value. According to the values ​​of these first 
prospective studies, stones were classified by 
HU values (< 500, 500-1000, > 1000) and suc-
cess of SWL was found to be 100%, 85.7%, and 
54.5% respectively [22]. If the threshold value 
was taken as 1000 HU, then there was a statis-
tically significant difference between 94.7% 
and 54.5%. In other prospective studies, the 
threshold value was taken as approximately 
1000 HU [25, 28, 30].

Retrospective studies have tried to derive the 
value of density in predicting the success rates 
of patients who often get ESWL. For this pur-
pose, fragmented and unfragmented stone 
density values ​​were correlated. These values, 
in many of Pareek’s studies, were 551.20 ± 
46.66 HU versus 926.20 ± 51.42 HU, and 
577.8 ± 182.5 HU versus 910.4 ± 190.2 HU4. 
In other retrospective studies, the threshold 
value was taken as 750 or 1000 HU [24, 26, 
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27, 29]. In studies in which the threshold value 
was taken as 1200 HU, the success rate was 
determined (80.4% and 66.2%). Also, shock 
number and increase in shock density were 
both found to be meaningful [23]. Stone densi-
ty was found to be a significant predictor of suc-
cess as well as the failure on multivariate analy-
sis [26]. Beyond this, it is remarkable that stone 
density was a better independent predictor 
than the size of the stone [17, 24, 26-30]. 

In most of these studies, ureteral stones were 
the topic of discussion [3, 4, 23-30]. In some of 
these studies, only HU and SWL values for prox-
imal-ureter stones were evaluated [4, 24-28]. 
We reviewed data for ureteral stones in 144 
patients in all three locations. It was a consider-
ably larger study compared to the current litera-
ture. We reviewed the relationship between 
stone size and density, and shock to shock 
amount to predict the success or failure of 
SWL. Also we compared the results with cur-
rent information.

When the results were evaluated, there was 
success in 136 out of 144 patients (94.4%). 
Eight cases were unsuccessful: 2 proximal, 2 
mid, and 4 distal stones were remaining (n = 8). 
According to the localization, our success rates 
were 96.4% on proximal, 93.3% on mid, and 
93.1% on distal stones. These values were 
higher than those reported in previous litera-
ture. When comparing between groups, the 
characteristics of age, sex, and laterality were 
very similar (p > 0.05). Shock and shockwave 
values for the larger stone radius group were 
higher than in the smaller group (p < 0.01). 
Analyzing density values showed that the group 
with > 1000 HU values was significantly differ-
ent from those with HU values of < 500 HU (p = 
0.000) and 500-1000 HU (p = 0.010). There 
were no meaningful differences between the 
last two groups.

When correlation was evaluated, there was a 
significant relevance for several variables, 
including (from strongest to the weak respec-
tively) stone radius to shock numbers (r = 
0.544), stone radius to density (r = 0.447) and 
density to shock numbers (r = 0.219).

Conclusion

According to our study, stone size is one of two 
factors that affect the success of SWL. When 

correlation was evaluated, the size of ureteral 
stones (r = 0.544) was the most significant 
affecting factor predicting the result of SWL, 
rather than the stone density(r = 0.219). 
Contrary to previous results reported in the lit-
erature [17, 24, 26-30], we believe that stone 
radius is the more independent predictor of 
successful lithotripsy for ureteral stones rather 
than stone density. When the unsuccessful 
group was evaluated, the > 1000 HU value was 
highlighted as a threshold. Density of ureteral 
stones was seen as an important criterion in 
predicting the failure of SWL [25]. As a result, 
although stone density does predict the failure 
of SWL, the size of the stone is the more impor-
tant predictive variable.
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