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respectively. There were statistical differences in these 
results between the two groups (P < 0.05). The lithotripter 
with OCC had excellent shock wave transmission proper-
ties with the least possible loss of energy; it can lead to the 
optimization of SWL treatment outcome and reduce the 
incidence of SW-induced adverse effects. We are confident 
that the OCC used in this study should be a standard fea-
ture in future lithotripters.

Keywords  Optical coupling control · SWL · Clinical 
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Introduction

In early lithotripters such as the Dornier HM3, the patient 
was immersed in a water tub, providing an ideal medium 
for SW propagation. Modern lithotripters on the other hand 
are dry-head devices in which the cushion of the treatment 
head must be coupled, usually with a gel or oil, to the skin 
of the patient. Unfortunately, air can get trapped at the cou-
pling interface, and this interferes with SW transmission to 
the patient [1, 2]. The quality of acoustic coupling in shock 
wave lithotripsy (SWL) is often overlooked and may be 
one of the most important factors in energy transfer, and 
hence in the quality of stone fragmentation [3–7]. Air bub-
bles in the coupling area have a deleterious effect on the 
propagation of the SW and consequently on the disintegra-
tion capacity. Various in vitro studies have been done on the 
effect of air pockets in the coupling surface on disintegra-
tion capability [7–12]. Pishchalnikov et  al. [9] found that 
only 2 % coverage by air pockets decreased stone breakage 
by 20–40 %.

Although bubble-free coupling is essential, the cou-
pling surface cannot be visually monitored with most 

Abstract  The objective of this study was to compare 
the results of shock wave lithotripsy (SWL) between 
patients treated with optical coupling control (OCC) and 
those treated with “blind” coupling during SWL to treat 
renal stones. Enrolled in the study were patients with uri-
nary stones who underwent SWL between January 2014 
and February 2015. The lithotripter used in the study was 
an electromagnetic Dornier Compact Delta II UIMS. The 
closed envelope method was used to randomize the enroled 
patients to OCC (Group A) or “Blind” coupling group 
(Group B). The stone-free rates (SFRs) were determined 
using KUB film with or without ultrasonography after 
3 months. Treatment failure was defined as radiologically 
confirmed persistence of the stone with no fragmenta-
tion after second SWL sessions. Complications during the 
intraoperative or post-operative periods were recorded. A 
total of 336 patients satisfied the inclusion criteria for the 
study, of which 169 patients were treated in the Group A 
and 167 in the Group B. There was no significant differ-
ence in patient and stone characteristics between the two 
groups (Table 1). The locations of treated stones are shown 
in Table  2. The treatment results were stratified by stone 
location in Table  3, significant differences existed in all 
treatment results between the two groups (P < 0.05). The 
overall stone-free rates after 3 months were 78.2 % for kid-
ney stones and 81.7 % for ureteral stones in patients from 
Group A. The corresponding SFRs for patients in Group B 
were 62.8 and 67.9 % for stones in the kidneys and ureters, 
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lithotripters. Dornier devices with latest feature coupling—
opticouple control detects the presence of imperfect cou-
pling. Opticouple is an imaging technology that enables 
healthcare professionals to optically view the patient con-
tact interface from within the therapy head. A video cam-
era and a LED light were installed in the therapy head of 
Dornier newer lithotripter. It can check for air bubbles in 

the coupling area between the water cushion and the patient 
(Fig. 1).

In this study, we compared the treatment results using 
this optical coupling control (OCC) to the treatment results 
with “blind” coupling during SWL to treat renal stones. 
Our goal was to determine whether a coupling monitor 
could improve SWL.

Patients and methods

From January 2014 to February 2015, eligible patients with 
upper urinary tract stones referred to our institute were 
considered for this study. The upper urinary tract stones 
were initially diagnosed by abdominal ultrasound and plain 
abdominal X-ray for kidney, ureter and bladder (KUB). An 
unenhanced CT scan is performed when necessary. Stone 
size was recorded as the maximum diameter measured on 
a plain abdominal film. All procedures were performed by 
the same urologist.

The lithotripter used in the study was an electromag-
netic Dornier Compact Delta II UIMS (Dornier Medical 
Systems, Germany). The calculi were fragmented under 
fluoroscopic or ultrasound guidance. In each treatment ses-
sion, shock waves were delivered at a fixed pulse repetition 
frequency of 70 SW/min; shock wave power was increased 
gradually to reach 100 %. The closed envelope method was 
used to randomize the enroled patients to optical coupling 
control (OCC; Group A) or “blind” coupling (Group B).

To optically check for air bubbles in the coupling inter-
face between the coupled water cushion and the patient, 
a video camera and light-emitting diode were installed in 
the therapy head of lithotripter (Fig.  1). For all patients 
we strictly adhered to guidelines for optimal coupling 
[4, 5]. A low viscosity ultrasound gel (Sun Ultrasound 

Table 1   Patients’ and stones’ characteristics

Group A Group B P value

Number of patients 169 167

Patients’ gender (M/F) 97/72 109/58 0.138

Stone location (left/right) 86/83 89/78 0.659

Patients’ age (years) 36.3 ± 7.1 34.2 ± 6.8 0.521

Size of stones

 Kidney (cm) 1.4 ± 0.6 1.3 ± 0.7 0.452

 Ureter (cm) 1.1 ± 0.5 1.1 ± 0.4 0.354

 Average size (cm) 1.2 ± 0.8 1.2 ± 0.7 0.372

Table 2   The distribution of location of stones treated

Group A % Group B %

Upper calyx 21 12.4 25 15.0

Middle calyx 28 16.6 23 13.8

Lower calyx 7 4.1 5 3.0

Renal pelvis 31 18.3 33 19.8

Upper ureter 28 16.6 31 18.6

Middle ureter 6 3.6 4 2.4

Lower ureter 48 28.4 46 27.5

Overall 169 100.0 167 100.0

Table 3   The treatment results were stratified by stone location

Group A Group B

%Stone-free %Re-treatment %Ancillary procedure %Stone-free %Re-treatment %Ancillary procedure

Kidney

 Upper calyx 76.2 33.3 14.3 60.0 48.0 12.0

 Middle calyx 75.0 35.7 7.1 56.5 56.5 13.0

 Lower calyx 71.4 42.9 28.6 60.0 60.0 40.0

 Renal pelvis 83.9 29.0 9.7 69.7 45.5 12.1

 Overall 78.2 33.3 11.5 62.8 50. 0 14.0

Ureter

 Upper ureter 82.1 28.6 10.7 74.2 32.3 16.1

 Middle ureter 66.7 66.7 33.3 50. 75.0 50.0

 Lower ureter 83.3 25.0 10.4 65.0 41.3 13.0

 Overall 81.7 29.3 12.2 67.9 39.5 16.0
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Transmission Gel, JianQu laboratories Inc., China) was 
scooped with a large spoon from a wide mouthed con-
tainer and deposited in a generous amount in the center 
of the inflated water cushion. Coupling was found to be 
best when applying a large mound of bubble free gel 
from a large container. Poor results were obtained when 
applying the gel from a squeeze bottle [8]. The patient 
was then gently lowered onto the inflated cushion, thus 
spreading the gel radially and minimizing air entrapment 
[11]. In the OCC series, the air pockets in the coupling 
area could then be removed under visual control of the 
video camera. This was performed by gently swiping a 
hand between the patient and the inflated water cushion 
(Fig.  1). This gentle swiping movement was repeated 
until all air bubbles and/or folds in the water cushion 
membrane had disappeared. After targeting off the stone, 
a hand is gently swiped between the inflated water cush-
ion and the patient to remove all the air pockets trapped 
in the coupling zone.

The preoperative evaluation included medical history, 
physical examination, laboratory investigations (urine 
analysis, urine culture and/or sensitivity, complete blood 
count, coagulation profile, blood urea nitrogen and serum 
creatinine levels) and radiologic investigations. Patients 
with a known urinary tract infection received specific anti-
microbic culture before SWL until the urine culture turned 
to negative.

There was no statistically significant difference between 
the groups in the time from diagnosis to treatment. The 
stone-free rates (SFRs); defined as the complete absence 
of stone fragments were determined using KUB film with 
or without ultrasonography in 3 months. Treatment failure 
was defined as radiologically confirmed persistence of the 
stone with no fragmentation after second SWL sessions. 
Complications related to SWL during the intraoperative or 
post operated periods, were recorded.

Data were processed using SPSS 15 for Windows. The 
results are presented as mean ± standard deviation. All the 
parameters were analyzed statistically using the unpaired 

Student’s t test and χ2 test. A P value <0.05 was considered 
statistically significant.

Results

A total of 336 patients satisfied the inclusion criteria for 
the study, of which 169 patients were treated in the Group 
A and 167 in the Group B. There were no significant dif-
ferences in stone characteristics between the two groups 
(Table  1). The stone locations in the treated patients are 
shown in Table 2. The treatment results were stratified by 
stone location in Tables  3, All treatment results differed 
significantly (P < 0.05) between the two groups. The over-
all SFRs after 3  months were 78.2  % for kidney stones 
and 81.7  % for ureteral stones in patients from Group A. 
The corresponding stone-free rates for patients in Group B 
were 62.8 and 67.9 % for stones in the kidneys and ureters, 
respectively (P < 0.05).

The number of shock waves ranged from 800 to 3000, 
pulse rate was 70  SW/min and the energy applied was 
between levels 1 and 4. Treatment time varied from 8 to 
45 min (Table 4).

Nine clinically significant subcapsular hematomas were 
detected in Group B after lithotripsy. All nine patients 
were managed conservatively without blood transfusion. 

Fig. 1   Dornier opticouple control coupling

Table 4   Shock wave lithotripsy treatment parameters and the results 
of treatment

Group A Group B P value

Mean no. of shocks 1900 ± 363 2400 ± 320 0.013

Fluoroscope time (mean) 1.5 ± 0.7 1.8 ± 0.8 0.067

Treatment time 8–38 (23.7) 12–45 (29.5) 0.021

Energy level 1.6 ± 0.8 2.3 ± 1.2 0.036

%Stone-free rate (kidney  
stone)

78.2 (68/87) 62.8 (54/86) 0.027

%Stone-free rate (ureter stone) 81.7 (67/82) 67.9 (55/81) 0.042
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No clinically significant hematomas were detected in the 
Group B.

Discussion

Numerous studies have documented that second and third 
generation lithotripters may not be as effective as the first-
generation Dornier HM3 [7–12]. Several of these reports 
attribute this discrepancy to the fact that the original 
Dornier HM3 had excellent coupling properties with the 
least possible loss of shock wave energy, as patients were 
lying in a water bath, providing an excellent medium for 
the transmission of acoustic energy. The HM4 Dornier 
machine (the first so called anesthesia free and dry shock 
head machine) had a camera inside the cushion to identify 
the air bubbles inside the cushion with a blade to allow 
removing the air bubbles, but there was a significant differ-
ence between the results of HM3 and HM4. Undoubtedly, 
the focal point and other factors played important roles.

With dry shock wave delivery, accomplished with the 
therapy head not immersed in water, the intention was to 
get a ‘cleaner’ SWL treatment. Patients did not get wet and 
had more privacy. Moreover, the equipment would be more 
patient and user friendly. However, greater than 99 % of a 
shock wave is reflected by an air pocket [3–9]. This neces-
sitates the use of a coupling agent to eliminate air between 
the head of the lithotripter and the patient, ultimately pro-
viding a media have been utilized for shock wave trans-
mission to the targeted calculus [13, 14]. A wide variety 
of coupling mediums were utilized for SWL, including 
creams, castor oil, petroleum jelly, ultrasonography gel, 
and other water-soluble lubricating jellies.

Despite advances in coupling properties, the results are 
variable. The SFRs of the reference machine, the Dornier 
HM3, have never been reached again by the other newer 
machine.

Everyone knows that coupling is important and differ-
ent methods have been tried. McClain [15] demonstrated 
that the process of coupling produced air pockets ranging 
from 1.5 to 19  % of the coupling surface area, causing a 
20  % mean reduction in shock wave amplitude. In fact, 
air pockets covering 2 % of the coupling area diminished 
stone fragmentation by 20–40 %. Jain and Shah [1] utilized 
high-resolution photographs to show that decreased bubble 
contents of gel significantly increased depth and volume of 
stone craters in vitro (P < 001). Neucks and associates [16] 
used digital imaging for the detection of coupling defects in 
an effort to determine the best methods for gel application. 
They found that the best technique was to dispense a large 
volume of gel directly from a stock jug onto the lithotripter 
water cushion, as the gel was then allowed to spread dur-
ing stepwise inflation of the lithotripter water cushion. The 

same group has found that the coupling interactions at the 
central portion of the water cushion are most important 
[17].

Before introduction of optical control, multiple bub-
bles, incomplete coupling and cushion wrinkling could not 
be observed (Fig.  2). The fact that the coupling interface 
remains invisible still posed a practical problem in locating 
and removing possible air pockets. A surveillance mecha-
nism could aid in the discovery and subsequent elimina-
tion of air pockets, thereby optimizing the coupling during 
SWL treatment. Bohris and associates [2] demonstrated the 
potential benefits of this strategy. They used a video cam-
era integrated into a lithotripter to detect air pockets in cou-
pling gels during SWL. Air ratios in the coupling area were 
measured and lithotripter fragmentation was assessed at 
varying air ratios. Their results showed that the mean num-
ber of shock waves needed for effective stone fragmenta-
tion increases with greater air ratios.

The new feature OCC was incorporated in Dornier 
lithotripters with the aim of optimizing treatment results. 
Tailly and associates [3] have done to check for air bub-
bles in the coupling interface, a video camera was installed 
in the therapy head of Dornier Gemini lithotripter: all 
air bubbles observed in the coupling zone could then be 
removed under visual control. They evaluated the effect 
of this optically controlled coupling (OCC) on treatment 
results and compared these to the results obtained in a 
‘‘blind’’ coupling mode. Their work showed that the opti-
cally controlled removal of air bubbles from the coupling 
area reduced the required number of shock waves with 
25.4  % for renal stones and 25.5  % for ureteral stones. 
Energy level was reduced by 23.1  % for renal stones 
and by 22.5 % for ureteral stones. For renal stones, total 
applied energy was thus reduced by 42.9  %. So they 
consider this an important step toward better and safer 
shock wave lithotripsy, and would therefore, advocate 
the standard incorporation of an OCC system in all new 
lithotripters. Their work is the first clinical study to evalu-
ate the effects of OCC on actual in vivo treatment results. 
Although they already paid careful attention to optimal 
coupling, they were astonished by the video camera vis-
ualization of the number and location of air pockets still 
present in the coupling zone.

The lithotripter we used in the study was an electro-
magnetic Dornier Compact Delta II UIMS. The lithotripter 
with an integrated video camera for coupling monitoring 
(Fig. 1). Camera view showing trapped air bubbles. Shock 
waves are disrupted by the increased presence of air bub-
bles and affect the efficacy of ESWL treatments requiring 
an increase in the number of shock wave pulses per treat-
ment. Video monitoring of the coupling area with optically 
controlled removal of all air bubbles significantly reduced 
the required number of SWL and the total treatment time.



543Urolithiasis (2016) 44:539–544	

1 3

In our study, the overall SFRs after 3  months were 
78.2 % for stones in the kidney and 81.7 % for stones in 
the ureter in patients from Group A. The corresponding 
SFRs for patients in Group B were 62.8 and 67.9  % for 
stones in the kidneys and ureters, respectively (P < 0.05). 
A camera is ideal for this optimizing efficiency in SWL 
coupling, since it allows the operator to monitor coupling 
and improve it as needed. Operators can locate possible 
regions of inadequate patient coupling throughout SWL 
treatments and improve outcomes. Inline ultrasound can be 
used in a similar way [18, 19]. However, a camera is better 
suited since it presents the whole coupling area at a glance. 
With inline ultrasound, the transducer must be rotated for a 
complete scan. Therefore, evaluating the magnitude of air 
inclusions and removing the disturbance by manual wiping 
becomes more difficult.

Conclusion

The lithotripter with OCC had excellent shock wave trans-
mission properties with the least possible loss of energy; 
it can lead to the optimization of SWL treatment outcome 
and reduce the incidence of SW-induced adverse effects. 
We are confident that the OCC used in this study should be 
a standard feature in future lithotripters.
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