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Abstract
Introduction: Urolithiasis is a common disease leading to a 
high socioeconomic burden due to treatment costs and sick-
ness leave. The aim of this study was to evaluate recent 
trends in the incidence of urolithiasis in Germany and in the 
use of therapeutic interventions. Methods: Treatment data 
for all in-patient hospital episodes for urolithiasis between 
2005 and 2016 were extracted from the national DRG statis-
tics at DESTATIS and analysed with regard to the correspond-
ing procedures according to the OPS code. Results: Inci-
dence for urolithiasis was stable at around 120,000 cases per 
year during the observation period with a male:female ratio 
of 2:1. Rising numbers were noted for patients >80 years. 
Nevertheless, the number of coded procedures rose signifi-
cantly with a marked disproportionate transition from extra-
corporeal shock wave lithotripsy towards ureterorenoscopy. 
Percutaneous nephrolithotomy was performed more fre-
quently on a smaller scale. Discussion/Conclusion: While 
the global incidence of urolithiasis is still rising, Germany, as 
other Western countries, has reached a plateau. There is a 
remarkable trend towards invasive treatment of even as-
ymptomatic kidney stones. Besides the effects on individual 

patients with increased risk for complications, this results in 
a higher monetary burden to the health care system and so-
ciety. © 2021 The Author(s).

Published by S. Karger AG, Basel

Introduction

Urolithiasis is a very common disease. The global in-
cidence has been rising for years, whereas a plateau seems 
to be reached in Western countries as was reported in 
studies from the United Kingdom, Iceland, and Taiwan; 
however, some of these studies report a mixed picture for 
different parts of the population with differing incidences 
according to gender and/or race [1–8]. The life time prev-
alence in Western Europe is around 10% [7]. The aetiol-
ogy is complex and involves genetic factors and predis-
posing conditions as well as dietary and drinking habits 
and life style factors (overweight and lack of exercise). 
Thus, efficient metaphylaxis requires excellent compli-
ance, and many patients suffer from recurring stone epi-
sodes.

While most kidney stones remain asymptomatic, the 
majority of patients experiencing stone passage into the 
ureter will seek care. Spontaneous passage may be expect-
ed in small stones up to 5 mm under symptomatic treat-
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ment [9]. Interventional treatment is required for larger 
stones, refractory pain, or complications (infected ob-
structed kidney and acute kidney injury).

The technical advances in endourology over the past 
40 years have led to dramatic changes in the treatment of 
urolithiasis. The introduction of extracorporeal shock 
wave lithotripsy (SWL) in 1980 by the Munich group 
around Christian Chaussy was a revolution and for the 
first time allowed non-invasive treatment also of asymp-
tomatic kidney stones before they could induce a renal 
colic [10]. Further developments led to the introduction 
of ureterorenoscopy (URS) which made stones in all posi-
tions of the collecting system accessible to endoscopic 
surgery. Lithotripsy techniques became less traumatic 
with Ho:YAG laser being the current gold standard [9]. 
Percutaneous nephrolithotomy (PCNL) was developed 
for the treatment of large kidney stones and has recently 
experienced a miniaturization of access tract and instru-
ments.

While the treatment of urolithiasis is subject to con-
stant innovation, there are little new data with regard to 
pathogenesis and prevention. Especially the literature on 
dietary recommendations is limited and contradictory. 
Best established are recommendations on increased fluid 
intake resulting in a daily urine output of at least 2.5 L 
[11].

Although the modern treatment options are less inva-
sive and more comfortable for both patients and care 
team, they result in substantial costs to the health care 
systems. On top of that, the socioeconomic burden caused 
by sickness leave is considerable.

In order to enable demand-oriented planning and re-
source allocation within the health care sector, it is helpful 
to observe real-world data on the clinical treatment and 
to mark changes and trends in the therapy of common 
diseases. While data have been published for several com-
parable countries, there is no recent analysis of urolithia-
sis treatment in Germany to our knowledge [7, 8, 12]. The 
DRG statistics from the federal statistics bureau (DESTA-
TIS) collects diagnosis and procedural codes for all in-
patient hospital cases in Germany according to the ICD-
10 and OPS coding systems. Thus, it enables insight into 
changes of the incidence of diseases as well as changes in 
the choice of therapeutic interventions. Using this meth-
odology, conditions from different specialities including 
neurology and intensive care have recently been analysed 
[13, 14]. The aim of this study was to investigate changes 
in the incidence and treatment of urolithiasis in Germany 
for the period 2005–2016.

Materials and Methods

Data from the DRG statistics at DESTATIS were extracted for 
the time period 2005–2016. The ICD-10 codes relevant for uroli-
thiasis were selected when used as main diagnosis: N20.0 (kidney 
stone), N20.1 (ureteric stone), N20.2 (kidney stone with ureteric 
stone), N20.9 (urinary calculus, unspecified), and N23 (unspeci-
fied renal colic). All procedures linked to the individual cases were 
collected and classified according to the OPS classification of the 
German institute of medical documentation and information 
(DIMDI) in the version of the corresponding year and filtered for 
the procedures relevant to the diagnosis. This included URS (OPS 
codes 5-562.4, 5-562.5, 5-562.8, 5-550.21, and 5-550.31), PCNL (5-
562.6, 5-562.7, 5-550.20, and 5-550.30), and SWL (8-110.1 and 
8-110.2) as well as the auxiliary measures insertion of ureteric stent 
(8-137.0) and percutaneous nephrostomy (5-550.1 and 5-550.6). 
Open stone surgery of the upper urinary tract (5-562.0, 5-562.1, 
5-550.0, 5-550.2, 5-550.4, and 5-550.5) and the historic procedure 
of loop extraction of ureteric stones were also included (5-562.2 
and 5-562.3). Other available data that were collected concerned 
the age cohort, sex, type of discharge, and federal state where the 
treatment was carried out.

A descriptive retrospective population-based analysis of the ex-
tracted anonymized data of in-patient hospital episodes was per-
formed using Excel (version 16; Microsoft Corporation, Redmond, 
WA, USA) and GraphPad Prism (version 7; GraphPad Software 
Inc., La Jolla, CA, USA). The manuscript was drafted in accor-
dance with the RECORD statement [15].

Results

Similar to reports from other countries, Germany has 
shown a stable incidence for urolithiasis in recent years 
(Fig.  1). The main diagnosis N20.0 (kidney stone) was 
coded in 41,746 cases in 2005 and in 45,370 cases in 2016, 
whereas the numbers for N20.1 (ureteric stone) were 
minimally declining from 64,563 to 62,066 during the 
same time. A distinct 3-fold rise from 2,814 to 8,528 could 
be noted for the diagnosis N20.2 (kidney stone with ure-
teric stone). The overall incidence was stable for both 
male and female patients and in all age cohorts (Fig. 2). 
Only a constant rise by about 50% in those above 80 years 
was observed, from 3,273 to 4,680 cases. Given an esti-
mated population of 83.1 million in Germany as current-
ly stated by DESTATIS, the overall annual incidence for 
urolithiasis was relatively stable at 0.147% in 2005 and 
0.153% in 2016 or 1,474 cases per 1 million inhabitants in 
2005 and 1,527 in 2016.

The average length of stay declined from 3.7 days in 
2005 to 2.6 days in 2016. Most recently, a plateau seems 
to have been reached (Fig. 3). The shortening of the length 
of stay was most obvious for the main diagnosis N20.2 
(kidney stone with ureteric stone). The most extensive 
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length of stay could be observed in the age cohort >80 
years.

Given an overall comparatively stable incidence, there 
was a marked rise in the number of coded procedures for 
all relevant main diagnoses. Figure 4 shows the total num-
ber of OPS-coded procedures for kidney stones (N20.0) 
and ureteric stones (N20.1). While the amount of inter-
ventions for ureteric stones rose by 63.6% from 118,906 

in 2005 to 194,486 in 2016, the increase for kidney stones 
was even more distinct with 270% from 68,666 to 254,023. 
The clearest increment could be seen in procedures for 
coincident kidney and ureteric stones (N20.2). Numbers 
rose from 5,624 to 39,796 by >600%.

Figure 5 shows the trends for individual techniques in 
stone treatment. A long-term trend away from SWL to-
wards endoscopic stone treatment can be observed. The 
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Fig. 1. Overall incidence for urolithiasis in each year as marked by main diagnosis.

Fig. 2. Gender-specific overall incidence 
for urolithiasis.
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number of SWL treatments for kidney stones dropped by 
more than half from 24,305 to 10,162. This was even 
clearer in SWL for ureteric stones (from 6,578 to 1,552). 
URS was employed for ureteric stones in 20,000 cases in 
2005; in 2016, there were 28,742 cases. The strongest in-
crease was seen in URS for kidney stones. The numbers 
rose from 2,645 to 18,516 by almost 600%. PCNL as a 
technique for the treatment of large kidney stones was 

only registered from 2008 onward. During the time until 
2016, the annual cases almost doubled from 3,711 to 
6,798. Only very small numbers were noted for open-sur-
gical stone removal and loop extraction (1,811–855 and 
1,209–540, respectively).

In terms of auxiliary measures, ureteric stent insertion 
and nephrostomy insertion were also analysed. Ureteric 
stenting is much more common. Although numbers in 

4.0

3.5

3.0

2.5

2.0

D
ay

s

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Average legth of stay

200,000

150,000

100,000

50,000

0

N
um

be
r o

f p
ro

ce
du

re
s

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Total sum of OPS-coded procedures for individual diagnoses

■ N20.0 Renal calculus
■ N20.1 Ureteral calculus
■ N20.2 Renal calculus with ureteral calculus

Fig. 3. Average length of hospital stay for all 
mentioned main diagnoses over time.

Fig. 4. Total numbers of OPS-coded procedures for individual diagnoses over time.
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patients with ureteric stones were more or less stable 
(from 19,873 to 23,025), stenting is used more frequently 
for kidney stones (5,411 to 12,039) and for coincident 
kidney and ureteric stones (839 to 3,656). The amount of 
nephrostomy insertions is much smaller and also showed 
an increase from 1,894 to 4,098 cases.

Ninety-three percent of all stone patients experienced 
a regular hospital discharge. This was constant during the 
observation period. A transfer to a different hospital oc-
curred in 4.2% of cases. The fraction of patients leaving 
the hospital against medical advice doubled from 1.11 to 
2.25%. Deaths during in-patient treatment were rare. 
However, an increase from 6 cases in 2005 to 41 cases in 
2016 was noted.

Discussion/Conclusion

Data from the DRG statistics are no perfect represen-
tation of the clinical normality in Germany. Only in-pa-
tient cases are registered, and accurate coding of diagno-
ses and procedures by the care team is required. A range 
of factors including monetary incentives might influence 
coding practice. However, these flaws are similar to those 
of other national hospital episode statistics, after all. It can 
be assumed that errors in data entry are comparable over 
time, and hence conclusions on trends in the incidence 
and use of different procedures can be drawn as has al-
ready been shown for other diseases [13, 14].

The overall incidence for urolithiasis in Germany was 
stable with the only considerable rise in the age cohort 
>80 years. This is consistent with the rising life expecta-
tion. A further increase of cases in this age cohort can be 
expected. The more common active treatment of geriatric 
multimorbid patients may be an explanation for the ris-
ing number of deaths during hospital stays for urolithiasis 
as they are more prone to complications from treatment 
such as sepsis or bleeding. This needs to be taken into ac-
count when interventional stone treatment is planned, 
and the least invasive treatment modality should be cho-
sen if feasible. During endoscopic surgery, lithotripsy 
time should be limited. It is sometimes safer to remove 
the stone burden in several sessions rather than on the 
first attempt. Nevertheless, while the percentage increase 
in deaths is significant (5.8-fold), the absolute numbers 
are on a very low level, and lethal complications remain 
an exception.

A striking increase of the main diagnosis N20.2 (kid-
ney stone with ureteric stone) was observed. This suggests 
that (asymptomatic) kidney stones are more often active-
ly treated coincidently during procedures for ureteric 
stones as shown in other countries [7]. Usually, ureteros-
copy is extended by flexible endoscopy of the kidney for 
the treatment of calyceal stones. This results in longer op-
erating time and potentially in a higher risk for complica-
tions such as septicaemia and ureteric injury [16, 17].

The falling case numbers for N20.9 (urinary calculus, 
unspecified) and N23 (unspecified renal colic) can pos-
sibly be explained by better diagnostic technique due to 
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the widespread use of low-dose CT with modern proto-
cols which also allow for conclusions on stone composi-
tion [18–20]. Another factor might be better coding qual-
ity with growing experience with the DRG system. The 
shift from plain X-ray and i.v. urogram towards CT KUB 
is also probably the main reason for the growing detec-
tion of asymptomatic kidney stones and thus of their ac-
tive treatment.

More men than women are afflicted by urolithiasis (in 
a ratio of 2:1). This has been constant over the past few 
years, unlike in other countries such as the USA where 
there is a growing incidence in women [3]. In general, 
lifestyle and diet are important factors [11, 21]. Urolithia-
sis is a classic lifestyle disease. While the incidence in 
threshold countries and countries of rapidly growing 
wealth is rising, many developed countries report stable 
incidences or, such as Taiwan, even falling numbers [7, 
22–24].

The average length of stay shortened significantly dur-
ing the observation period, but the curve flattened some-
what. The most obvious explanation for that is the mini-
mal length of stay required within the DRG system.

In the choice of treatment for upper tract stone disease, 
there is a marked shift from SWL towards URS. Similar 
observations were made in other Western countries [1, 3, 
6, 12]. This trend is driven by both physician-related fac-
tors and patient-specific factors, especially the wish for 
rapid complete stone removal in 1 session and short hos-
pital stays which is also triggered by socioeconomic pres-
sure. There certainly is an influence by the fact that con-
stant technical advancements particularly in URS make 
this procedure very attractive, whereas SWL has remained 
more or less unchanged in recent years. In addition to 
that, aspects of remuneration specific to Germany and its 
DRG system are less favourable to SWL. This leads to few-
er expensive SWL machines being available in German 
hospitals. Nevertheless, it must be noted that the DRG 
statistics only report in-patient treatment. While URS is 
usually carried out in this setting, there may be a certain 
amount of outpatient SWL treatments which were not 
recorded. Unfortunately, those numbers are not avail-
able. Thus, while the decrease in SWL is certainly real, the 
scale may possibly be less dramatic than suggested.

The increase in numbers for PCNL is much slower and 
on a lower level, although its miniaturization enables the 
treatment of smaller kidney stones while it used to be a 
technique reserved for large staghorn stones in the past. 
Open stone surgery today is a rare occurrence and re-
mains an option for select complex cases in high-volume 
centres.

The increasingly invasive therapy of asymptomatic 
kidney stones is subject to discussion. The mantra of 
complete stone removal has been preached within the en-
dourologic community in recent years. While fragments 
<2–4 mm were considered “clinically insignificant” dur-
ing the high time of SWL, the aim of modern URS sur-
geons is to leave behind no visible stone fragments at all 
to lower the risk of stone recurrence. This is furthermore 
enhanced by the widespread use of low-dose CT for fol-
low-up instead of conventional KUB X-ray. The pros and 
cons as well as the yet non-uniform definition of “stone 
free” are being discussed controversially [25–27]. Anoth-
er aspect is that the rise of endoscopic treatment poten-
tially causes more frequent and prolonged ureteric stent-
ing with corresponding morbidity [28]. This is even more 
relevant as pre-stenting before URS is very common in 
Germany, among other reasons due to the DRG system. 
Up to 80% of German URS patients undergo pre-stenting 
[28]. This is not only the case for the sole treatment of 
kidney stones where primary endoscopic access into the 
kidney is often unsuccessful but also for the treatment of 
ureteric stones. Patients are often counselled by their phy-
sicians to also have asymptomatic kidney stones removed 
before they become symptomatic. This choice is probably 
often fostered by a lack of information and insufficient 
medical guidance due to the abovementioned mantra.

URS and SWL appear to be equally efficient in the 
treatment of small- and medium-sized kidney stones 
[29]. Before reaching a decision on the active treatment 
of asymptomatic kidney stones, patients should be coun-
selled in depth on all therapeutic options taking into ac-
count the natural course. It needs to be noted that about 
30% of patients with asymptomatic nephrolithiasis de-
velop symptoms over time [30]. Thus, active surveillance 
is a valid alternative. This aspect is particularly notewor-
thy during a worldwide pandemic where medical re-
sources need to be preserved and waiting times for elective 
procedures are increasing.
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