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ABSTRACT
Objective: This study aimed to assess nationwide trends in registered upper urinary tract stone disease 
and stone-related procedures in Iceland.
Material and methods: We performed a nationwide retrospective population-based study of adults 
aged 18 years or older with International Classification of Diseases, 10th revision codes N20, N22 or N23 in 
national hospital and specialist-care data from 2010 to 2024. Crude and age-standardised incidence rates 
were calculated per 100,000 adults. Stone-related procedures from 2013 to 2024 were identified using 
Nordic Classification of Surgical Procedures codes. Temporal trends were analysed using negative binomial 
regression with population offsets.
Results: The cohort included 9,492 adults. Registered incidence ranged from 221 to 260 per 100,000 
adults and remained stable (95% confidence interval −0.6% to 0.6%; p = 0.914); age standardisation and 
alternative case definitions gave the same conclusion. Among patients first registered from 2013 onward, 
2,432/7,766 (31%) underwent a stone-related procedure. The procedure rate increased from 124.3 to 236.5 
per 100,000 adults, corresponding to a 6% annual increase. Ureteroscopy accounted for 10% of procedure 
registrations in 2013–2016 and 30% in 2021–2024, while shock wave lithotripsy remained the most com-
mon procedure.
Conclusions: Registered upper urinary tract stone incidence remained stable, but treatment activity 
increased substantially. Ureteroscopy use rose rapidly, although shock wave lithotripsy remained the pre-
dominant procedure.
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Introduction

Urolithiasis is a common urological condition and a frequent 
cause of acute healthcare use, imaging and surgical interven-
tion [1]. Recurrence is common after a first symptomatic stone 
episode [2], and repeated investigations, lost productivity and 
procedure-related costs create considerable demand on 
healthcare systems and a substantial burden for patients [3, 4].

The epidemiology of urolithiasis has changed over recent 
decades, but the direction and magnitude of change vary between 
populations. Global Burden of Disease data from 204 countries 
and territories showed marked geographical variation from 2000 
to 2021, with increasing absolute burden in several regions despite 
non-uniform changes in incidence [5]. This distinction is clinically 
important: even when population rates are stable, population 
growth and demographic change may increase the number of 
patients requiring acute care and urological treatment [6]. 

Surgical management has also evolved. Shock wave lithotripsy 
(SWL), ureteroscopy (URS) and percutaneous nephrolithotomy 
(PCNL) remain the principal procedural modalities, but contemporary 
guidelines emphasise individualised treatment based on stone size, 
location, anatomy, patient factors and local expertise [7, 8]. 

Population-based studies from Germany, the United States and 
Canada have reported increasing use of URS and changes in the 
relative use of SWL [9–11].

Recent Nordic data highlight the same trend. A Norwegian 
nationwide study published in Scandinavian Journal of 
Urology reported increasing hospital encounters, outpatient 
consultations and surgical treatment for urolithiasis, with 
URS accounting for most procedures by 2024 [12]. However, 
Scandinavian healthcare systems differ in geography, access 
to imaging, surgical capacity and treatment traditions, and 
national data from smaller complete-population settings 
remain limited.

In Iceland, a previous population-based study reported an 
increase in the overall incidence of kidney stone disease from 
1985 to 2008, but the increase was mainly driven by greater 
detection of asymptomatic stones [13]. No nationwide study 
has assessed the subsequent period or examined registered 
incidence and stone-related procedures together. The aim of 
this study was therefore to evaluate nationwide trends in 
registered upper urinary tract stone disease and stone-related 
procedures in Iceland from 2010 to 2024.
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Material and methods

Study design and population

This was a nationwide retrospective population-based study of 
adults aged 18 years or older in Iceland from 1 January 2010 to 
31 December 2024. The study included individuals with regis-
tered diagnoses consistent with upper urinary tract stone dis-
ease or renal colic in national hospital and specialist-care data. 
Procedure analyses were restricted to 2013–2024 because pro-
cedure registration for 2010–2012 was considered 
incomplete.

The study was approved by the National Bioethics 
Committee of Iceland (VSN2512037), the Landspítali University 
Hospital Science Committee and the Icelandic Directorate of 
Health. One designated team member responsible for data 
handling had access to direct identifiers to pseudonymise the 
dataset; all subsequent data management and analyses used 
the pseudonymised dataset.

Healthcare setting

Stone procedures were performed at Landspítali University 
Hospital in Reykjavík (97%) and Akureyri Hospital (3%). Urology 
clinics were available in Reykjavík, Akranes, Akureyri, 
Neskaupstaður and Selfoss; computed tomography (CT) was 
available in those locations and in Keflavík, Ísafjörður and 
Vestmannaeyjar. Local specialist access varied, but 93% and 99% 
of the population live within 1 and 3 h driving time of a CT scan-
ner, respectively.

Data sources

Data were obtained from the Icelandic Directorate of Health 
hospital discharge registry, a national registry containing infor-
mation on hospital admissions and hospital outpatient encoun-
ters, including diagnoses and surgical procedures [14]. The 
registry has nationwide inpatient coverage from 1999 and hos-
pital outpatient coverage from 2010 [15]. Urolithiasis-specific 
code validity has not been established, although an Icelandic 
validation study found high accuracy for diagnoses of several 
chronic diseases [16]. Population denominators by calendar 
year, age and sex were obtained from Statistics Iceland [17].

Case definition

Patients were identified using International Classification of 
Diseases, 10th revision (ICD-10) codes N20, N22 and N23, repre-
senting kidney and ureteric stones, urinary stones in diseases 
classified elsewhere and unspecified renal colic, respectively 
[18]. Code N21 was excluded because lower urinary tract stones 
differ in aetiology and treatment, and bladder-stone procedures 
were not included in the procedural outcomes. Patients with 
N21 without a qualifying N20, N22 or N23 record were examined 
descriptively as a separate lower urinary tract stone cohort. 
Because the included codes identify registered stone disease or 
renal colic rather than imaging-confirmed stones in every case, 

the primary outcome is described as registered upper urinary 
tract stone disease.

Records within 90 days of each other were grouped as one 
registered episode to reduce double counting of repeat visits, 
imaging or short-term follow-up related to the same clinical 
event [12]. Registered incidence used each individual’s first 
qualifying record during the study period; this may not represent 
the patient’s first lifetime stone event because records before 
2010 were not included. Patients with more than one episode 
were classified as having repeated registered episodes. 
Sensitivity analyses used 30- and 180-day episode windows, 
excluded unspecified renal colic (N23), and restricted the 
definition to kidney and ureteric stones (N20) alone.

Procedure definition

Stone-related procedures were identified using Nordic 
Classification of Surgical Procedures (NCSP) codes for SWL, URS 
and PCNL ([19]. Annual counts and rates included every proce-
dure registration.

To estimate distinct treatment episodes, registrations for the 
same procedure type within 6 months were grouped. Three- 
and 12-month windows were examined in sensitivity analyses. 
The annual proportion treated was defined as the proportion 
undergoing a procedure within 1 year of the first registered 
episode among patients first registered in 2013–2023. SWL 
retreatment was defined as at least two SWL sessions within 6 
months. The interval from the first registered episode to the first 
stone-related procedure was also calculated.

Variables

Variables included age at first registered episode, sex, calendar 
year, residence by healthcare region, episode dates, diagnosis 
codes and procedure type. Age was categorised as 18–29, 
30–39, 40–49, 50–59, 60–69 and 70 years or older. Residence 
was grouped into Icelandic healthcare regions.

Statistical analysis

Crude annual incidence and procedure rates were calculated 
per 100,000 adults aged 18 years or older. Descriptive statistics 
are presented as counts and percentages, means with standard 
deviations (SDs), or medians with interquartile ranges (IQRs), as 
appropriate. Incidence was directly standardised to the 2013 
European Standard Population using six age groups; ages 18–19 
contributed two-fifths of the 15–19-year standard band. 
Confidence intervals (CI) for age-standardised rates were calcu-
lated using the Dobson method [20].

Negative binomial regression was used to assess temporal 
trends because the annual counts were overdispersed. Calendar 
year was modelled as a continuous variable and the logarithm 
of the relevant population was used as an offset. Logistic 
regression was used for the proportion treated within 1 year and 
SWL retreatment. Results are reported as incidence rate ratios 
(IRRs) or odds ratios (ORs) with 95% CIs, with annual percentage 
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changes used in the text for readability. A two-sided p-value 
below 0.05 was considered statistically significant. Analyses 
were performed using R version 4.5.2 and RStudio version 
2026.01.2 [21, 22].

Results

Study population

A total of 9,492 adults had a first qualifying registered epi-
sode during 2010–2024. Of these, 5,820 were men (61%), 
3,666 were women (39%) and sex was unknown for six 
patients (<1%). The male-to-female ratio was 1.59. Median 
age at the first registered episode was 46 years (IQR: 33–60), 
and mean age was 47.5 years (SD: 17.2). Men were older than 
women at the first registered episode, with mean ages of 49.5 
and 44.4 years, respectively.

Most patients resided in the capital region (n = 5,972, 63%), 
followed by North Iceland (n = 974, 10%) and South Iceland (n = 
698, 7%). The largest age group was 30–39 years (n = 1,919, 20%) 
(Table 1). At the first qualifying record, 97% had code N20, 3% 
had N23 and fewer than 1% had N22.

Separately, 781 patients had lower urinary tract stones (N21) 
without a qualifying upper urinary tract stone code. This group 
was predominantly male, with a male-to-female ratio of 
approximately 5:1, and 41% were aged 70 years or older. Its 
distinct demographic profile supported exclusion from the 
primary upper-tract cohort.

Incidence trends

Annual registered incidence ranged from 221 to 260 per 100,000 
adults. Incidence was 230 per 100,000 in 2010 and 256 per 
100,000 in 2024. Despite year-to-year variation, there was no 
significant upward or downward trend (annual change 0.03%, 
95% CI: −0.56 to 0.63; p = 0.914) (Figure 1).

Table 1.  Characteristics of adults with registered upper urinary tract stone 
disease in Iceland, 2010–2024.
Characteristic Value
Total patients 9,492
Age, median (IQR), years 46 (33–60)
Age, mean ± SD, years 47.5 ± 17.2
Men 5,820 (61%)
Women 3,666 (39%)
Unknown sex 6 (< 1%)
18–29 years 1,670 (18%)
30–39 years 1,919 (20%)
40–49 years 1,702 (18%)
50–59 years 1,694 (18%)
60–69 years 1,302 (14%)
≥ 70 years 1,205 (13%)
Capital region 5,972 (63%)
Southern Peninsula 479 (5%)
West Iceland 452 (5%)
Westfjords 127 (1%)
North Iceland 974 (10%)
East Iceland 184 (2%)
South Iceland 698 (7%)
Foreign/unknown residence 606 (6%)

IQR: interquartile range; SD: standard deviation.
Source population: adults aged 18 years or older with ICD-10 codes N20, 
N22 or N23 in the Icelandic Directorate of Health hospital discharge registry. 
Values are n (%) unless otherwise stated. Percentages are rounded to whole 
numbers. 

Figure 1.  Registered upper urinary tract stone incidence in Iceland, 2010–2024. Circles show the observed annual incidence per 100,000 adults and 
squares the age-standardised incidence. The solid line shows the negative binomial fitted annual trend and the shaded band the 95% confidence interval 
for the annual trend. Observed annual incidence ranged from 221 to 260 per 100,000 adults, and the model showed no temporal change (annual change 
0.03%, 95% confidence interval −0.56 to 0.63; p = 0.914).
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Age-standardised incidence was 236 per 100,000 (95% CI: 
216–257) in 2010 and 258 per 100,000 (95% CI: 240–278) in 
2024, with no temporal trend (p = 0.977). The conclusion was 
unchanged after excluding unspecified renal colic (N23; p = 
0.833) or restricting the cohort to kidney and ureteric stones 
(N20; p = 0.800). Incidence also remained stable in men (276 to 
294 per 100,000; p = 0.96) and women (184 to 217 per 100,000; 
p = 0.98).

Repeated registered episodes

Using the primary 90-day definition, 27% of patients had two or 
more registered episodes during the study period. The corre-
sponding proportions were 36% with a 30-day window and 23% 
with a 180-day window. These figures describe repeated epi-
sodes recorded during available follow-up and should not be 
interpreted as lifetime clinical recurrence.

Procedure trends

Procedure analyses included 7,766 patients first registered from 
2013 onward. Of these, 2,432 (31%) underwent at least one 
stone-related procedure. A total of 5,626 procedure registra-
tions were identified during 2013–2024.

The proportion treated within 1 year increased from 21% 
among patients first registered in 2013 to 32% among those first 

registered in 2023 (OR: 1.06 per year, 95% CI: 1.04–1.08;  p < 
0.001).

Annual procedure registrations increased from 294 in 
2013 to 707 in 2024. The crude procedure rate increased 
from 124.3 to 236.5 per 100,000 adults, corresponding to a 
6% annual increase (IRR: 1.06, 95% CI: 1.05–1.08; p < 0.001) 
(Table 2; Figure 2A).

The distribution of procedures changed substantially 
(Figure 2B). In 2013–2016, SWL accounted for 87% of 
registrations, URS for 10% and PCNL for 3%. In 2021–2024, the 
corresponding proportions were 67%, 30% and 3%. URS 
increased by 20% per year (IRR 1.20, 95% CI: 1.15–1.26; p < 0.001), 
compared with 3% for SWL (IRR: 1.03, 95% CI: 1.01–1.06; 
p = 0.004). PCNL did not show a significant temporal trend 
(IRR: 1.09, 95% CI: 0.97–1.22; p = 0.149).

Grouping same-modality registrations within 6 months 
yielded 3,913 treatment episodes. The increase in URS 
remained evident, rising from 14% of treatment episodes in 
2013–2016 to 37% in 2021–2024; findings were similar with 
3- and 12-month windows. Across 2,815 SWL episodes, the 
mean number of sessions was 1.57. The proportion receiving 
repeat SWL was 36% at the beginning and end of the study 
period and showed no temporal change (OR: 1.00, 95% CI: 
0.98–1.03; p = 0.915).

Among 2,192 patients undergoing a procedure, the median 
interval from the first registered episode to the first procedure 
was 16 days (IQR: 0–41). One third (34%) were treated on the 
same day, and 12% had an interval longer than 90 days. Median 
intervals were 15 days for SWL, 24 days for URS and 82 days for 
PCNL; the corresponding proportions longer than 90 days were 
10%, 18% and 48% (Table 2).

Discussion

In this nationwide population-based study, registered incidence 
of upper urinary tract stone disease in Iceland remained stable 
from 2010 to 2024. In contrast, treatment activity increased sub-
stantially: the population-based procedure rate rose by 6% per 
year, the proportion treated within 1 year increased, and URS 
became a much larger part of contemporary practice. SWL nev-
ertheless remained the most common procedure.

The stable incidence finding was consistent across several 
analyses. Age standardisation produced the same conclusion, as 
did exclusion of unspecified renal colic and restriction to kidney 
and ureteric stones alone. Incidence also remained stable in 
both men and women. These findings are compatible with 
contemporary data showing that changes in stone incidence 
are not uniform across populations and may be influenced by 
differences in detection, coding and healthcare use [5, 23, 24].

The increase in procedural activity is likely to have several 
components. Firstly, population growth increased the absolute 
number of patients and procedures, but cannot explain the 
increase in the population-based procedure rate from 124.3 to 
236.5 per 100,000 adults. Secondly, treatment intensity 
increased: the proportion of patients treated within 1 year rose 
from 21% to 32%, while repeat SWL use remained stable. Thirdly, 

Table 2.  Stone-related treatment activity in Iceland, 2013–2024.
Outcome Value
Patients first registered from 2013 
onward

7,766

Patients undergoing ≥ 1 procedure 2,432 (31%)
Procedure registrations 5,626
Crude procedure rate, 2013 124.3 per 100,000 adults
Crude procedure rate, 2024 236.5 per 100,000 adults
Annual change in procedure rate 6%; IRR 1.06 (95% CI: 1.05–1.08); p 

< 0.001
Treated within 1 year, 2013 cohort 21%
Treated within 1 year, 2023 cohort 32%
Annual change in 1-year treatment OR: 1.06 (95% CI: 1.04–1.08);  p < 

0.001
Six-month treatment episodes 3,913
SWL episodes 2,815
SWL sessions per episode, mean 1.57
Annual change in repeat SWL OR: 1.00 (95% CI: 0.98–1.03);  p = 

0.915
Interval to first procedure, median 
(IQR)

16 days (0–41)

Same-day treatment 34%
Interval > 90 days 12%
SWL: median interval; > 90 days 15 days; 10%
URS: median interval; > 90 days 24 days; 18%
PCNL: median interval; > 90 days 82 days; 48%

CI: confidence interval; IQR: interquartile range; IRR: incidence rate ratio; OR: 
odds ratio; PCNL: percutaneous nephrolithotomy; SWL: shock wave 
lithotripsy; URS: ureteroscopy. 
The interval from first registered episode to first procedure is not a referral-
to-treatment waiting time and includes same-admission acute treatment.
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changes in referral pathways, coding or registration, imaging 
availability, procedural capacity, patient selection and 
expectations regarding stone clearance may also have 
contributed. These influences could not be separated in the 
registry data. The findings therefore demonstrate increased 
treatment activity beyond population growth, but do not 
identify a single underlying cause.

The marked increase in URS is consistent with international 
treatment trends. National data from Germany, the United 
States and Canada have shown increasing use of URS and a 
declining relative role for SWL [9–11]. Contemporary guidelines 
support either URS or SWL in selected patients, with treatment 
choice reflecting stone size and location, patient preference, 
invasiveness, retreatment risk and expected stone-free rates [7, 
8, 25, 26].

The closest Nordic comparison is the recent Norwegian 
nationwide study, which reported increasing healthcare 
encounters and a treatment pattern dominated by URS by 2024 
[12]. Iceland followed the same overall direction but at a slower 
pace: SWL still accounted for approximately two-thirds of 
procedure registrations in 2021–2024. This difference may 
reflect variation in referral pathways, equipment, surgical 
capacity and treatment traditions. It also illustrates the 
continuing role of SWL in selected patients and healthcare 
settings [27].

The findings extend the earlier Icelandic study by Edvardsson 
et al., which described an increase in kidney stone disease from 
1985 to 2008, mainly because of greater detection of 
asymptomatic stones [13]. Although the studies used different 
ascertainment methods, the present data suggest that the 
earlier increase did not continue during 2010–2024. The 
principal change during this study period was instead in 
treatment activity and procedure selection.

The main strengths of this study are its nationwide design, 

long study period and combined analysis of registered diagnoses 
and procedures. Excluding lower urinary tract stones aligned 
the diagnostic cohort with the upper-tract procedures 
examined. The excluded N21-only group was predominantly 
older and male, supporting its separation from the primary 
cohort, although the registry did not contain information on the 
causes of lower urinary tract stones. The use of population 
denominators also allowed procedure activity to be 
distinguished from growth in absolute procedure numbers.

Several limitations should be acknowledged. Registry 
diagnoses were not verified against imaging or individual 
medical records, and urolithiasis-specific code validity is 
unknown. Episodes managed exclusively in primary care may 
have been missed. Repeated registered episodes are not 
equivalent to clinical recurrence, although the overall pattern 
was similar with different episode windows. The interval from 
first registration to procedure is not a referral-to-treatment 
waiting time; one third of procedures occurred on the day of 
first registration, including acute same-admission treatment. 
Data on stone size, location, laterality, composition, imaging 
findings, comorbidities, medication exposure, treatment 
success, stone-free status, operating time, bed-days, costs and 
reinterventions were unavailable.

In conclusion, registered upper urinary tract stone incidence 
in Iceland remained stable, while treatment activity increased 
substantially. URS use rose rapidly, but SWL remained the 
predominant procedure. These findings provide a national 
Nordic comparison and show that stable registered incidence 
can coexist with marked changes in procedural practice.
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