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Abstract
Introduction  Current trends show a rising incidence of kidney stone disease (KSD) globally, with a lifetime risk of 10% 
and increasing hospital admissions. However, it is not perceived as a life-threatening condition and there are no publications 
examining its mortality rate. The aim of this review was to report on the number of KSD mortalities in the literature from 
the past two decades, identify risk factors, and to summarize their key learning points.
Methods  A search was conducted for full-text English language articles that reported on KSD associated mortality, fol-
lowing intervention or conservative treatment, published between 1999 and 2017, using PubMed, MEDLINE, EMBASE, 
Scopus, CINAHL, Clinicaltrials.gov, Google Scholar and The Cochrane Library. Study quality and risk of bias assessment 
was undertaken using a validated critical appraisal tool from the Joanna Briggs Institute.
Results  Of the 2786 articles identified, 34 were included. Of the total number of reported mortalities (2550), 21% were 
related to intervention. Sepsis was the leading cause of mortality. Risk factors identified were patients with multiple co-
morbidities, spinal cord injury or neurogenic bladder and high stone burden. The main recommendations suggested were 
to treat pre-operative UTI or use prophylactic antibiotics and to reduce operative duration. The included studies were of 
moderate to good quality.
Conclusion  Pre-procedural optimization of the patients is the key to avoiding KSD mortality, and care should be taken in 
patients with multiple co-morbidities. Surgeons should meticulously plan for patients with high stone burden to reduce their 
operative time, as mortality can be procedural related.
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Introduction

Current trends show a rising incidence of kidney stone dis-
ease (KSD) globally, with an overall lifetime risk of 10% 
[1–3]. It has been to be shown as a highly prevalent dis-
ease; with rates from 7 to 13% in North America, 5–9% in 
Europe and 1–5% in Asia [2]. Patients are more frequently 

presenting with sepsis as a result of infected urolithiasis [4], 
and with rising patient numbers, there has been a result-
ant increase in demand on healthcare service providers, 
with increase in both elective and emergency admissions 
[3]. Together, these trends are reflected in the exponentially 
increasing costs of KSD worldwide, and in the United States 
alone, expenditure is reported to exceed $5 billion per year 
[1].

As to be expected, intervention rates for KSD are also 
on the incline. Ureteroscopy (URS) has been shown to 
have increased significantly in global trends over the past 
two decades, whereas for other techniques such as shock-
wave lithotripsy (SWL) and percutaneous nephrolithotomy 
(PCNL), the rates have remained more static [5, 6]. Alter-
natively, KSD can also be managed more conservatively 
with an ‘active surveillance’ approach. Overall, KSD is not 
perceived as a life-threatening condition. In the literature, 
many authors report on complications of KSD, and each of 
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the various treatment modalities, but there has been no col-
lation of the data on mortality.

The aim of this review was to ascertain the number of 
mortalities from KSD reported in the literature over the past 
two decades, identify relevant patient risk factors, and to 
summarize the key recommendations so that lessons can be 
learnt, and similar instances can be avoided.

Methods

A systematic literature search was conducted, following 
Cochrane and preferred reporting items for systematic 
reviews and meta-analyses (PRISMA) guidelines, through 
PubMed, MEDLINE, EMBASE, Scopus, CINAHL, Clini-
caltrials.gov, Google Scholar and the Cochrane Library 
for full-text English language articles published between, 
and reporting on data from 1999 to October 2017. Medi-
cal subject headings (MeSH) terms used, but not limited to, 
were: ‘urolithiasis’, ‘kidney stone’, ‘renal stone’, ‘urinary 
calculi’, ‘urinary stone’, ‘renal calculi’, ‘percutaneous neph-
rolithotomy’, ‘shockwave lithotripsy’, ‘ureteroscopy’, ‘active 
surveillance’, ‘conservative’, ‘mortality’, ‘life-threatening’ 
and ‘death’. Boolean operators (AND, OR) were used to 
refine the search. The full search matrix used is included in 
Appendix 1.

Inclusion criteria

•	 All English language articles.
•	 Articles reporting on adult patients.
•	 Data from the last two decades only.
•	 All articles which reported on mortality from KSD and 

the relevant interventions’ mortality rates.

Exclusion criteria

•	 Animal studies.
•	 Case reports.
•	 Articles published using the same data under a different 

title or author.

Though single case reports and systematic reviews were 
not included, their references were examined to avoid miss-
ing a relevant study for inclusion. The search process and the 
data extraction were undertaken by two authors (L.W., P.J.) 
independently and any discrepancy was clarified and sorted 
after arbitration by the senior author (B.K.S.). Where addi-
tional information or clarification was needed, the primary 
authors of the studies were contacted directly.

The PICO statement for this review is as follows: the 
population examined was patients of all ages who died of 
KSD or its related interventions. The related interventions 

were URS, PCNL, SWL, open surgery or conservative 
treatment. There was no comparative group, and the out-
comes were to ascertain the number of mortalities from 
KSD reported in the current literature, identify which 
patients are more at risk of complications and to sum-
marize the learning points so mortality can be reduced in 
the future.

Results

Our search produced 2786 articles, of which 34 met our 
inclusion criteria and were then included in our analysis. 
Full details of this search are depicted in the PRISMA 
diagram in Fig. 1. The following variables were collated 
from each study: year of publication, country of origin, 
study period encompassed, intervention type, number of 
mortalities, reason for mortality, important clinical param-
eters, learning points and recommendations. Study qual-
ity and risk of bias assessment were undertaken using a 
validated critical appraisal tool from the Joanna Briggs 
Institute (JBI) [7].

Overall mortality

The total reported number of mortalities in the current litera-
ture was 2550, which is shown in Table 1a. This comprised 
of all intervention types, including conservative treatment. 
Unfortunately, the included articles did not all state the total 
number of patients included in each of their studies, and 
thus we cannot calculate the percentage of the number of 
mortalities that this represents. The category included as 
‘multiple interventions’ includes the studies [8–11] which 
do not specifically detail which treatment arm resulted in 
the mortality. Consequently, it includes PCNL, URS, SWL 
and conservative management and thus it is the largest cat-
egory comprising 78% of the total mortalities. Notably of 
these studies, Kum et al. [9] included data from the Office 
of National Statistics over a 15-year period (1999–2013) in 
England and Wales. The authors included all patients with 
a diagnosis of urolithiasis according to the International 
Classification of Diseases (ICD)-10 classification, which 
totalled 1954 deaths. However, they provided no detail into 
the individual’s stone or the general management of these 
patients. Though Kum et al. [9] has been included for the 
overall number of KSD mortality in the literature, it has been 
listed as ‘non-specified stone mortality’, or even excluded, 
in consequent tables to clarify this difference.
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Number of mortalities from intervention

As previously mentioned, there were few studies that 
include data on multiple interventions, which have been 

classified separately. The articles which focussed on a sole 
intervention; such as PCNL, URS, or open surgery, showed 
a related mortality of 530 patients, which accounted 
for 21% of the overall total. If the ‘non-specified stone 

Fig. 1   Preferred report items for systematic reviews and meta-analysis (PRISMA) diagram detailing the search process undertaken in this review
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mortality’ from Kum et al. [9] is excluded, then interven-
tion related mortality accounted for 89%. Table 1b also 
displays intervention-related mortality, with majority of 
the included studies (65%) reporting on PCNL. The num-
ber of PCNL related deaths was 85.3% of the total, thus the 
most common intervention related mortality. Open surgery 
was accountable for 0.2% mortality; however, only one 
included study reported on this [39].

Number of mortalities from conservative treatment

Only 2 [40, 41] of the 34 articles reported on conservative 
management-related mortality, and there were 30 reported 
deaths. There was some cross-over by the article Hussain 
et al. [8], which is included in ‘intervention and conserva-
tive’ category in Table 1b. In their study, patients were 
split into those initially treated with conservative measures 
or those who received definitive treatment. However, the 
number of mortalities specifically caused by conservative 

Table 1   Overall mortality of KSD reported in the literature in the last two decades, and intervention-related mortality of KSD

(a)

Intervention type Number of studies Number of mortalities (% of total) Percentage of 
total mortalities 
(%)

PCNL 22 507 19.9
URS 5 21 0.8
Conservative 2 30 1.2
Open surgery 1 2 0.1
Multiple interventions and other non-specified stone 

mortality*
4 1990 (*1954) 78.0

Total 34 2550

(b)

Intervention Cause of death

Intervention type Number 
of stud-
ies

Number of 
mortalities

Sepsis Haemorrhage Respiratory 
complica-
tion

Multi-
organ 
failure

Cardiac 
complica-
tion

Colonic 
injury

Not specified Overall 
mortality 
(%)

PCNL 22 507 18 10 4 3 2 1 469 85.3
URS 5 21 6 1 2 1 3 0 8 3.5
Open surgery 1 2 1 1 0 0 0 0 0 0.2
Total 28 530 25 12 6 4 5 1 477 89.0
Conservative 2 30 0 0 0 0 0 0 30 5.0
Intervention and 

conservative (not 
including Kurn 
et al.)

3 36 29 0 0 1 0 0 6 6.0

Total 33 596 54 12 6 5 5 1 513

Table 2   Significant risk factors 
contributing to KSD mortality

Risk factor identified Number of articles which deem 
the risk significant

Number of mor-
talities related to this 
risk

High number of patient co-morbidities 7 369
Spinal cord injury patients 2 145
High stone burden patients 4 9
Neurogenic bladder patients 3 8
Obesity 2 5
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Fig. 2   Trends of KSD mortality over the past two decades
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management is not stated, thus the necessity to classify it 
separately.

Reason for mortality

All of the recurrent mortality causes are displayed in 
Table 1b, and this clearly demonstrates that sepsis was the 
most common cause, representing 9%. Haemorrhage was 
shown to be the second most significant cause, comprising 
2% of the mortality-related complications. Unfortunately, 
over 85% of the included studies did not explicably state the 
mortality cause, thus these data are limited.

Significant clinical risk factors

The recurring, significant risk factors reported in the lit-
erature are shown in Table 2. The number of mortalities 
attributable to each of these individual risk factors is also 
included. The most pronounced risk factors for mortal-
ity were patients with high numbers of co-morbidities, 
as authors stated that for 369 patients, this was found to 
increase their risk of complication, and thus mortality. The 
other common themes were: patients with spinal cord injury, 
neurogenic bladder or those with a high stone burden, and 
obese patients. In addition to Kum et al. [9], seven other 
articles did not identify any significant risk factors. The arti-
cle by Hussain et al. [8], must be mentioned, as although 
it reported on 29 fatalities, the study comprised patients 
predominantly from rural Pakistan (72.3%) and of low 
socioeconomic class (77.6%) whose presenting complaint 
to the tertiary centre was renal failure. Thus, the overall con-
clusions were that their high mortality rate was due to the 
patients’ late presentation and this can potentially be tackled 
by increasing public awareness of KSD in Pakistan, as this 
was a solitary article it has not been included in the table as 
a significant risk factor.

Trends over time

Figure 2 shows a chronological representation of the mortal-
ity trends, and the relevant articles split into the time trends 
for each intervention are shown in Table 3. The articles by 
Kum et al. [9], Ghani et al. [12] and Baldea et al. [13] were 
excluded from the graph, as all of these studies used national 
databases of the UK and USA to source their mortality num-
bers. They all individually reported > 100 mortalities which 
was exceptionally high in comparison to other studies. Of 
the included articles, the data period encompassed by each 
study was used to build the picture of chronology, with the 
mid-point being used to represent the mortality number. The 
overall trend showed that there has been an increasing rate 
of mortality over the past two decades.

Geographical significance

The country and continent of each included study were ana-
lysed, and the data are shown in Table 4. It is shown that the 
majority of included studies were from Asia. Fifteen of these 
Asian studies were related to PCNL, with Turkey featuring 
in seven of these studies reporting on 14 of the total deaths. 
Not including the National database study from Kum et al. 
[9, 15] 15% mortality was reported from Europe. Similarly, 
excluding the National database study from Ghani et al. [12] 
and Baldea et al. [13, 20] 20% mortality was reported from 
North America. The clinical research office of the Endouro-
logical Society (CROES) database on URS contributed to 
five deaths although this was 0.04% of the total number of 
procedures reported [15]. As this was worldwide data con-
tributed and reported by individual urologists, we have cat-
egorized it separately as ‘global’.

Key messages for avoidance

Most of the studies made key recommendations for the uro-
logical audience as how to avoid complications resultant 
of KSD. These findings are summarized in Table 5, with 
a breakdown specific to each intervention type as a take-
away message. The main recommendations from all studies 
were to treat pre-operative UTI, use prophylactic antibiot-
ics, reduce operative duration, ensure diligent hemostasis 
and remain cautious in patients with a high stone burden. 
The recommendations were made by authors to reduce 
morbidity from KSD; however, as the included articles all 
included mortality figures, these have been adopted as by 
consequence also reduce KSD mortality.

Risk of bias assessment

The JBI tool [7] was used to award each study with a score 
from 1 to 10. Scores of 1–5 were deemed as poor–moder-
ate, and scores of 6–10 were deemed as moderate–good. 
Of the included articles, 3/34 were deemed poor–moderate, 
and 31/34 were moderate–good which is shown in supple-
mentary Fig. 2. As the majority of the included papers fell 
within the moderate–good category, the overall quality of 
the included articles was of fair quality with minimal bias.

Discussion

This is the first study to collate and summarize trends of 
KSD mortality across the world. Thirty-four studies were 
identified from the literature, which demonstrated data from 
over 16 countries, in the last two decades. Various treatment 
modalities were included such as: URS, PCNL, SWL, open 
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surgery and conservative management. This review identi-
fied 2550 reported deaths, and demonstrated a chronological 
trend of increasing KSD mortality being published in the 
literature. With escalating numbers of KSD-related proce-
dures being performed, the key learning points from each 
study were identified. Additionally, a summary of risk fac-
tors for the prevention of future similar instances is detailed, 
highlighting that an individual patient-centred approach is 
cardinal for success.

Key findings of our study

The increasing global incidence of KSD is likely contrib-
uted to by dietary changes, a reduction in oral fluid intake, 
obesity, increased life expectancy and climate change [6], 
and though some of these factors are unavoidable, and the 
consequential increasing onslaught of KSD poses trouble-
some concerns for health services. Various treatment options 
exist for the management of KSD and the current European 
Association of Urology (EAU) guidelines recommend URS 
or SWL as first line treatment for kidney stones < 2 cm, and 
PCNL for stones > 2 cm [42, 43]. Of the 2550 mortalities 
recorded from our literature search, just over one-fifth (530 
mortalities) were related to KSD intervention. This discrep-
ancy is attributable to the longitudinal report from national 
reporting data by Kum et  al. [9], which provided 1954 
mortalities. The authors used (ICD)-10 code of urolithiasis 
to search death certificates in the UK over a 14-year time 
period. The figure was included for accuracy of the trends, 
but the article as a whole was of limited use, as it did not 
detail which management option led to these fatalities. This 
single paper contributes largely to our data, and without it 
the numbers are very small, thus we may consider that we 
may over-estimate the total number of mortalities from kid-
ney stone disease.

URS is an emerging treatment modality due to the 
improving technology and advancements in the surgi-
cal technique [5], and it was only accountable for 3.5% of 
all mortalities. Similarly, the CROES study [15] of over 
11,000 patients showed a low complication rate related to 
URS (7.4%) and a mortality rate of 0.04%, which supports 
that URS is a safe treatment option. Only one study [39] 
reviewed open surgery, which supports its decreasing popu-
larity in an era of minimally invasive techniques. It contrib-
uted 0.2% of the intervention related mortalities. Contrarily, 
PCNL was accountable for the majority of the mortalities at 
85.3%. The study by Armitage et al. [34] focussed on PCNL 
outcomes through mandatory reporting by individuals in the 
UK, and included 5780 patients. They found that haemor-
rhage was twice as common as sepsis (1.4 vs. 0.7%), with 5 
(0.09%) and 3 (0.05%) mortalities related to haemorrhage 
and sepsis, respectively [34]. Very few articles included in 
our review specifically focussed on sepsis, although many 

identified that patients with UTI had a poorer outcome. Of 
the included articles, Liu et al. [32] set out to identify risk 
factors and prevent sepsis in their patient cohort undergoing 
mini-PCNL. They found that 2.4% of their patients devel-
oped septic shock, and 0.4% of their cohort died due to sep-
sis [32]. They recommended that peri-operative antibiotics 
should be used routinely, even in the presence of a negative 
urine culture [32], which is a key learning point that urolo-
gists should consider adopting. Conservative management 
accounted for 5% of all intervention-related mortalities. Of 
the conservative studies included, they all involved a specific 
patient cohort; for the article by Deutsch and Subramonian 
[41] it was patients with staghorn calculi, whereas Blackwell 
et al. [40] focussed predominantly on emergency admissions 
presenting with UTI, acute renal failure or sepsis. These spe-
cific cohorts of patients were particularly high risk, which 
may account for the high figure from only two studies.

The literature search included articles that encompassed 
countries from all over the world. According to this review, 
the majority of intervention related mortalities were from 
Asia (47.4%), and the least occurred in Africa (3.6%); how-
ever, this correlated with most of the articles included being 
from the Asian continent. Though this is an interesting find-
ing, it provides little insight as to where most KSD fatalities 
occur, as this is only a snapshot of the number of mortalities 
reported in the literature and not correlated with national 
statistics.

One of the key aims of this review was to identify learn-
ing points for urologists and summarize risk factors that 
make a patient more at risk of complications from KSD 
interventions, and thus minimise their mortality rate. This 
review found that the most pronounced risk factor for mor-
tality was patients with high numbers of co-morbidities. The 
other common risk factors identified were: patients with spi-
nal cord injury, neurogenic bladder or high stone burdens, 
and obese patients. These were recurring themes despite the 
type of intervention performed. It is, therefore, paramount 
to have strict planning for individuals who are deemed more 
high risk due to their co-morbidities, or their stone burden. 
The recommendations made by the included authors were 
to reduce operative duration and plan a suitable intervention 
or stage their intervention, thus reducing mortality rates.

Recommendations to avoid mortality

Most of the studies made key recommendations which can 
be adopted by the urological audience to avoid KSD-related 
mortality. Though, we acknowledge that the authors’ recom-
mendations were to reduce morbidity, as all of the included 
datasets included mortality, we have extrapolated these 
recommendations to also be applicable for the reduction 
of KSD mortality. The findings are summarized in Table 5, 
with a breakdown specific to each intervention type as a 
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take-away message for reference. The key recommendations 
that can be surmised for all intervention types are as fol-
lows: reduce operative duration, aggressive treatment of pre-
operative UTI or the use of prophylactic antibiotics, ensure 
that there is diligent hemostasis throughout the procedure 
and caution to be taken in patients with a high stone bur-
den. There were also specific recommendations applicable 

to the different types of intervention, such as in PCNL, for 
which the authors noted that particular care should be taken 
in elderly patients and endourologists should avoid forming 
multiple renal access tracts, as all these patients had worse 
outcomes comparatively. For patients who were managed 
conservatively, the suggestion was that any patient who pre-
sented with sepsis should undergo early decompression. The 

Table 3   Trends of KSD 
mortality over the past 
two decades according to 
intervention type

*Non-specified stone mortality
† Not included in Fig. 2

Intervention type Number Authors Date period 
encompassed

Number of 
mortalities

Total number of 
mortalities per inter-
vention

Intervention
URS 1 Sugihara [14] 2007–2010 8

2 De La Rosette [15] 2010–2012 5
3 Kao [16] 2011–2014 1
4 Cindolo [17] Not included 1
5 Cindolo2 [18] Not included 6 21

PCNL 1 Ghani† [12] 1999–2009 320
2 Margel [19] 2000–2003 1
3 Hosseini [20] 2000–2014 2
4 Mousavi-Bahar [21] 2000–2006 1
5 Knox [22] 2002–2009 1
6 Yuruk [23] 2002–2007 1
7 Egilmez [24] 2002–2012 3
8 Oner [25] 2003–2011 4
9 El-Nahas [26] 2003–2011 1
10 Tefekli [27] 2003–2011 1
11 Unsal [28] 2004–2011 3
12 Choi [29] 2003–2014 3
13 Tugcu [30] 2004–2006 1
14 Resorlu [31] 2004–2011 1
15 Lill C [32] 2004–2013 3
16 Morenc-Palacios [33] 2005–2012 4
17 Armitage [34] 2006–2011 13
18 Baldea† [13] 2007–2011 139
19 Falahatkar[35] 2008–2013 1
20 Reddy [36] 2008–2013 1
21 Ibrahim [37] 2010–2015 2
22 Palnizky [38] Not included 1 507

Open surgery 1 Khalaf [39] 2002–2008 2 2
530

Intervention and conservative management
1 Kum*†[9] 1999–2013 1954
2 Pattaras [10] 2000–2007 1
3 Welk [11] 2002–2011 6
4 Hussain [8] 2010–2010 29 1990

Conservative management
1 Blaokwell [40] 2007–2011 23
2 Deutsch [41] Not included 2 30

Total number of mortalities 2550
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article by Blackwell et al. [40] found that there was no differ-
ence in outcome for those decompressed with ureteric stents 
compared to nephrostomy, thus availability of an interven-
tional radiology service does not have a negative impact on 

the patient’s management. The recommendation from the 
article Kum et al. [9] that included the most mortality was 
the use of prophylactic antibiotic therapy to prevent urine 
infections, which correlated with the findings of the review 

Table 4   Geographical trends in KSD mortality

Authors Country Intervention type Mortality number Mortalities per continent

Africa 9%
 El-Nahas [26] Egypt PCNL 1
 Ibrahim [37] Egypt PCNL 2
 Khalaf [39] Egypt Open surgery 2 5 of 2550 (0.2%)

5 of 137 (3.6%)
Asia 53%
 UuG [32] China PCNL 3
 Choi [29] Korea PCNL 3
 Falahatkar [35] Iran PCNL 1
 Hosseini [20] Iran PCNL 2
 Mousavi-Bahar [21] Iran PCNL 1
 Margel [19] Israel PCNL 1
 Palnizky [38] Israel PCNL 1
 Reddy [35] India PCNL 1
 Egilmez [24] Turkey PCNL 3
 Oner [25] Turkey PCNL 4
 Resorlu [31] Turkey PCNL 1
 Tefekli [27] Turkey PCNL 1
 Tugcuan [30] Turkey PCNL 1
 Unsal [28] Turkey PCNL 3
 Yuruk [23] Turkey PCNL 1
 Sugihara [14] Japan URS 8
 Kao [16] Taiwan URS 1
 Hussain [8] Pakistan Multiple surgical interventions 29 65 of 2550 (2.5%)

65 of 137 (47.4%)
Europe 15%
 Cindalo [17] Italy/France URS 1
 Cindolo 2 [18] Italy URS 6
 Armitage [34] UK PCNL 13
 Kurn [9] UK Multiple surgical interventions 1954
 Deutsch [41] UK Conservative 2 1976 of 2550 (77.5%)

22 of 137 (16.1%)
North America 20%
 Moreno-Palacios [33] Mexico PCNL 4
 Baldea [13] USA PCNL 139
 Ghani [12] USA PCNL 320
 Knox [22] USA PCNL 1
 Blackwell [40] USA Conservative 28
 Pattaras [10] USA Multiple surgical interventions 1
 Welkn [11] Canada Multiple surgical interventions 6 499 of 2550 (19.6%)

40 of 137 (29.2%)
Global 3%
 De La Rosette [15] Global URS 5 5 of 2550 (0.2%)

5 of 137 (3.6%)
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that sepsis is the leading cause of mortality. Similarly, recent 
data show the importance of keeping a low intrarenal pres-
sure during these procedures to reduce risk of complications 
from sepsis and haemorrhage [44, 45].

Overall, an important take home message for urologists 
is the prevention sepsis in patients with KSD, which can be 
achieved through the use of prophylactic antibiotics in high 
risk patients, can reduce their mortality rates in both con-
servative management and for all intervention types.

Strengths and limitations

The overwhelming strength of this review is that it includes 
KSD mortality from all intervention-related causes, and it is 
the first review to collate this data. Though it gives a figure for 
consideration, it must be noted that three of the articles [9, 12, 
13] included used national database to source their mortality 
rates, thus there may be a degree of overlap within their fig-
ures. As previously mentioned, one paper contributes largely 
to our mortality total and thus this may be an over-estimation 
of mortality. Despite this, all articles allowed high-risk patient 
categories to be identified, and as the learning points recom-
mended by the authors are the most influential outcome of this 
review, these remain applicable nonetheless.

As with all systematic reviews, it must be acknowledged 
that there are limitations to the conclusions that are drawn. 
The inferences drawn are only as robust as the included arti-
cles, though reassuringly on analysis of the quality of the 
included studies, the majority was found to be of moderate-
to-good quality. This review was, therefore, subject to publi-
cation bias that may exist in the literature. Mortality associ-
ated with KSD intervention and its conservative management 
is likely to have been under reported previously, due to lim-
ited reporting by urologists. The databases used to populate 
the datasets for these studies are user dependent, and there 
are urologists who may be reluctant to provide their mortal-
ity data in a voluntary setting. Additionally, though every 
effort was made to retrieve papers relevant to our research 
question, the lack of standardized terminology, keywords 
and MeSH terms means that we may have missed some arti-
cles that were eligible for inclusion. For future publications 
that include mortality data, analysis of individual cases who 
died and details as to the cause should be included as it pro-
vides vital information on retrospective analysis so that more 
robust learning outcome and recommendations can be made.

Conclusions

KSD is a pertinent healthcare issue and has been shown to 
have increasing mortality rates globally. This review is the 
first to collate the literature from the past two decades and 

provide a valuable insight into all-cause mortality for KSD. 
It was highlighted that pre-procedural optimization of the 
patients is key to reduce this risk and care should be taken 
in patients with multiple co-morbidities. Surgeons should 
meticulously plan for patients with high stone burden to 
reduce their operative time as most mortalities are proce-
dural related. Aggressive treatment of pre-operative UTI or 
the use of prophylactic antibiotics has also been proven to 
reduce adverse events.

Author contributions  LA Whitehurst: Project development, data col-
lection, data analysis and manuscript writing; P Jones: Data collec-
tion and data analysis; BK Somani: Project development, manuscript 
editing.

Compliance with ethical standards 

Conflict of interest  The authors have no conflicts of interest to declare.

Appendix 1: Search matrix used for study

((((((((((((((((urolithiasis) OR renal stone*) OR kidney 
stone*) OR urinary calculi)) OR urinary stone*)) OR renal 
calculi)) AND life-threatening)) OR ((((((((((urolithiasis) 
OR renal stone*) OR kidney stone*) OR urinary calculi)) 
OR urinary stone*)) OR renal calculi)) AND mortality)) OR 
((((((((((urolithiasis) OR renal stone*) OR kidney stone*) 
OR urinary calculi)) OR urinary stone*)) OR renal calculi)) 
AND death))) OR ((((((((ureteroscopy) AND mortality)) OR 
((ureteroscopy) AND death)) OR ((ureteroscopy) AND life-
threatening)) OR ((URS) AND mortality)) OR ((URS) AND 
life-threatening)) OR ((URS) AND death))) OR ((((((((per-
cutaneous nephrolithotomy) AND mortality)) OR ((percu-
taneous nephrolithotomy) AND death)) OR ((percutaneous 
nephrolithotomy) AND life-threatening)) OR ((PCNL) AND 
mortality)) OR ((PCNL) AND death)) OR ((PCNL) AND 
life-threatening))) OR ((((((((shockwave lithotripsy) AND 
mortality)) OR ((shockwave lithotripsy) AND death)) OR 
((shockwave lithotripsy) AND life-threatening)) OR ((SWL) 
AND mortality)) OR ((SWL) AND death)) OR ((SWL) 
AND life-threatening)).

(((((((((kidney stone) AND “active surveillance”)) OR 
((renal stone) AND “active surveillance”)) OR ((renal 
calculi) AND “active surveillance”)) OR ((urinary stone) 
AND “active surveillance”)) OR ((urinary calculi) AND 
“active surveillance”)) OR ((urolithiasis) AND “active sur-
veillance”))) OR ((((((((urolithiasis) AND “no treatment”)) 
OR ((urinary calculi) AND “no treatment”)) OR ((urinary 
stones) AND “no treatment”)) OR ((renal calculi) AND “no 
treatment”)) OR ((renal stones) AND “no treatment”)) OR 
((kidney stones) AND “no treatment”)).
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(((((((kidney stone) AND conservative)) OR ((renal 
stone) AND conservative)) OR ((renal calculi) AND con-
servative)) OR ((urinary stone) AND conservative)) OR 
((urinary calculi) AND conservative)) OR ((urolithiasis) 
AND conservative).
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