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a B S T r a C T
BACKGROUND: Available evidence suggests that monogenic causes of kidney stones are likely under-diagnosed, par-
ticularly in young adults, needing expert multidisciplinary recommendations to improve diagnosis, management and 
therapeutic outcomes. To increase the awareness among the medical community on the recognition of the signs and 
symptoms of genetically determined kidney stone disease in adult patients, with a special focus on primary hyperoxaluria 
(ph), a group of nephrologists and urologists started a consensus process through the delphi method.
MeThodS: a list of 40 statements (23 regarding genetically determined stone disease and 17 regarding primary hy-
peroxaluria) was defined by the authors and included in an online Delphi survey, which was sent to 16 urologists and 
22 nephrologists with expertise in managing patients with kidney stone disease. an agreement threshold of 75% was 
established for consensus.
reSUlTS: after two rounds of delphi voting, consensus was reached for 33 statements, 18 regarding genetically deter-
mined stone disease and 15 regarding ph.
ConClUSionS: The delphi process highlighted several areas of agreement with regard to the characteristic or an-
amnestic data suggesting diagnostic investigation, optimal diagnostic patterns, treatment strategies and management of 
patients with genetically determined nephrolithiasis. The process also highlighted some grey areas, which deserve further 
investigation and highlight the need for educational initiatives focused on rare diseases in the field of kidney stones.
(Cite this article as: Miano r, gambaro g, vitale C, vezzoli g, Talso M, Ferretti S, et al. Management of genetically deter-
mined kidney stone disease: consensus from a panel of urologists and nephrologists. Minerva Urol Nephrol 2025;77:130-6. 
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and to improve the patients’ management and 
quality of life.

To address this issue, a group of nephrologists 
and urologists with experience in the diagnosis 
and management of kidney stone disease started 
a consensus process through the delphi method, 
with the aim to provide recommendations for the 
recognition and management of adult patients 
with genetically determined kidney stone dis-
ease, with a particular focus on ph.

Materials and methods

Based on the literature review and clinical expe-
rience, the authors defined three areas of inter-
est, according to the two main topics of the study 
(genetically determined kidney stone disease and 
primary hyperoxaluria), relevant to provide con-
sensus recommendations on managing adult pa-
tients with genetically determined kidney stone 
disease (see Table i for details). Statements for 
each area of interest were proposed by the au-
thors and discussed during a meeting in april 
2023. a list of 40 statements was included in 

Kidney stone disease represents a major 
health burden, variably affecting people 

worldwide depending on geographic, socio-eco-
nomic and climate conditions.1 Kidney stones 
are commonly recurrent, with up to 30% of in-
dividuals experiencing a second episode within 
10 years of their initial presentation.2, 3 Calcium 
nephrolithiasis is the most frequent stone type. 
it may be associated with multiple predisposing 
urinary abnormalities influencing the solubility 
of calcium salts, such as hyperoxaluria, hyper-
calciuria, hypocitraturia and inability to acidify 
urine.4-6 in most patients, the underlying etiol-
ogy is thought to be multifactorial, with envi-
ronmental, dietary, hormonal and genetic com-
ponents to be considered.7 Monogenic disorders 
may cause stone formation in a significant pro-
portion of patients, more frequently in children 
than adults (9.6% vs. 1.6%), mainly due to meta-
bolic alterations triggering the precipitation of 
urinary salts.7-9 accordingly, recent evidence 
suggests that up to 15% of patients in specialist 
kidney stone clinics and ~30% of recurrent stone 
formers under the age of 25 years may have a 
monogenic disease.8, 10-12 Unfortunately, clinical 
and biochemical red flags suggesting the pres-
ence of genetic defects underlying stone disease 
in adults are often poorly recognized. among 
these poorly recognized conditions, cystinuria is 
the most frequent, followed by primary hyper-
oxaluria (ph).9

ph is a group of autosomal recessive disorders 
characterized by impaired glyoxylate metabolism 
in the liver, resulting in excessive production of 
oxalate, which increases the urinary supersatu-
ration for calcium oxalate.13, 14 This leads to the 
formation of kidney stones and nephrocalcinosis, 
which in turn decrease the ability of the kidney 
to clear oxalate from blood,15 progressing in over 
70% of cases to end-stage kidney disease.16 re-
cent data reported a prevalence of ph of about 
1 in 60,000 individuals, more than traditional 
estimates of 1-2 cases per million, suggesting a 
significant number of undiagnosed cases that are 
likely to occur in the adult setting.17 it is, there-
fore, necessary to increase awareness among the 
medical community on recognition of the signs 
and symptoms of monogenic stone disease, in or-
der to promptly establish the treatment strategy 

Table I.—  Areas of interest relevant to providing con-
sensus recommendations on recognizing and managing 
adult patients with genetically determined kidney stone 
disease.
a. genetically determined kidney stone disease

1. Which clinical characteristic or anamnestic data (e.g., 
recurrence, age of onset, bilaterality, familiarity, type/
morphology of the stone, others) should lead to the 
suspicion of a genetically determined kidney stone 
disease and, therefore, should orient to a diagnostic 
investigation?

2. What type of investigation (metabolic investigations, 
genetic characterization, others) and when should it be 
carried out?

3. What should be the optimal management of the patient? 
(Taking charge, timing of investigations, referrals, 
others)

B. primary hyperoxaluria
4. Which clinical characteristic or anamnestic data (e.g., 

recurrence, age of onset, bilaterality, familiarity, type/
morphology of the stone, others) should lead to the 
suspicion of a ph and, therefore, should orient to a 
diagnostic investigation?

5. What type of investigation (metabolic investigations, 
genetic characterization, others) and when should it be 
carried out?

6. What should be the optimal management of the patient? 
(taking charge, the timing of investigations, referrals, 
others)
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or 5.18 Within this project, the delphi method 
was developed using the SurveyMonkey® (2024 
version) software and conducted through online 
voting.

Statistical analysis

all data were analyzed with descriptive statistics.

Results

During the first Delphi round, consensus on the 
agreement was reached for 28 out of 40 state-
ments (70%). With regard to genetically deter-
mined stone disease, the consensus was reached 
for 6 out of 10 statements from the area 1 (1.1, 
1.3, 1.5, 1.7, 1.8, 1.10), 6 out of 9 statements 
from the area 2 (2.1, 2.2, 2.3, 2.5, 2.6, 2.9) and all 
the 4 statements from the area 3 (Supplementary 
digital Material 1: Supplementary Table i). With 
regard to ph, a consensus was reached for all 
the statements from areas 4 and 6 (Supplemen-
tary digital Material 2: Supplementary Table ii). 
none of the statements from area 5 reached a 
consensus (Supplementary Table ii).

After the first Delphi round, the Authors de-

an online survey. The delphi survey was sent in 
May 2023 to 38 italian clinicians (16 urologists 
and 22 nephrologists) with expertise in manag-
ing patients with kidney stone disease and who 
met the following criteria: ≥10 years’ clinical 
experience, ≥5 relevant scientific publications in 
this field and/or regular speaking activity at na-
tional/international congresses. a timeline of 21 
calendar days to answer was established.

After the first Delphi round, the Authors met 
in an online meeting to review and discuss the 
outcomes and provide an alternative formulation 
for statements that did not reach consensus, con-
sidering the comments received from the delphi 
panel. a second delphi round was carried out in 
July 2023. The project workflow is reported in 
Figure 1.

Delphi method

The delphi method is a standard method of 
consensus, which iteratively and anonymously 
evaluates the level of agreement using a likert 
scale (1-5; 1=total disagreement; 5=total agree-
ment). Consensus on the agreement is reached 
when ≥75% of voters express a vote equal to 4 

Figure 1.—Project workflow.
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stones. Otherwise, a first urinary stone episode 
occurring before 25 years or the presence of con-
sanguineous parents in a young (<25 years) stone 
forming patient were not deemed essential fac-
tors for the suspicion of a genetically determined 
disease (statements 1.2 and 1.4, consensus not 
reached).

according to guidelines, an extensive meta-
bolic (urinary) evaluation at the first stone is not 
required and generally not performed.20, 21 State-
ment 1.2 proposed a metabolic evaluation in very 
young adults in consideration that calcium idio-
pathic stones generally occur in older subjects, in 
the range 30-50 years. On the other hand, there 
are data showing a decreasing age trend in the first 
stone occurrence in idiopathic stones, and this 
may have been the reason for not accepting the 
statement.22

Since a number of monogenic disorders caus-
ing renal stones are autosomal recessive,23 their 
occurrence in siblings of consanguineous par-
ents is more likely than in unrelated parents. The 
panel suggested statement 1.4 for this reason, 
considering also that an increasing number of 
immigrants in western countries come from eth-
nic groups with common marriages of familial-
related individuals. of note, the perception of 
this problem is different between urologists and 
nephrologists.

in reference to the need to collect stone frag-
ments for the analysis on composition, a consen-
sus was reached mainly among nephrologists 
(91% vs. 75% among urologists). Urologists’ 
reluctance to collect stone fragments is surpris-
ing because do not align with Urological Societ-
ies guidelines suggestions.21 Some reasons could 
justify the urologists’ stance: the use of dusting 
laser lithotripsy technique with difficulty in col-
lecting significant fragments, the historical low 
interest on further evaluation after surgery (13% 
of urologists totally disagreed on the useful role 
of stone fragments analysis in kidney stone pa-
tients); the fact that only 2,8-dihydroxyadenine 
(dha) – very rare – and cystine in a stone are 
distinctive compositions that address specific 
disorders.

The morphological characteristics of the 
stones during endoscopy were not deemed use-
ful by urologists for the identification of geneti-

cided to reduce the statements of area 5 due to 
related/similar content: definitive statements 
from this area were 3. Finally, 10 statements 
were reformulated and voted on in the second 
delphi round. Consensus was reached on 5 out 
of 10 (50%) statements (blue statements in Sup-
plementary Table i and Supplementary Table ii), 
while the other 5 statements (Supplementary Ta-
ble i and Supplementary Table ii) did not reach 
an agreement.

at the end of the delphi voting, consensus was 
reached for 33 statements, 18 regarding geneti-
cally determined stone disease and 15 regarding 
ph.

Discussion

available evidence suggest that monogenic 
causes of kidney stones are likely under-diag-
nosed, particularly in young adults, needing 
expert multidisciplinary recommendations to 
improve diagnosis, management and therapeutic 
outcomes.9, 19 To increase the awareness among 
the medical community on the recognition of the 
signs and symptoms of genetically determined 
kidney stone disease in adult patients, with a 
special focus on ph, a group of nephrologists 
and urologists produced a list of consensus state-
ments. They followed the delphi approach and 
provided recommendations for the management 
of adult patients with a particular focus on the 
clinical characteristics or anamnestic data, sug-
gesting when and which diagnostic investiga-
tions to perform, and optimal patient manage-
ment. a summary of the recommendations is 
reported in Supplementary digital Material 3: 
Supplementary Table iii.

Genetically determined kidney stone disease

Characteristic or anamnestic data suggesting diag-
nostic investigation

an early onset of nephrolithiasis, family his-
tory, recurrence, bilaterality, nephrocalcinosis, 
the association of young age and egFr<60 ml/
min/1.73 m2, as well as sensorineural hearing 
loss, rickets deformities and severe bone dis-
ease were widely recognized as useful hints for 
suspecting potential genetic causes for kidney 
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of cystinuria,26 the relative statement (2.6) was 
approved only due to the very wide agreement 
between nephrologists (95%) while a significant 
percentage of urologists was not convinced (35% 
of 1+2+3 replies).

Optimal patient management

The referral to qualified centers of patients with 
a history of recurrent or severe kidney stone dis-
ease, or suspected genetic disorders, for thorough 
metabolic assessment and clinical follow-up was 
widely recognized as necessary, as well as the 
need for a close collaboration of a multidisci-
plinary team (statements 3.1 and 3.2).

if a diagnosis of monogenic nephrolithiasis 
is established, relatives should be tested for the 
same disorder and, depending on the disorder, 
the involvement of organs other than the kidney 
should be investigated (statements 3.3 and 3.4).

Primary hyperoxaluria

Characteristics or anamnestic data suggesting di-
agnostic investigation

A wide agreement was reported on the red flags 
to suspect ph, such as high recurrence of kidney 
stones, nephrocalcinosis, stones onset before 20 
years, bilateral stones, progressive loss of kidney 
function of unknown origin, end-stage kidney 
disease of unknown origin, and any of the above 
in siblings (statement 4.1). a diagnostic algo-
rithm including these red flags was recently pro-
posed and validated in a cohort of adult ph pa-
tients on dialysis treatment, suggesting that this 
prediction model can be considered as a screen-
ing tool to identify adult patients with high like-
lihood of ph, who could then undergo further 
testing to achieve a diagnosis of certainty.19

In a significant proportion of patients, PH can 
remain asymptomatic or pauci-symptomatic un-
til adulthood, occurring even relatively later in 
life.27 Thus, suspicion of ph should not be ig-
nored in adult patients. agreement was reached 
on the indication of a diagnostic workup for ph 
also if calcium oxalate nephrolithiasis appears 
in childhood or adolescence, in dialysis patients 
with undiagnosed nephropathy, medical his-
tory of recurrent nephrolithiasis and/or nephro-
calcinosis and in patients with calcium oxalate 

cally determined diseases (57.14% vs. 77.27% 
of nephrologists), probably as a consequence of 
recent studies showing the low performance of 
identifying stone composition from endoscopic 
observations.24

Diagnosis: type of investigations

a wide agreement between urologists and ne-
phrologists was reached on the need to investi-
gate patients with suspicion of genetically deter-
mined kidney stones with a metabolic evaluation 
(24 h urine and blood), urine sediment analysis 
and infrared spectroscopy for stone composi-
tion. Moreover, a broad agreement was reached 
for the need of further investigations due to the 
risk of genetic causes underlying kidney stone in 
case of low serum phosphate, low serum potassi-
um, high serum calcium, metabolic acidosis, and 
primary hyperparathyroidism in a young patient.

As in the previous area, significant differences 
between nephrologists and urologists led to the 
non-approval of some statements (statements 2.4 
and 2.7). That was the case of persistent urinary 
ph>6 leading to the suspicion of renal tubular 
acidosis. While nephrologists were widely con-
vinced, over 50% of urologists were not, al-
though the eaU guidelines underline the impor-
tance of urinary pH as the first step to diagnose 
renal tubular acidosis. in our opinion, this could 
reflect the scarce interest of urologists, even ex-
perts with high volume of stone treatments, to 
go beyond the surgical treatment with an evident 
low experience in catching metabolic signs and 
symptoms. as an additional consideration, it can 
be highlighted that 50% of the responders indi-
cate 3 as the reply, thus probably reflecting a grey 
area around this topic.

The same consideration regards the indication 
to screen for cystinuria any patient with an active 
formation of stones of unknown composition and 
adolescent or young adult patients at their first 
episode of stones, where the agreement was not 
reached. it must be acknowledged that in 28% of 
cases, cystinuria evaluation allows the diagnosis 
of the disorder and that delay in the diagnosis 
raises the risk of CKd and of unnecessary uro-
logical procedures.25

Although finding cystine crystals in the urinary 
sediment has been indicated as pathognomonic 
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urologists on these indications (69% of consen-
sus for both).

Conclusions

a joint effort of specialists dedicated to the diag-
nosis and care of kidney stone disease highlight-
ed several areas of agreement with regard to op-
timal diagnostic patterns and treatment strategies 
in patients with genetically determined nephroli-
thiasis. The process also highlighted some grey 
areas, which deserve further investigations and 
that highlight the need for educational initiatives 
focused on rare diseases in the field of kidney 
stones, similar to our consensus activity. There is 
a need for multidisciplinary teams with structured 
cooperation between urologists, nephrologists 
and other specialists to offer patients tailored 
treatments and follow-up. We firmly believe that 
this is the key to preventing the poor prognosis 
of most of these genetic forms of kidney stones.
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