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ABSTRACT

Introduction: Chronic kidney disease (CKD) of unknown etiology remains frequent and delays diagnosis and targeted
therapy. International recommendations define when genetic testing should be offered, but their application has not
been described in patients already established on kidney replacement therapy. Peritoneal dialysis (PD) patients are
comparatively young, mostly transplant candidates and closely followed, and may particularly benefit from diagnostic
reassessment.

Methods: Retrospective observational study including all patients enrolled in a hospital-based PD programme in January
2025. Demographics, comorbidities, CKD etiology, biopsy findings, family history, transplant status and prior genetic
evaluation were extracted from source records. Criteria for genetic testing, based on international recommendations,
were defined before record review.

Results: Sixty-six patients were included (62.1% male; mean age 54.5 + 15.9 years), with a mean nephrology follow-up
of 14.3 + 9.6 years. Forty-two patients (63.6%) were actively listed for transplantation. Kidney biopsy was available in 21
patients (31.8%). In the remaining 45 (68.2%) the etiology had been attributed clinically and never revised. Family histo-
ry was inconsistently documented. Twenty-four patients (36.4%; 95% Cl 25.5-48.5) met at least one criterion for genetic
testing, but only five (20.8% of those eligible; 7.6% of the cohort) had been evaluated, leaving 19 unmet indications.
Conclusion: One in three PD patients fulfilled criteria for genetic testing and four of five of these had never been tested,
despite more than a decade of follow-up. Kidney replacement therapy should not be treated as the endpoint of etio-
logical investigation: in PD, where most patients are transplant candidates, genetic evaluation remains clinically useful.
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INTRODUCTION

concept, reframing it as a structured and standardized di-

Chronic kidney disease (CKD) is a major global public
health challenge, imposing a growing burden on patients,
healthcare systems and economies. Optimizing the diag-
nostic and therapeutic approach to CKD has a positive
impact on outcomes and allows a reduction in costs as-
sociated with prolonged diagnostic odysseys and with the
delayed initiation of targeted therapies.'?

CKD of unknown etiology (CKDu) still accounts for an im-
portant part of CKD cases, which compromises disease
management and long-term outcomes. Recent expert
statements have called for a reconsideration of this

agnostic category that is applied only after a comprehen-
sive and systematic evaluation, including genetic testing
and the revisiting of unconfirmed or historical diagnoses
based on sources rather than on summaries. Such a com-
prehensive re-evaluation can reveal previously overlooked
or misinterpreted findings and may lead directly to a de-
finitive diagnosis or indicate a new diagnostic path.*® Re-
cent studies using genetic testing have demonstrated that
Mendelian etiologies account for a meaningful proportion
of cases of kidney disease of unknown etiology.”®
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Although population-wide genetic testing may have po-
tential benefits, the diagnostic yield is highest in selected
clinical scenarios, which international recommendations
now enumerate explicitly: cystic kidney or liver disease
without family history, biopsy consistent with focal and
segmental glomerulosclerosis without an obvious cause,
biopsy consistent with tubulointerstitial nephropathy
without vascular changes, biopsy showing alterations
of the basement membrane, membranoproliferative or
thrombotic microangiopathy patterns of unknown etiolo-
gy, multiorgan syndromes, positive family history in first or
second-degree relatives, CKDu with extrarenal manifesta-
tions, CKDu before 50 years of age, recipients of a living
donor kidney, and atypical clinical presentations.?%&°

In many clinical situations, genetic testing ends the diag-
nostic odyssey, alters management decisions, influences
disease trajectory, and reduces the unnecessary use of
healthcare resources. It allows clinicians to navigate a
clearer roadmap for prevention, for the timely adoption of
therapeutic interventions, for the avoidance of ineffective
treatments, and for accurate counselling regarding indi-
vidual and familial prognosis. In some cases, identification
of a pathogenic variant may obviate the need for invasive
procedures, that likely pathogenic variants (according
to ACMG guidelines) may also be considered causal and
actionable in terms of attributing etiology.'>*? These bene-
fits are frequently discussed in the context of early CKD, as
though the opportunity to act upon them were confined
to the period preceding kidney replacement therapy. This
assumption deserves to be examined, because a substan-
tial part of the value of an etiological diagnosis (its impli-
cations for transplantation and evaluation of related living
donors, the anticipation of disease recurrence in the graft,
surveillance of extrarenal manifestations, and for the
counselling and testing of relatives) is realised precisely in
patients who have already reached kidney failure.2012
Genetic testing may therefore be particularly relevant in
patients undergoing peritoneal dialysis, many of whom
have long-standing CKD with uncertain or presumptive
etiologies despite years of follow-up. This population is
comparatively young, retains residual kidney function, is
frequently accompanied by a small and stable multidisci-
plinary team, and is largely composed of active transplant
candidates. Each of these characteristics increases, rather
than diminishes, the potential yield and the potential use-
fulness of an etiological diagnosis. Despite the evolution
of the CKD diagnostic landscape, however, a significant
number of patients with CKD of undetermined cause per-
sist in daily clinical practice.**

To the best of our knowledge, the frequency with which
indications for genetic testing are present, and remain
unacted upon, has not previously been described in a
peritoneal dialysis population. The aim of this study was
to characterize the etiological diagnoses of CKD in such a
cohort, to determine how many patients fulfilled current

criteria for genetic testing, and to establish in how many of
those patients testing had actually been performed. Our
purpose was not to estimate the prevalence of monogenic
disease in dialysis, but to examine whether recommenda-
tions that are already established are being applied at a
stage of the disease at which they remain clinically useful.

METHODS

A retrospective observational study was conducted in
January 2025 in a cohort of patients enrolled in a hospi-
tal-based peritoneal dialysis program. All patients enrolled
in the program at that date were included, and no exclu-
sion criteria were applied.

Data was collected from electronic clinical records and
covered the entire period from first nephrology referral
to the index date. They included demographic charac-
teristics, comorbidities, CKD etiology, clinical phenotype,
renal biopsy findings, documented family history, previous
kidney transplantation, active listing for transplantation,
and information regarding prior genetic testing or genetic
consultation. An etiological diagnosis was considered con-
firmed when supported by histology, by imaging meeting
recognized diagnostic criteria, or by a molecular result;
and presumptive when recorded in the absence of any of
these. Family history was considered documented when
the record contained an explicit statement regarding
kidney disease, dialysis or transplantation in relatives,
consanguinity, place of origin, or urinary abnormalities
in first- or second-degree relatives; the absence of such a
statement was recorded as not documented and was not
taken to represent a negative family history.

Based on international guidelines and recommendations,
we defined clinical criteria for genetic testing before
beginning record review. These are presented in Table 1
together with their source, and included: positive family
history in first and second-degree relatives, multiorgan
syndromes of unknown origin, atypical clinical presenta-
tion, kidney biopsy suggestive of a genetic cause — chronic
tubulointerstitial nephritis in the absence of significant
vascular disease, focal and segmental glomerulosclerosis
(FSGS) without secondary causes and with a pattern of
corticorresistant FSGS, abnormalities of the glomerular
basement membrane, idiopathic thrombotic microan-
giopathy, or a membranoproliferative pattern —, CKD or
end-stage kidney disease of unknown etiology before 50
years of age, recipients of organs from living donors, spe-
cially patients who already have a suspected hereditary
kidney disease, in which a molecular diagnosis may ena-
ble screening of the living donor —, presence of extra-re-
nal manifestations, cystic kidney or liver disease without
family history, and unexplained electrolyte abnormalities.
Criteria referring to age relate to the onset of kidney fail-
ure rather than to age at the index date. Records were
reviewed systematically using a standardized extraction
form and working from original source documents, biopsy
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and imaging reports, referral letters and previous hospital
records, rather than from discharge summaries or the di-
alysis problem list. Each record was assessed against every
criterion, and a patient was considered eligible for genetic
testing when at least one criterion was fulfilled.

For each patient, age of presentation was determined at
the first nephrology evaluation. We also report the age at
the initiation of kidney replacement therapy. The date of
onset of each comorbidity was not recorded in the clinical
files. Clinical presentation refers to the abnormality that
motivated the first nephrology evaluation, and not to the
prevalence of that finding at any later point of follow-up.

Unfortunately, during the review, and despite every effort
made, we were unable to describe the technology used to
perform genetic testing in patients who underwent it, nei-
ther obtain the variant classification according to ACMG
guidelines.

The analysis was descriptive. Continuous variables are
presented as mean * standard deviation with range, and
categorical variables as absolute frequencies and percent-
ages, calculated over the total cohort unless otherwise
specified. Statistical analyses were performed using IBM
SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA).

Table 1. Criteria for genetic testing applied in this study, with source recommendation.

Domain Criteria Source recommendation
Family and personal Positive family history of kidney disease in first- or second-degree KDIGO Controversies Conference; ERA/
history relatives ERKNet
CKD or end-stage kidney disease of unknown etiology before 50 years  KDIGO Controversies Conference; ERA/
of age ERKNet

Recipient of, or candidate for, a kidney from a living related donor

KDIGO 2024 CKD guideline; KDIGO 2025
ADPKD guideline

Kidney biopsy findings Focal and segmental glomerulosclerosis without secondary causes ERA/ERKNet
Chronic tu{bulomterst'lt'lal nephritis in the absence of significant ERA/ERKNet
vascular disease
Abnormalities of the glomerular basement membrane ERA/ERKNet
Idiopathic thrombotic microangiopathy or membranoproliferative ERA/ERKNet; KDIGO Controversies
pattern Conference

Imaging findings

Cystic kidney or liver disease without family history

KDIGO 2025 ADPKD guideline

Extrarenal features Multiorgan syndrome of unknown origin

KDIGO Controversies Conference

Extra-renal manifestations accompanying kidney disease of unknown

KDIGO Controversies Conference; ERA/

etiology ERKNet
Atypical clinical course Atypical clinical presentation ERA/ERKNet
Unexplained electrolyte abnormalities ERA/ERKNet

CKD, chronic kidney disease; ADPKD, autosomal dominant polycystic kidney disease.

RESULTS

A total of 66 patients were included. Most patients were
of European ancestry (65 patients, 98.5%) and male (41
patients, 62.1%). Patients had been followed in nephrolo-
gy outpatient consultation for a mean of 14.3 + 9.6 years
since their first referral.

Mean age at the first nephrology evaluation, taken as a
proxy for the age at diagnosis of chronic kidney disease,
was 36.2 + 18.1 years (range 0—70). Mean age at the initi-
ation of kidney replacement therapy was 46.7 + 17.2 years
(range 0—77), and 33 of these (52.4%) reached kidney fail-
ure before 50 years of age.

Regarding comorbidities, 58 patients (87.9%) had hyper-
tension, 23 (34.8%) heart failure, 14 (21.2%) diabetes
mellitus, 14 (21.2%) peripheral vascular disease and 10
(15.2%) cerebrovascular disease. Three patients (4.5%)
had a history of renal malignancy and three (4.5%) had
other neoplasms. Twelve patients (18.2%) had previous-
ly undergone kidney transplantation, one of whom had

received two kidney transplants on separate occasions,
with a mean time since transplantation of 19.3 £ 7.5 years.
At the time of evaluation, 42 individuals (63.6%) were ac-
tively listed for kidney transplantation. Cohort characteris-
tics are summarized in Table 2.
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Table 2. Characteristics of the cohort.

n (%) or mean * SD

Demographics

Male sex 41 (62.1)

European ancestry 65 (98.5)

Age, years (range) 54.5+15.9 (21-80)
Nephrology follow-up since first referral, years 14.3+9.6

Age at diagnosis of chronic kidney disease, years (range) T

36.2 £ 18.1 (0-70)

Age at initiation of kidney replacement therapy, years (range)

46.7 £17.2 (0-77)

Comorbidities

Hypertension 58 (87.9)
Heart failure 23 (34.8)
Diabetes mellitus 14 (21.2)
Peripheral vascular disease 14 (21.2)
Cerebrovascular disease 10 (15.2)
History of renal malignancy 3(4.5)
History of other malignancy 3(4.5)
Transplant status

Previous kidney transplantation 12 (18.2)
Time since transplantation, years 193+75
Actively listed for transplantation 42 (63.6)
Clinical presentation *

Proteinuria 35(53.0)
Hematuria 18 (27.3)
Acute kidney injury 10 (15.2)
Hypertension 5(7.6)
Kidney cysts 4(6.1)
Other 5(7.6)
Diagnostic evaluation

Kidney biopsy available 21(31.8)
Etiology presumptive (no histological confirmation) 45 (68.2)
Meeting >1 criterion for genetic testing 24 (36.4)
Genetic evaluation performed 5(7.6)

* Presenting features were not mutually exclusive. t Age at diagnosis of chronic kidney disease corresponds to the age at the first nephrology evaluation.

Clinical presentation, in features that were not mutually
exclusive, included proteinuria in 35 patients (53.0%), he-
maturia in 18 (27.3%), acute kidney injury in 10 (15.2%),
hypertension in 5 (7.6%), kidney cysts in 4 (6.1%) and oth-
er presentations in 5 patients (7.6%). These proportions
refer to the abnormality that motivated the first nephrolo-
gy evaluation and not to the prevalence of each condition
during follow-up. Hypertension is reported here only for
the patients in whom it was the finding that prompted
referral. As a comorbidity it was present in 58 patients
(87.9%), as expected in a population with kidney failure.

Histological diagnosis based on kidney biopsy was availa-
ble for 21 patients (31.8%). In the remaining 45 patients

(68.2%) there was no histological confirmation, and the
recorded etiology had been attributed on clinical grounds
and was not subsequently revised. Family history was
not consistently documented across medical records. In
most cases there was no clear information regarding the
patient’s place of origin, consanguinity, familial history of
CKD, or potentially asymptomatic urinary abnormalities in
first or second-degree relatives, and no record was found
of this information having been revisited at any point dur-
ing follow-up.

Twenty-four patients (36.4%; 95% Cl 25.5-48.5) met at
least one criterion for genetic testing. Of these, 8 met only
one criterion, 9 met two criteria simultaneously, 5 met
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three criteria and 2 met more than three, as presented in
Table 3.

Table 3. Number of criteria for genetic testing fulfilled per patient.

Number of criteria fulfilled Patients, n % of eligible patients (n = 24) % of cohort (n = 66)
One 8 333 121

Two 9 37.5 13.6

Three 5 20.8 7.6

More than three 2 8.3 3.0

Total 24 100 36.4

Table 4 describes in detail, specific criteria fulfilled for
each patient

Despite meeting testing criteria, only five patients in our
cohort had undergone genetic evaluation, corresponding
to 20.8% of the 24 eligible patients and to 7.6% of the
whole cohort. The genetic tests performed and their in-
dications are presented in Table 5. The methodology em-
ployed was heterogeneous, and in three of the five cases
the type of study performed was not recorded in the clin-
ical file. The variant identified in each patient tested and
its classification according to the ACMG/AMP criteria are
presented. Where the original laboratory report could not
be retrieved from the clinical file, this is stated explicitly
rather than inferred.
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Table 4. Indication and methodology of the genetic tests performed.

Patient

Criteria fulfilled

Number of criteria

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Multiorgan syndrome of unknown origin

Positive family history of kidney disease in first- or second-degree relatives

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Recipient of, or candidate for, a kidney from a living related donor

Chronic tubulointerstitial nephritis in the absence of significant vascular disease

Positive family history of kidney disease in first- or second-degree relatives
CKD or end-stage kidney disease of unknown etiology before 50 years of age

Multiorgan syndrome of unknown origin
Extra-renal manifestations accompanying kidney disease of unknown etiology

CKD or end-stage kidney disease of unknown etiology before 50 years of age

Focal and segmental glomerulosclerosis without secondary causes

Positive family history of kidney disease in first- or second-degree relatives

0| N | u;

Positive family history of kidney disease in first- or second-degree relatives

Positive family history of kidney disease in first- or second-degree relatives
Atypical clinical presentation

10

CKD or end-stage kidney disease of unknown etiology before 50 years of age

11

Positive family history of kidney disease in first- or second-degree relatives
CKD or end-stage kidney disease of unknown etiology before 50 years of age

12

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Focal and segmental glomerulosclerosis without secondary causes
Atypical clinical presentation

13

Positive family history of kidney disease in first- or second-degree relatives
CKD or end-stage kidney disease of unknown etiology before 50 years of age
Extra-renal manifestations accompanying kidney disease of unknown etiology

14

CKD or end-stage kidney disease of unknown etiology before 50 years of age

15

Positive family history of kidney disease in first- or second-degree relatives
Extra-renal manifestations accompanying kidney disease of unknown etiology
Atypical clinical presentation

16

Positive family history of kidney disease in first- or second-degree relatives
Cystic kidney or liver disease without family history

17

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Chronic tubulointerstitial nephritis in the absence of significant vascular disease
Extra-renal manifestations accompanying kidney disease of unknown etiology

18

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Recipient of, or candidate for, a kidney from a living related donor
Multiorgan syndrome of unknown origin

Atypical clinical presentation

19

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Atypical clinical presentation

20

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Recipient of, or candidate for, a kidney from a living related donor

21

CKD or end-stage kidney disease of unknown etiology before 50 years of age

22

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Multiorgan syndrome of unknown origin
Atypical clinical presentation

23

CKD or end-stage kidney disease of unknown etiology before 50 years of age
Cystic kidney or liver disease without family history

24

CKD or end-stage kidney disease of unknown etiology before 50 years of age

CKD, chronic kidney disease.
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Table 5. Indication and methodology of the genetic tests performed.

Patient

ACMG/AMP

Variant identified

Indication for testing Methodology

Marfanoid habitus, for exclusion of
1 Marfan, Ehlers—Danlos and Loeys—

Next-generation sequencing based on
whole-exome sequencing of 77 genes, with

classification

Not recorded in the Not applicable

Dietz syndromes copy-number variation analysis cliical file
Next-generation sequencing panel of genes Not recorded in
2 Study of collagen IV nephropathy associated with hereditary nephropathies COL4A3 the clinical file
3 MELAS syndrome Not recorded in the clinical file MTND5 m.13513G>4  \otrecordedin
the clinical file
Nephrotic syndrome associated with ) - ) Not recorded in the )
4 NPHS2 Not recorded in the clinical file clinical file Not applicable
5 Atypical haemolytic uraemic Not recorded in the clinical file DGKE, homozygous Not rgcgrdeq n
syndrome the clinical file

MELAS, mitochondrial encephalomyopathy, lactic acidosis and stroke-like episodes; NPHS2, podocin gene. ACMG/AMP, American College of Medical Genetics and Geno-

mics / Association for Molecular Pathology.

DISCUSSION

In this retrospective study of a peritoneal dialysis cohort
with long-standing nephrological follow-up, one in three
patients fulfilled current criteria for genetic testing, and
four out of five of those patients had never been tested.
To the best of our knowledge, this is the first description
of the frequency of unmet indications for genetic testing
in a peritoneal dialysis population, and it identifies a gap
not of knowledge nor technical availability, but of appli-
cation. These findings align with a growing body of evi-
dence showing that, although genetic testing has become
increasingly accessible and clinically relevant, its integra-
tion into routine nephrology practice remains limited and
inconsistent,10:14.16

The central finding of this study is that these missed op-
portunities occurred despite ongoing clinical follow-up.
Our patients had been followed in nephrology consulta-
tion for a mean of more than fourteen years before the
index date, which corresponds to well over a decade of
scheduled appointments in which a family history could
have been taken, the original biopsy report reviewed,
or a genetic study requested. The limited use of genetic
testing, therefore, cannot be attributed to late referral or
to lack of access to specialist care. It is worth noting that
family history, the least costly element of the entire etio-
logical evaluation, and the most predictive element of a
monogenic cause, was the most consistently absent from
the records we reviewed, which suggests that the diag-
nostic process fails at its earliest and simplest step rather
than at the point of requesting a test.#1¢

Our cohort reflects a population with a high burden
of cardiovascular comorbidities and a long duration of
renal disease, factors that frequently contribute to the
attribution of CKD to presumed acquired causes such as
hypertensive or vascular nephropathy, without a system-
atic reassessment of earlier diagnostic assumptions. This
phenomenon has been well documented in recent litera-
ture, where convenience diagnoses have been identified
as one of the leading factors preventing timely recognition

of hereditary kidney diseases.* Hypertension, in particular,
is as often a consequence of nephropathy as it is its cause,
and its presence should not by itself close the etiological
question.

These findings point to a broader assumption that we
believe deserves to be challenged directly. The initiation
of kidney replacement therapy appears, in practice, to
function as the moment at which the etiological investi-
gation is considered concluded. Clinical attention shifts,
reasonably, towards dialysis adequacy, anemia, mineral
and bone disorder and cardiovascular risk, and the ques-
tion of why the kidneys failed is no longer asked. There is,
however, no clinical justification for this. Reaching kidney
failure removes neither the possibility nor the usefulness
of establishing an etiological diagnosis. What changes is
the way in which that diagnosis is used, not whether it is
worth having.

This is particularly evident in peritoneal dialysis. Nearly
two thirds of our cohort were actively listed for transplan-
tation and a further 18.2% had already lost a first graft, so
that for the great majority of these patients a molecular
diagnosis bears on decisions that are still pending rather
than on decisions already taken. A confirmed hereditary
diagnosis may influence donor selection, help screen po-
tential living related donors, estimate the risk of disease
recurrence after transplantation, and in some conditions,
guide the need for combined organ transplantation or
for specific peri-transplant therapies. In addition, rec-
ognition of familial disease enables cascade testing and
counselling of relatives, allowing early detection and pre-
ventive strategies that may delay or avoid kidney failure
in family members, who are, in many cases, the same
individuals being considered as living donors.*?* Beyond
transplantation, identification of a pathogenic or likely
pathogenic (ACMG/AMP classification) variant may clarify
prognosis, inform the risk of extra-renal complications,
guide surveillance, prevent unnecessary or repeated in-
vasive procedures such as additional biopsies, and avoid



Portuguese Kidney Journal ¢ ahead of print

ORIGINAL ARTICLE

ineffective immunosuppressive therapies in patients with
non-immune genetic conditions. In some conditions, it
also carries implications for the dialysis prescription itself
and for the type of transplant indicated. Even in advanced
CKD or end-stage kidney disease, genetic testing remains
clinically actionable rather than merely descriptive.1%
Peritoneal dialysis programs are also a setting in which
such a reassessment is practicable. The population is
relatively small, patients are followed also by a small and
stable team on a protocolized schedule that already in-
cludes periodic clinical review, and the clinical record is
correspondingly complete.

The magnitude of the diagnostic opportunity forgone can
be approximated. Reported diagnostic yields of panel or
exome-based testing in adults selected by criteria com-
parable to those applied here range broadly from 15% to
40% and are higher in early-onset disease and in kidney
failure of unknown etiology.”®%1 Applied to the 19 un-
tested eligible patients in our cohort, this corresponds
to an expected three to eight undiagnosed monogenic
conditions within a single peritoneal dialysis program of
66 patients. This projection is illustrative rather than a re-
sult of our study, but it conveys the scale of what remains
undiagnosed.

The limited use of genetic testing observed in our study
mirrors barriers described in the literature: insufficient cli-
nician genetic literacy, uncertainty regarding test selection
and interpretation, resource limitations, time constraints
on a holistic diagnostic approach, and fragmented collab-
oration between nephrologists and geneticists. Although
the cost of genetic sequencing has decreased dramatically
over recent years, the perception of high cost persists as
a deterrent. Furthermore, the lack of standardized proto-
cols and of structured training across nephrology curricula
contributes to clinician hesitation, as extensively docu-
mented in international surveys.'*1® The heterogeneity of
the studies actually performed in our cohort, and the ab-
sence of any record of the methodology used in three of
five cases, are consistent with an unstandardized pathway,
and carry a practical implication: a patient recorded as
having undergone a genetic study with an uninforma-
tive result cannot be assumed to have been adequately
investigated.

These observations also raise the question of where in the
clinical pathway the failure originates. The criteria fulfilled
by our patients are not obscure: a first-degree relative
with kidney disease, kidney failure before 50 years of age
without a confirmed cause, kidney cysts without a family
history, or a biopsy showing focal and segmental glomer-
ulosclerosis with no evident secondary cause. Recognising
them requires no genomic expertise, but it does require
that they have been taught as red flags and that they be
actively sought at the bedside. Specific training in hered-
itary kidney disease remains uneven across nephrology
curricula, and surveys of practising nephrologists have

shown consistently that formal genetic education is asso-
ciated with a higher rate of referral for genetic evaluation,
while its absence ranks among the most frequently cited
barriers to testing.>'*!* Incorporating structured teaching
of inherited kidney disease into residency programmes,
and making the family history and the review of the orig-
inal biopsy report an explicit and documented part of
the first evaluation, is a low-cost intervention that would
probably have captured most of the indications that went
unrecognised in our cohort.

A second question is who should request a genetic study, as
it is not a single act. It is a sequence of judgements: which
patient should be tested, which test should be requested,
what does the result mean, and what follows the result.
Each of these fails when taken alone. In a survey of 149
nephrologists, a third had never ordered a genetic test, and
among those who had, the most often reported difficulty
was not access but knowing which test to choose.!* Studies
of tests ordered outside genetics services have found that a
substantial proportion were not the appropriate ones, gener-
ating cost without reaching a diagnosis. Interpretation is no
simpler, since nomenclature and reporting formats differ be-
tween laboratories, and a clinician without access to a clinical
geneticist or a genetic counsellor is understandably reluctant
to translate a report into a plan to present to the patient. The
steps that determine the yield, however, are nephrological:
the selection of candidates, the depth of phenotyping, the
rereading of the original biopsy, and the matching of a variant
against the clinical course. No specialty can carry the process
alone, and the practical consequence is that the decision to
test, the choice of test and the interpretation of the result
should be taken and documented jointly.

What this requires is that the joint discussion be a stand-
ing feature of the centre rather than an occasional refer-
ral. In practice it means a scheduled nephrology—genetics
meeting at which patients identified by the criteria in Ta-
ble 1 are presented, the test is chosen with the geneticist
before the sample is sent rather than after, the result is
returned to the patient by whoever is best placed to ex-
plain it, and the testing of relatives is planned at the same
time. Centers organized in this way have reported diag-
nostic yields approaching 40% in selected patients, revi-
sion of the clinical diagnosis in a substantial proportion of
those diagnosed, and direct effects on management and
on cascade testing.’®2° From a health-system perspective,
implementing structured genetic evaluation in peritoneal
dialysis programs may be cost-effective. The relevant com-
parison is not the price of a genetic study against zero, but
against an ineffective course of immunosuppression, an
avoidable early graft loss from unanticipated recurrence,
or the transplantation of a kidney from an affected relat-
ed donor. By shortening the diagnostic odyssey, reducing
redundant investigations and enabling precision manage-
ment, genetic testing may optimize resource utilization
while improving patient-centered outcomes.?1°
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Our findings support a simple and practicable approach.
Etiological reassessment should take place at defined
moments in the peritoneal dialysis pathway, at entry into
the program and at the annual review, rather than oppor-
tunistically. At each of these moments a structured family
history should be recorded, the original biopsy and imag-
ing reports retrieved, and an explicit statement made as
to whether the etiological diagnosis is confirmed or pre-
sumptive. The criteria in Table 1 should then be applied
and the outcome documented. Where capacity is limited,
priority should be given to patients listed for transplan-
tation with a potential related living donor, and to those
who reached kidney failure before 50 years of age without
a confirmed diagnosis. Referral should follow a defined
route to a genetics consultation or to a joint nephrology—
genetics meeting, and testing should be initiated before
rather than during living-donor evaluation, so that the
result is available when the decisions are actually made.
The path to overcoming these constraints has been out-
lined by national and international societies, whose rec-
ommendations generally aim to improve reimbursement
policies, increase clinician education, and simplify genetic
data interpretation.®® The barrier, therefore, appears to
be conceptual rather than logistical.

This study has several limitations. It is a single-center
study of 66 patients, and the precision of the estimates
is correspondingly limited. The design is retrospective,
and absence of documentation is not proof of absence
of enquiry: a family history may have been taken and not
recorded, which would overestimate eligibility for that
particular criteria, although it would equally represent
a documentation failure with the same practical conse-
qguence. Restriction to a peritoneal dialysis population
introduces a selection bias operating in both directions,
since these patients are younger and more often trans-
plant candidates than the dialysis population as a whole,
and our estimate is therefore not directly generalized to
hemodialysis or to conservatively managed patients. The
cohort was ethnically homogeneous, which precluded as-
sessment of criteria and yields relating to ancestry-specif-
ic risk variants. Finally, genetic testing was not performed
as part of this study, so the true diagnostic yield among
untested eligible patients is inferred rather than observed.
Taken together, our findings reinforce that CKD etiological
evaluation is not a static process but should be dynamic
and periodically re-examined, particularly in patients with
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atypical features, early-onset kidney failure, or non-inform-
ative biopsy results. The contemporary nephrology land-
scape, with the availability of next-generation sequencing,
improved analytical tools and evolving consensus
recommendations, provides the means to overcome
long-standing diagnostic inertia. As demonstrated by our
cohort, however, successful implementation depends on
systematic approaches to clinical documentation, ongoing
clinician education, and structured integration of genetic
services into nephrology workflows.“53 Our study under-
scores that substantial room for improvement remains,
and that aligning clinical practice with current evidence
and international guidelines will be crucial to reducing the
burden of CKD of unknown etiology.?®

CONCLUSION

A substantial proportion of patients in our peritoneal
dialysis program fulfilled current criteria for genetic test-
ing, yet genetic evaluation had been performed in only
one in five of them, despite a mean of more than four-
teen years of nephrological follow-up. The key message
of this work is that the initiation of kidney replacement
therapy should not be understood as the endpoint of the
etiological investigation. Being on dialysis, and specifically
on peritoneal dialysis, neither prevents the establishment
of an etiological diagnosis nor diminishes its usefulness:
in a population that is comparatively young, largely com-
posed of transplant candidates, and closely followed, the
benefits of genetic evaluation are sufficient to sustain the
continued pursuit of the cause of kidney disease.

Read in this light, our findings carry a message that goes
beyond the timing of the investigation. If a large share of
the patients in a closely followed dialysis programme fulfil
criteria for genetic testing and most of them have never
been tested, and if two thirds of the cohort carry an eti-
ological label that was never confirmed, the reasonable
inference is that a large proportion, and possibly the ma-
jority, of the patients we treat at the most advanced stage
of kidney disease are living with an incomplete, unverified
or simply incorrect diagnosis. This is not a limitation of
the tools available but of their application. Establishing
the cause of kidney disease in these patients is not an
academic exercise appended to the end of the diagnostic
pathway: it determines transplant strategy, the safety of
related living donors, the surveillance of extrarenal dis-
ease, and the care of families who remain undiagnosed.
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