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Abstract. Background and aim: Hereditary kidney diseases are characterized by a specific phenotypic homol-
ogy while differing in prognosis and follow-up. The genetic analysis may not be conclusive, thereby limiting 
a better understanding of these types of kidney diseases. The next-generation sequencing (NGS) technique 
allows for the simultaneous analysis of multiple genes, which, although more time consuming, enables new 
pathogenetic mutations to be recognized, and encourages research and diagnosis of hereditary kidney diseases. 
The aim of the present article is to provide a comprehensive review of the literature regarding the isolated 
finding of fetal hyperechoic kidneys. Methods: A systematic review was conducted in MEDLINE including 
articles evaluating the genetic approach to fetal hyperechoic kidneys. The PRISMA-P recommendations were 
used to guide this review. Results: A genetic etiology was identified in 48% of cases. Of these, 38% were auto-
somal recessive polycystic kidney disease (ARPKD), 29% were autosomal dominant polycystic kidney disease 
(ADPKD), and 22% were HNF1B-related autosomal dominant tubulointerstitial kidney disease. Genetic 
analysis was performed using karyotype, chromosomal microarray, and specific sequencing for PKD1-PKD2 
or PKHD1. Only 4 studies reported NGS analysis permitting complex diagnoses. Conclusions: The genetic 
approach using the NGS technique is still underused despite allowing a faster etiological classification with-
out an increase in diagnostic costs. Since genetic etiology is responsible for 48% of fetal hyperechoic kidneys, 
the application of NGS techniques should be implemented in order to encourage research in this not-yet-
widely-known field of study. (www.actabiomedica.it)

Key words: solitary fetal hyperechoic kidneys, inherited kidney disease, next-generation sequencing analysis, 
prenatal diagnosis, nephropathy

Introduction

Innovations in prenatal imaging techniques have 
enhanced the possibility of detecting fetal abnormali-
ties which, however, may remain of uncertain signifi-
cance (1-3). Among these, fetal hyperechoic kidneys 
(HKs) represent a heterogeneous clinical entity, at-
tributable to different etiological contexts with very 
variable outcomes (4,5). Fetal HKs can indicate dis-
eases characterized by progressive deterioration of re-
nal function or transient renal distress (1,6). Despite 

the absence of studies with large case series, most of 
these images are considered attributable to mono-
genic diseases such as autosomal recessive polycystic 
kidney disease (ARPKD), autosomal dominant poly-
cystic kidney disease (ADPKD) and HNF1B-related 
autosomal dominant tubulointerstitial kidney disease 
(1,7-9). The etiological classification often takes place 
after birth through a prolonged and expensive follow-
up (10).

The genetic heterogeneity of these pathologies 
makes it difficult to choose the appropriate test, thus 
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requiring repeated, and often inconclusive, gene se-
quencing (11). Furthermore, the clinical phenotype can 
be modified by the presence of mutations other than 
the known pathogenic ones (11). Given the genetic 
and phenotypic complexity of HKs, Next-generation 
sequencing (NGS), with simultaneous analysis of 
multiple genes, represents an efficient strategy for the 
characterization of congenital HKs (12).

The primary aim of this systematic review is to 
evaluate the relevance of genetic pathology in the eti-
ology of fetal HKs and how many of these remain of 
uncertain significance. Secondarily, the use of genetic 
diagnostic tests was evaluated, with the aim of defining 
the application of NGS in the research and diagnostics 
of fetal HKs.

Materials and methods

The Preferred Reporting Items for Systematic 
Reviews and MetaAnalyses protocols (PRISMA-
P) recommendations were used to guide this review 
(http://www.prisma-statement.org/). The electronic 
databases Medline PubMed Advanced Search Builder, 
Scopus, Web of Science (from January 1991 to June 
2021) were analyzed, using medical subject headings 
(MeSH) terms and text words (their combinations 
and truncated synonyms): (KIDNEY OR RENAL) 
AND (FOETAL OR CHILD OR CHILDREN OR 
INFANT) AND (HYPERECHOIC OR HYPERE-
CHOGENICITY). The abstracts were reviewed after 
removal of duplicate articles. The full text of suitable 
papers was analyzed. This review is not limited to any 
geographical area, age, or gender.

The inclusion criteria were studies reporting the 
results of case reports, case series, case-control studies, 
cohort studies, with synthesized data. The search was 
limited to English language articles.

The exclusion criteria were: sonographically de-
tected malformations and/or obstructive urinary tract 
diseases of the fetus, narrative and systematic reviews 
(with no synthesis of data), studies published only as 
abstracts, letters, or conference proceedings, discussion 
papers, animal studies, and editorials.

Initial screening of titles was carried out to identify 
potentially relevant studies, followed by the screening 

of abstracts and then by full paper review. All titles 
and abstracts were independently evaluated by two re-
viewers (SP and CT), not blinded to authors, journals, 
results, etc., for consistency of inclusion/exclusion and 
any disagreement was solved by consensus. If the two 
review authors did not reach an agreement, a third re-
view author adjudication (MB) was adopted to solve 
disagreements. Quality assessments were conducted 
by two independent reviewers (SP and CT) and ar-
ticles potentially fulfilling the inclusion criteria were 
retrieved in full text.

All data, numerical calculations and graphic ex-
trapolations were independently confirmed. For each 
study meeting the exclusion criteria, the data extracted 
and summarized in a table were: first author, year of 
publication, type of article, objective of the study, 
number of cases, number of isolated hyperechoic fe-
tal kidneys cases, week of gestational age at the time 
of screening, amniotic fluid, genetic test performed, 
diagnosis, family renal history, follow up performed, 
renal outcomes. An initial search yielded 145 unique 
articles. An analysis based on the key questions and 
the inclusion and exclusion criteria using a PRISMA 
flow diagram, narrowed down the result to 64 papers 
which fitted the inclusion criteria (Figure 1). Further 
screening of the full-text articles led to the exclusion of 
27 additional articles as a result of: full-text not avail-
able, no cases in the topic presented, HK forms not 
isolated (13-21) and studies not related to the subject. 
No ethics committee approval was required for this 
study. The Systematic review registration number is 
CRD42023400804.

Results

Table 1 and Table 2 show the data extracted from 
the 37 articles (1,3-8,12,22-50) and finally included in 
the present review.

Among them, 17 were case reports (Table 3) 
(1,12,36-50).

In total, 506 cases of isolated hyperechoic kidneys, 
which were identified in the second and third trimesters 
(1,4,5,7,8,12,22-24,27-32), were collected. In 79 cases, 
the time of diagnosis was not reported (3,6,25,26). In 
271 cases the amount of amniotic fluid was normal 
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(1,4-8,12,22,23,26,29,30,32-34,39,42,44,48), in 121 
cases oligohydramnios was described (1,4,5,7,8,12,22-
24,27-32), polyhydramnios was reported in 24 
cases (1,4,5,7,8,12,22-24,27,32) and in 90 cases the 
amount of amniotic fluid was not specified (1,4,5,7,8, 
12,22-24,27-32).

A genetic etiology was specified in 246 cases 
(48%) (1,4,5,7,8,12,22-24,27-32). Of these, 38% 
were ARPKD, 29% were ADPKD, and 22% were 
HNF1B nephropathy, 11% other genetic disorders. 
Family history of renal disease was identified in only 
50 cases (1,4,5,7,8,12,22,24,27-32). The reported 

genetic diagnosis mostly referred to prenatal inves-
tigations (1,4,5,7,8,12,22-24,27-32). The proposed 
tests included karyotype, chromosomal microarray 
and specific sequencing for PKD1-PKD2 or PKHD1. 
The NGS technique, which allows for the diagnosis 
of many complex diseases through the association 
with specific mutated genes, including nephrocalci-
nosis, Ivemark syndrome II, propionic acidemia and 
PKD, was applied only in four of the studies examined 
(12,37,40,42). An alternative diagnosis such as renal 
dysplasia, multicystic dysplastic kidney or correlation 
with congenital anomalies of the kidney and urinary 

Figure 1. PRISMA flow diagram.
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and genetic diagnostic resources. In the last twenty 
years, broad progress has been observed in both ultra-
sound equipment and genetic analysis. For example, 
HNF1B nephropathy represents a rather recent clini-
cal entity. Therefore, the real incidence of genetic pa-
thologies and the relative etiology of fetal HKs could 
be grossly underestimated. In addition, in some of the 
studies identified the diagnosis was based on clinical 
and instrumental criteria rather than on genetic con-
firmation, therefore limiting knowledge of the real 
incidence of the disease. PKDs comprise a group of 
monogenic diseases characterized by a high genetic 
complexity and a significant phenotypic overlap that 
often leads to chronic kidney disease with evolution 
up to End-Stage Renal Disesase (ESRD) (3,8,38,39). 
The isolated presence of a fetal HK therefore consti-
tutes a prognostic challenge in the prenatal period and 
a postnatal diagnostic odyssey, also in consideration of 
the lack of controlled studies which could be a means 
to guide counselling and subsequent management 
(23,40).

Although ultrasound is not sufficient alone for 
diagnostic purposes, some findings could suggest an 
underlying genetic condition or syndrome, these find-
ings include CMD, kidney size, the presence of cysts 
and the association with other extra-renal anomalies 
(26,30,33). In addition, cases of ADPKD with tran-
sient perinatal resolution are described (1). In our 
series, cases with transient resolution of ultrasound 
anomalies are described in 2 patients with HNF1B 
nephropathy, 1 with ADPKD and 2 with unknown 
etiology.

Oligohydramnios is considered the main prog-
nostic determinant regardless of the etiology (4,26). In 
fact, it is a predictor of both renal failure, especially in 
the presence of very large kidneys, and serious perina-
tal respiratory complications that aggravate the mor-
tality and morbidity of these patients (4). The isolated 
presence of an HK of normal size and with regular am-
niotic fluid is associated with a favorable perinatal out-
come even if the late development of chronic kidney 
disease cannot be excluded. (25) More than half of the 
patients examined had a favorable perinatal outcome. 
Although renal function is not specified in a consider-
able percentage of cases, chronic kidney disease is re-
ported in only 8.6% of cases. Additional information 

tract was provided in 14% of cases (1,4,5,7,8,12,22-
24,27-32). In 33% of cases the diagnosis was not avail-
able (1,4,5,7,8,12,22-24,27-32). The outcome was 
identified as termination of pregnancy (TOP), intrau-
terine death (IUD), neonatal death (NND) or as Live 
Born (LB), of which renal function is described when 
available (1,4,5,7,8,12,22-24,27-32). Out of the 506 
cases, 19,6% underwent TOP while IUD occurred in 
1% of cases and NND occurred in 6.4%, 11.9% of out-
comes were not available o were lost in follow up while 
61% of cases were LB. Renal function was specified 
only in 33% of cases (1,4,5,7,8,12,22-24,27-32), even 
within a variable temporal follow-up. Specifically, 24% 
maintained adequate renal function while 8.6% devel-
oped renal failure, hypertension, kidney transplanta-
tion or required nephrectomy. However, the overall 
available data were often partial because of limited 
follow-up or undetermined diagnoses and therefore it 
was not possible to provide further characterization of 
these patients.

Discussion

Renal echogenicity was described in relation to 
the ultrasound appearance of the liver and/or spleen 
(12). The fetal kidneys appear physiologically hyper-
echogenic with respect to the later periods of life (32). 
Specifically, in the first and in the initial part of the 
second trimester, the cortex appears hyperechoic, and 
then attenuates and becomes hypoechoic starting from 
the 32nd gestational week (12,30). Perinatal expres-
sion of PKD frequently occurred with enlarged and/
or hyperechoic kidneys (23). A monogenic disease was 
identified in 50-70% of children with at least two renal 
cysts and/or an HK (23,25). The literature shows that 
most of the HKs isolated belong to hereditary kidney 
diseases such as ADPKD, ARPKD or HNF1B Ne-
phropathy (7, 12). These conclusions are confirmed in 
the present review, in which 246/506 cases of HKs are 
attributed to genetic diseases such as ADPKD (29%) 
ARPKD (38%) and HNF1B Nephropathy (22%), 
other genetic diagnoses (11%).

It should be emphasized that the studies evalu-
ated contain limited case histories and date back to an 
era characterized by a high heterogeneity of imaging 
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dimensions. Postnatally, the rapid determination of 
a diagnostic definition allows for the application of 
targeted follow-up and proper support for the fam-
ily. The genetic approach using the NGS technique 
is still underused despite allowing a faster classifica-
tion of the etiological context and patient classifica-
tion in the absence of an increase in diagnostic costs. 
Furthermore, the application of NGS technology al-
lows a more detailed analysis of the underlying genetic 
anomalies that may justify the variability of the clinical 
phenotype. Furthermore, a greater understanding of 
pediatric cystic pathology could facilitate research in 
an area where therapeutic possibilities are only sup-
portive. Since the genetic pathology is so relevant in 
the diagnosis of fetal HK, the use of NGS technology 
seems mandatory.
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