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With an estimated prevalence of 1 in 1000 individuals globally, autosomal dominant polycystic kidney disease (ADPKD) stands as the
most prevalent inherited renal disorder. Ultrasonography (US) is the most widely used imaging modality in the diagnosis and monitoring of
ADPKD. This review discusses the role of US in the evaluation of ADPKD, including its diagnostic accuracy, limitations, and recent advances.
An overview of the pathophysiology and clinical manifestations of ADPKD has also been provided. Furthermore, the potential of US as a
noninvasive tool for the assessment of disease progression and treatment response is examined. Overall, US remains an essential tool for the
management of ADPKD, and ongoing research efforts are aimed at improving its diagnostic and prognostic capabilities.
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INTRODUCTION

Affecting an estimated frequency of 1 in 2500 to 1 in
400 individuals, autosomal dominant polycystic kidney
disease (ADPKD) emerges as the prevailing hereditary kidney
disorder.'*J ADPKD is characterized by the focal development
and gradual enlargement of renal cysts, which commonly
results in end-stage renal disease (ESRD) in over 75% of
patients either during or after their sixth decade of life.
Furthermore, ADPKD could be a systemic disorder because
patients may have hepatic or pancreatic cysts, abdominal
hernias, colonic diverticulosis, cardiac valvular lesions, or
intracranial aneurysms.[*¢

The main genetic abnormalities responsible for ADPKD are
mutations in either the polycystic kidney disease-1 (PKDI)
gene (found in 78% of disease pedigrees) or the polycystic
kidney disease-2 (PKD2) gene (found in 15% of disease
pedigrees).[) PKDI encodes polycystin-1 (PC1) and PKD2
encodes polycystin-2 (PC2).51 PC1 and PC2 are located on
the primary cilia of tubular epithelial cells, playing a crucial
role in mechanotransduction and the regulation of cystogenesis.
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Increasing evidence substantiates that PC1 and PC2 suppress
cystogenesis in a dose-dependent manner, and cyst formation
transpires when the concentration of PC1 or PC2 drops below
a specific threshold.['*'"! Mutations in other genes, including
DNAJBI11, GANAB, PRKCSH, and SEC63, cause milder
forms of polycystic kidney disease (PKD) because proteins
encoded by these genes are linked to maturation defects of
PC1 or PC2.I"*'¥I The number and size of cysts, altered renal
architecture, and renal function are largely determined by the
mutations of these genes.

ULTRASONOGRAPHY AS A DiagNnosTic TooL FOR

AutosomaL DomiNanT PorycysTic KiDney DiSEASE

Ultrasonography (US) has emerged as the preferred imaging
method for diagnosing ADPKD because of its widespread
availability, relatively low cost, lack of radiation exposure,
and noninvasiveness.['>'® It is also ideal for screening patients’
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family members. In addition to suggesting a diagnosis, US can
be used to assess cyst complications. The ultrasonographic
features of ADPKD, in general, include the presence of
multiple cysts of varying sizes in both kidneys, usually starting
at the age of 30—40 years, and an increased number and size
over time. The cysts appear as round or oval, well-defined,
anechoic structures with posterior enhancement (brighter area
behind the cyst). Calcification may be observed in some cases.
Cysts with hemorrhage or infection demonstrate echogenic
material. The parenchymal echogenicity is increased. In the
advanced stages of this disease, the kidneys are enlarged and
lack corticomedullary differentiation. Other features observed
on US include increased kidney size, loss of normal kidney
architecture, and dilatation of the renal collecting system.
Cysts may also be detected in the liver, spleen, and pancreas.!'”)

Differences in the ultrasonographic features of dominant
polycystic kidney disease caused by different genes
Although US is a common imaging technique used to diagnose
and monitor ADPKD, no specific ultrasonographic features
distinguish ADPKD caused by PKDI mutations from that caused
by PKDZ2 mutations. Both types of ADPKD are characterized by
the presence of multiple cysts in the kidneys. PKD-associated
cysts are more commonly found in the renal cortex, while
PKD?2-associated cysts are often found in the medulla. Patients
with PKDI mutations generally have larger cysts, faster
disease progression, and higher risk of complications. Those
afflicted with PKD[-related ADPKD typically possess kidneys
of considerably larger size, containing a greater number of
cysts compared to patients with PKD2-related ADPKD.[")
Nonetheless, the rates of cystic growth remained unchanged,
suggesting that the increased severity of PKD-related ADPKD
stems from the earlier development of a greater number of cysts,
rather than their accelerated growth.!'¥! However, the severity
and number of cysts can vary from person to person regardless
of the underlying genetic cause.

In rare cases of ADPKD caused by mutations in other genes,
such as GANAB, DNAJB11, PRKCSH, LRPS5, and IFT140,
the ultrasonographic features may be slightly different.
Individuals with ADPKD caused by mutations in the GANAB
gene had a milder form of the disease, with fewer and smaller
cysts than those with ADPKD caused by PKDI or PKD?2
mutations.!"”) Mutations in PRKCSH or LRP5 are associated
with isolated polycystic liver disease; however, they have
also been reported to contribute to ADPKD.["2*211 ADPKD
caused by mutations in PRKCSH or LRP5 was also in a milder
form [Figure 1]. Interestingly, in a reported series®” and our
observations [Figure 2], patients with /7740 mutation-related
ADPKD tended to exhibit large cysts on renal US. However,
these differences are not always present, and more research
is needed to fully understand the ultrasonographic features of
ADPKD caused by different genes.

Diagnostic ultrasonography criteria of autosomal
dominant polycystic kidney disease
Renal US is the gold standard for the radiological diagnosis

Figure 1: Ultrasonography (US) presentations of patients carrying
PRKCSH or LPR5 mutations. US in a 45-year-old man with PRKCSH
mutations shows liver cysts (a) and few renal cysts (b). In a 42-year-old
man carrying LRP5 pathogenic mutations, US shows several small cysts
in the right (c) and left (d) kidneys

of ADPKD. However, the diagnosis of ADPKD using US
is less sensitive in younger patients because the cysts can be
smaller and less numerous. Specific criteria based on age have
been developed for PKD1,2¥ followed by PKD2 and adults
with unknown genotypes who are at risk. Table 1 illustrates
the performance of US-based unified criteria for the diagnosis
or exclusion of ADPKD.2>24]

Ultrasonography in evaluating renal manifestations of
other diseases coexisting with autosomal dominant
polycystic kidney disease

Horseshoe kidney or tuberous sclerosis complex (TSC) may
coexist with PKD.?”?] Horseshoe kidney is a congenital
abnormality characterized by the fusion of both kidneys at
the lower pole. It is frequently accompanied by other renal
anomalies, such as ADPKD. In patients with horseshoe kidney
and ADPKD, US can be employed to assess the structure and
functionality of the kidneys.

TSCisagenetic disorder that results in the development of benign
tumors in different organs, including the kidneys.? In patients
with TSC, US can detect renal angiomyolipomas (AMLs),
which are benign tumors comprising blood vessels, smooth
muscle cells, and fat cells. Monitoring the size and growth of
AMLs is crucial as they have the potential to cause bleeding
or renal dysfunction if they reach a significant size. Notably,
a subset of patients with TSC presented with characteristic
features of ADPKD. Both the TSC type 2 and ADPKD type 1
genes are located within a limited portion of chromosome 16.
In cases where deletions affect both of these genes, a condition
called the TSC2/ADPKDI contiguous gene syndrome arises,
resulting in diverse manifestations of TSC and ADPKD
phenotypes.? Over time, the renal US findings in TSC2/
ADPKDI contiguous gene syndrome evolve and exhibit a
distinct pattern of renal disease, which differs from the usual
presentation of TSC. At the initial stage, multiple cysts are
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Table 1: Performance of ultrasound-based unified criteria for diagnosis or exclusion of autosomal dominant polycystic

kidney disease

Age (years) Number of cysts

PKD1 (%)

PKD2 (%) Unknown genotype (%)

For diagnosis

15-29 A total of >3 cysts PPV=100; Sn=94.3

30-39 A total of >3 cysts PPV=100; Sn=96.6

40-59 >2 cysts in each kidney PPV=100; Sn=92.6
For exclusion

15-29 0 NPV=99.1; Sp=97.6

30-39 0 NPV=100; Sp=96

40-59 0 NPV=100; Sp=93.9

PPV=100; Sn=69.5
PPV=100; Sn=94.9
PPV=100; Sn=88.8

PPV=100; Sn=81.7
PPV=100; Sn=95.5
PPV=100; Sn=90

NPV=83.5; Sp=96.6
NPV=96.8; Sp=93.8
NPV=100; Sp=93.7

NPV=90.8; Sp=97.1
NPV=98.3; Sp=94.8
NPV=100; Sp=93.9

PKD: Polycystic kidney disease, ADPKD: Autosomal dominant PKD, NPV: Negative predictive value, PPV: Positive predictive value, Sn: Sensitivity,
Sp: Specificity

A 127.9 mm | Dist B 4.1 mm | Dist C 148 mml A 129.7 mm

Figure 2: Characteristic ultrasonography (US) presentations of patients
carrying IFT140 mutations. US in a 54-year-old woman shows a few large
cysts in the right (a) and left (b) kidneys

Dist B 54.3 mm | Dist C 13.7 mm|

observed, and subsequently, there is a progressive increase in
kidney size along with the growth of renal cysts."

ULtrASONOGRAPHY AS A PowerruL TooL To MoniTor

TREATMENT RESPONSE

US is also useful in monitoring disease progression and
treatment response in patients with ADPKD. Changes in
cyst size and number observed on US can provide important
information regarding disease activity and guide therapeutic
decisions. Moreover, US can be used to assess the effectiveness
of interventions, such as tolvaptan, a vasopressin V2 receptor
antagonist that slows the rate of kidney function decline in
patients with ADPKD.F

The assessment of total kidney volume (TKV) is of significant
importance in evaluating the progression of ADPKD, as it
enables the identification of individuals who are at a higher risk
of rapidly developing ESRD?*33 and allows for the evaluation
of prognosis by predicting loss of renal function.*>3433 Clinical
practice uses US to help prognostically stratify diseases.
According to data from the Consortium for Radiologic Imaging
Studies of Polycystic Kidney Disease and a position statement
from the European Renal Association-European Dialysis and
Transplant Association (ERA-EDTA) Working Groups of
Inherited Kidney Disorders and European Renal Best Practice,
in the absence of magnetic resonance imaging (MRI), patients
below the age of 45 with kidneys measuring over 16.5 cm
as determined by US are prone to experience rapid disease
progression.B+3¥¢-381US is still currently the preferred imaging

technique for diagnosing ADPKD although it has a number
of drawbacks that can compromise the precision of TKV
estimation and result in a wide range of variations when
evaluating disease progression.!

Use ultrasonography to measure total kidney volume
The measurement of TKV using US involves imaging the
kidneys in the transverse, longitudinal, and anteroposterior
planes. To determine the TKV, the ellipsoid formula is
employed, necessitating measurements of the length, width,
and depth of each kidney. The measurements are recorded and
used to calculate the volume of each kidney using the ellipsoid
formula: TKV = (1/6) x length x width x depth. The volumes
of both kidneys are added to obtain the TKV.I The imaging
procedure is performed using a high-frequency transducer
and can be performed in a relatively short time, making it
convenient for use in clinical practice.

Comparison with computed tomography and magnetic
resonance imaging in measuring total kidney volume
US, computed tomography (CT), and MRI are used to detect
renal cysts and evaluate the TKV. While CT and MRI offer
higher resolution and increased sensitivity in detecting renal
cysts smaller than 1 cm in diameter, US is the preferred initial
imaging method for diagnosing and monitoring ADPKD in
most patients. This preference is mainly due to cost, radiation
levels, and contrast exposure. Compared to CT or MRI, US
provides images that are less sensitive and repeatable. Recently,
in a prospective single-center study, the reproducibility of US
measurements and the agreement between the calculated TKV
using the ellipsoid formula by US and CT were examined. This
study demonstrated good reproducibility of US measurements.
In addition, it also showed that, using the maximum width in a
transverse section, US-measured TKV was strongly correlated
with the CT-measured TKV.?*! In addition, the early assessment
of'the efficacy of new therapies seems to be greatly enhanced by
monitoring TKV. US for monitoring TKV proves advantageous
due to its widespread availability, faster results, and dependable
indications for the early evaluation of the effectiveness of
current treatments. Table 2 summarizes the comparison of
accuracy, advantages, and disadvantages in measuring kidney
and cyst volumes using these three imaging modalities.
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RecCeNT ADVANCES

Recent advances in US technology have improved the
diagnostic capabilities for ADPKD. Three-dimensional (3D)
US has been shown to improve the detection of small cysts and
provide accurate measurements of cyst volumes.*** Notably,
Akbari et al. conducted a single-center prospective study
revealing that TKV measurements in ADPKD using 3D US
and US ellipsoid exhibit comparable bias and variability but

are less accurate compared to MRI ellipsoid. In addition, all
three methods demonstrate a high positive predictive value
in predicting high-risk Mayo imaging classifications (MIC
1C-1E).[*! To address the challenges of using MRI and
CT in pediatric patients, a new pediatric Leuven Imaging
Classification based on 3D US has been suggested as a
complementary approach to the MIC.*”! Promisingly, to
optimize the performance of 3D US, Jagtap et al. developed
an artificial intelligence (Al)-assisted system capable of

Table 2: Comparison of autosomal dominant polycystic kidney disease imaging modalities for measuring kidney and cyst

volumes
Imaging modalities us CT MRI
Accuracy Can detect cysts >1 cm and 2-3 mm in Can detect cysts >2 mm in Can detect cysts >2 mm in diameter!*!]
. _ . [40] 3 [41] . Py
diameter (new-generation scanners) diameter Coefficients of variation for TKV measurements:
Coefficients of variation for TKV 1.7%0361
measurements: 18%—42%"*
Advantages No radiation or contrast medium Accurate assessments of No radiation, noniodinated contrast medium, high
Low cost TKV and cyst volume resolution, and tissue contrast 3D pictures
Safety Highly correlated with Low bias, low inter- and intraoperator variability,
e . e : [42,43]
Widely available US-derived results accurately estimate TKV over short-time periods
Established diagnostic criteria Segmentation of individual cysts enables
quantitative evaluation of disease severity in
individuals with early or moderate ADPKD
Disadvantages Lacks precision and accuracy for Ionizing radiation Patient-related factors
detecting short-term changes in kidney exposure and potentially (metallic medical implants, claustrophobia)
volume nephrotoxic contrast agent Varying imaging results between scanners
Lack of availability
Cost

Time needed for image acquisition(**!

TKYV: Total kidney volume, MRI: Magnetic resonance imaging, ADPKD: Autosomal dominant polycystic kidney disease, CT: Computed tomography,

US: Ultrasound, 3D: Three dimensional

\/,
PKD1
ﬁ
PKD2 severity
others
Diagnosis:

cyst size, number, complications and co-
existing findings

Monitor disease course:
cyst size, number, complications and TKV

Monitor treatment response:
cyst size, number, complications and TKV

Figure 3: Application of ultrasonography (US) in the understanding of ADPKD. US is able to show features of ADPKD of various genetic backgrounds.
It plays important roles in diagnosis, disease course monitoring, and treatment response assessment. The figure was created with BioRender.com.

TKV: Total kidney volume
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autosegmenting kidneys using 3D US to measure TKV. The
performance of this Al-assisted system 3D US was similar to
that of an MRI.I* The clinical utility of these techniques in
routine clinical practice is expected.

ConcLusioNs AND PERSPECTIVES

US remains an essential tool in the management of ADPKD,
with its high diagnostic accuracy and the ability to monitor
disease progression and treatment response [Figure 3].
Ongoing research efforts aim to further improve the diagnostic
and prognostic capabilities of US in ADPKD and develop novel
imaging systems that can provide additional information on
disease activity and treatment efficacy.

Acknowledgment

We gratefully acknowledge Ms. Yueh-Chi Tu for excellent
technical support and assistance in maintaining renal US
imaging system in the institute.

Financial support and sponsorship
Nil.

Conflicts of interest

Prof. Chien-Te Lee, an editorial board member at Journal of
Medical Ultrasound, had no role in the peer review process of
or decision to publish this article. The other authors declared
no conflicts of interest in writing this paper.

REFERENCES

1. Lanktree MB, Haghighi A, Guiard E, Iliuta IA, Song X, Harris PC,
et al. Prevalence estimates of polycystic kidney and liver disease by
population sequencing. ] Am Soc Nephrol 2018;29:2593-600.

2. Willey CJ, Blais JD, Hall AK, Krasa HB, Makin AJ, Czerwiec FS.
Prevalence of autosomal dominant polycystic kidney disease in the
European Union. Nephrol Dial Transplant 2017;32:1356-63.

3. Chapman AB, Wei W. Imaging approaches to patients with polycystic
kidney disease. Semin Nephrol 2011;31:237-44.

4. Igarashi P, Somlo S. Genetics and pathogenesis of polycystic kidney
disease. J Am Soc Nephrol 2002;13:2384-98.

5. Parfrey PS, Bear JC, Morgan J, Cramer BC, McManamon PJ, Gault MH,
et al. The diagnosis and prognosis of autosomal dominant polycystic
kidney disease. N Engl J Med 1990;323:1085-90.

6. Ravine D, Walker RG, Gibson RN, Forrest SM, Richards RI, Friend K,
et al. Phenotype and genotype heterogeneity in autosomal dominant
polycystic kidney disease. Lancet 1992;340:1330-3.

7. Cornec-LeGallE, Torres VE, Harris PC. Genetic complexity of autosomal
dominant polycystic kidney and liver diseases. ] Am Soc Nephrol
2018;29:13-23.

8. Hughes J, Ward CJ, Peral B, Aspinwall R, Clark K, San Millan
JL, et al. The polycystic kidney disease 1 (PKD1) gene encodes a
novel protein with multiple cell recognition domains. Nat Genet
1995;10:151-60.

9. Mochizuki T, Wu G, Hayashi T, Xenophontos SL, Veldhuisen B,
Saris JJ, et al. PKD2, a gene for polycystic kidney disease that encodes
an integral membrane protein. Science 1996;272:1339-42.

10. Hopp K, Ward CJ, Hommerding CJ, Nasr SH, Tuan HF, Gainullin VG,
et al. Functional polycystin-1 dosage governs autosomal dominant
polycystic kidney disease severity. J Clin Invest 2012;122:4257-73.

11. Lantinga-van Leeuwen IS, Dauwerse JG, Baelde HJ, Leonhard WN,
van de Wal A, Ward CJ, et al. Lowering of Pkdl expression is
sufficient to cause polycystic kidney disease. Hum Mol Genet
2004;13:3069-77.

12. Porath B, Gainullin VG, Cornec-Le Gall

E, Dillinger EK,

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Heyer CM, Hopp K, et al. Mutations in GANAB, encoding the
glucosidase Ila subunit, cause autosomal-dominant polycystic kidney
and liver disease. Am J Hum Genet 2016;98:1193-207.

. Cornec-Le Gall E, Olson RJ, Besse W, Heyer CM, Gainullin VG,

Smith JM, et al. Monoallelic mutations to DNAJB11 cause atypical
autosomal-dominant polycystic kidney disease. Am J Hum Genet
2018;102:832-44.

. Cnossen WR, Drenth JP. Polycystic liver disease: An overview of

pathogenesis, clinical manifestations and management. Orphanet J Rare
Dis 2014;9:69.

. Mei CL, Xue C, Yu SQ, Dai B, Chen JH, LiY, ef al. Executive summary:

Clinical practice guideline for autosomal dominant polycystic kidney
disease in China. Kidney Dis (Basel) 2020;6:144-9.

. Horie S, Mochizuki T, Muto S, Hanaoka K, Fukushima Y, Narita I,

et al. Evidence-based clinical practice guidelines for polycystic kidney
disease 2014. Clin Exp Nephrol 2016;20:493-509.

. Hansen KL, Nielsen MB, Ewertsen C. Ultrasonography of the kidney:

A pictorial review. Diagnostics (Basel) 2015;6:2.

. Harris PC, Bae KT, Rossetti S, Torres VE, Grantham JJ, Chapman AB,

et al. Cyst number but not the rate of cystic growth is associated with the
mutated gene in autosomal dominant polycystic kidney disease. J Am
Soc Nephrol 2006;17:3013-9.

. Lanktree MB, Haghighi A, di Bari I, Song X, Pei Y. Insights into

autosomal dominant polycystic kidney disease from genetic studies.
Clin J Am Soc Nephrol 2021;16:790-9.

Cnossen WR, te Morsche RH, Hoischen A, Gilissen C, Venselaar H,
Mehdi S, et al. LRP5 variants may contribute to ADPKD. Eur J] Hum
Genet 2016;24:237-42.

. LiA, Davila S, Furu L, Qian Q, Tian X, Kamath PS, et al. Mutations in

PRKCSH cause isolated autosomal dominant polycystic liver disease.
Am J Hum Genet 2003;72:691-703.

Senum SR, Li YS, Benson KA, Joli G, Olinger E, Lavu S, et al.
Monoallelic IFT140 pathogenic variants are an important cause of the
autosomal dominant polycystic kidney-spectrum phenotype. Am J Hum
Genet 2022;109:136-56.

Gimpel C, Bergmann C, Bockenhauer D, Breysem L,
Cadnapaphornchai MA, Cetiner M, et al. International consensus
statement on the diagnosis and management of autosomal dominant
polycystic kidney disease in children and young people. Nat Rev
Nephrol 2019;15:713-26.

Ravine D, Gibson RN, Walker RG, Sheffield LJ, Kincaid-Smith P,
Danks DM. Evaluation of ultrasonographic diagnostic criteria for
autosomal dominant polycystic kidney disease 1. Lancet 1994;343:824-7.
Chapman AB, Devuyst O, Eckardt KU, Gansevoort RT,
Harris T, Horie S, et al. Autosomal-dominant polycystic kidney
disease (ADPKD): Executive summary from a kidney disease:
Improving global outcomes (KDIGO) controversies conference. Kidney
Int 2015;88:17-27.

Pei Y, Obaji J, Dupuis A, Paterson AD, Magistroni R, Dicks E, et al.
Unified criteria for ultrasonographic diagnosis of ADPKD. J] Am Soc
Nephrol 2009;20:205-12.

Nagendra V, Phatak SV, Singh RK, Pandey SS, Gupta R. Rare
presentation of autosomal dominant polycystic kidney disease in
horseshoe kidney ultrasound evaluation: A case report. Pan Afr Med J
2022;42:116.

Rijal JP, Dhakal P, Giri S, Dahal KV. Tuberous sclerosis complex with
autosomal dominant polycystic kidney disease: A rare duo. BMJ Case
Rep 2014;2014:bcr2014207471.

Randle SC. Tuberous sclerosis complex: A review. Pediatr Ann
2017;46:¢166-71.

Bisceglia M, Galliani C, Carosi I, Simeone A, Ben-Dor D. Tuberous
sclerosis complex with polycystic kidney disease of the adult type:
The TSC2/ADPKDI contiguous gene syndrome. Int J Surg Pathol
2008;16:375-85.

Back SJ, Andronikou S, Kilborn T, Kaplan BS, Darge K. Imaging
features of tuberous sclerosis complex with autosomal-dominant
polycystic kidney disease: A contiguous gene syndrome. Pediatr Radiol
2015;45:386-95.

Torres VE, Chapman AB, Devuyst O, Gansevoort RT, Perrone RD,
Dandurand A, et al. Multicenter, open-label, extension trial to evaluate

Journal of Medical Ultrasound | Volume 32 | Issue 2 | April-June 2024 -




33.

34.

35.

36.

37.

38.

39.

.Journal of Medical Ultrasound | Volume 32 | Issue 2 | April-June 2024

Lee, et al.: Ultrasonography in ADPKD

the long-term efficacy and safety of early versus delayed treatment
with tolvaptan in autosomal dominant polycystic kidney disease: The
TEMPO 4:4 trial. Nephrol Dial Transplant 2018;33:477-89.

Grantham JJ, Torres VE, Chapman AB, Guay-Woodford LM, Bae KT,
King BF Jr., et al. Volume progression in polycystic kidney disease.
N Engl J Med 2006;354:2122-30.

Bhutani H, Smith V, Rahbari-Oskoui F, Mittal A, Grantham JJ, Torres VE,
et al. A comparison of ultrasound and magnetic resonance imaging
shows that kidney length predicts chronic kidney disease in autosomal
dominant polycystic kidney disease. Kidney Int 2015;88:146-51.
Perrone RD, Mouksassi MS, Romero K, Czerwiec FS, Chapman AB,
Gitomer BY, ez al. Total kidney volume is a prognostic biomarker of
renal function decline and progression to end-stage renal disease in
patients with autosomal dominant polycystic kidney disease. Kidney Int
Rep 2017;2:442-50.

O’Neill WC, Robbin ML, Bae KT, Grantham JJ, Chapman AB,
Guay-Woodford LM, et al. Sonographic assessment of the severity
and progression of autosomal dominant polycystic kidney disease:
The consortium of renal imaging studies in polycystic kidney
disease (CRISP). Am J Kidney Dis 2005;46:1058-64.

Furlano M, Loscos I, Marti T, Bullich G, Ayasreh N, Rius A, et al.
Autosomal dominant polycystic kidney disease: Clinical assessment of
rapid progression. Am J Nephrol 2018;48:308-17.

Gansevoort RT, Arici M, Benzing T, Birn H, Capasso G, Covic A,
et al. Recommendations for the use of tolvaptan in autosomal
dominant polycystic kidney disease: A position statement on
behalf of the ERA-EDTA working groups on inherited kidney
disorders and European renal best practice. Nephrol Dial Transplant
2016;31:337-48.

Hammoud S, Tissier AM, Elie C, Pousset M, Knebelman B, Joly D,
et al. Ultrasonographic renal volume measurements in early autosomal

40.

41.

42.

43.

44,

45.

46.

47.

dominant polycystic disease: Comparison with CT-scan renal volume
calculations. Diagn Interv Imaging 2015;96:65-71.

Ars E, Bernis C, Fraga G, Martinez V, Martins J, Ortiz A, et al. Spanish
guidelines for the management of autosomal dominant polycystic
kidney disease. Nephrol Dial Transplant 2014;29 Suppl 4:v95-105.

Bae KT, Grantham JJ. Imaging for the prognosis of autosomal dominant
polycystic kidney disease. Nat Rev Nephrol 2010;6:96-106.

Bae KT, Tao C, Zhu F, Bost JE, Chapman AB, Grantham JJ, et al.
MRI-based kidney volume measurements in ADPKD: Reliability
and effect of gadolinium enhancement. Clin J Am Soc Nephrol
2009;4:719-25.

Bae K, Park B, Sun H, Wang J, Tao C, Chapman AB, ef al. Segmentation
of individual renal cysts from MR images in patients with autosomal
dominant polycystic kidney disease. Clin J Am Soc Nephrol
2013;8:1089-97.

Mignani R, Corsi C, De Marco M, Caiani EG, Santucci G, Cavagna E,
et al. Assessment of kidney volume in polycystic kidney disease using
magnetic resonance imaging without contrast medium. Am J Nephrol
2011;33:176-84.

Akbari P, Nasri F, Deng SX, Khowaja S, Lee SH, Warnica W, et al.
Total kidney volume measurements in ADPKD by 3D and ellipsoid
ultrasound in comparison with magnetic resonance imaging. Clin J Am
Soc Nephrol 2022;17:827-34.

Jagtap JM, Gregory AV, Homes HL, Wright DE, Edwards ME, Akkus Z,
etal. Automated measurement of total kidney volume from 3D ultrasound
images of patients affected by polycystic kidney disease and comparison
to MR measurements. Abdom Radiol (NY) 2022;47:2408-19.

Breysem L, De Keyzer F, Schellekens P, Dachy A, De Rechter S,
Janssens P, ez al. Risk severity model for pediatric autosomal dominant
polycystic kidney disease using 3D ultrasound volumetry. Clin J Am
Soc Nephrol 2023;18:581-91. [doi: 10.2215/CIN.0000000000000122].




