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ABSTRACT

Autosomal dominant polycystic kidney disease is the third most common cause of renal failure with 
no definitive treatment available that can directly target the development and growth of the cysts. 
Endeavours are being made to retard the growth of the cysts and preservation of renal function 
through medical treatment. However, 50% of the autosomal dominant polycystic kidney disease-
affected persons develop complications and end-stage renal disease by the age of fifty-five and need 
surgical intervention for the management of complications, creation of dialysis access and renal 
transplantation. This review highlights the principles and current practice pertinent to the surgical 
management of autosomal dominant polycystic kidney disease. 
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INTRODUCTION

Autosomal dominant polycystic kidney disease 
(ADPKD) is one of the most common congenital 
disorders affecting the kidney and the third leading 
cause of end-stage renal disease (ESRD) requiring 
renal replacement therapy (RRT). The natural course 
of ADPKD is characterized by a slow progression of 
cyst growth, destruction of renal parenchyma and 
deterioration of renal function leading to ESRD.1 There 
is no treatment until now that can directly target the 
mechanisms responsible for the development and 
growth of cysts in ADPKD, however initial medical 
management is directed mainly towards slowing down 
the progression of the disease.2 Surgical intervention is 
often required for the management of complications, 
and in preparation for RRT, that is, dialysis and renal 
transplantation (RT). The aim of this review is to discuss 
the role of surgery and the principles underlying the 
current surgical management of ADPKD.

EPIDEMIOLOGY

There are over 10 million people worldwide affected 
by ADPKD and accounts for 5-10% of ESRD cases in 
USA and Europe. Fifty percent of people affected by 
ADPKD develop ESRD by the age of 55, which requires 
RRT.3 In Mayo Clinic, USA, over a period of 20 years 
(1984 – 2014), 472 out of 4213 (11%) RT recipients 
had ADPKD and 114/472 (24.3%) needed pre- or post-
transplant native nephrectomy.4

MANAGEMENT OF ADPKD

The manifestations of ADPKD are shown (Table 1).

Table 1. Manifestations of ADPKD.

Renal cysts

Extra-renal manifestations

Cysts in the liver, pancreas, seminal vesicles and 
arachnoid membranes

Vascular malformations

Intracranial aneurysms, thoracic aneurysm 
dissection and coronary artery aneurysms

Cardiac manifestation

Mitral valve prolapse and mitral regurgitation

Colonic diverticulosis

Abdominal wall hernias (Incisional, inguinal and 
paraumbilical hernias)

Because of multisystem involvement, multidisciplinary 
team management of ADPKD patients by nephrologists, 
radiologists and surgeons (kidney transplant, 
hepatobiliary, neuro- and cardiac surgeons) leads to 
the best outcome.5-8 All ADPKD patients are managed 
initially by nephrologists focussing on control of 
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hypertension, fluid and electrolyte balance and 
continuous monitoring of renal function. Tolvaptan, 
a vasopressin-2 receptor antagonist, in multicentre 
randomised controlled trials, has been shown to slow 

the decline of renal function in patients with ADPKD 
at risk of rapid progression.9  The flow diagram shows 
the pathway of  management  of ADPKD at various 
stages of the evolution of the disease (Figure 1).

Figure 1. Pathway of management of ADPKD.

Measurement of total kidney volume (TKV) to monitor 
the burden of the disease and response to treatment is 
being done mainly in research settings. An important 
component of the initial management of ADPKD is to 
provide relevant information to the patients and their 
family members on the natural history of the disease, 
management issues, complications and eventual 
requirement of RTT in the form of dialysis or RT. 
The support given to the patients through dedicated 
ADPKD organisations contributes significantly towards 
overall management.1,10-12 Referral to a surgeon should 
be made for the management of complications 
refractory to conservative treatment, creation of HD 
or PD access, RT assessment and listing for RT and 
parathyroidectomy.11 

MANAGEMENT OF COMPLICATIONS

Bleeding

Bleeding can occur within the cyst and pelvicalyceal 
system presenting as painful haematuria, which can 
also be a manifestation of renal calculi. A retroperitoneal 
or intraperitoneal bleed is associated with severe 
abdominal pain and features of hypovolaemia and 
anaemia.13 Majority of bleeding settles down on 
conservative treatment with rest, analgesics, blood 
transfusion and tranexamic acid infusion.14 Trans-
arterial embolization of bleeding vessels successfully 
controls the bleeding in the cyst.15 Nephrectomy is 
indicated in patients with recurrent and intractable 
bleeding not responding to conservative treatment

Cyst infection

Infection of the cysts is associated with pain and 
features of sepsis, which may require hospitalisation 
for treatment. Confirmation of diagnosis of 
an infected cyst may be challenging. Positron 
emission tomography may show abnormal uptake 
of fluorodeoxyglucose in the infected cyst.16 Rest, 
analgesics, fluid therapy and parenteral antibiotics 
administration (fluoroquinolones) resolve the infection 
in the majority of patients. Repeated hospitalisation 
from recurrent cyst infections is an indication for 
nephrectomy, particularly in patients who are 
waiting to have an RT because of the risk of life-
threatening sepsis post-transplantation in the setting 
of immunosuppression.17,18

Symptoms related to size

Symptoms such as abdominal pain, bloating, and early 
satiety may be related to the large size of the kidney 
compressing the stomach and intestine. Splinting of 
the diaphragm may be associated with dyspnoea on 
exertion and lying flat. Several procedures have been 
described to reduce the size of the enlarged kidneys but 
with unpredictable outcomes. Ultrasound aspiration 
and ethanol sclerotherapy in easily accessible cysts 
can offer temporary relief of symptoms. Trans-arterial 
embolization is reported to be successful in reducing 
the size of the kidneys by 36.3% at 3 months to 49% at 6 
months.19 Laparoscopic decortication of the cysts and 
renal denervation is a less invasive technique which 
may provide relief of symptoms.20 In patients with 
compromised quality of life (QoL) from mechanical 
effects of the cyst, nephrectomy is indicated.21
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NEPHRECTOMY

The indications for nephrectomy include compromised 
QoL, pain, bleeding, recurrent cyst infection and 
for creation of space for an RT. The majority of 
nephrectomies are performed by open transperitoneal 
approach due to the large size of the kidneys. An 
anterior subcostal incision (unilateral or bilateral (roof-
top)) provides satisfactory access to the enlarged 
kidneys (Figure 2).22 

A                                                         B
Figure 2. A) Bilateral subcostal rooftop incision 
marked prior to surgery, B) Polycystic kidneys.

Identification and preservation adrenal gland should 
be performed to avoid inadvertent removal or 
devascularisation of the gland, which can lead to 
chronic adrenal insufficiency requiring hormonal 
replacement. Ligation of renal vessels at the hilum 
prior to mobilisation of the kidney helps reduce blood 
loss and the need for blood transfusion with the risk of 
allosensitisation.  However, in some centres, polycystic 
kidneys are routinely removed laparoscopically with 
the added advantage of reduced post-operative pain, 
shorter hospitalisation and accelerated recovery.23 

Simultaneous unilateral or bilateral native nephrectomy 
during the RT is being performed in some centres with 
no extra morbidity and mortality, which is done to 
reduce two separate operations and hospital stays.24,25 
Mayo Clinic in the USA has published a classification 
based on imaging criteria, TKV adjusted for height (ht/
TKV), which may be helpful in determining the need for 
nephrectomy pre-transplantation.26 However, there is 
no professional consensus regarding the timing (pre-/
post-transplant), approach (open vs. laparoscopic), 
unilateral vs. bilateral and simultaneous nephrectomy 
and RT.4 Bilateral nephrectomy renders the patient 
anephric and anuric which impacts the fluid and 
nutrition management of the patient, and this needs 
to discussed with the patient prior to nephrectomy.  
The complications related to nephrectomy are listed 
in (Table 2).27,28

Table 2. Complications of nephrectomy.

Bleeding requiring blood transfusion with risk of 
sensitisation

Adrenal insufficiency due to inadvertent removal of 
adrenal glands

Paralytic ileus

Injury to abdominal viscera

Incisional hernias

Neuralgic pain

Anaemia related to decreased erythropoietin

Vitamin D deficiency

Acute kidney injury in the kidney transplant

SIZE OF PKD AND PLD AFTER RT

In a published Japanese series, PKD size reduced by 
37.7% at 1 year and 40.6% at 3 years, whereas liver 
size increased by 8.6% at 1 year and 21.4% at 3 years 
after RT.29 Similar observation was made in another 
study, therefore, caution should be taken while 
considering nephrectomy for size-related issues.30 On 
many occasions, the symptoms arising from PLD may 
be mistaken for those from PKD.	

RENAL TRANSPLANTATION

Because of the advantages such as improved quality 
of life, survival and cost-effectiveness, RT is the best 
form of RRT for patients with ADPKD. Pre-emptive RT, 
that is, RT before initiation of dialysis, confers better 
graft and patient survival. Therefore, planning RT 
well in advance, preferably with a timely living kidney 
donor (LKD) work-up offers the best opportunity for 
the avoidance of dialysis, which does carry significant 
morbidity and morbidity commensurate with the 
duration of dialysis.31 The surgical technique of RT, 
immunosuppressive drugs and the outcomes of RT 
in ADPKD patients are similar to those of non-ADPKD 
patients.32 An early referral by the nephrology team 
for RT assessment when the estimated glomerular 
filtration rate (eGFR) is between 15-20 ml/min/1.73 m2 

gives plenty of time for undertaking an LKD work-up or 
creation of dialysis access.33

ASSESSMENT FOR RT

A thorough clinical history-taking, physical examination 
and relevant investigations are necessary to establish 
the suitability of the patient for an RT (Table 3). 
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Table 3. Clinical assessment for RT in ADPKD.

General risk assessment

Specific assessment for ADPKD

Abdominal pain

Back pain

Early satiety

Abdominal fullness

Bloating

Gastro-oesophageal reflux

Dyspnoea

Infection

Haemorrhage (painful or painless gross haematuria)

Hernias

Headache

Bowel symptoms

A clinical history of recurrent infection of the cysts, 
pain and bleeding into the cysts and urinary tract is 
important as nephrectomy may be needed prior to 
RT. A family history of intracranial aneurysm (ICA) or 
persistent headache mandates investigation with a 
magnetic resonance angiography (MRA) to exclude 
associated ICA, which, if present should be treated 
prior to RT to prevent a catastrophic bleed in the 
perioperative period.34 

Physical examination should be focussed specifically 
to assess the size of the polycystic kidneys and the 
availability of adequate space on the iliac fossae for 
implantation of the RT. A computerised tomographic 
(CT) or MR scan of the abdomen, depending on the 
eGFR, should be done to evaluate the adequacy of 
space in the iliac fossae if the clinical assessment is 
inconclusive (Figure 3).35 

Figure 3. A) Ultrasound, CT, B) MR C) scan showing 
multiple renal cysts, and D) CT scan showing liver 
cysts.

ICA IN ADPKD	

Undiagnosed ICA can lead to catastrophic intracerebral 
or subarachnoid bleeding in the perioperative period 
which can be associated with morbidity and mortality.36 
In a series reported 12 of 105 ADPKD patients 
(12.4%) who had CT or MRI scans, demonstrated the 
presence of ICA. ICA, if present, should be treated by 
endovascular or surgical means prior to RT.37 

LIVING KIDNEY DONOR ASSESSMENT

Living kidney donors coming forward from the same 
family as the recipients with ADPKD need special 
consideration because of the risk of transplanting a 
kidney with ADPKD and the risk of late manifestations 
of ADPKD in the donor.38 The indications for imaging 
and genetic testing for PKD1 and PKD2 mutations and 
diagnostic criteria for ADPKD while investigating an 
LKD from an ADPKD family, where cysts may not be 
detected in the early years of life, are outlined in the 
flow diagram (Figure 2 and 4).39,40

Figure 4. Showing the investigation criteria for LKD 
selection.

DIALYSIS ACCESS

Both haemodialysis (HD) and peritoneal dialysis (PD) 
are possible in ADPKD patients and the choice between 
the two modalities depends on patients’ personal 
preference and surgical suitability. In two published 
studies, no deleterious impact of kidney size on the 
outcomes on PD, such as overall patient survival and 
PD technique failure was observed. A large kidney size 
in patients with PKD is not a contraindication to PD and 
patients for whom a pre-transplant nephrectomy is 
mandatory can also safely opt for PD as a modality of 
dialysis.41,42 Recurrent cyst infection and flare of acute 
diverticulitis may predispose to recurrent peritonitis 
which may lead to switching to HD from PD.  

In a large study comparing the dysfunction rates of 
arteriovenous fistula (AVF) and arteriovenous grafts 
(AVG) between ADPKD (n=557) and non-ADPKD 
(n=1671) patients on HD, ADPKD patients had lower 
incidence rates of AVF/AVG dysfunction within the first 
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180 days than non-ADPKD patients but presented a 
higher incidence rate after 1 year of AVF/AVG creation 
and onwards.43 ADPKD patients on HD tend to develop 
aneurysms more frequently, which is also related to 
the duration of dialysis vintage and usage of high-flux 
membranes with higher blood flow rate.44

PLD WITH ADPKD

75–90% of ADPKD patients have associated polycystic 
liver disease (PLD) which may remain asymptomatic or 
may develop symptoms due to its size and complications 
such as infection and haemorrhage.45 Symptomatic 
cysts can be managed by aspiration, sclerotherapy, 
percutaneous trans-arterial embolization, fenestration, 
resection and liver transplantation (LT).46 In patients 
with end-stage ADPKD and PLD, simultaneous or 
sequential RT and LT are being performed successfully 
with excellent outcomes (Figure 5).47,48

Figure 5. A) CT scan showing cysts before liver 
transplantation, B) after simultaneous liver and, C) 
renal transplantation (RT in the left iliac fossa).

PARATHYROIDECTOMY

The parathyroid glands on the neck are responsible 
for monitoring and regulating blood calcium levels. 
Due to an imbalance of calcium, phosphorus and 
vitamin D levels in renal failure, parathyroid glands 
become overactive, causing osteoporosis, bone pain 
and fractures. Persistent hyperparathyroidism post-
transplantation, which can be identified in up to 80% of 
transplant recipients, is associated with adverse graft 
and patient outcomes, including higher fracture risk 
and an increased risk of all-cause mortality and allograft 
loss.49 Medical management including vitamin D, 
phosphate binders and calcimimetic agent (Cinacalcet) 
is successful in controlling hyperparathyroidism 
in the majority of patients. Parathyroidectomy is 
indicated in intractable cases of secondary and tertiary 
hyperparathyroidism.50

WAY FORWARD

ADPKD is the third most common cause of ESRD and 
a multidisciplinary team approach is essential for the 
long-term preservation of renal function. The majority 
of ADPKD are managed medically initially, but surgical 
intervention is often required in half of these patients 
in long term. A timely referral for pre-emptive RT 
from an LKD provides the best outcomes. Support to 
ADPKD patients and their family through dedicated 
organisations have an important place in the overall 
management of ADPKD.

Conflict of Interest: None.

REFERENCES
1.	 Cornec-Le Gall E, Alam A, Perrone RD. Autosomal 

dominant polycystic kidney disease. Lancet. 2019 Mar 
2;393(10174):919-35. [PubMed | Full Text | DOI]

2.	 Solazzo A, Testa F, Giovanella S, Busutti M, Furci L, Carrera 
P, et al. The prevalence of autosomal dominant polycystic 
kidney disease (ADPKD): a meta-analysis of European 
literature and prevalence evaluation in the Italian province of 
Modena suggest that ADPKD is a rare and underdiagnosed 
condition. PLoS One. 2018 Jan 16;13(1):e0190430. [PubMed | 
Full Text | DOI]

3.	 Shaw C, Simms RJ, Pitcher D, Sandford R. Epidemiology of 
patients in England and Wales with autosomal dominant 
polycystic kidney disease and end-stage renal failure. 
Nephrol Dial Transplant. 2014 Oct;29(10):1910-8. [PubMed 
| Full Text | DOI]

4.	 Chebib FT, Prieto M, Jung Y, Irazabal MV, Kremers WK, 
Dean PG, et al. Native nephrectomy in renal transplant 
recipients with autosomal dominant polycystic kidney 
disease. Transplant Direct. 2015 Nov 1;1(10):e43. [PubMed 
| Full Text | DOI]

5.	 Romao EA, Moyses Neto M, Teixeira SR, Muglia VF, 
Vieira-Neto OM, M Dantas. Renal and extrarenal 
manifestations of autosomal dominant polycystic kidney 
disease. Braz J Med Biol Res. 2006 Apr;39(4):533-8. [PubMed 
| Full Text | DOI]

6.	 Park H, Paek JH, Kim Y, Park WY, Han S, Jin K. Clinical 
characteristics and risk factors for kidney failure in patients 
with autosomal dominant polycystic kidney disease: 
a retrospective study. Medicine (Baltimore). 2022 Nov 
25;101(47):e31838. [PubMed | Full Text | DOI]

7.	 Duarte-Chavez R, Stoltzfus J, Yellapu V, Martins N, Nanda 
S, Longo S, et al. Colonic diverticular disease in autosomal 
dominant polycystic kidney disease: is there really an 
association? a nationwide analysis. Int J Colorectal Dis. 2021 
Jan;36(1):83-91. [PubMed | Full Text | DOI]

8.	 Harris T, Sandford R. European ADPKD forum 
multidisciplinary position statement on autosomal 
dominant polycystic kidney disease care: European ADPKD 
forum and multispecialist roundtable participants. Nephrol 
Dial Transplant. 2018 Apr 1;33(4):563-73. [PubMed | Full 
Text | DOI]

Shrestha et al. Surgical Management of Autosomal Dominant Polycystic Kidney Disease: Principles and Current Practice

http://www.jnma.com.np
https://pubmed.ncbi.nlm.nih.gov/30819518/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32782-X/fulltext
https://doi.org/10.1016/s0140-6736(18)32782-x
https://pubmed.ncbi.nlm.nih.gov/29338003/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0190430
https://doi.org/10.1371/journal.pone.0190430
https://pubmed.ncbi.nlm.nih.gov/24737444/
https://academic.oup.com/ndt/article/29/10/1910/1898840?login=false
https://doi.org/10.1093/ndt/gfu087
https://pubmed.ncbi.nlm.nih.gov/26981586/
https://journals.lww.com/transplantationdirect/Fulltext/2015/11000/Native_Nephrectomy_in_Renal_Transplant_Recipients.4.aspx
https://doi.org/10.1097/txd.0000000000000554
https://pubmed.ncbi.nlm.nih.gov/16612477/
https://www.scielo.br/j/bjmbr/a/QqtvvkbNvxgvYkkpCdWG79S/?lang=en
https://doi.org/10.1590/s0100-879x2006000400014
https://pubmed.ncbi.nlm.nih.gov/36451428/
https://journals.lww.com/md-journal/Fulltext/2022/11250/Clinical_characteristics_and_risk_factors_for.52.aspx
https://doi.org/10.1097/md.0000000000031838
https://
pubmed.ncbi.nlm.nih.gov/
32875377/
https://link.springer.com/article/10.1007/s00384-020-03736-2
https://doi.org/10.1007/s00384-020-03736-2
https://pubmed.ncbi.nlm.nih.gov/29309655/
https://academic.oup.com/ndt/article/33/4/563/4772168?login=false
https://academic.oup.com/ndt/article/33/4/563/4772168?login=false
https://doi.org/10.1093/ndt/gfx327


JNMA I VOL 61 I ISSUE 261 I MAY 2023490
Free Full Text Articles are Available at www.jnma.com.np

9.	 Torres VE, Chapman AB, Devuyst O, Gansevoort RT, 
Perrone RD, Lee J, et al. Multicenter study of long-term 
safety of tolvaptan in later-stage autosomal dominant 
polycystic kidney disease. Clin J Am Soc Nephrol. 2020 Dec 
31;16(1):48-58. [PubMed | Full Text | DOI]

10.	 Kidney transplant [Internet]. England (UK): Polycystic 
Kidney Disease Charity; [cited 2023 Apr 20]. 
Available from: https://pkdcharity.org.uk/adpkd/
treatment/kidney-transplant#:~:text=I%20have%20
been.%E2%80%9D-,Will%20having%20a%20kidney%20
transplant%20cure%20my%20ADPKD%3F,cause%20
pain%2C%20bleeding%20and%20infections. [Full Text]

11.	 Surgical procedures in ADPKD [Internet]. England (UK): 
Polycystic Kidney Disease Charity; [cited 2023 Apr 20]. 
Available from: https://pkdcharity.org.uk/adpkd/
treatment/surgical-procedures. [Full Text]

12.	 Petzold K, Gansevoort RT, Ong AC, Devuyst O, Rotar L, 
Eckardt KU, et al. Building a network of ADPKD reference 
centres across Europe: the EuroCYST initiative. Nephrol 
Dial Transplant. 2014 Sep;29 Suppl 4:iv26-32. [PubMed | 
Full Text | DOI]

13.	 Mabillard H, Srivastava S, Haslam P, Karasek M, Sayer JA. 
Large retroperitoneal haemorrhage following cyst rupture 
in a patient with autosomal dominant polycystic kidney 
disease. Case Rep Nephrol. 2017;2017:4653267. [PubMed | 
Full Text | DOI]

14.	 Peces R, Aguilar A, Vega C, Cuesta E, Peces C, Selgas 
R. Medical therapy with tranexamic acid in autosomal 
dominant polycystic kidney disease patients with severe 
haematuria. Nefrologia. 2012;32(2):160-5. [PubMed | Full 
Text | DOI]

15.	 Akabane M, Nakamura Y, Miki K, Yokoyama T, Ubara Y, 
Ishii Y. Effectiveness of nephrectomy and transcatheter 
arterial embolization before kidney transplantation in 
autosomal dominant polycystic kidney disease. Transplant 
Proc. 2020 Jul-Aug;52(6):1680-3. [PubMed | Full Text | DOI]

16.	 Hasegawa S, Kato H, Hamasaki Y, Koiwa T, Nangaku M. 
Positron emission tomography in the diagnosis of cyst 
infections. Kidney Int. 2017 Mar;91(3):759. [PubMed | Full 
Text | DOI]

17.	 Jouret F, Hogan MC, Chebib FT. A practical guide for the 
management of acute abdominal pain with fever in patients 
with autosomal dominant polycystic kidney disease. 
Nephrol Dial Transplant. 2022 Jul 26;37(8):1426-8. [PubMed 
| Full Text | DOI]

18.	 Ronsin C, Chaba A, Suchanek O, Coindre JP, Kerleau C, 
Garandeau C, et al. Incidence, risk factors and outcomes of 
kidney and liver cyst infection in kidney transplant recipient 
with ADPKD. Kidney Int Rep. 2022 Feb 3;7(4):867-75. 
[PubMed | Full Text | DOI]

19.	 Prudhomme T, Boissier R, Hevia V, Campi R, Pecoraro A, 
Breda A, et al. Native nephrectomy and arterial embolization 
of native kidney in autosomal dominant polycystic kidney 
disease patients: indications, timing and postoperative 
outcomes. a systematic review. Minerva Urol Nephrol. 2023 
Feb;75(1):17-30. [PubMed | Full Text | DOI]

20.	 Tellman MW, Bahler CD, Shumate AM, Bacallao RL, 
Sundaram CP. Management of pain in autosomal dominant 
polycystic kidney disease and anatomy of renal innervation. 
J Urol. 2015 May;193(5):1470-8. [PubMed | Full Text | DOI]

21.	 van Luijk F, Gansevoort RT, Blokzijl H, Groen GJ, de Haas RJ, 
Leliveld AM, et al. Multidisciplinary management of chronic 
refractory pain in autosomal dominant polycystic kidney 
disease. Nephrol Dial Transplant. 2023 Feb 28;38(3):618-29. 
[PubMed | Full Text | DOI]

22.	 Anselmo A, Iaria G, Pellicciaro M, Sforza D, Parente A, 
Campisi A, et al. Native nephrectomy in patients with 
autosomal dominant polycystic kidney disease evaluated 
for kidney transplantation. Transplant Proc. 2019 
Nov;51(9):2914-6. [PubMed | Full Text | DOI]

23.	 Wisenbaugh ES, Tyson MD 2nd, Castle EP, Humphreys MR, 
Andrews PE. Massive renal size is not a contraindication to 
a laparoscopic approach for bilateral native nephrectomies 
in autosomal dominant polycystic kidney disease (ADPKD). 
BJU Int 2015 May;115(5):796-80. [PubMed | Full Text | DOI]

24.	 Janigen BM, Hempel J, Holzner P, Schneider J, Fichtner-Feigl 
S, Thomusch O, et al. Simultaneous ipsilateral nephrectomy 
during kidney transplantation in autosomal dominant 
polycystic kidney disease: a matched pair analysis of 
193 consecutive cases. Langenbecks Arch Surg. 2020 
Sep;405(6):833-42. [PubMed | Full Text | DOI]

25.	 Wagner MD, Prather JC, Barry JM. Selective, concurrent 
bilateral nephrectomies at renal transplantation for 
autosomal dominant polycystic kidney disease. J Urol. 2007 
Jun;177(6):2250-4;discussion 4. [PubMed | Full Text | DOI]

26.	 Rosenberg S, Virmani S, Klarman S, Santovasi S, Dai F, 
Dahl NK. Mayo imaging classification may be useful 
in determining the need for nephrectomy in ADPKD. 
Kidney360. 2020 Dec 30;2(2):325-30. [PubMed | Full Text | 
DOI]

27.	 Sulikowski T, Tejchman K, Zietek Z, Rozanski J, Domanski 
L, Kaminski M, et al. Experience with autosomal dominant 
polycystic kidney disease in patients before and after renal 
transplantation: a 7-year observation. Transplant Proc. 2009 
Jan-Feb;41(1):177-80. [PubMed | Full Text | DOI]

28.	 Kirkman MA, van Dellen D, Mehra S, Campbell BA, 
Tavakoli A, Pararajasingam R, et al. Native nephrectomy 
for autosomal dominant polycystic kidney disease: before or 
after kidney transplantation? BJU Int. 2011 Aug;108(4):590-4. 
[PubMed | Full Text | DOI]

29.	 Yamamoto T, Watarai Y, Kobayashi T, Matsuda Y, Tsujita M, 
Hiramitsu T, et al. Kidney volume changes in patients with 
autosomal dominant polycystic kidney disease after renal 
transplantation. Transplantation. 2012 Apr 27;93(8):794-8. 
[PubMed | Full Text | DOI]

30.	 Jung Y, Irazabal MV, Chebib FT, Harris PC, Dean PG, Prieto 
M, et al. Volume regression of native polycystic kidneys 
after renal transplantation. Nephrol Dial Transplant. 2016 
Jan;31(1):73-9. [PubMed | Full Text | DOI]

31.	 Budhram B, Akbari A, Brown P, Biyani M, Knoll G, 
Zimmerman D, et al. End-stage kidney disease in patients 
with autosomal dominant polycystic kidney disease: a 12-year 

Shrestha et al. Surgical Management of Autosomal Dominant Polycystic Kidney Disease: Principles and Current Practice

http://www.jnma.com.np
https://pubmed.ncbi.nlm.nih.gov/33376102/
https://journals.lww.com/cjasn/Fulltext/2021/01000/Multicenter_Study_of_Long_Term_Safety_of_Tolvaptan.9.aspx
https://doi.org/10.2215/cjn.10250620
https://pkdcharity.
org.uk/adpkd/treatment/kidney-
transplant#:~:text=I%20have%20been.
%E2%80%9D-,Will%20having%20a%
20kidney%20transplant%20cure%20my
%20ADPKD%3F,cause%20pain%2C%
20bleeding%20and%20infections
https://pkdcharity.org.uk/adpkd/treatment/surgical-procedures
https://pubmed.ncbi.nlm.nih.gov/25165183/
https://academic.oup.com/ndt/article/29/suppl_4/iv26/1908214?login=false
https://doi.org/10.1093/ndt/gfu091
https://pubmed.ncbi.nlm.nih.gov/29181208/
https://www.hindawi.com/journals/crin/2017/4653267/
https://doi.org/10.1155/2017/4653267
https://pubmed.ncbi.nlm.nih.gov/22425801/
https://www.revistanefrologia.com/es-numeros-anteriores-2011
https://www.revistanefrologia.com/es-numeros-anteriores-2011
https://doi.org/10.3265/nefrologia.pre2011.dec.11210
https://pubmed.ncbi.nlm.nih.gov/32336652/
https://www.sciencedirect.com/science/article/abs/pii/S0041134519314654?via%3Dihub
https://doi.org/10.1016/j.transproceed.2020.01.135
https://pubmed.ncbi.nlm.nih.gov/28202176/
https://www.kidney-international.org/article/S0085-2538(16)30628-7/fulltext
https://www.kidney-international.org/article/S0085-2538(16)30628-7/fulltext
https://doi.org/10.1016/j.kint.2016.10.025
https://pubmed.ncbi.nlm.nih.gov/33570579/
https://academic.oup.com/ndt/article-abstract/37/8/1426/6133238?redirectedFrom=fulltext&login=false
https://doi.org/10.1093/ndt/gfab040
https://pubmed.ncbi.nlm.nih.gov/35497795/
https://www.kireports.org/article/S2468-0249(22)01086-5/fulltext
https://doi.org/10.1016/j.ekir.2022.01.1062
https://pubmed.ncbi.nlm.nih.gov/36094388/
https://www.minervamedica.it/en/journals/minerva-urology-nephrology/article.php?cod=R19Y2023N01A0017
https://doi.org/10.23736/s2724-6051.22.04972-2
https://pubmed.ncbi.nlm.nih.gov/25534330/
https://www.auajournals.org/doi/10.1016/j.juro.2014.10.124
https://doi.org/10.1016/j.juro.2014.10.124
https://pubmed.ncbi.nlm.nih.gov/35512573/
https://academic.oup.com/ndt/article/38/3/618/6581322?login=false
https://doi.org/10.1093/ndt/gfac158
https://pubmed.ncbi.nlm.nih.gov/31711576/
https://www.sciencedirect.com/science/article/abs/pii/S0041134519306517?via%3Dihub
https://doi.org/10.1016/j.transproceed.2019.08.010
https://pubmed.ncbi.nlm.nih.gov/24903738/
https://bjui-journals.onlinelibrary.wiley.com/doi/10.1111/bju.12821
https://doi.org/10.1111/bju.12821
https://pubmed.ncbi.nlm.nih.gov/32705344/
https://link.springer.com/article/10.1007/s00423-020-01939-3
https://doi.org/10.1007/s00423-020-01939-3
https://pubmed.ncbi.nlm.nih.gov/17509331/
https://www.auajournals.org/doi/10.1016/j.juro.2007.01.146
https://doi.org/10.1016/j.juro.2007.01.146
https://pubmed.ncbi.nlm.nih.gov/35373011/
https://journals.lww.com/kidney360/Fulltext/2021/02000/Mayo_Imaging_Classification_May_Be_Useful_in.15.aspx
https://doi.org/10.34067/kid.0003902020
https://pubmed.ncbi.nlm.nih.gov/19249508/
https://www.sciencedirect.com/science/article/abs/pii/S0041134508014590?via%3Dihub
https://doi.org/10.1016/j.transproceed.2008.10.034
https://
pubmed.ncbi.nlm.nih.gov/21166760/
https://bjui-journals.onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2010.09938.x
https://doi.org/10.1111/j.1464-410x.2010.09938.x
https://pubmed.ncbi.nlm.nih.gov/22491657/
https://journals.lww.com/transplantjournal/Fulltext/2012/04270/Kidney_Volume_Changes_in_Patients_With_Autosomal.7.aspx
https://doi.org/10.1097/tp.0b013e318246f910
https://pubmed.ncbi.nlm.nih.gov/26044834/
https://academic.oup.com/ndt/article/31/1/73/2459999?login=false
https://doi.org/10.1093/ndt/gfv227


JNMA I VOL 61 I ISSUE 261 I MAY 2023491
Free Full Text Articles are Available at www.jnma.com.np

study based on the canadian organ replacement registry. 
Can J Kidney Health Dis. 2018 Jun 11;5:2054358118778568. 
[PubMed | Full Text | DOI]

32.	 Roozbeh J, Malekmakan L, Harifi MM, Tadayon T. 
Posttransplant outcomes of patients with autosomal 
dominant polycystic kidney disease versus other recipients: 
a 10-year report from south of Iran. Exp Clin Transplant. 
2018 Dec;16(6):676-81. [PubMed | Full Text | DOI]

33.	 Abrol N, Kashyap R, Kashani KB, Prieto M, Taner T. 
Characteristics and outcomes of kidney transplant recipients 
requiring high-acuity care after transplant surgery: A 10-year 
single-center study. Mayo Clin Proc Innov Qual Outcomes. 
2020 Aug 19;4(5):521-8. [PubMed | Full Text | DOI]

34.	 Bretagnol A, Buchler M, Boutin JM, Nivet H, Lebranchu 
Y, Chauveau D. [Renal transplantation in patients 
with autosomal dominant polycystic kidney disease: 
pre-transplantation evaluation and follow-up]. Nephrol 
Ther 2007 Dec;3(7):449-55. [PubMed | Full Text | DOI]

35.	 Cristea O, Yanko D, Felbel S, House A, Sener A, Luke PP. 
Maximal kidney length predicts need for native nephrectomy 
in ADPKD patients undergoing renal transplantation. Can 
Urol Assoc J. 2014;8(7-8):278-82. [PubMed | Full Text | DOI]

36.	 Lee CH, Ahn C, Ryu H, Kang HS, Jeong SK, Jung KH. 
Clinical factors associated with the risk of intracranial 
aneurysm rupture in autosomal dominant polycystic kidney 
disease. Cerebrovasc Dis. 2021;50(3):339-46. [PubMed | Full 
Text | DOI]

37.	 Patel MS, Kandula P, Wojciechowski D, Markmann JF, 
Vagefi PA. Trends in the management and outcomes of 
kidney transplantation for autosomal dominant polycystic 
kidney disease. J Transplant. 2014;2014:675697. [PubMed | 
Full Text | DOI]

38.	 Thomas CP, Gupta S, Freese ME, Chouhan KK, Dantuma 
MI, Holanda DG, et al. Sequential genetic testing of 
living-related donors for inherited renal disease to promote 
informed choice and enhance safety of living donation. 
Transpl Int. 2021 Dec;34(12):2696-705. [PubMed | Full Text 
| DOI]

39.	 Guay-Woodford LM, Bissler JJ, Braun MC, Bockenhauer D, 
Cadnapaphornchai MA, Dell KM, et al. Consensus expert 
recommendations for the diagnosis and management of 
autosomal recessive polycystic kidney disease: report of an 
international conference. J Pediatr. 2014 Sep;165(3):611-7. 
[PubMed | Full Text | DOI]

40.	 Pei Y. Diagnostic approach in autosomal dominant 
polycystic kidney disease. Clin J Am Soc Nephrol. 2006 
Sep;1(5):1108-14. [PubMed | Full Text | DOI]

41.	 Courivaud C, Roubiou C, Delabrousse E, Bresson-Vautrin C, 
Chalopin JM, Ducloux D. Polycystic kidney size and outcomes 
on peritoneal dialysis: comparison with haemodialysis. Clin 
Kidney J. 2014 Apr;7(2):138-43. [PubMed | Full Text | DOI]

42.	 Sigogne M, Kanagaratnam L, Dupont V, Couchoud C, 
Verger C, Maheut H, et al. Outcome of autosomal dominant 
polycystic kidney disease patients on peritoneal dialysis: a 
national retrospective study based on two French registries 
(the French Language Peritoneal Dialysis Registry and the 
French Renal Epidemiology and Information Network). 
Nephrol Dial Transplant. 2018 Nov 1;33(11):2020-26. 
[PubMed | Full Text | DOI]

43.	 Lee TL, Chen CF, Tan AC, Chan CH, Ou SM, Chen FY, et al. 
Prognosis of vascular access in haemodialysis patients with 
autosomal dominant polycystic kidney disease. Sci Rep. 
2020 Feb 6;10(1):1985. [PubMed | Full Text | DOI]

44.	 Jankovic A, Donfrid B, Adam J, Ilic M, Djuric Z, Damjanovic 
T, et al. Arteriovenous fistula aneurysm in patients on 
regular hemodialysis: prevalence and risk factors. Nephron 
Clin Pract. 2013;124(1-2):94-8. [PubMed | Full Text | DOI]

45.	 Torres VE, Rastogi S, King BF, Stanson AW, Gross JB Jr, 
Nogorney DM. Hepatic venous outflow obstruction in 
autosomal dominant polycystic kidney disease. J Am Soc 
Nephrol. 1994 Nov;5(5):1186-92. [PubMed | Full Text | DOI]

46.	 Hoshino J, Ubara Y, Takaichi K. [Intravascular embolization 
therapy in patients with enlarged polycystic liver]. Nihon 
Jinzo Gakkai Shi. 2013;55(4):553-8. [PubMed]

47.	 Felgendreff P, Tautenhahn HM, Lux S, Dondorf 
F, Aschenbach R, Rauchfuss F, et al. Simultaneous 
right-sided nephrectomy with orthotopic liver and kidney 
transplantation-an alternative method for patients with 
autosomal dominant polycystic liver and kidney disease. 
Langenbecks Arch Surg. 2021 Sep;406(6):2107-15. [PubMed 
| Full Text | DOI]

48.	 Issa Z, Ciccarelli O, Devresse A, Kanaan N, Larranaga 
Lapique E, De Greef J, et al. Sequential liver-kidney 
transplantation for recurrent liver cysts infection in a patient 
with autosomal dominant polycystic kidney disease: A case 
report. Transplant Proc. 2021 May;53(4):1322-26. [PubMed | 
Full Text | DOI]

49.	 Cianciolo G, Tondolo F, Barbuto S, Angelini A, Ferrara F, 
Iacovella F, et al. A roadmap to parathyroidectomy for 
kidney transplant candidates. Clin Kidney J. 2022 Feb 
23;15(8):1459-74. [PubMed | Full Text | DOI]

50.	  Jung S, Kim H, Kwon H, Shin S, Kim YH, Kim WW, et al. 
Parathyroidectomy versus cinacalcet in the treatment of 
tertiary hyperparathyroidism after kidney transplantation: 
a retrospective study. Kidney Res Clin Pract. 2022 
Jul;41(4):473-81. [PubMed | Full Text | DOI]

© The Author(s) 2023. 

This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article 
are included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the 
Creative Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit https://creativecommons.org/licenses/by/4.0/

Shrestha et al. Surgical Management of Autosomal Dominant Polycystic Kidney Disease: Principles and Current Practice

http://www.jnma.com.np
https://pubmed.ncbi.nlm.nih.gov/29977583/
https://journals.sagepub.com/doi/10.1177/2054358118778568
https://doi.org/10.1177/2054358118778568
https://pubmed.ncbi.nlm.nih.gov/27759554/
http://ectrx.org/forms/ectrxcontentshow.php?doi_id=10.6002/ect.2016.0163
https://doi.org/10.6002/ect.2016.0163
https://pubmed.ncbi.nlm.nih.gov/33083700/
https://www.mcpiqojournal.org/article/S2542-4548(20)30102-8/fulltext
https://doi.org/10.1016/j.mayocpiqo.2020.05.010
https://pubmed.ncbi.nlm.nih.gov/18047999/
https://www.sciencedirect.com/science/article/abs/pii/S1769725507001642?via%3Dihub
https://doi.org/10.1016/j.nephro.2007.07.002
https://pubmed.ncbi.nlm.nih.gov/
25210553/
https://cuaj.ca/index.php/journal/article/view/2128/1803
https://doi.org/10.5489/cuaj.2128
https://pubmed.ncbi.nlm.nih.gov/33706308/
https://www.karger.com/Article/PDF/513709
https://www.karger.com/Article/PDF/513709
https://doi.org/10.1159/000513709
https://pubmed.ncbi.nlm.nih.gov/25165573/
https://downloads.hindawi.com/journals/jtrans/2014/675697.pdf
https://doi.org/10.1155/2014/675697
https://pubmed.ncbi.nlm.nih.gov/34632641/
https://onlinelibrary.wiley.com/doi/epdf/10.1111/tri.14133
https://doi.org/10.1111/tri.14133
https://pubmed.ncbi.nlm.nih.gov/25015577/
https://www.jpeds.com/article/S0022-3476(14)00532-0/fulltext
https://doi.org/10.1016/j.jpeds.2014.06.015
https://pubmed.ncbi.nlm.nih.gov/17699332/
https://journals.lww.com/cjasn/Fulltext/2006/09000/Diagnostic_Approach_in_Autosomal_Dominant.30.aspx
https://doi.org/10.2215/cjn.02190606
https://pubmed.ncbi.nlm.nih.gov/25852862/
https://watermark.silverchair.com/sft171.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAArgwggK0BgkqhkiG9w0BBwagggKlMIICoQIBADCCApoGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMiYLWM5UTqUeI3YGnAgEQgIICa2rAhEZA_58GSg_ZZYd1s0DrTyvgQFafEpuBcpNjpEsK6zFAVyuq0YEx1sYh5JXHFnklZ5glWLhGCfDhGr7g5NFPmcyfWFQIS0JrLDwiWa4feKu8jZimO8Wt5p7rY0OV94YzoSOMcvb1cLdT_NCFbYvoG4FCTyQODix_wMOO_Bo0KUhLb7BFlB774JqzhAL7qLvPWFTjsM5SpsC_ZBmrq-u4D6UQNzoa8mw3xKbCX8qnSvlFG32iOdh-37zcwiBpZXnZQfyvB-wN5TLQnLHCfBFicgdqTDP48r16nR2en60NUGEZadDGHlCCNCgBryDOE59wyOFEhPZQ739j8IOEb7vCLJHcEFCfYIMkjUuAT_pIxzkY5KnO71D8CTX75L8JcSac_PLMPZ8YrnVlo0kGCz3PFdws2EjCGyIpZoCRWEJ159agzqMcZu68UinVew11LT1-1Dx0g6HycPEygUtGSHOFiBC3VQig96KL_mLjAqw4bWHCUM-xM2hruON0R2s6StT234IIPflyGZxYMFjx5qZ8tL3mF1iQ0xmpHRhH2sH_wYUO9GqWcakl0VL946Wq_iWiyAQZsrxeAEESRIl9H4MqG1e0m3QsdxjqYse6VrIX6GLBej_QuWJ4wldJfKNxr8H40p1BhEj_fFAY-pSNHdpU8LNxCnxtsJqnHut443ez0KimNpEk0FvvGmpf8i024efH7el-Siacg_7wCS-EfgSWaxz5AIDeZTuAUC3TfnOrIWPk03-lLPxavB3SG9AAZpzHzPZz5TzZdsWWg-wIRrStAhnB4HDEgeacBuyZQ2iHcfbq4leAqHWOX6Q
https://doi.org/10.1093/ckj/sft171
https://pubmed.ncbi.nlm.nih.gov/29361078/
https://watermark.silverchair.com/gfx364.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAr8wggK7BgkqhkiG9w0BBwagggKsMIICqAIBADCCAqEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMjSXroMaZcG8U-jvLAgEQgIICcp0CJMuG6YrsMi6wvO-ENa8i_rtYLtSUiap2bt3dLf_dLHYkxsJbn73JlYpximOgsSByILdTaLqzQ6GR9DC8rGG9t4LTMsTpL7C7d1FyguT5nIs9qBH6M2RZVCkOv6iNidQ4lpDJQCrjpr2a_cLBItQdLIDuD_TGN_pAahBSzvZuR61ptYfMee2OFME8iT0TZ42TDD5B3AMNMYIz1J-_qlxf_00PIkMCmp6IZFDN9EJ0wH1xpBsOi-OyS6DxInnaJ6aBRagKW41H7u0Yl9P_3KoSTyj1FxjduRIwCQI81jbGd-wUY9eZy-tXOcmToQvVQAkt0Dr7l0ej0Ed2gHtZiP5u9dMUbQU-DCgyK84HkukyIe8uftHk_t8Zdfs7c2uhF2l0wbKX7E2eMbF4-dyeJE8qMOerb3GrA_qCcCug94IlQasZ_9fj1MZKc-eyt-_wex7BdwUWTYfORS0YZmhIB_tXXkvMT0sIipXBPKfahw6IzuHj9r8jLkjPTkvEC32MBHLhvlJ7TsCWAMpj4D1rw_SO99_-QpFRvolvbn-ap4hSuMNSKTityfHpXCTrSFx5vlpL5LOcrkedTzn1ugbeVsjyt24TvD9IQ2Bp9zCWheNU_J1QCo59vh5KWDtCg7fQ-HlHZ_viMtRomHLzPhXHxOQNdbU2I4itk0rQ1RTQeV_ArL1r5WqsKcSMv-XJ8nIer_vTVR65-WrwIf6Rlz3kXNIWzhF4Xw13fCTBTcRudrQySFofH-WMWrlAtsBu-8Q5POK0hGdrLrwFStRdE244TN55NFZKsiNCEzf-gbIkBxf7mOBZ6XsKx3FEypOfGUw33k2D
https://doi.org/
10.1093/ndt/gfx364
https://pubmed.ncbi.nlm.nih.gov/32029758/
https://www.nature.com/articles/s41598-020-58441-5
https://doi.org/10.1038/s41598-020-58441-5
https://pubmed.ncbi.nlm.nih.gov/24192666/
https://www.karger.com/Article/Abstract/355548
https://doi.org/10.1159/000355548
https://pubmed.ncbi.nlm.nih.gov/7873728/
https://journals.lww.com/jasn/Abstract/1994/11000/Hepatic_venous_outflow_obstruction_in_autosomal.15.aspx
https://doi.org/10.1681/asn.v551186
https://pubmed.ncbi.nlm.nih.gov/23819384/
https://pubmed.ncbi.nlm.nih.gov/34036408/
https://link.springer.com/article/10.1007/s00423-021-02206-9
https://doi.org/10.1007/s00423-021-02206-9
https://pubmed.ncbi.nlm.nih.gov/33858690/
https://www.sciencedirect.com/science/article/abs/pii/S0041134521001457?via%3Dihub
https://doi.org/10.1016/j.transproceed.2021.02.018
https://pubmed.ncbi.nlm.nih.gov/35892022/
https://watermark.silverchair.com/sfac050.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAr8wggK7BgkqhkiG9w0BBwagggKsMIICqAIBADCCAqEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMFsJGvwqtLj_qc2vlAgEQgIICcu6KONFjf14dDnY4boUGDHg0JcIvXPswQR4MTL1EPb8KwsIxaelr3iqesYp37ofA6oL99zJLMo_Y0FAhOpuwir8gs_0Ii9qzT3FyU6qYLPYlshABz2PssOEMz36U28se5cnZSq5O-CfXdMDuRrHvFD6MO5XJP7b9_oxUIZ_u07rmMOtL91no_Gbk07Wg4oLfdiDEqDgxHZ5D6c_Yn4TdcXXgpTevaFXSQX8-Uwm6fQDZVJno4bOnr40xfHjo53wBSpCx2BHRUDz1gbfU5vud2ZAr1xOFR0HA6v_Z0V9tDwMnhbdAzoMVhIrzajyw6BDcmjBUSW5Mhu8x3Vx3YkyVZUhIfo7wMV30nOc-ngtoxqPXtmXbM5vIBSBOdvmxP2wjXhE2GEi7g43xTqIi-3ogPz0JCOiIfW-8DE3BFLZ6wgTVK4Sk-sJPamWr1LHAfzpJH9r3X_QVyexxpEcMUguvUZSB0NWsb96LUv1Klpe9KCP-fUTSR8nP80GqDBIlGFao0n7oiNZOTV5gDxGowjr8Tb27LhFdxubSXymJTpyRD2Fd0fkRtf_bUnWQ_--Ry4pci4E2BsUGJkxrzllM_btZRWs16VNgg5XMssphexC3zERPEBp2_HO7DbVvVCRSeRtHqiWP-Sp18bpsie_ttPO-T_r82hNCsbMHi3Ayi3bMf06BInL_LSDZIcYu5F_Ts9xxpxTHaGCZF9B5z8RJ98CeT3ONqTCKgTroTbQEAf7E7joMnCeStdN6vNnjAq7DrXqSV2xH4OOade3slXvIuQxdmOXF-tGCYYir1Ii0my_dCzWv6GX4GWagXFA-mXS3gK28jySJ
https://doi.org/10.1093/ckj/sfac050
https://
pubmed.ncbi.nlm.nih.gov/
35286788/
https://www.krcp-ksn.org/journal/view.php?doi=10.23876/j.krcp.21.210
https://doi.org/10.23876/j.krcp.21.210
https://creativecommons.org/licenses/by/4.0/

	_heading=h.gjdgxs
	_GoBack
	_heading=h.30j0zll
	_GoBack
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_GoBack
	_GoBack
	_GoBack

