
TU
RK

IS
H 

SO

CIETY of NEPHROLOGY

1970

EISSN 2667-4440

Volume 29
Issue 1

January 2020

turkjnephrol.org

Page 6

Current Status 
of Renal 
Replacement 
Therapy in Turkey

Page 45

Ultrasound 
Elastography 
Findings of 
Parathyroid Gland 
in CKD-MBD 

http://www.tndt.org


TU
RK

IS
H 

SO

CIETY of NEPHROLOGY

1970

Editor in Chief 
Bülent Tokgöz
Division of Nephrology, Erciyes University 
School of Medicine, Kayseri, Turkey

Editorial Board
Bülent Altun
Division of Nephrology, Hacettepe University 
School of Medicine, Ankara, Turkey

Mustafa Arıcı
Division of Nephrology, Hacettepe University 
School of Medicine, Ankara, Turkey

Turgay Arınsoy
Division of Nephrology, Gazi University 
School of Medicine, Ankara, Turkey

Kenan Ateş
Division of Nephrology, Ankara University 
School of Medicine, Ankara, Turkey

Jonas Axelsson
Division of Clinical Immunology, Karolinska 
University Hospital, Stockholm, Sweden

Peter Barany
Division of Clinical Science, Intervention and 
Technology, Stockholm Sweden 

Vecihi Batuman
Division of Nephrology, Tulane Univeristy 
School of Medicine, Los Angeles, USA

Juan Jesus Carrero 
Department of Medical Epidemiology and 
Biostatistics, Karolinska Institute, Solna, Sweden

Taner Çamsarı
Division of Nephrology, Dokuz Eylül 
University School of Medicine, İzmir, Turkey

Ülver Derici
Division of Nephrology, Gazi University 
School of Medicine, Ankara, Turkey

Soner Duman
Division of Nephrology, Ege University 
School of Medicine, İzmir, Turkey

Tevfik Ecder
Division of Nephrology, Istanbul Bilim University 
School of Medicine, İstanbul, Turkey

Fevzi Ersoy
Division of Nephrology, Akdeniz University 
School of Medicine, Antalya, Turkey

Talat Alp İkizler
Division of Nephrology, Department of Medicine, 
Vanderbilt University Medical Center, Nashville, 
Tennessee, USA

Rümeyza Kazancıoğlu
Division of Nephrology, Bezmialem University 
School of Medicine, İstanbul, Turkey

Norbert Lameire
Division of Nephrology, Ghent University School of 
Medicine and Health Sciences, Ghent, Belgium

Bengt Lindholm
Department of Clinical Sciences, Intervention 
and Technology (CLINTEC), Karolinska Institute, 
Solna, Sweden

Francesca Mallamaci
Division of Nephrology, Hypertension and 
Renal Transplantation, Ospedali Riuniti, Reggio 
Cal, Italy

Ercan Ok
Division of Nephrology, Ege University 
School of Medicine, İzmir, Turkey

Alberto Ortiz
Division of Nephrology, University Autonoma of 
Madrid, Madrid, Spain

Nurhan Seyahi
Division of Nephrology, İstanbul University  
Cerrahpaşa School of Medicine, İstanbul, Turkey

Kamil Serdengeçti
Emeritus Professor, Division of Nephrology, İstanbul Uni-
versity Cerrahpaşa School of Medicine, İstanbul, Turkey

Siren Sezer
Division of Nephrology, Atılım University School 
of Medicine, Ankara, Turkey 

Gültekin Süleymanlar
Division of Nephrology, Akdeniz University 
School of Medicine, Antalya, Turkey

Peter Stenvinkel
Division of Renal Medicine, Karolinska Institutet, 
Solna, Sweden

Hüseyin Töz
Division of Nephrology, Ege University 
School of Medicine, Ankara, Turkey

Serhan Tuğlular
Division of Nephrology, Marmara University 
School of Medicine, İstanbul, Turkey

Aydın Türkmen
Division of Nephrology, İstanbul University 
School of Medicine, İstanbul, Turkey

Raymond Vanholder
Division of Nephrology, University Hospital 
Ghent, Ghent, Belgium

Abdulgaffar Vural
Emeritus Professor, Gülhane Military Academy 
School of Medicine, Ankara, Turkey

Alaattin Yıldız
Division of Nephrology, İstanbul University 
School of Medicine, İstanbul, Turkey

Carmine Zoccali
Nephrology, Dialysis and Transplantation Unit, 
Ospedali Riuniti, Reggio Calabria, Italy

Ethics Editor
Berna Arda
Division of History of Medicine and Medical Ethics, 
Ankara University School of Medicine, Ankara, 
Turkey

Bioistatistics Editor
Gökmen Zararsız
Division of Biostatistics and Informatics, Erciyes 
University School of Medicine, Kayseri

Previous Editors in Chief
Ekrem Erek
İstanbul University Cerrahpaşa School of 
Medicine, İstanbul, Turkey

Emel Akoğlu
Marmara University School of Medicine, İstanbul, 
Turkey

Cengiz Utaş
Erciyes University School of Medicine, Kayseri, 
Turkey

Bülent Altun
Hacettepe University School of Medicine, Ankara, 
Turkey

Editors
Sedat Üstündağ
Division of Nephrology, Trakya University 
School of Medicine, Edirne, Turkey 

Zeki Tonbul
Division of Nephrology, Necmettin Erbakan 
University School of Medicine, 
Konya, Turkey

Mehmet Koç
Division of Nephrology, Marmara University 
School of Medicine, İstanbul, Turkey

Savaş Öztürk
Division of Nephrology, Haseki Training and 
Research Hospital, İstanbul, Turkey

Ferruh Artunç
Division of Nephrology, Tuebingen University, 
Tuebingen, Germany

Aydın Ünal
Division of Nephrology, Medipol University 
School of Medicine, İstanbul, Turkey

Ali Düzova
Division of Pediatric Nephrology, 
Hacettepe University, School of Medicine, 
Ankara, Turkey

Publisher
İbrahim KARA

Publication Director
Ali ŞAHİN

Editorial Development
Gizem KAYAN

Finance and Administration
Zeynep YAKIŞIRER ÜREN

Deputy Publication Director
Gökhan ÇİMEN

Publication Coordinators
Betül ÇİMEN
Özlem ÇAKMAK
İrem SOYSAL
Arzu YILDIRIM

Project Coordinators 
Sinem KOZ
Doğan ORUÇ

Graphics Department
Ünal ÖZER
Deniz DURAN
Beyzanur KARABULUT

Contact
Address: Büyükdere Cad.  
105/9 34394 Mecidiyeköy, 
Şişli, İstanbul, Turkey
Phone: +90 212 217 17 00
Fax: +90 212 217 22 92
E-mail: info@avesyayincilik.com

I



TU
RK

IS
H 

SO

CIETY of NEPHROLOGY

1970

Turkish Journal of Nephrology (Turk J Nephrol) is a double-
blind peer-reviewed, open access, an international online-only 
publication of the Turkish Society of Nephrology. The journal is a 
quarterly publication, published in January, April, July and October. 
The publication language of the journal is English.

Turkish Journal of Nephrology aims to contribute to the literature 
by publishing manuscripts at the highest scientific level in the fields 
of nephrology, dialysis and transplantation. The journal publishes 
original articles, rare case reports, reviews, and letters to the editor 
that are prepared in accordance with the ethical guidelines.

The scope of the journal includes but not limited to; remarkable 
clinical and experimental investigations conducted in all fields of 
nephrology. The target audience of the journal includes specialists 
and professionals working and interested in all disciplines of 
nephrology and kidney care.

The editorial and publication processes of the journal are shaped 
in accordance with the guidelines of the International Committee 
of Medical Journal Editors (ICMJE), World Association of Medical 
Editors (WAME), Council of Science Editors (CSE), Committee on 
Publication Ethics (COPE), European Association of Science Editors 
(EASE), and National Information Standards Organization (NISO). 
The journal is in conformity with the Principles of Transparency and 
Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Turkish Journal of Nephrology is currently indexed in Web of 
Science-Emerging Sources Citation Index, Scopus, EBSCO, and 
TUBITAK ULAKBIM TR Index.
 
Processing and publication are free of charge with the journal. No fees 
are requested from the authors at any point throughout the evaluation 
and publication process. All manuscripts must be submitted via the 
online submission system, which is available at www.turkjnephrol.org. 

The journal guidelines, technical information, and the required forms 
are available on the journal’s web page.
 
All expenses of the journal are covered by the Turkish Society of 
Nephrology. Potential advertisers should contact the Editorial 
Office. Advertisement images are published only upon the Editor-in-
Chief’s approval.
 
Statements or opinions expressed in the manuscripts published in 
the journal reflect the views of the author(s) and not the opinions 
of the Turkish Society of Nephrology, editors, editorial board, and/
or publisher; the editors, editorial board, and publisher disclaim any 
responsibility or liability for such materials.
 
Turkish Journal of Nephrology is an open-access publication and 
the journal’s publication model is based on the Budapest Open 
Access Initiative (BOAI) declaration. Journal’s archive is available 
online, free of charge at www.turkjnephrol.org. Turkish Journal 
of Nephrology’s content is licensed under a Creative Commons 
Attribution 4.0 International License.

Editor in Chief: Bülent Tokgöz
Address: Deparment of Nephrology, Erciyes University School of 
Medicine, 38039 Kayseri, Turkey
Phone: +90 212 219 48 82
Fax: +90 212 219 48 82
E-mail: bulentto@gmail.com 

Publisher: AVES
Address: Büyükdere Cad. 105/9 34394 Mecidiyeköy, Şişli, İstanbul, 
Turkey
Phone: +90 212 217 17 00
Fax: +90 212 217 22 92
E-mail: info@avesyayincilik.com
Web page: avesyayincilik.com 
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Turkish Journal of Nephrology (Turk J Nephrol) is the double-blind 
peer reviewed, open access, international online-only publication 
of Turkish Society of Nephrology. The journal is a quarterly publica-
tion, published in January, April, July and October. The publication 
language of the journal is English.

Turkish Journal of Nephrology aims to contribute to the literature 
by publishing manuscripts at the highest scientific level in the fields 
of nephrology, dialysis and transplantation. The journal publishes 
original articles, rare case reports, reviews, and letters to the editor 
that are prepared in accordance with the ethical guidelines.

The editorial and publication processes of the journal are shaped 
in accordance with the guidelines of the International Council of 
Medical Journal Editors (ICMJE), the World Association of Medical 
Editors (WAME), the Council of Science Editors (CSE), the Committee 
on Publication Ethics (COPE), the European Association of Science 
Editors (EASE), and National Information Standards Organization 
(NISO). The journal conforms to the Principles of Transparency and 
Best Practice in Scholarly Publishing (doaj.org/bestpractice).
 
Originality, high scientific quality, and citation potential are the most 
important criteria for a manuscript to be accepted for publication. 
Manuscripts submitted for evaluation should not have been previous-
ly presented or already published in an electronic or printed medium. 
The journal should be informed of manuscripts that have been sub-
mitted to another journal for evaluation and rejected for publication. 
The submission of previous reviewer reports will expedite the eval-
uation process. Manuscripts that have been presented in a meeting 
should be submitted with detailed information on the organization, 
including the name, date, and location of the organization.
 
Manuscripts submitted to Turkish Journal of Nephrology will go 
through a double-blind peer-review process. Each submission will 
be reviewed by at least two external, independent peer reviewers 
who are experts in their fields in order to ensure an unbiased eval-
uation process. The editorial board will invite an external and inde-
pendent editor to manage the evaluation processes of manuscripts 
submitted by editors or by the editorial board members of the jour-
nal. The Editor in Chief is the final authority in the decision-making 
process for all submissions.
 
An approval of research protocols by the Ethics Committee in accor-
dance with international agreements (World Medical Association 
Declaration of Helsinki “Ethical Principles for Medical Research In-

volving Human Subjects,” amended in October 2013, www.wma.net) 
is required for experimental, clinical, and drug studies and for some 
case reports. If required, ethics committee reports or an equivalent 
official document will be requested from the authors. For manu-
scripts concerning experimental research on humans, a statement 
should be included that shows that written informed consent of pa-
tients and volunteers was obtained following a detailed explanation 
of the procedures that they may undergo. For studies carried out on 
animals, the measures taken to prevent pain and suffering of the an-
imals should be stated clearly. Information on patient consent, the 
name of the ethics committee, and the ethics committee approval 
number should also be stated in the Materials and Methods section 
of the manuscript. It is the authors’ responsibility to carefully pro-
tect the patients’ anonymity. For photographs that may reveal the 
identity of the patients, signed releases of the patient or of their le-
gal representative should be enclosed and the publication approval 
must be provided in the Materials and Methods section.
 
All submissions are screened by a similarity detection software 
(iThenticate by CrossCheck).

In the event of alleged or suspected research misconduct, e.g., pla-
giarism, citation manipulation, and data falsification/fabrication, 
the Editorial Board will follow and act in accordance with COPE 
guidelines.
 
Each individual listed as an author should fulfill the authorship crite-
ria recommended by the International Committee of Medical Jour-
nal Editors (ICMJE - www.icmje.org). The ICMJE recommends that 
authorship be based on the following 4 criteria:

1 Substantial contributions to the conception or design of the work; 
or the acquisition, analysis, or interpretation of data for the work; AND

2 Drafting the work or revising it critically for important intellectual 
content; AND

3 Final approval of the version to be published; AND

4 Agreement to be accountable for all aspects of the work in ensur-
ing that questions related to the accuracy or integrity of any part of 
the work are appropriately investigated and resolved.
 
In addition to being accountable for the parts of the work he/she has 
done, an author should be able to identify which co-authors are re-

Instruction to Authors
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sponsible for specific other parts of the work. In addition, authors 
should have confidence in the integrity of the contributions of their 
co-authors.
 
All those designated as authors should meet all four criteria for au-
thorship, and all who meet the four criteria should be identified as 
authors. Those who do not meet all four criteria should be acknowl-
edged in the title page of the manuscript.

Turkish Journal of Nephrology requires corresponding authors to 
submit a signed and scanned version of the authorship contribu-
tion form (available for download through turkjnephrol.org) during 
the initial submission process in order to act appropriately on au-
thorship rights and to prevent ghost or honorary authorship. If the 
editorial board suspects a case of “gift authorship,” the submission 
will be rejected without further review. As part of the submission of 
the manuscript, the corresponding author should also send a short 
statement declaring that he/she accepts to undertake all the respon-
sibility for authorship during the submission and review stages of 
the manuscript.
 
Turkish Journal of Nephrology requires and encourages the authors 
and the individuals involved in the evaluation process of submitted 
manuscripts to disclose any existing or potential conflicts of inter-
ests, including financial, consultant, and institutional, that might 
lead to potential bias or a conflict of interest. Any financial grants 
or other support received for a submitted study from individuals or 
institutions should be disclosed to the Editorial Board. To disclose a 
potential conflict of interest, the ICMJE Potential Conflict of Interest 
Disclosure Form should be filled in and submitted by all contribut-
ing authors. Cases of a potential conflict of interest of the editors, 
authors, or reviewers are resolved by the journal’s Editorial Board 
within the scope of COPE and ICMJE guidelines.
 
The Editorial Board of the journal handles all appeal and complaint 
cases within the scope of COPE guidelines. In such cases, authors 
should get in direct contact with the editorial office regarding their 
appeals and complaints. When needed, an ombudsperson may be 
assigned to resolve cases that cannot be resolved internally. The Ed-
itor in Chief is the final authority in the decision-making process for 
all appeals and complaints.
 
Turkish Journal of Nephrology requires each submission to be ac-
companied by a Copyright License Agreement (available for down-
load turkjnephrol.org). When using previously published content, 

including figures, tables, or any other material in both print and elec-
tronic formats, authors must obtain permission from the copyright 
holder. Legal, financial and criminal liabilities in this regard belong 
to the author(s). By signing the Copyright License Agreement, au-
thors agree that the article, if accepted for publication by the Turkish 
Journal of Nephrology, will be licensed under a Creative Commons 
Attribution 4.0 International License (CC BY 4.0). 

Statements or opinions expressed in the manuscripts published in 
Turkish Journal of Nephrology reflect the views of the author(s) and 
not the opinions of the editors, the editorial board, or the publisher; 
the editors, the editorial board, and the publisher disclaim any re-
sponsibility or liability for such materials. The final responsibility in 
regard to the published content rests with the authors.
 
MANUSCRIPT PREPARATION
The manuscripts should be prepared in accordance with ICMJE-Rec-
ommendations for the Conduct, Reporting, Editing, and Publication 
of Scholarly Work in Medical Journals (updated in December 2018 
- http://www.icmje.org/icmje-recommendations.pdf). Authors are 
required to prepare manuscripts in accordance with the CONSORT 
guidelines for randomized research studies, STROBE guidelines for 
observational original research studies, STARD guidelines for stud-
ies on diagnostic accuracy, PRISMA guidelines for systematic re-
views and meta-analysis, ARRIVE guidelines for experimental animal 
studies, and TREND guidelines for non-randomized public behavior.
 
Manuscripts can only be submitted through the journal’s online 
manuscript submission and evaluation system, available at turkj-
nephrol.org. Manuscripts submitted via any other medium will not 
be evaluated.
 
Manuscripts submitted to the journal will first go through a technical 
evaluation process where the editorial office staff will ensure that 
the manuscript has been prepared and submitted in accordance 
with the journal’s guidelines. Submissions that do not conform to 
the journal’s guidelines will be returned to the submitting author 
with technical correction requests.
 
Authors are required to submit the following:
•	 Copyright Agreement Form,
•	 Author Contributions Form, and
•	 ICMJE Potential Conflict of Interest Disclosure Form (should be 

filled in by all contributing authors) during the initial submission. 
These forms are available for download at turkjnephrol.org).
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Preparation of the Manuscript
Title page: A separate title page should be submitted with all sub-
missions and this page should include:
•	 The full title of the manuscript as well as a short title (running 

head) of no more than 50 characters,
•	 Name(s), affiliations, highest academic degree(s), and ORCID 

IDs of the author(s),
•	 Grant information and detailed information on the other sourc-

es of support,
•	 Name, address, telephone (including the mobile phone num-

ber) and fax numbers, and email address of the corresponding 
author,

•	 Acknowledgment of the individuals who contributed to the 
preparation of the manuscript but who do not fulfill the author-
ship criteria.

Abstract: An abstract should be submitted with all submissions ex-
cept for Letters to the Editor. The abstract of Original Articles should 
be structured with subheadings (Objective, Materials and Methods, 
Results, and Conclusion). Please check Table 1 below for word count 
specifications.
 
Keywords: Each submission must be accompanied by a minimum 
of three to a maximum of six keywords for subject indexing at the 
end of the abstract. The keywords should be listed in full without 
abbreviations. The keywords should be selected from the National 
Library of Medicine, Medical Subject Headings database (https://
www.nlm.nih.gov/mesh/MBrowser.html).
 
Manuscript Types
Original Articles: This is the most important type of article since it 
provides new information based on original research. The main text 
of original articles should be structured with Introduction, Materi-
als and Methods, Results, Discussion, and Conclusion subheadings. 
Please check Table 1 for the limitations for Original Articles.

Statistical analyses are essential features of medical studies, in 
order to answer the research questions with hypothesis testing. 
Statistical analyses must be conducted in accordance with in-
ternational statistical reporting standards (Altman DG, Gore SM, 
Gardner MJ, Pocock SJ. Statistical guidelines for contributors to 
medical journals. Br Med J 1983: 7; 1489-93). Information on statis-
tical analyses should be provided with a separate subheading, as 
‘Statistical Analysis’, under the Materials and Methods section. This 
section should detail the following: 

(i) how the statistical assumptions are tested (e.g. Histogram and q-q 
plots were examined, Shapiro-Wilk’s test was used to assess the data 
normality.);

(ii) which statistical methods are used for which purposes (e.g. 
To compare the miRNA levels of patients with and without CKD, a 
two-sided independent samples t test was applied.);

(ii) how the data values are expressed (e.g. Values are expressed as 
mean±SD or median(1st-3rd quartiles.);

(iv) which statistical software was used to analyze the data (e.g. Anal-
yses were conducted using TURCOSA (Turcosa Analytics, Turkey) 
statistical software.).

Additionally, the study design (e.g. retrospective case-control, 
cross-sectional, cohort, etc.) and the sample size calculation proce-
dure (power analysis) should also be detailed in the Materials and 
Methods section.

Units should be prepared in accordance with the International Sys-
tem of Units (SI).
 
Editorial Comments: Editorial comments aim to provide a brief crit-
ical commentary by reviewers with expertise or with high reputation 
in the topic of the research article published in the journal. Authors 
are selected and invited by the journal to provide such comments. 
Abstract, Keywords, and Tables, Figures, Images, and other media 
are not included.
 
Review Articles: Reviews prepared by authors who have extensive 
knowledge on a particular field and whose scientific background 
has been translated into a high volume of publications with a high 
citation potential are welcomed. These authors may even be invit-
ed by the journal. Reviews should describe, discuss, and evaluate 
the current level of knowledge of a topic in clinical practice and 
should guide future studies. The main text should contain Introduc-
tion, Clinical and Research Consequences, and Conclusion sections. 
Please check Table 1 for the limitations for Review Articles.
 
Case Reports: There is limited space for case reports in the journal 
and reports on rare cases or conditions that constitute challenges in 
diagnosis and treatment, those offering new therapies or revealing 
knowledge not included in the literature, and interesting and edu-
cative case reports are accepted for publication. The text should in-
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clude Introduction, Case Presentation, Discussion, and Conclusion 
subheadings. Please check Table 1 for the limitations for Case Re-
ports.
 
Letters to the Editor: This type of manuscript discusses important 
parts, overlooked aspects, or lacking parts of a previously published 
article. Articles on subjects within the scope of the journal that might 
attract the readers’ attention, particularly educative cases, may also 
be submitted in the form of a “Letter to the Editor.” Readers can also 
present their comments on the published manuscripts in the form 
of a “Letter to the Editor.” Abstract, Keywords, and Tables, Figures, 
Images, and other media should not be included. The text should be 
unstructured. The manuscript that is being commented on must be 
properly cited within this manuscript.

Tables
Tables should be included in the main document, presented after 
the reference list, and they should be numbered consecutively in 
the order they are referred to within the main text. A descriptive 
title must be placed above the tables. Abbreviations used in the 
tables should be defined below the tables by footnotes (even if 
they are defined within the main text). Tables should be created 
using the “insert table” command of the word processing software 
and they should be arranged clearly to provide easy reading. Data 
presented in the tables should not be a repetition of the data pre-
sented within the main text but should be supporting the main 
text.

Figures and Figure Legends
Figures, graphics, and photographs should be submitted as separate 
files (in TIFF or JPEG format) through the submission system. The 
files should not be embedded in a Word document or the main doc-
ument. When there are figure subunits, the subunits should not be 
merged to form a single image. Each subunit should be submitted 
separately through the submission system. Images should not be la-
beled (a, b, c, etc.) to indicate figure subunits. Thick and thin arrows, 

arrowheads, stars, asterisks, and similar marks can be used on the 
images to support figure legends. Like the rest of the submission, 
the figures too should be blind. Any information within the images 
that may indicate an individual or institution should be blinded. The 
minimum resolution of each submitted figure should be 300 DPI. 
To prevent delays in the evaluation process, all submitted figures 
should be clear in resolution and large in size (minimum dimen-
sions: 100 × 100 mm). Figure legends should be listed at the end of 
the main document.
 
All acronyms and abbreviations used in the manuscript should be 
defined at first use, both in the abstract and in the main text. The 
abbreviation should be provided in parentheses following the defi-
nition.
 
When a drug, product, hardware, or software program is mentioned 
within the main text, product information, including the name of the 
product, the producer of the product, and city and the country of 
the company (including the state if in USA), should be provided in 
parentheses in the following format: “Discovery St PET/CT scanner 
(General Electric, Milwaukee, WI, USA)”
 
All references, tables, and figures should be referred to within the 
main text, and they should be numbered consecutively in the order 
they are referred to within the main text.
 
Limitations, drawbacks, and the shortcomings of original articles 
should be mentioned in the Discussion section before the conclu-
sion paragraph.

References
While citing publications, preference should be given to the lat-
est, most up-to-date publications. If an ahead-of-print publication 
is cited, the DOI number should be provided. The authors are re-
sponsible for the accuracy of references. Journal titles should be 
abbreviated in accordance with the journal abbreviations in Index 

VI

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit Reference limit Table limit Figure limit

Original Article 3500 250 (Structured) 30 6 7 or total of 15 images

Review Article 5000 250 50 6 10 or total of 20 images

Case Report 1000 200 15 No tables 10 or total of 20 images

Letter to the Editor 500 No abstract 5 No tables No media
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Medicus/ MEDLINE/PubMed. When there are six or fewer authors, all 
authors should be listed. If there are seven or more authors, the first 
six authors should be listed followed by “et al.” In the main text of 
the manuscript, references should be cited using Arabic numbers in 
parentheses. The reference styles for different types of publications 
are presented in the following examples.
 
Journal Article: Altun B, Soylemezoglu O, Tokgoz B, Yilmaz MI, Oda-
bas AR, Koc M. Hemodialysis complications. Turk Neph Dial Transpl 
2010; 70: 1-4.
 
Book Section: Sagawa K. Analysis of the CNS ischemic feedback reg-
ulation of the circulation. Reeve EB, Guyton AC (eds). Physical Basis 
of Circulation Transport. Philadelphia: WB Saunders, 1967; p.129-
139.

Books with a Single Author: West JB. Respiratory Physiology. 2nd 
ed. Baltimore: Williams and Wilkins; 1974.
 
Editor(s) as Author: Huizing EH, de Groot JAM, editors. Functional 
reconstructive nasal surgery. Stuttgart-New York: Thieme; 2003.
 
Conference Proceedings: Bengisson S. Sothemin BG. Enforcement 
of data protection, privacy and security in medical informatics. In: 
Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92. 
Proceedings of the 7th World Congress on Medical Informatics; 1992 
Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland; 1992. 
pp.1561-5.
 
Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf B, 
Agrón E, Wu L, Lindley A, et al. Early Treatment Diabetic Retinopa-
thy Study Research Group. Risk factors for renal replacement ther-
apy in the Early Treatment Diabetic Retinopathy Study (ETDRS), 
Early Treatment Diabetic Retinopathy Study  Kidney Int: 2004.  Re-
port No: 26.
 
Thesis: Yılmaz B. Ankara Üniversitesindeki Öğrencilerin Beslenme 
Durumları, Fiziksel Aktiviteleri ve Beden Kitle İndeksleri Kan Lip-
idleri Arasındaki Ilişkiler. H.Ü. Sağlık Bilimleri Enstitüsü, Doktora 
Tezi. 2007.
 
Manuscripts Accepted for Publication, Not Published Yet: Slots J. 
The microflora of black stain on human primary teeth. Scand J Dent 
Res. 1974.

Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, Rob-
erts JP, Wang ZJ. Adult living donor liver imaging. Diagn Interv Radi-
ol. 2016 Feb 24. doi: 10.5152/dir.2016.15323. [Epub ahead of print].
 
Manuscripts Published in Electronic Format: Abood S. Quality 
improvement initiative in nursing homes: the ANA acts in an advi-
sory role. Am J Nurs (serial online). 2002 Jun (cited 2002 Aug 12): 
02(6). Available from: http://www.nursingworld.org/AJN/2002/june/
Wawatch.htm 

Revisions
When submitting a revised version of a paper, the author must sub-
mit a detailed “Response to the reviewers” that states point by point 
how each issue raised by the reviewers has been covered and where 
it can be found (each reviewer’s comment, followed by the author’s 
reply and line numbers where the changes have been made) as well 
as an annotated copy of the main document. Revised manuscripts 
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INTRODUCTION
Turkish Society of Nephrology (TSN) celebrates its 50th 
anniversary in 2020. Since its establishment, the TSN in-
tended to operate by following its core purposes which 
are raising the level of education, scientific studies, and 
research, preventive and therapeutic health services 
in the fields of nephrology, hypertension, dialysis, and 
transplantation throughout Turkey, developing profes-
sional, scientific and social relations among its mem-
bers, protecting the rights of its field and its members 
and carrying out studies to ensure the best representa-
tion of Turkish nephrology at the national and interna-
tional levels. In this article, the readers will find a sum-
mary of the 50-year success story of TSN.

Establishment
The TSN was founded on March 3, 1970, at Istanbul Uni-
versity Haseki Hospital Pharmacology and Treatment 
Clinic by Ord. Prof. Ekrem Şerif Egeli, Ord. Prof. Sedat 
Tavat, Prof. Reşat Garan, Prof. Kemal Önen, Prof. Osman 
Barlas, Prof. Ferhan Berker, Prof. Gıyas Korkut, and As-
soc. Prof. Necdet Koçak. At the inaugural meeting of the 
founding members, Ord. Prof. Ekrem Şerif Egeli was elect-
ed president of the association, Prof. Kemal Önen, as the 
secretary-general and Prof. Osman Barlas, Prof. Reşat 
Garan and Prof. Ferhan Berker as board members. Ord. 
Prof. Ekrem Şerif Egeli held the position of president until 
1978, at which point Prof. Kemal Önen took over, serving 
until 1996 to make him the longest-serving chairman of 
TSN. Prof. Ekrem Erek was the president of the associa-
tion between 1996 and 2000, Prof. Kamil Serdengeçti 

between 2000 and 2008, Prof. Gültekin Süleymanlar be-
tween 2008 and 2014 and Prof. Turgay Arınsoy between 
2014 and 2017. From November 2017 to the present day, 
the position has been held by Prof. Kenan Ateş.

As of the last election, the board of directors has been 
composed of the following members: Prof. Kenan Ateş 
(president), Prof. Alaattin Yıldız (vice president), Prof. 
Mustafa Arıcı (secretary-general), Prof. Ali Rıza Odabaş 
(treasurer), Prof. Siren Sezer, Prof. Halil Zeki Tonbul and 
Prof. Bülent Tokgöz.

Society Membership
As per the statute of the society, nephrology and pedi-
atric nephrology specialists and assistants can become 
full members of TSN. The number of society members, 
which was eight at the time of its establishment and 23 
at the beginning of 1971, has gradually increased over 
the years, reaching a total of 590 today. Currently, 96% 
of the members are nephrologists or nephrology assis-
tants (84% are adult nephrologists, and 16% are pediat-
ric nephrologists). Besides, seven foreign scientists, who 
have made significant contributions to Turkish nephrol-
ogy, were granted honorary membership.

Branches of the Society
In order to expand the activities of the society through-
out Turkey and to ensure broader participation, the first 
branch was established in Antalya in 1997, followed by 
new branches in Izmir, Kayseri, and Istanbul in 2000, 
Bursa in 2004, Konya in 2005, Adana in 2006, and Anka-
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ra in 2007. The Konya branch subsequently dissolved itself. The 
branches organize regional activities in line with the aims and 
working areas of the society.

Permanent Committees
The Registry and Statistics Committee: This committee was es-
tablished with the aim of collecting, analyzing, and publishing 
data related to nephrology, hypertension, dialysis, and trans-
plantation across Turkey, planning and implementing epide-
miological research, and cooperating with international orga-
nizations in data sharing and the facilitation of collaborative 
studies. Prof. Ekrem Erek, Prof. Kamil Serdengeçti, and Prof. 
Gültekin Süleymanlar served as presidents of this committee, 
respectively. Since 1990, the committee has focused on collect-
ing data related to nephrology, dialysis, and transplantation in 
a center-based manner, and, following the subsequent analy-
ses, publishing the results in a series of books entitled Registry 
of the Nephrology, Dialysis, and Transplantation in Turkey. In 
2019, the 29th book in the series was published. This series of 
books, which are unprecedented in any other national associa-
tion, remains an essential source of reference for researchers, 
both in Turkey and the World seeking to obtain Turkish data on 
these topics. Besides, these books are also used by the health 
authorities and other institutions for the planning of dialysis 
and transplantation services. The books have been published 
in Turkish and English since 2000. The data related to Turkey 
has been present in the section B of the European Dialysis 
and Transplant Association–The European Renal Association 
(EDTA–ERA) Registry since 2001 and in the section of interna-
tional comparisons of the United States Renal Data System 
since 2003, which allows for the comparison of the dialysis and 
transplantation results of the country with other data from the 
United States and Europe.

The Journal and the Editorial Board: The primary purpose of 
this editorial board is to regularly publish the Turkish Journal 
of Nephrology, Dialysis, and Transplantation, and its supple-
mentary issues. The Turkish Journal of Nephrology, Dialysis, 
and Transplantation was first published under Prof. Ekrem 
Erek editorship. Following this, Prof. Emel Akoğlu, Prof. Cengiz 
Utaş, Prof. Bülent Altun and Prof. Bülent Tokgöz have all served 
as editors. As of 2019, the journal is being published in English 
with its new title, the Turkish Journal of Nephrology. The jour-
nal, which is currently indexed by the Web of Science-Emerging 
Sources Citation Index, Scopus, EBSCO, and the TUBITAK ULAK-
BIM TR index, is expected to become available in PubMed in the 
near future.

The Renal Disaster Task Force: This committee was estab-
lished under the presidency of Prof. Ekrem Erek and under the 
coordination of Prof. Mehmet Şükrü Sever following the earth-
quake of August 17, 1999, which hit the Marmara region of Tur-
key and led to the loss of 17,000 citizens. Prof. Mehmet Şükrü 
Sever held the position of chairman of the committee for many 
years, while today, this position is held by Prof. Serhan Tuğlular. 

The committee provided essential services in the organization 
of domestic and international aid activities, conducting chronic 
dialysis services, and arranging the treatment of patients with 
crush syndrome following the Marmara earthquake. The task 
force collected and analyzed the data of 639 cases with crush 
syndrome from the Marmara Earthquake, and later published 
27 related articles in international journals. In addition, the 
book entitled Crush Syndrome and Lessons Learned from the 
Marmara Earthquake was written by Prof. Mehmet Şükrü Sever, 
which was subsequently published in English by Karger Pub-
lishing. Meanwhile, more than 30 training meetings were or-
ganized in Turkey under the leadership of Prof. Mehmet Şükrü 
Sever, while numerous national guidelines were created, and 
the task force contributed to various international guidelines. 
In addition, the task force actively contributed to the relief ef-
forts following the Bingöl (2003) and Van (2011) earthquakes in 
Turkey, as well as Iran, Pakistan, and Haiti earthquakes.

Turkish Board of Nephrology: This committee was established 
in 2004 with the aim of establishing, maintaining and raising the 
standards of nephrology specialty education, providing quality 
control, performing accreditation studies, conducting standard 
exams after the specialty education, providing a nephrology 
proficiency certificate, and encouraging and supervising the 
participation in continuous medical education activities. Prof. 
Kenan Ateş has been the president of the committee since its 
establishment. The committee has prepared the Nephrology 
Specialist Training Principles and the Nephrology Core Curric-
ulum and conducts proficiency exams since 2008. A total of 75 
nephrologists have been awarded the competency certificate 
as a result of the 12 examinations conducted thus far. In addi-
tion, a significant contribution was made to the preparation of 
the Nephrology Core Curriculum of the Medical Specialization 
Committee. Quality and accreditation studies are planned to 
begin in the near future. The committee is represented at the 
Union Européenne des Médecins Spécialistes and the Europe-
an Board of Nephrology, formerly by Prof. Oğuz Söylemezoğlu, 
Prof. Cem Sungur and Prof. Tevfik Ecder and currently by Prof. 
Mustafa Arıcı.

Term Committee: This committee was founded in 2003 with 
the aim of protecting the Turkish language as the language of 
science and using it properly. Prof. Taner Çamsarı has been the 
president of the committee since its establishment. The com-
mittee, which regularly publishes the Term Committee Bulletin, 
organized the 1st Turkish Language of Medicine Symposium in 
May 2019.

Working Groups: Working groups were established in 2002 to 
conduct regional and international epidemiological, clinical, 
and experimental studies on issues related to basic and clinical 
nephrology, hypertension, dialysis, and transplantation, to pro-
duce and disseminate information, to determine the scientific 
and clinical practice standards and prepare guidelines of Turkey 
on related issues, to consult TSN’s executive board and other 
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committees, and to establish health policies. The society cur-
rently has 10 working groups focusing on the following areas: 
acute kidney injury and intensive care nephrology; nutrition 
and metabolism; diabetic kidney disease; glomerular diseases; 
hypertension; cystic kidney diseases; mineral and bone disor-
ders; peritoneal dialysis; renal anemia; and transplantation. 
The groups organize scientific meetings both during national 
meetings and on an independent basis, as well as conduct sci-
entific research and prepare guidelines on related topics. Final-
ly, the Diagnosis and Treatment of Primary Glomerular Diseas-
es: National Consensus Report was prepared by the Glomerular 
Diseases Working Group, and the Hypertension Working Group 
contributed to the Turkish Hypertension Consensus Report. 
The national consensus report on diabetic kidney disease is 
currently under preparation.

The Turkish Society of Nephrology Website
The website of the TSN was built in 2000 at www.tsn.org.tr. In-
formation on events organized by the society, as well as other 
general useful information and current announcements, are 
available through this website. In 2018, the Website and So-
cial Media Group was established within the society, and a new 
website was launched with a new domain name at www.nefro-
loji.org.tr. In addition, the society is represented through social 
media channels, including Twitter, Instagram, and Facebook.

National Scientific Meetings
One of the most important activities of the TSN is to organize 
scientific meetings to contribute to the education of physicians 
and nurses working in the field of nephrology. The first nation-
al congress was held in 1980 in Bursa under the supervision of 
Prof. Aydoğan Öbek. However, after the military coup of 1980, 
the activities of TSN, much like those of all other associations, 
were halted, and the scientific meetings had to be suspended. 
In 1985, the Innovations in Nephrology Congress was held in Er-
zurum under Prof. Ayla San’s chairmanship, and, since then, a 
total of 36 congresses were held at regular intervals under the 
name of National Kidney Disease, Hypertension, Dialysis and 
Transplantation Congress. The name of the annual congress 
was changed to National Nephrology Congress in 2019. Each 
year, some 1,100–1,300 people attend the national congresses, 
making them the most successful meetings in Turkey for the 
covered topics.

Winter School of Nephrology is another regular national scien-
tific activity of the society. These meetings, initiated under the 
leadership of Prof. Cengiz Utaş, make a significant contribution, 
especially to the continuous training of physicians dealing with 
dialysis. A total of 18 winter schools was organized, the first of 
which was in 2002. The winter schools are generally attended 
by 350 to 500 participants.

In addition to these, nephrology subspecialty education meet-
ings, dialysis schools, transplantation intensive training pro-
grams, and various regional activities are organized in order to 

contribute to the continuous training of young nephrologists 
and nephrology specialty students.

International Scientific Meetings
Through the close relations established with associations such 
as the International Society of Nephrology (ISN), EDTA–ERA, 
and the International Society for Peritoneal Dialysis (ISPD), Tur-
key hosted many international congresses, and several joint 
meetings held with the participation of these associations.

• The 15th EDTA Congress was organized under the chairman-
ship of Prof. Kemal Önen in Istanbul between 4-7 June 1978. 
The congress, attended by approximately 1,500 people, went 
on record as the biggest and most successful congress of the 
EDTA at the time.

• The 42nd ERA-EDTA Congress was held between 4-7 June 2005 
in Istanbul under the chairmanship of Prof. Kamil Serdengeç-
ti. This was the most successful congress of ERA-EDTA up until 
then in terms of participants (6,135 people from 100 countries) 
and the number of abstracts (1,959).

• The 50th ERA-EDTA Congress was held with a total of 7,634 par-
ticipants between 18-21 May 2013 in Istanbul under the chair-
manship of Prof. Gültekin Süleymanlar. Organizing ERA-EDTA’s 
50th congress in Turkey was a great honor for the Turkish ne-
phrology community.

• The 12th ISPD Congress was held between 20-24 June 2008 in 
Istanbul under the chairmanship of Prof. Cengiz Utaş. Some 
2,169 people from 73 countries participated in the congress.

• The 4th BANTAO Congress was held in İzmir in 1999, and the 9th 
BANTAO Congress was held in Antalya in 2009.

• The 9th International Geriatric Nephrology and Urology Con-
ference was held in 2007 in Antalya under the chairmanship of 
Prof. Fevzi Ersoy.

• In addition, approximately 50 joint meetings were held during 
national congresses or independently, in cooperation with in-
ternational associations. One of the most important of these 
is the Giants of Nephrology in Istanbul meeting held on June 
5, 2000, on the occasion of the 30th anniversary of TSN and the 
40th anniversary of the ISN. A similar meeting will be held in 
Istanbul under the name KidneyIST between 5-6 March 2020 
within the scope of the 50th anniversary of TSN.

Duties in International Associations
As a result of the efforts of the TSN to expand internationally 
and to develop relations, many of our members have held im-
portant positions in international associations. For example, 
Prof. Ali Başçı (2002-2005), Prof. Cengiz Utaş (2005-2008), Prof. 
Gültekin Süleymanlar (2008-2011), Prof. Mehmet Şükrü Sever 
(2012-2015) and Prof. Mustafa Arıcı (2015-2018) served as Coun-
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cil Members of the ERA–EDTA, while Prof. Kamil Serdengecti 
was elected as a member of the ISN Council from 2005–2011. 
Presently, Prof. Rümeyza Kazancıoğlu is a member of the ISN 
Council, while Prof. Mustafa Arıcı is a member of KDIGO. In ad-
dition, Prof. Mehmet Şükrü Sever, Prof. Kültigin Türkmen, Prof. 
Sevcan Bakkaloğlu, and Prof. Mehmet Kanbay currently serve 
on various committees of ERA-EDTA.

Books Published by the Turkish Society of Nephrology
The TSN has published 36 books, 23 of which were licensed and 
13 of which were translations for the benefit of the readers, in 
line with its mission to raise the level of education in the areas 
of nephrology, hypertension, dialysis, and transplantation in 
Turkey. Currently, two licensed books are being prepared for 
publication. In addition, TSN’s Website and Social Media Group 
has been publishing summaries and reviews of several articles 
published in high impact journals since 2018 under the name 
Nefroblog.

Scholarships to Study Abroad and Other Supports 
Since 2000, the TSN has been awarding scholarships to young 
nephrologists and nephropathologists for studying abroad. The 
first fellowship was awarded to Dr. Ercan Ok from the Nephrolo-
gy Department of Ege University School of Medicine, who trav-
eled to the USA. Since then, a total of 60 young researchers, in-
cluding 48 nephrologists and 12 nephropathologists, benefited 
from the TSN training scholarship for periods of between 3 and 
12 months. TSN also provides financial support to its members 
when participating in national and international congresses 
and for article publication bonuses.

Epidemiological Studies
Chronic kidney disease is a significant public health problem, 
affecting approximately 10% of adults worldwide. In order to 
define the prevalence and distribution of chronic kidney disease 
and the related risk factors in Turkey, between 2006 and 2008, 
TSN conducted the Chronic Kidney Disease Prevalence in Turkey 
Study (CREDIT) in 23 provinces across the country, with the par-
ticipation of 10,750 adults and 5,000 children. In this study, the 
prevalence of chronic kidney disease in our country was found 
to be 15.7%. The results of the study were presented at multiple 
national and international meetings and were subsequently pub-
lished in four separate articles in international journals.

The second stage of the CREDIT study (CREDIT-Incidence), 
which aimed to determine the incidence and course of chronic 
kidney disease, was performed with the participation of a total 
of 4,243 individuals between 2011 and 2013. This study found 
that the prevalence of chronic kidney disease in Turkey had de-
creased slightly from that recorded in the previous study.

The preparations for a new epidemiological study aimed at de-
termining the prevalence, distribution according to the stages, 
and risk factors of diabetic kidney disease, have been complet-
ed. The plan is now to execute the study in the first half of 2020.

Kidney Diseases Prevention and Control Program in Turkey
After the serious dimensions of the problem of chronic kidney 
disease in Turkey were revealed through the CREDIT study, with 
the initiatives of TSN, the Turkish Kidney Diseases Prevention 
and Control Program was prepared under the leadership of the 
Ministry of Health’s Public Health Institute alongside an action 
plan covering the years 2014-2017. Currently, an action plan 
covering the years 2018-2022 is being implemented, with signif-
icant contributions from TSN.

Activities Directed to Public
TSN, which has continued its educational and scientific work for 
the development of kidney science in Turkey without interrup-
tion for 50 years, organizes various activities to increase public 
consciousness and awareness of kidney health and disease and 
to emphasize the importance of early diagnosis per its social re-
sponsibility. These activities are summarized below:

World Kidney Day: Starting from 2006, every year, the second 
Thursday of March is celebrated as World Kidney Day by the ISN 
and the International Federation of Kidney Foundations. Every 
year since 2006, TSN and its branches have organized numer-
ous activities on World Kidney Day to raise public awareness of 
kidney health and disease, emphasizing the importance of early 
diagnosis and informing the public about the heavy burden of 
kidney disease on both human health and the national econo-
my. Details of these studies can be found on the World Kidney 
Day website (www.worldkidneyday.org) and the TSN website 
(www.nefroloji.org.tr).

Kidney Health Bus: TSN, which is committed to taking an ac-
tive role in social responsibility projects concerning the com-
munity, realized the Kidney Health Bus project during its 40th 
anniversary. During the 75-day project, which started in Anta-
lya on September 23, 2010, and ended in İzmir on December 5, 
2010, a total of 21 cities were visited, and approximately 50,000 
people who visited the bus were informed about kidney health 
and disease through brochure distribution, video screening, 
and information-based meetings. In addition, 6,483 people 
were screened for kidney disease and the attendant risk factors.

Attention Health Contest: In order to inform the public about 
healthy living and kidney disease, TSN organized a competition 
program entitled “Attention Health” on TRT Ankara Radio be-
tween January 2010 and December 2010, lasting for a total of 
50 weeks. In this program, a separate topic was discussed every 
week, and the audience was first asked three “right or wrong?” 
questions before the relevant information was conveyed by the 
board members of TSN (Prof. Kenan Ateş, Prof. Bülent Altun and 
Prof. Gültekin Süleymanlar), who were contacted by telephone.

Organ Donation Cartoon Contest: A cartoon contest was orga-
nized in 2010 to encourage organ donation. The resulting works 
of art were collected in a book, exhibited during the national 
congress, and used in various community-oriented activities.
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The TSN plans to give a start to various social responsibility 
projects in its 50th anniversary year, 2020.

CONCLUSION
The TSN has taken essential steps in the name of institutional-
ization, opening itself up to the international arena and achiev-
ing the objectives stated in its original statute, created some 50 

years ago. The society will continue its activities with increasing 
momentum in 2020 and the following years, and it will continue 
to carry out successful works.

Prof. Dr. Kenan ATEŞ
President of the Turkish Society of Nephrology
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Abstract

Objective: Every year, the registry of the Turkish Society of Nephrology conducts data collection on hemodialysis, perito-
neal dialysis, and transplantation. Registry reports are printed annually as a booklet, thus making 2019 the 29th year of 
registry reports. The registry is in close collaboration with international registries. 
Materials and Methods: This paper summarizes the data from the 2018 registry report. Additionally, this paper provides 
the yearly trends in the management of end-stage renal disease. 
Results: There is an alarming increase in the number of patients undergoing renal replacement therapy (RRT). At the end 
of 2018, 81,055 patients had undergone RRT. The prevalence and incidence of end-stage renal disease were 988 and 149 per 
million populations, respectively. Diabetes was termed as the most widespread cause of end-stage renal disease. Hemodi-
alysis (74.8%) serves as the most common type of treatment modality, followed by transplantation (21.2%) and peritoneal 
dialysis (3.9%). 
Conclusion: End-stage renal disease is a critical and growing health concern in our country. The Turkish Renal Registry of 
the Turkish Society of Nephrology continues to be one of the leading tools for providing the current and sound data on this 
public health problem.
Keywords: Kidney failure, renal replacement therapy, hemodialysis, peritoneal dialysis, renal transplantation, registry

INTRODUCTION
In 1990, Professor Ekrem Erek founded the registry of the 
Turkish Society of Nephrology (Turkish Renal Registry), 
and 2019 marks its 29th anniversary. Since its inception, 
paper forms were employed to collect center-based 
data. However, the data were collected using electronic 
forms accessed via the internet since 2007. Every year, 
data regarding renal replacement therapies (RRT), such 
as hemodialysis, peritoneal dialysis, and transplanta-
tion, are collected. Moreover, in selected years, data on 
specialized topics, such as clinical nephrology (predial-
ysis care), acute kidney injury, and renal pathology, are 
collected. Data from the Turkish Renal Registry are pub-
lished and shared with the United States Renal Data Sys-
tem and European Renal Association-European Dialysis 
and Transplantation Association registry.

This manuscript provides a summary of the 2018 registry 
report (1). The booklet “Registry of the nephrology, dialysis, 
and transplantation in Turkey, Registry 2018” published by 
the Turkish Society of Nephrology provides more compre-
hensive and detailed data. The website of the Turkish Soci-
ety of Nephrology (www.tsn.org.tr or www.nefroloji.org.tr) 
provides complete access to current and previous reports.

Data were collected from the selected RRT centers; 
moreover, a database of the Ministry of Health was ex-
tensively used to obtain the complete data. This ap-
proach has been used since 2012.

Incidence and Prevalence
A total of 81,055 patients had undergone RRT till the end 
of year 2018. The number of patients on RRT continues to 
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increase at an alarming rate (Figure 1). The most common type of 
RRT is hemodialysis (74.8%), followed by transplantation (21.2%) 
and peritoneal dialysis (3.9%). The prevalence and incidence of 
end-stage renal disease were 988 and 149 per million populations, 
respectively. Yearly changes in prevalence and incidence are pre-
sented in Figure 2. During the data checks, the incidence data of 
2002 was corrected: incidence was updated as 70 instead of 93.

Hemodialysis
The number of patients on hemodialysis continues to increase 
at a worrying rate. There were 60,643 (57.1% male) patients on 

hemodialysis at the end of 2018. The age distribution of the pa-
tients is presented in Table 1. It should be noted that >45% of the 
population on hemodialysis comprises old patients. The num-
ber of incident patients on hemodialysis was 9645. The most 
common cause of kidney failure was diabetes mellitus (36.8%) 
followed by hypertension (30.5%), glomerulonephritis (5.34%), 
polycystic kidney disease (3.2%), and other causes 9.0%in these 
patients. The primary etiology was unknown in 15.2% of the pa-
tients. The frequency of diabetes started to consolidate in the 
last few years (Figure 3). It is not possible to clarify whether the 
high rate of hypertension is the primary or secondary reason 
due to an underlying kidney disease. The incidence of diabetes 
increased with age.

The initiation of hemodialysis was urgent in 57.5% and sched-
uled in 42.5% of the patients. The most common type of vas-
cular access at the initiation of hemodialysis was permanent 
catheters in 42.5%, followed by arteriovenous fistulae in 38%, 
temporary catheters in 19%, and arteriovenous grafts in 0.5%. 
Longitudinal data regarding arteriovenous access is shown in 
Table 2. Arteriovenous fistula was the most common type of 
access (77.4%); however, a trend of increasing use of catheters 
should be noted. The most common access site for temporary 
catheter placement was the internal jugular vein (66.5%), fol-
lowed by the femoral vein (27.8%) and subclavian (4.1%) vein. 
Subclavian catheterization is associated with venous thrombo-
sis; therefore, the use of this vein is contraindicated in patients 
with chronic kidney disease (CKD).

Technical changes regarding hemodialysis treatment are pre-
sented in Table 2. The increased use of high-flux membranes 
should be noted. The frequency of hemodialysis was three 
times a week in most of the patients (Table 2). In line with the 
previous findings, an increasing trend in the Kt/V values is ob-
served (Table 2). As of the end of 2018, the Kt/V value was >1.4 
in most of the patients (74.0%).

A blood pressure target of <140/90 mmHg was achieved in 79.4% 
of patients on hemodialysis with or without antihypertensive 
treatment. Yearly changes of several parameters with respect 
to hemodialysis treatment are listed in Table 3. The decreasing 
frequency of hypoalbuminemia was observed until 2016. As of 
2018, the albumin level was >4.0 g/dL in 47.2% patients. In total, 
49.3% of the patients were current users of erythropoiesis-stim-
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Figure 1. Number of patients receiving renal replacement therapy in Turkey by 
years.

Figure 2. Prevalence and incidence of patients on renal replacement therapy 
by years. The incidence number for 2002 was corrected to 70. Since 2012, pa-
tient-based data provided by the Ministry of Health is used for the calculations.

Figure 3. Primary etiology of kidney failure by years. 
DM: Diabetes mellitus; CGI: Chronic glomerulonephritis; HT: Hypertension; PKD: Polycystic 
kidney disease; PN: Pyelonephritis.

Table 1. Age distribution of patients undertaking hemodialysis, peri-
toneal dialysis, and transplantation

Age 0-19 20-44 45-64 65-74 75+

Hemodialysis (%) 0.7 12.5 40.7 28 18.2

Peritoneal dialysis (%) 12.2 22.8 42.3 16.5 6.2

Transplantation (%) 8.6 45.0 42.6 3.7 0.2

The presented data are for the prevalent patients on dialysis and for incident 
patients undergoing transplantation



ulating agents, with 22.1% of them being previous users. In all, 
57.2% of the patients were taking iron treatment. Drug treat-
ment for secondary hyperparathyroidism was used by 58.6% of 
the patients (intravenous vitamin D, 34.8%; vitamin D analogs, 
27.3%; calcimimetics, 12.4%; oral vitamin D, 11.7%; and differ-
ent combinations, 13.9%). The mostly used phosphate bind-
er agent was calcium acetate (43.4 %), followed by sevelamer 

(27.3%) and calcium carbonate 13.9%. Data on Lanthanum use 
were not collected. In total, 19.2% of the patients did not use 
phosphate binders.

Hepatitis B virus (HBV) surface antigen (HBsAg) was positive in 
2.6% of the patients, and anti-hepatitis C virus (HCV) antibody 
was positive in 3.5% of the patients. In addition, double posi-
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Table 2. Variation of the technical characteristics of hemodialysis treatment over the years (data represent percentage of patients) *

Years 2005 2006 2007 2008 2009 2013 2014 2015 2016 2017 2018

Vascular access

AV fistulae 88.7 85.7 86.0 85.4 84.0 82.9 81.1 80.4 79.1 78.7 77.4

Permanent catheter 3.6 6.9 7.0 7.7 9.3 11.7 13.4 14.4 15.6 18.0 19.1

AV graft 2.7 3.2 2.9 2.9 2.7 1.8 1.6 1.5 1.4 1.3 1.2

Other 5.0 4.2 4.1 4.0 4.0 3.6 3.9 3.8 3.9 2.1 2.3

Dialyzer type

Synthetic 43.0 62.8 67.2 60.3 65.0 58.9 - - - - -

Semi-synthetic 47.8 22.1 19.1 17.6 14.0 7.0 - - - - -

High-flux 9.0 15.0 13.7 21.8 21.0 34.1 33.3 36.3 45.6 46.2 46.3

Kuprophan 0.2 0.1 0.0 0.3 0.0 0 - - - - -

Dialysis frequency

Once per week 1.7 1.5 0.9 0.9 0.9 0.6 0.6 0.5 0.5 0.6 0.7

Twice per week 10.2 9.3 7.8 7.5 7.0 7.7 7.9 8.0 8.7 10.0 10.3

Tree times per week 88.1 89.2 89.9 90.2 90.1 90.1 90.8 90.7 89.7 88.3 88.0

More than three times per 
week or night HD

- - 1.4 1.4 2.0 0.7 0.8 0.8 1.1 1.1 1.0

Kt/V value

<1,20 27.8 14.5 12.7 11.3 10.2 11.0 11.3 9.8 8.3 8.4 7.4

≥1,20 72.2 85.5 87.3 88.8 89.8 89.0 88.7 90.2 91.7 91.6 92.6

* Years that are not available or incompatible with other reports due to differences in data collection are left blank. 
AV: Arteriovenous; HD: hemodialysis

Table 3. Hypoalbuminemia rate and treatment characteristics in patients on dialysis

Year 2005 2006 2007 2008 2009 2013 2014 2015 2016 2017 2018

Hemodialysis

Hypoalbuminemia (<3.5 gr/dL) 13.5 12.7 12.0 11.7 11.1 13.0 15.2 13.4 10.1 12.9 10.5

ESA use (%) 60.4 59.8 61.8 62.7 62.4 70.6 55.3 55.3 54.0 54.6 49.3

Iron treatment (%) 57.2 73.0 54.7 54.8   55.0   59.0 55.8 53.5 51.4 55.9 57.2

Active vitamin D use* 42.3 38.4 36.9 41.1 45 43.6 43.0 58.2 58.2 57.5 58.6

Peritoneal dialysis

Hypoalbuminemia (<3.5 gr/dL) 30.6 24.3 28.1 25.1 30.8 28.8 24.9 24.6 30.1 26.2 26.1

ESA use (%) 52.7 55.4 54.1 51.8 53.5 59.7 44.9 43.3 48.5 46.6 52.2

Iron treatment (%) 53.8 55.1 60.0 47.9 51.0 52.1 47.7 55.3 43.6 44.0 50.4

Active D use* 41.5 41.4 37.6 37.6 56.8 55.9 59.1 67.5 68.3 66.2 68.7

*Following 2015; use of drugs for the treatment of secondary hyperparathyroidism



tivity was observed in 0.2% of the patients. There was a noticed 
decrease in the prevalence of both HBV and HCV.

The distribution of patients with respect to hemodialysis treat-
ment duration is presented in Table 4. In all, 35.2% of the pa-
tients were taking hemodialysis treatment for >5 years. During 
2018, 8980 patients on hemodialysis died. Cardiovascular dis-
eases (48%) were the most common causes of death, followed 
by cerebrovascular causes and malignancy.

Peritoneal Dialysis
As of the end of 2018, the total number of patients on peritoneal 
dialysis was 3192. There was a continued decrease in the num-
ber of patients on peritoneal dialysis during the last decade. 
The lack of recruitment of new patients is an essential factor 
that can be partially related to the increased transplantation ac-
tivity. The male patients were 49.2%, whose age distribution is 
shown in Table 1. The total number of incident patients for 2018 
was 886. The most common cause of kidney failure was hyper-

tension in 29.1% of the patients, followed by diabetes mellitus 
in 27.5%, glomerulonephritis in 7.4%, polycystic kidney disease 
in 6.9%, and other causes 15.9%. The etiology was unknown in 
13.2% of the patients. The frequency of hypertension was high; 
however, it is not possible to differentiate between primary and 
secondary hypertension due to renal disease.

The blood pressure in 26.4% of patients was above the thresh-
old limit of 140/90 mmHg. The changes in treatment-related 
parameters are summarized in Table 3. Albumin, which is an 
essential nutritional marker, was <3.5 g/dL in 26.1% of patients, 
whereas it was above 4 g/dL in 21.1% of the patients. During 
the last decade, the frequency of hypoalbuminemia was in the 
range of 25%-30%. In total, 52.2% of the patients were current 
users of erythropoiesis-stimulating agents, with 18.3% of them 
being previous users. In total, 50.4% of the patients were taking 
iron treatment. In fact, most of the patients on peritoneal dialy-
sis were administered iron via the oral route (84.8%). Drug treat-
ment for secondary hyperparathyroidism was used by 68.7% of 
the patients (oral vitamin D, 55.8%; calcimimetics, 14.9%; vita-
min D analogs, 14.7%; and intravenous vitamin D, 0.2%). The 
most used phosphate binders were calcium acetate (42.5%), 
followed by sevelamer (22.3%) and calcium carbonate (15.3%).

Obesity (8.4%) was the common complication followed by peritoni-
tis and hernia (6.1%), inadequate dialysis (4.6%), dialysate leakage 
(4.4%), ultrafiltration failure (3.6%), and drainage problems (3.1%).

The positivity of HbsAg and anti-HCV was present in 2.0% and 
1.2% of the patients, respectively. In some patients, there was 
double positivity of HbsAg and anti-HCV (0.2%). There was a de-
crease in the prevalence of HBV and HCV. Human immunodefi-
ciency virus was positive in one patient.

The distribution of patients with respect to the duration of peri-
toneal dialysis is presented in Table 4. In all, 30.8% of the patients 
were on peritoneal dialysis for >5 years. The most common cause 
of death was cardiovascular disease (54.3%), followed by cerebro-
vascular disease (12.9%) and infection (12.9%).

Transplantation
Over the years, there has been a gradual increase in kidney 
transplantation procedures in Turkey. According to the data 
provided by the Ministry of Health during 2018, 3871 kidney 
transplantation procedures were performed. In total, 64.3% 
of the recipients were male, and the age distribution is shown 
in Table 1. Most of the patients were aged between 20 and 44 
years. Most of the patients were living donors (77.9%). First-de-
gree relatives were the most common source of living donors 
(35.2%), followed by spouses (21.8%). The incidence of non-
related donors was 9.4%.

Longitudinal data regarding living donor types is presented in Fig-
ure 4. The rate of cadaveric transplantation was 22.2%, and the 
longitudinal data regarding the donor type is shown in Figure 5.
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Figure 4. Relationship of the living donor with the recipient.

Figure 5. Cadaveric kidney transplantation rate by years.

Table 4. Duration of renal replacement therapy

Time (years) 0-5 6-10 11-15 16-20 >20

Hemodialysis (%) 64.8 21.7 8.3 3.5 1.9

Peritoneal dialysis (%) 69.2 21.2 7.5 1.0 0.0



The most common cause of kidney failure was hypertension 
(16.6%), followed by diabetes (16.1%), glomerulonephritis 
(15.3%), and polycystic kidney disease (5.6%). Primary etiology 
is not known in 24.6% of the patients. It should be noted that 
hypertension might be a secondary cause, at least in some pa-
tients. Previous RRT type was hemodialysis in 52.0% of the pa-
tients and peritoneal dialysis in 4.1%. The high rate of pre-emp-
tive transplantation should be noted.

The prognosis of the new transplantations was evaluated ac-
cording to the data of 3871 patients. In all, 167 deaths were 
reported due to new transplantations in the same year, with 
a mortality rate of 2.5% for live donors and 10.8% for cadav-
eric donors. Besides, while evaluating these figures, it should 
be noted that the number of live donors in our country is high. 
Death occurs mainly due to infection (41.3%) and cardiovascu-
lar (27.5%) reasons.

DISCUSSION
It may be more accurate to consider the trend-forming changes 
while examining the change in the registry data over the years. 
Annual volatilities not associated with actual change can be 
caused by several reasons such as data collection methods, 
center features, and dataset properties. Epidemiological stud-
ies such as CREDIT and TURDEP have shown that the rate of dia-
betes mellitus has witnessed an approximate two-fold increase 
in our country in the last decade (2, 3). When we look at the etio-
logic distribution of the incidence of incidental hemodialysis in 
our registry, we observed that the rate of patients with diabetes 
increased to approximately 40%. These data prove that diabe-
tes mellitus and diabetic nephropathy have become the first 
major points of the nephrology agenda. The mean age of pa-
tients with diabetes is higher than that of the other patients, and 
the prevalence of vascular access and cardiovascular disease 
for hemodialysis in these patients is much higher than that in 
patients without diabetes due to widespread and severe vascu-
lar diseases. In our country, hemodialysis is the most common 
type of RRT. There is a continuous development of significant 
qualitative improvements in this treatment method. The num-
ber of patients undergoing peritoneal dialysis had witnessed a 
continued decrease since 2006. This trend has seemingly come 
into existence especially due to the lack of new patient recruit-
ment and an increase in pre-emptive transplantation activity.

The incidence of transplantation has witnessed a continued 
increase. In terms of the number of living transplantation, our 
country has reached the top rankings according to many met-
rics in the world. Choosing the appropriate live donor is ex-
tremely essential. The pre-emptive transplantation rate, which 
was 38.4% in the previous year, increased to 43.9% this year. 
This high rate is remarkable and raises some concerns about 
the timing of the transplantation. In 2018, 9.4% of living donor 
transplantation was made from the unrelated donors. There is 
a need to carefully monitor the ethical compliance of those pa-
tients.

Despite the increase in transplantation, the lack of the desired 
increase in the rate of cadaver-derived kidney transplantation is 
a growing concern of organ donation process from the cadaver. 
Besides, especially in cadaveric donor transplantations, mor-
tality and graft loss rates are viewed as essential challenges in 
the first year, furthering the need to be closely monitored.

To increase renal transplantation, which is the most appropri-
ate treatment in terms of mortality, patient’s well-being, and 
cost-effectiveness, establishing an active organization among 
university, Ministry of Health, and community is essential for 
the health of our patients and the national economy. The state 
can provide various advantages to the family of cadaveric do-
nors.

Registry data provide information about the patients receiv-
ing RRT for CKD. We want to emphasize that these patients are 
like the visible part of the iceberg, and the number of patients 
who are in the earlier stages of CKD is much higher. The CREDIT 
study revealed that CKD is a significant public health concern 
of our country (2). It also showed that the prevalence of CKD 
in adult population (aged >18 years) in Turkey was 15.7% and 
that of stage 5.2 CKD was 5.2%. The prevalence of hypertension, 
diabetes mellitus, obesity, and metabolic syndrome in our pop-
ulation is a major risk factor for both CKD and cardiovascular 
disease.

Registry studies and the CREDIT study have shown that CKD 
and end-stage renal disease are one of the most critical health 
problems of our country. The quality of RRT is improving each 
year, and it is nearly universally accessible in our country. The 
Ministry of Health initiated the National Kidney Disease Pre-
vention Program with the objectives of preventing CKD, early 
diagnosis and treatment of CKD, and slowing the progression 
of CKD.
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Abstract

Objective: BK virus nephropathy (BKVN) is an important cause of kidney transplant failure. In this study, we aimed to eval-
uate our center’s experience with BKVN in patients who had undergone renal transplantation and also discussed important 
aspects of the disease in this patient population.
Materials and Methods: In this study, 8 patients with BKVN were evaluated retrospectively, having been selected from a 
group of 330 patients (178 females, 152 males; mean age: 48.37±13.25 years) who had undergone renal transplantation 
between 2007 and 2017 and were followed up at our center.
Results: BKVN was detected in 8 of 330 renal transplantation patients (4 females, 4 males; mean age: 51.25±11.14 years). 
Their immunosuppressive regimen consisted of tacrolimus (FK), mycophenolate mofetil (MMF), and methylprednisolone. 
To reduce immunosuppressive dose, FK was discontinued in 3 patients, and they were switched to everolimus. In 2 of 7 
patients, MMF was discontinued, and they were switched to azathioprine. FK or MMF doses were reduced in the8 patients 
with BKVN. Out of the 8 patients, cidofovir was administered to 1 patient, whereas intravenous immunoglobulins were 
administered to 3 patients. Additionally, pulse steroid treatment was administered to 1 patient who was diagnosed with 
acute rejection based on allograft biopsy findings. Among the 8 patients with BKVN, 1 (12.5%) experienced graft loss and 
was returned to hemodialysis treatment.
Conclusion: Although new alternative treatments are available, immunosuppressive dose reduction is still considered the 
most effective treatment. Therefore, we believe that effective screening and preemptive strategies should be defined more 
clearly instead of focusing on treatment strategies.
Keywords: Renal transplantation, BK virus, BK virus nephropathy

INTRODUCTION
In organ transplant recipients, viral infections have be-
come more important and prevalent due to iatrogenic 
immunosuppression. One of the causes of such viral 
infections is the BK virus, which was isolated in 1971 
by Gardner et al. (1) from the urine of a patient with a 
ureteral stricture. BK virus (Polyomahominis 1) is a 
non-enveloped DNA virus belonging to the papovavirus 
family (2). Primary infections typically occur without 
specific signs or symptoms in approximately 60%-90% 

of the population. The virus persists in the urinary tract 
epithelium and may get reactivated under immunosup-
pressive conditions (3, 4).

Although BK virus nephropathy (BKVN) rarely occurs in 
renal allograft recipients after kidney transplantation, 
when it does occur, it causes various complications, such 
as ureteric stenosis, transient renal function deteriora-
tion, widespread viral nephropathy, and irreversible graft 
failure (5, 6). In addition, the prevalence of BKVN, which 
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is a major cause of graft loss, is between 1% and 10% in renal 
transplant recipients (3, 7). Although multiple factors related to 
the patient, graft, or extreme immunosuppression are implicated 
in BKVN, the factors that are truly responsible are not well known 
(8, 9). At the same time, although not an established protocol for 
treatment, reducing the dose of immunosuppressive drugs and 
facilitating the administration of immunoglobulins and various 
antiviral drugs are the usual methods of therapy (10).

In the present study, we aimed to investigate the incidence of 
BKVN in our center and to evaluate the diagnostic and thera-
peutic methods for BKVN in the light of current literature.

MATERIALS AND METHODS
The study protocol was approved by the Medical Ethics Com-
mittee of the Necmettin Erbakan University (School of Medicine, 
Konya, Turkey). Written informed consent was obtained from all 
subjects included in the study. This was a cross-sectional study 
comprising 330 patients (178 females, 152 males; mean age: 
48.37±13.25 years) who underwent renal transplantation be-
tween January 2007 and December 2017 and followed up at our 
center. A review of medical records (including information on 
age, sex, transplantation dates, posttransplantation follow-up 
duration, time to BKVN diagnosis after transplantation, time be-
tween BKVN diagnosis and the last visit to transplantation out-
patient clinic, immunosuppressive treatment regimens during 
and after BKVN, and serum creatinine levels at BKVN diagnosis 
and at the last visit) of BKVN patients was performed.

Screening for BKVN was performed using polymerase chain re-
action (PCR) for BK virus DNA in the blood. The final diagnosis 
was established by detecting characteristic cytopathic changes 
associated with BK virus on renal biopsy and performing an im-
munohistopathological examination (11).

Statistical Analysis
Clinical and experimental data were analyzed using The Statisti-
cal Package for the Social Sciences (SPSS) for Windows version 
21.0 software (IBM Corp.; Armonk, NY, USA). Descriptive statis-
tics for each variable were determined. Data were expressed as 
mean±standard deviation.

RESULTS
The evaluated patients had received renal transplantation from 
40% of live donors and 60% of cadaveric donors. Their immuno-
suppressive regimen consisted of tacrolimus (FK), mycopheno-
latemofetil (MMF), and methylprednisolone (PRD).

BKVN was detected in 8 of the 330 renal transplantation pa-
tients (4 females, 4 males; mean age: 51.25±11.14 years). 
Thus, the incidence of BKVN was 2.4% in our center. Patients 
had received renal transplantation from living (2 patients) 
and cadaveric (6 patients) donors. Their mean follow-up du-
ration was 58±13 months, and the mean time to BKVN di-
agnosis after transplantation was 25±20 months. The mean 
creatinine level at diagnosis was 1.68±0.35 mg/dL. The clin-
ical and laboratory characteristics of the patients are shown 
in Table 1.

PCR was used to screen for the presence of BK virus DNA in the 
patients’ blood. BKVN diagnosis was confirmed on the basis of 
the results of transplanted kidney biopsies that were all per-
formed at our center. In addition, while acute rejection findings 
were observed in 1 patient’s biopsy results, suspicious rejection 
findings were observed in 2 patients’ biopsy results.

After the diagnosis of BKVN, to reduce the immunosuppres-
sive dose, FK was discontinued in 3 patients, and they were 
switched to everolimus. In 2 of 7 patients, MMF was discontin-
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Table 1. Clinical and laboratory characteristics of BKVN patients

Patient Age Sex Donor type

Induction 
regimens 
for Tx

Immunosuppressive 
regimens before 
BKVN

Creatinin 
levels at 
BKVN diag-
nosis (mg/
dL)

Post-trans-
plantation 
follow-up 
duration 
(month)

Tx-BKVN 
Duration 
(month)

1 62 Female Cadaveric Basiliximab FK+MMF+PRD 1.35 33 7

2 62 Male Cadaveric Basiliximab FK+MMF+PRD 1.29 76 28

3 32 Female Living ATG FK+MMF+PRD 2.10 71 35

4 45 Male Living ATG FK+MMF+PRD 1.43 15 4

5 62 Female Cadaveric Basiliximab FK+MMF+PRD 2.29 54 22

6 54 Male Cadaveric Basiliximab FK+MMF+PRD 1.78 121 68

7 41 Male Cadaveric Basiliximab FK+MMF+PRD 1.54 84 29

8 52 Female Cadaveric ATG FK+MMF+PRD 1.72 13 10

FK: tacrolimus; MMF: mycophenolate mofetil; PRD: methylprednisolone; BKVN: BK virus-associated nephropathy



ued, and they were switched to azathioprine. FK or MMF doses 
were reduced in all the 8 patients. Of these 8 patients, cidofovir 
was administered to 1 patient, whereas intravenous immuno-
globuline (IVIgs) were administered to 3 patients. Additional-
ly, pulse steroid treatment was administered to 1 patient who 
was diagnosed with acute rejection based on allograft biopsy 
results (Table 2).

Patients were followedup for BKVN manifestations for a mean 
duration of 30±20 months (3-55 months). Among the 8 patients 
with BKVN, 1 (12.5%) experienced graft loss and was returned 
to hemodialysis treatment. The finalmean creatinine level in 
the other 7 patients was 1.66±0.48 mg/dL. In the evaluation of 
the last PCR performed for the 7 patients, the mean BK virus 

DNA load was 417±717 copy/mL (0-1819 copy/mL) (Table 3). A 
control biopsy was performed in a patient with increased creat-
inine levels, and it was observed that the viral cytopathic effect 
persisted despite the decrease in the plasma BK virus DNA load 
(Figure 1).

DISCUSSION
Our study results showed numerous major findings regarding 
BKVN. First, the incidence of BKVN in our center was 2.4%. Sec-
ond, a reduction in immunesuppressive dose was sufficient to 
treat BKVN in most patients. Third, the viral cytopathic effect 
can persist despite a decrease in the plasma BK virus DNA load. 
Fourth, we concluded that effective screening and preemptive 
strategies for BKVN need to be identified.
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Table 2. Clinical outcomes of patients with BKVN

Patient

Post-BKVN 
follow-up 
Duration 
(month)

BKV-DNA 
levels at BKVN 
diagnosis 
(copy/mL)

BKV-DNA
levels at 
lastevaluation 
(copy/mL)

Creatinin 
levels at BKVN 
diagnosis 
(mg/dL)

Creatinin 
levels at last 
evaluation 
(mg/dL) 

Immunosuppressive 
regimens after BKVN

Additional 
treatment 
for BKVN

1 26 28760 0 1.35 1.02 Everolimus+ MMF + 
PRD

2 48 11360 110 1.29 1.34 FK + MMF + PRD

3 36 720 0 2.10 1.48 FK + MMF + PRD

4 11 23400 993 1.43 2.56 Everolimus + Azathio-
prine + PRD

Cidofovir + IVIg

5 15 8910 HD 2.29 HD Everolimus + MMF + 
PRD

IVIg + Pulse 
PRD

6 53 3680 0 1.78 1.63 FK + MMF + PRD

7 55 456 0 1.54 1.42 FK + MMF + PRD

8 3 2957114 1819 1.72 1.43 FK + Azathioprine IVIg

BKVN: BK virus-associated nephropathy

Table 3. Clinical outcomes of patients with BKVN

Patient
Post-BKVN follow-up 
Duration (month)

BKV-DNA levels at 
BKVN diagnosis 
(copy/mL)

BKV-DNA at last 
levels evaluation 
(copy/mL)

Creatinin levels at 
BKVN diagnosis 
(mg/dL)

Creatinin levels 
at last evaluation 
(mg/dL) 

Treatment for 
BKVN

1 26 28760 0 1.35 1.02 RID

2 48 11360 110 1.29 1.34 RID

3 36 720 0 2.10 1.48 RID

4 11 23400 993 1.43 2.56 RID+Cidofovir + IVIg

5 15 8910 HD 2.29 HD RID+IVIg+pulsePRD

6 53 3680 0 1.78 1.63 RID

7 55 456 0 1.54 1.42 RID

8 3 2957114 1819 1.72 1.43 RID+IVIg

BKVN: BK virus-associated nephropathy



Recently, there has been a cumulative increase in the incidence 
of BKVN in renal transplant recipients. The etiology of this in-
crease probably involves the interaction of multiple risk fac-
tors, including immunosuppression, patient determinants, the 
transplanted organ, and the virus itself. The incidence of BKVN 
in transplantation centers worldwide is between 2% and 9.3% 
(12-14), and the incidence (2.4%) observed in our center was 
consistent with that reported previously. Although an increase 
in the incidence of BKVN has been reported, there is no optimal 
method for diagnosis and screening of the same (15). BK vire-
mia is usually detected within the first 3-4 months of transplan-
tation. Therefore, based on the available literature, the suggest-
ed reasonable approach is that all transplantation patients be 
screened monthly for the first 6months. In addition, screening 
should be performed whenever kidney allograft dysfunction oc-
curs (16). BKVN diagnosis can be presumed by observing an in-
crease in the plasma BK virus DNA load or by the characteristic 
histological findings observed on renal biopsy.

BKVN is a major cause of graft loss in transplant recipients (15). 
Overall, the incidence of allograft failure ranges from 15% to 
50% in the affected individuals (4, 17, 18). In 2006, Wadei et al. 
(19) analyzed data from 55 patients with biopsy-proven poly-
omavirus-associated nephropathy and found the frequency of 
graft loss to be 15%. Similarly, Ramos et al. (8) found the fre-
quency of graft loss to be 16.4%. In our center, the rate of graft 
loss among patients with BKVN was 12.5%. Male gender, ad-
vanced age, HLA incompatibility, and early graft rejection have 
been reported as major risk factors for the development of 
BKVN (20, 21). However, female to male patient ratio was equal 
in our subjects, none of whom were of advanced age. Addition-
ally, early rejection and HLA incompatibility were not detect-
ed in any patient. Concurrent acute rejection associated with 
BKVN is a common problem (22). On the other hand, it is well 
known that pulse steroid treatment for acute rejection increas-
es the risk for BKVN, whereas reducing immunosuppressive 
dose to treat BKVN increases the risk for acute rejection (23). In 
our center, only 1 patient—in whom concurrent BKVN and acute 
rejection were confirmed via biopsy—was administered pulse 

PRD and IVIg treatment, followed by immunosuppressive dose 
reduction. However, graft loss occurred in this patient despite 
treatment, and he was returned to hemodialysis support.

Intense immunosuppression is perceived as a major risk factor 
for BKVN (24, 25). In recent years, a majority of patients with 
renal transplantation have been receiving a combination of FK 
and MMF. The prevalence of BKVN has increased after the use of 
these powerful immunosuppressant drugs (24). A prospective 
study conducted by Brennan et al. (26) has demonstrated that 
the use of FK-MMF-corticosteroid combinations is associated 
with an increased risk of BK virus replication and thus BKVN. In 
2003, Mengel et al. (14) reported that there is a 13-fold greater 
risk of BKVN development in patients receiving a FK+MMF+PRD 
regimen. Therefore, the most common approach in BKVN treat-
ment is reducing immunosuppression (27). Similarly, in our cen-
ter, in accordance with previous data, all the patients with BKVN 
were receiving a FK+MMF+PRD regimen at the time of BKVN di-
agnosis. We also reduced the immunosuppressive doses of all 
patients with BKVN. However, it should be noticed that BKVN 
has been observed in patients exposed to drugs other than FK 
or MMF (28). Hence, no specific immunosuppressive drug can 
be exclusively associated with BKVN.

Cidofovir is a nucleotide analog that has recently been shown to 
be beneficial in the treatment of BKVN (10, 29). However, the un-
derlying mechanism of inhibition of BKV replication by cidofovir 
is uncertain because the primary target for cidofovir inhibition is 
viral DNA polymerase, whereas BK virus does not specifically en-
code DNA polymerase (30). In addition, this agent is potentially 
highly nephrotoxic, causing proteinuria and renal failure (31). We 
used cidofovir (0.5 mg/kg, once in 2 weeks) in one patient at our 
center, in addition to immunosuppressive dose reduction and 
IVIg treatment. However, because of the increase in creatinine 
levels in this patient, the drug was discontinued.

Ig therapy is used as an alternative treatment for BKVN because 
it comprises BKV-neutralizing antibodies against all major gen-
otypes (32). On the other hand, a study has shown that these 
antibodies may not exert neutralizing effects (33). Hence, im-
munoglobulin treatment may be a valuable option for treating 
BKVN, particularly in cases with both BK infection and graft re-
jection (34). We used IVIg treatment in 3patients with acute or 
concurrent suspicious rejection findings. A decline in the plas-
ma BK virus DNA load was detected in 2 patients. However, a 
decline in creatinine levels was observed in only one patient.

Leflunomide is another treatment option that exerts both im-
munosuppressive and antiviral effects (35). Although its mech-
anism of action against BK virus is unknown, improvement or 
stabilization of the condition has been observed in patients 
with BKVN in a previous case series (36). However, the availabili-
ty of limited number of studies and the potential for hematolog-
ic and hepatic toxicity preclude the routine use of leflunomide 
for the treatment of BKVN.
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Figure 1. a, b. a) Image of BKVN in transplanted kidney biopsy at diagnosis time. 
b) The viral cytopathic effect was found to be continued at the control biopsy.

a b



Comoli et al. (37) have shown that CD-3T cells play a critical 
role in the initiation and progression of BKVN. In another study, 
Comoli et al. (38) have reported that both CD8 and CD4T cells 
are involved in the recognition and elimination of BK virus (39, 
40). It has also been verified that CD4T cells exhibit a specific 
multifunctional antiviral activity in BK virus infections (41, 42). 
The virion protein 1 of BKV stimulates the CD-4T-cells via the 
major histocompatibility complexI (43). CD-4T-cells may control 
BKV infection via the secretion of tumor necrosis factor-alpha, 
interferon-γ, and interleukin-2 (44). In patients with BKVN, the 
number of CD-4T-cells in the transplanted kidney also increase. 
Taking these reports into consideration, we speculate that 
Tlymphocyte-mediated immune responses can play an import-
ant role in the pathogenesis of BKVN.

In recent years, a study has shown that the percentage of Bly-
mphocytes in kidneys transplanted to patients with BKVN is 
significantly increased (45). In addition, in another study, it was 
also found that BKVN progression is significantly associated 
with an increase in CD-20 cells and plasma cells (CD138-pos-
itive) (46). Therefore, humoral immunity was thought to be 
related to the pathogenesis of BKVN, but the exact immuno-
pathological mechanisms remain uncertain. Part of the virus 
may increase the production of B-cell activating factor, thereby 
increasing the Blymphocyte count, which may in turn activate 
the Nuclear Factor kappa B (NF-κB) signaling pathway after the 
initiation of infection (47). However, whether BKV causes dam-
age to the allograft via this mechanism has not been proven. 
Our study has some limitations. First, all the patients enrolled 
in the study were of Turkish ethnicity. Second, our study had a 
single-center design and a relatively small sample size.

CONCLUSION
Immunosuppressive dose reduction is still considered to be the 
most important treatment for BKVN. In addition, the viral cy-
topathic effect can persist independent of the plasma BK virus 
DNA load. Therefore, BKVN should be closely monitored, and ef-
fective screening and preemptive strategies should be defined 
for it in future studies.
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Abstract

Objective: Acute kidney injury (AKI) is characterized by a rapid decline (i.e., within hours and days) of renal function. Long-
term thirst due to fasting may cause a decrease in both the intravascular volume and kidney perfusion. The aim of this 
study was to investigate the relationship between long-term thirst due to fasting and AKI.
Materials and Methods: Forty-five individuals (24 females, 21 males; mean age, 75±12 years) whose kidney function was 
normal and who were fasting during the month of Ramadan in 2014 participated in the study. The participants were divided 
into three groups: the first group was aged >60 years and using angiotensin-converting enzyme inhibitors for hypertension, 
the second group was aged >60 years and did not use drugs, and the third group was aged <40 years. The thirst period was 
18 hours. The Acute Kidney Injury Network (AKIN) criteria were used for AKI diagnosis.
Results: When all groups were evaluated according to the AKIN-urinary output criteria, the first 6-hour period was the AKI 
stage1, and the final 12-hour period was the AKI stage 2. There was a small (0.06 mg/dL) but significant increase in the mean 
serum creatinine level in all groups (p=0.001). Cases could not be evaluated in terms of the AKIN creatinine criteria because 
the thirst period was not 48 hours long and the increase in creatinine levels was not >0.3 mg/dL.
Conclusion: The thirst due to fasting did not increase the risk of AKI in the population with a normal kidney function, and the 
AKIN-urinary output criteria alone were not adequate to evaluate AKI in patients who were fasting during the month of Ramadan.
Keywords: Acute kidney injury, Ramadan fasting, thirst

INTRODUCTION
Acute kidney injury is a clinical syndrome characterized 
by a rapid loss of kidney function as a result of decreased 
glomerular filtration rate (GFR), which develops within 
hours, days, or weeks (1). Risk factors for acute renal fail-
ure include advanced age, gender, concomitant diseas-
es, sepsis, history of major surgery, cardiogenic shock, 
use of nephrotoxic drugs, and substance abuse (2). The 
diagnosis of acute kidney injury (AKI) is still based on 
an increase in serum creatinine levels and a decrease in 
the urine volume. Acute renal failure is defined as anin-
crease in serum creatinine levels by >0.3 mg/dL within 
48 hours or a urine volume <0.5 mL/kg/h for 6 hours (3).

A long life spanleads to an increase in the number of elderly 
patients. Although the proportion of elderly population is de-
termined to be 12% at present, the estimated elderly popula-
tion expected after 25 years is 21%. In addition, life expectan-
cy is increasing rapidly among elderly individuals aged >65 
years in developed countries. Acute renal failure in elderly in-
dividuals is associated with a decreased metabolic capacity 
of the kidneys, certain aging-related anatomic or physiologi-
cal changes in the kidneys, and more frequent occurrence of 
systemic diseases such as diabetes or hypertension (4).

Prolonged thirst due to fasting may result in a decreased 
intravascular volume and renal perfusion. Acute renal 
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failure is more common in elderly patients with a decreased re-
nal reserve because they are more susceptible to ischemia (5-
7). The use of a renin-angiotensin system (RAS) blocker is one 
of the important causes of prerenal AKI. The use of angioten-
sin-converting enzyme (ACE) inhibitors or angiotensin receptor 
blockers in patients with hypotension or reduced blood volume 
(especially in those with heart failure) may contribute to the 
development of AKI (8). In this study, we aimed to determine 
whether long-term thirst due to Ramadan fasting leads to acute 
renal failure according to the AKIN criteria in patients who are 
elderly and/or are using RAS blockers. 

MATERIALS AND METHODS
The study protocol was approved by the Ethics Committee of 
the Necmettin Erbakan University School of Medicine. Written 
informed consent was obtained from study participants.

In this study, 45 (F/M:24/21) individuals who had applied to in-
ternal medicine clinics and were fasting were evaluated. The 
month of Ramadan coincided with July, a hot summer month, 
and the fasting period was too long (approximately 18 hours). 
The study was conducted on the 3rd and 4th weeks of Ramadan.

In the first group of patients, 15 patients aged >60 years who 
used an ACE inhibitor as an antihypertensive agent were eval-

uated. In the second group, 15 patients aged >60 years who 
received no medication were evaluated. In the last group, 15 
healthy people aged <40 years were included. The fasting pe-
riod was 18 hours. The AKIN criteria were used in the diagnosis 
and staging of AKI.

The body weight and blood pressure values measured in 
the morning and before the fasting break were recorded. 
Blood and urine samples were analyzed at 09.00 am and in 
the evening before the fasting break. Urea, creatinine, and 
urine densities were measured. Urine secreted during the 18-
hour period of thirst/fasting was collected separately every 
6 hours.

Statistical Analysis
Clinical data were analyzed using The Statistical Package for 
the Social Sciences (SPSS) for Windows version 21.0 (IBM Corp.; 
Armonk, NY, USA). Descriptive statistics for each variable were 
presented. Continuous data were expressed as the mean±stan-
dard deviation. Categorical data were expressed as frequencies 
and percentages. Mixed analysis of variance (ANOVA) models 
were used to assess between-group differences in terms of con-
tinuous variables. Group and time main effects and their inter-
action were examined in these mixed ANOVA models. Tests of 
simple effects were performed when a significant main effect 
was reached. Baseline eGFR values were compared using ANO-
VA. A difference was considered significant when p-value was 
<0.05.

RESULTS
The mean age of the patients was 75±12 (25-78) years, and the 
mean body weight was 75±12 kilograms GFR of the groups was 
calculated according to the modification of diet in the renal dis-
eases study. On examining the group averages, GFR was higher 
in younger patients as expected (p<0.001) (Table 1). 

The average volume of urine collected during the thirst period 
was 900±166 mL. It was observed that 70% of the total urine 
output occurred in the first 6-hour period. The average volume 
of urine collected during the second 6-hour period was 174±61 
mL and during the third 6-hour period was 78±29 mL. When 
urine output was calculated in terms of mL/kg/h according to 
the AKIN-urinary output criteria, all the groups were found to 
have AKI stage 1 in the second 6-hour period and AKI stage 2 in 
the last 12-hour period (Table 2).
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Table 1. Mean GFR values in patient groups according to MDRD

GFR (min-max) p

Age <40 114.17+19.24 (85-150.6)

<0.001Age >60 81.94+11.62 (55.2-98.1)

Age >60+ACE-I 87.34+19.58 (61-129)

Table 2. Hourly mean urine volumes duringthe period of thirst

Second 6 
Hours

Third 6 Hours Last 12 Hours

Age <40 0.42±0.14  
mL/kg/h

0.17±0.07  
mL/kg/h

0.29±0.1 
 mL/kg/h

Age >60 0.40±0.12  
mL/kg/h

0.18±0.07  
mL/kg/h

0.28±0.08  
mL/kg/h

Age >60+ACE-I 0.35±0.11  
mL/kg/h

0.16±0.06 
 mL/kg/h

0.25±0.09  
mL/kg/h

Table 3. Systolic and diastolic blood pressure

Systolic Blood Pressure (mmHg) Diastolic Blood Pressure (mmHg)

Morning Before Fasting Break Morning Before Fasting Break 

Age <40 115.00±12.00 113.00±13.00 76.00±5.00 78.00±4.00

Age >60 126.00±9.00 124.00±10.00 88.00±3.00 85.00±6.00

Age >60+ACE-I 138.00±10.00 135.00±8.00 110.6±6.00 108.00±7.00



The patients’ body weight was examined in the morning and 
before the fasting break. The average body weight of the group 
that did not use drugs and was aged >60 years was the highest 
among the three groups. There was a significant decrease in 
body weight due to 18 hours of hunger and thirst. While the av-
erage body weight of the three groups was 75±12 kg, the body 
weight decreased by 1.2 kg to 73.8±12 kg before the fasting break 
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Table 4. Differences between groups (mixed analysis of variance models)

Group Time
Group/Time 
Interaction

eGFR <0.001 <0.001 0.285

Urine densities 0.98 <0.001 0.98

Systolic blood pressure <0.001 0.09 0.31

Diastolic blood pressure 0.08 0.80 0.91

Weight 0.019 <0.001 0.98

Table 5. Serum creatinine level during the period of thirst

Morning
Evening (before 

fasting break) p

Age <40 0.78±0.15 mg/dL 0.85±0.13 mg/dL p=0.001

Age >60 0.88±0.12 mg/dL 0.94±0.13 mg/dL p=0.001

Age >60+ACE-I 0.77±0.14 mg/dL 0.82±0.13 mg/dL p=0.001

Table 6. Results of between-subjects effects according to mixed 
analysis of variance

Source df
Mean 

Square F p

Weight 

Group 2 1084.837 4.381 0.019

Error 42 247.605

Systolic blood pressure

Group 2 6915.833 25.328 <0.001

Error 42 273.056

Diastolic blood pressure

Group 2 1123.333 5.962 0.005

Error 42 188.413

eGFR

Group 2 7537.408 16.210 <0.001

Error 42 464.980

Urine densities

Group 2 138.100 3.481 0.040

Error 42 39.671

Urine volume

Group 2 573.889 0.020 0.980

Error 42 28036.032

Hourly mean urine volume

Group 2 0.017 1.070 0.352

Error 42 0.016

Table 7. Results of within-subjects effects according to mixed 
analysis of variance

Source df
Mean 

Square F p

Weight 

Time 1 35.469 928.751 <0.001

Group x Time 2 0.001 0.020 0.980

Error 42 0.038

Systolic blood pressure

Time 1 146.944 2.946 0.093

Group x Time 2 60.278 1.208 0.309

Error 42 49.881

Diastolic blood 
pressure

Time 1 17.778 .439 0.511

Group x Time 2 41.111 1.016 0.371

Error 42 40.476

eGFR

Time 1 1373.193 29.780 <0.001

Group x Time 2 59.639 1.293 0.285

Error 42 46.112

Urine densities

Time 1 3385.600 332.077 <0.001

Group x Time 2 93.100 9.132 0.001

Error 42 10.195

Urine volume

Time 3 6808872.037 865.011 <0.001

Group x Time 6 426.481 0.054 0.999

Error 126 7871.429

Hourly mean urine 
volume

Time 1 1.100 229.963 <0.001

Group x Time 2 0.006 1.319 0.278

Error 42 0.005



(p<0.001).In addition, urinalysis was performed in the morning 
and before the fasting break. It was observed that urine densi-
ties were increased in all three groups (p<0.001). Systolic and 
diastolic blood pressures were measured in the morning and 
before the fasting break. The systolic blood pressure was the 
highest among the patients who were aged >60 years and used 
ACE inhibitors (Tables 3, 4). There were no significant changes in 
blood pressure. There was a small (0.06 mg/dL) but significant 
increase in the mean serum creatinine level in all the groups 
(p<0.001) (Table 5). Cases could not be evaluated in terms of 
the AKIN creatinine criteria because the thirst period was not 48 
hours long and the increase in creatinine levels was not >0.3 mg/
dL. Between-group differences in terms of continuous variables 
were examined using mixed ANOVA models (Tables 6, 7).

DISCUSSION
Our study results showed numerous findings. First, although 
fasting caused a small but significant increase in creatinine lev-
els, it did not cause an increase in AKI. Second, when there is 
limited fluid intake (such as the month of Ramadan), the kid-
neys may produce less urine. Therefore, it may be misleading to 
consider AKI on the basis of urine volume only. These findings 
have been presented in a less detailed form as a poster at the 
54th ERA-EDTA Congress (9).

Various studies have shown that fasting during the month of Ra-
madan does not cause any adverse effects on healthy adults (10). 
However, in patients aged >60 years and in those taking ACE inhib-
itors, the effect of fasting on renal damage has not been studied. 
Elderly patients with a decreased renal reserve are more suscep-
tible to ischemia, and therefore, AKI develops more frequently in 
them. In case of hypovolemia, angiotensin II plays an important 
role in maintaining intraglomerular pressure and GFR within the 
normal limits. The use of ACE inhibitors may impair this autoreg-
ulation and lead to a reduction in GFR in hypovolemia, especial-
ly in patients undergoing coronary bypass grafting (11). In our 
study, serum creatinine levels increased in all three groups but 
did not exceed the 0.3 mg/dL limit set by AKIN. In addition, be-
cause the thirst period was not 48 hours, no evaluation was made 
in this respect. In terms of increase in creatinine levels, there was 
no significant difference between the groups of patients aged <40 
years and those aged >60 years as well as between the groups 
that did and did not use ACE inhibitors (p>0.05). 

Cheah et al. (12) showed that during the month of Ramadan, 
the body is well adapted to hunger/thirst, and the renal func-
tion is not adversely affected. While the daytime urine output 
was significantly decreased, the night time urine output was in-
creased, and the total urine volume remain unchanged. Under 
normal conditions, even a 2% decrease in the extracellular fluid 
volume increases osmolarity, stimulates antidiuretic hormone 
secretion, and prevents diuresis. In our study, the participants’ 
body weight in the evening decreased by an average of 1.2 kg 
compared with that in the morning. The average urine output 
in the last 12 hours of the fasting period was approximately 250 

mL, indicating the oliguria level. There was no difference be-
tween the groups in terms of urine volume (p>0.05).

The number of cases in studies on kidney function among pa-
tients with advanced-stage chronic kidney disease (CKD) are 
generally insufficient and have reported contradictory results. 
Especially in patients with sodium-losing nephropathy, fasting 
can lead to dehydration and impaired renal function (13). In 
2014, Al Wakeel et al. (14) examined the effect of fasting during 
14 hours in Ramadan on blood levels of certain parameters in 
39 patients with stage 3-4 CKD and 32 patients on hemodialysis 
(HD). They showed that blood urea, creatinine, uric acid, and 
phosphorus levels were increased after the fasting period in pa-
tients on HD, and 25% of these patients developed hyperkale-
mia, although there was no significant effect on patients with 
stage 3-4 CKD (14). 

It has been shown in various studies that there is no harmful effect 
of fasting on renal function in transplant patients with normal graft 
function. Similarly, Boobes et al. (15) found that there was no sig-
nificant change in eGFR before and after the month of Ramadan. 
Our study has some limitations. First, all the patients enrolled in 
the study were Turkish. Second, our study had a single-center de-
sign, and the sample size was relatively small. Third, the patients 
were not evaluated in terms of the AKIN creatinine criteria.

CONCLUSION
We found that long-term thirst due to Ramadan fasting caused 
a small but significant increase in creatinine levels in all the 
three groups, but this increase was not sufficient enough to be 
evaluated as per the AKIN creatinine criteria. When evaluating 
urinary output according to the AKIN criteria, it was observed 
that AKI stage 2 developed in all the three groups. After the fast-
ing break, the urine volume returned to normal in a couple of 
hours. Therefore, the thirst caused by fasting did not increase 
the risk of AKI in the population with a normal renal function, 
and the AKIN-urinary output criteria alone were not enough to 
assess renal damage in patients who were fasting.
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Abstract

Objective: Some studies have shown that keto amino acids (KA) reduce proteinuria and improve renal function as well as 
nutritional status in patients with diabetic nephropathy. We aimed to compare the pathologic findings of kidneys of rats 
that were given protein-restricted diets enriched with KA with those of rats given protein-restricted diet alone.
Materials and Methods: The study included 22 16-week-old Sprague–Dawley rats and was conducted at the research cen-
ter. The rats were randomly divided into two equal groups. Group I (study) received KA (35-70 mg/kg) with gavage along 
with low-protein diet (10% protein), and Group II (control group) received low-protein diet alone. The treatment was con-
tinued for 2 weeks, after which the study ended. Blood samples were obtained in the 5th and 7th weeks of treatment for 
measuring albumin and creatinine levels; bilateral nephrectomy was performed at the end of the study.
Results: All rats had minimal thickness of the basement membrane. The serum albumin levels were significantly higher in 
the study group (p<0.05). The study group rats had greater thickness of the basement membranes.
Conclusion: Our study may inspire further studies in this particular field with the question whether KA can slow the pro-
gression of diabetic nephropathy.
Keywords: Diabetic nephropathy, keto amino acids, kidney failure

INTRODUCTION
End-stage renal failure (ESRD) represents an important 
health concern due to its increasing incidence and prev-
alence (1, 2). One of the leading causes of ESRD globally 
is diabetic nephropathy (DNP), which is also the most 
common cause of ESRD in Turkey (3, 4). Therefore, pre-
venting this complication of diabetes, the mechanism of 
which is not fully understood, will be an important step 
in preventing ESRD development.

DNP is a clinical condition characterized by proteinuria or 
albuminuria (300 mg/day or 200 mcg/min, respectively), 
decreased glomerular filtration rate, and increased arte-
rial blood pressure, demonstrated in two different urine 
assays for 3-6 months (5). Genetic factors may be present 

in the pathophysiology of DNP; however, environmental 
factors play a role in the progression of the disease (2).

The amount of protein in the diet is important in all 
patients with chronic kidney disease (CKD) (6). It has 
been shown that a low-protein (0.6 mg/kg/day) diet in 
patients with CKD, including DNP, has been shown to 
slow the progression to ESRD (7). Low-protein dietary 
intake causes a decrease in uremic symptoms and levels 
of phosphate, sulfate, organic acid, and amine, which 
occurs as a result of protein catabolism in patients (8). 
However, the fact that patients cannot receive essential 
amino acids, while they are limited from taking protein 
causes nutritional deficiency (8, 9). Malnutrition devel-
ops in these patients due to protein-restricted diet. In 
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addition, a very low-protein diet has been associated with in-
creased mortality in CKD (9).

Keto amino acids (KA) are composed of nitrogen-poor analogs 
of essential amino acids. KA neutralize the excess nitrogen load 
by inhibiting the urea cycle and preventing urea production. In 
addition, it helps in maintaining the nutritional status (10).

In this study, the effects of protein-poor diet  and KA given in 
addition to the protein-poor diet on the kidney of rats with DNP 
were examined comparatively under light microscopy.

MATERIALS AND METHODS
The study included 22 16-week-old Sprague–Dawley rats and was 
conducted at the research center. The rats were kept on a 12-hour 
day/night cycle with a controlled temperature of 23°C±2°C and 
free access to water and food. At the beginning of the study, 65 
mg/kg intraperitoneal streptozocin injection was administered 
to the rats. At 48 hours, venous blood glucose was measured 
with glucostrip (Abbott Medical, IL, USA), and rats with blood glu-
cose levels of ≥300 mg/dL were considered diabetic. Rats were 
fed with a standard rat feed containing 20% ​​protein up to the 5th 
week. The rats were placed in metabolic cabinets in the 5th week, 
and 24-hour urine was collected. On the day of collection, anes-
thesia was performed with propofol and ketamine, and 1 cc of 
blood was collected from the subclavian artery. It was centri-
fuged, and the serum was stored at −80°C. The amount of protein 
in the 24-hour urine was measured using the rat kit (Vettest UPC 
Urine Protein/Creatinine 24 test).

Eighteen rats with DNP diagnosis were randomly divided into 
two equal groups. Group 1 (study group) received a low-pro-
tein diet (10% protein) and 35-70 mg/kg KA with gavage (11), 
and Group 2 (control group) was given a low-protein diet alone. 
The rats received subcutaneous long-acting insulin (insulin 
glargine-Sanofi) three times a week. This treatment was con-
tinued for 2 weeks. At the end of these 2 weeks, the animals 
were anesthetized with propofol and ketamine, and their blood 
was collected, centrifuged, and stored at −80°C. The rats were 
weighed at the beginning and at the end of the experiment, 
and their weights were recorded. Then, nephrectomy was per-
formed, and all animals were sacrificed. Nephrectomy content 
was put into formol and sent to pathology laboratory. During 
the study, the care and evaluation of the data of the animals 
were conducted in accordance with the principles of the Guide 
for the Care and Use of Laboratory Animals. This study was ap-
proved by the University Ethics Committee for Experimental 
Animals and supported by the University Scientific Research 
Projects Unit.

Biochemical Method

Rat albumin Enzyme Linked Immunosorbent Assay (ELISA)
Following the thawing of the serum and urine samples, an albu-
min ELISA kit (elabscience, USA, lot no: E-EL-R0362) was used 

to measure the albumin beta value. Samples and standards 
were added to the plates coated with antihuman monoclonal 
antibodies prior to incubation. After incubation, the plate was 
washed to remove the unbound enzyme. Then, the 3,3′,5,5′-Te-
tramethylbenzidine (TMB) solution was added to change the 
color of the liquid to blue. With the effect of the acid, the final 
color was yellow. The optical density was evaluated at 450 nm 
with a standard plate reader (Thermo Scientific Microplate 
Reader). The detection limits of the kit used were between 1.25 
and 80 µg/mL.

Rat serum creatinine ELISA
Following the thawing of the serum and urine samples, a se-
rum creatinine ELISA kit (elabscience, USA, lot no: E-EL-R0058) 
was used to measure the serum creatinine beta value. Samples 
and standards were added to the plates coated with antihuman 
monoclonal antibodies prior to incubation. After the incuba-
tion, the plate was washed to remove the unbound enzyme. 
Then, the TMB solution was added to change the color of the 
liquid to blue. With the effect of the acid, the final color was yel-
low. The optical density was evaluated at 450 nm with a stan-
dard layer reader (Thermo Scientific Microplate Reader). The 
detection limits of the kit were between 3.13 and 200 µg/mL.

Evaluation of urine protein
The protein amounts in the samples were evaluated using the 
Bradford assay kit (Thermo scientific Pierce BCA) and were 
monitored with a microplate Reader at a wavelength of 595 nm 
(Thermo Scientific Multiskan FC, 2011-06, USA).

Pathological evaluation
For histological evaluation, bilateral nephrectomy materials 
were fixed with 10% formol. These tissues were recorded and 
transferred to a Thermo closed system, a fully automatic tissue 
tracking device. The tissue was embedded in paraffin blocks 
after the tissue follow-up was completed; 3-µm-thick sections 
were taken with microtome. All sections were stained with 
hematoxylin–eosin and periodic acid Schiff stains. The histo-
pathological examination was evaluated by light microscopy. 
The pathological classification was performed according to 
the criteria published by Tervaert et al. in 2010 (12). Glomeru-
lar lesions (thickening of basement membranes, mesangial en-
largement, nodular sclerosis, and advanced diabetic glomeru-
losclerosis) and tubulointerstitial lesions (tubular atrophy and 
interstitial fibrosis) were evaluated as none: 0, <25%: 1, 25%-
50%: 2, and >50%: 3; interstitial inflammation was evaluated as 
none: 0, if around fibrotic interstitium and atrophic tubule: 1, 
and if in other areas: 2; arteriolar hyalinosis was evaluated as 
none: 0, one arteriole: 1, and multiple arterioles: 2.

Statistical Analysis
Data are presented as average±standard deviation. The com-
parison of the averages of variables that do not show normal 
distribution was performed using the variance analysis and 
Mann–Whitney U tests. Two-tailed p​​<0.05 were considered sta-

Turk J Nephrol 2020; 29(1): 23-7Deligöz Bildaci et al. Keto-Analogs in Diabetic Nephropathy

24



tistically significant. Statistical analyses were performed using 
The Statistical Package for the Social Sciences (SPSS) version 
19.0 (IBM Corp.; Armonk, NY, USA).

RESULTS
The characteristics of the rats at the beginning of the experi-
ment are shown in Table 1. There was no significant difference 
between their weights and blood sugar levels on the 1st day of 
the study (p=0.161). In all rats, the blood glucose level was >300 
mg/dL 48 h after streptozocin injection. Polyuria and weight 
loss in the animals continued throughout the experiment. The 
average proteinuria in the 5th week was 19.67±9.31 µg/mL. 
When the rats were divided into two groups, this value was 
found to be 19.38 µg/mL in the study group and 19.96 µg/mL in 
the control group. There was no significant difference between 
the groups (p=1.00).

In the biochemical analysis performed, the average serum 
creatinine level in the study group was 45.26±29.87 µg/mL in 
the 5th week and 86.20±19.36 µg/mL in the 7th week (p=0.79). 
In the control group, the average serum creatinine level was 
51.27±14.98 µg/mL in the 5th week and 92.26±23.04 µg/mL in 
the 7th week (p=0.79).

The average serum albumin level of the rats was 16.03±3.89 µg/
mL in the 5th week and 10.12±4.58 µg/mL in the 7th week. The 
average serum albumin level in the 5th week was 16.11±3.49 
µg/mL in the study group and 15.95±4.45 µg/mL in the control 
group. The average serum albumin level in the 7th week was 
13.15±4.53 mg/dL in the study group and 7.09±1.83mg/dL in the 
control group. In both groups, the serum albumin levels ​​ in the 
7th week were lower than those in the 5th week. The decrease in 
serum albumin level was significantly lower in the study group 
than in the control group (p=0.008).

Table 1. Evaluation of Study Variables Using the Mann–Whitney U test

Study Group (n=9) Control Group (n=9) p 

First weight, gr 339.11±54.92 317.00±29.82 0.387

Weight in the 7th week, gr 225.44±50.46 232.44±22.24 0.931

Blood glucose level in the 5th week, mg/dL 95.88±14.49 103.00±13.78 0.161

Serum creatinine in the 5th week, µg/mL 45.26±29.87 51.27±14.98 0.796

Serum creatinine in the 7th week, µg/mL 86.21±19.37 92.26±23.04 0.546

Proteinuria in the 5th week, µg/mL 19.38±8.01 19.96±10.93 1.00

Albumin in the 5th week, µg/mL 16.11±3.49 15.95±4.45 0.863

Albumin in the 7th week, µg/mL 13.15±4.53 7.09±1.83 0.008

Figure 1. a-d. Pathological samples from rats; Groups a and b: study groups, Groups c and d: not receiving keto-amino acid. In Groups a) and b), HEX200 and 
PASX200 dyes show segmental thickening of the basement membranes and regular tubulus structures. In Groups c) and d), normal tubulus cells draw attention 
in HEX200 and PASX200 dyes.

a1

c1

a2

c2

b1

d1

b2

d2
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In the pathological examination of the kidneys of the rats, a 
minimal thickness increase in the basement membranes was 
detected. It was observed that the basement membrane was 
thicker in two rats when compared to others, and atrophic tu-
bules with minimal mononuclear infiltration were seen in one 
rat (Figure 1).

DISCUSSION
In the diabetic rat model, the use of KA in the diet along with 
a low-protein diet did not lead to an increase in nitrogenemia 
while maintaining albumin levels. In the study, no significant 
difference was found between the serum creatinine levels at 
the end of 7 weeks. In both groups, the serum albumin levels in 
the 7th week were found to be lower than those ​​ in the 5th week 
in accordance with the progression of DNP. However, when the 
albumin levels of both groups were analyzed separately, the al-
bumin levels were significantly higher in the group receiving KA. 
Although the mechanism of this anabolic effect caused by KA 
has not been fully resolved, in a rat model of CKD, it was shown 
that apoptosis was suppressed in rats fed very low-protein diet 
in which KA were given, protein synthesis was increased, and 
protein degradation was observed (13).

In a prospective, randomized controlled study, 23 patients with 
Stage IV DNP were given KA with low-protein diet for 1 year, and 
the other group received diabetic diet only. At the end of the 
study, proteinuria was found to be significantly lower in the group 
receiving KA, and the decrease in glomerular filtration rate was 
found to be slower (14). In our study, our aim was to determine 
the amount of final proteinuria in rats fed according to our pro-
tocol. However, due to the deterioration of the general condition 
of the rats and the rapid progression of the catabolic process, the 
study was terminated early, and the control proteinuria could not 
be evaluated. However, if we consider that the albumin level is 
significantly higher in the study group than in the control group, 
we believe that proteinuria is lower in the study group than in the 
control group. There was no significant difference in the serum 
creatinine levels ​​between the study and control groups. Because 
the study was terminated earlier than planned, the positive ef-
fect on the serum albumin levels of the study group could possi-
bly not be detected in the serum creatinine levels.

The relationship between structural abnormalities and renal 
function in DNP is better explained using light and electron mi-
croscopies (15). Mesangial dilatation, which can be detected 
by electron microscopy in Type I diabetes mellitus, is the best 
demonstrated parameter in relation to renal function (16).

Glomerular basement membrane thickening detected in patho-
logical examination manifests itself more clinically with pro-
teinuria (17). In our study, the prominent pathology detected 
in the nephrectomy content was also the glomerular basement 
membrane thickening (Figure 1). Other findings that may be 
seen in DNP are structural changes that occur in podocytes, re-
nal tubules, interstitium, and arterioles (18). These pathologies 

could not be detected in the samples obtained in our study. The 
failure to show mesangial expansion may be attributed to the 
lack of electron microscopic examination. In a study by Fioretti 
et al. (15), it was found that over 15% of overt proteinuria was 
detected in biopsy materials with normal or near-normal renal 
structure, and 50% proteinuria developed in cases with DNP. 
Because the 24-hour proteinuria of the rats in our study is >10 
g/day, it can be said that there is severe nephrotic proteinuria in 
the rats and that DNP is severe when the amount of proteinuria 
is examined.

We consider that the detection of only glomerular basement 
membrane thickening in our samples could be correlated with 
the fact that we could not perform the electron microscope 
examination and the shortness of the follow-up period. In ad-
dition, low-protein diet given after grouping of animals may 
have a positive effect on the pathological findings. The short 
follow-up period after rats were divided into two groups may 
be the reason why we could not see the positive effect of KA on 
pathology. Also, in another study, it would be possible to form a 
group of rats receiving a normal protein diet to rule out the like-
lihood that the present positive effect results from the low-pro-
tein diet.

CONCLUSION
DNP is an important renal disease in terms of causing ESRD. 
Low-protein intake plays an important role in the prevention of 
this disease. Although KA given in addition to a low-protein diet 
have been shown to affect serum albumin levels positively, in 
our study, to determine their effects on renal pathology, there 
is a need for electron microscopy studies using animal models 
that may also have long-term life expectancy.
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Abstract

Objective: Chronic kidney disease (CKD) is associated with increased mortality and high cardiovascular (CV) risk. Slow 
heart rate recovery (HRR) is an index of cardiac autonomic dysfunction and also a prognostic tool for cardiac and all-cause 
mortality in high-risk groups. In this study, we aimed to investigate the subclinical CV risk factor in different stages of CKD.
Materials and Methods: Fifty-one patients with stage 1–5 CKD (mean age, 42.5±8.1 years) and 42 healthy individuals (mean 
age, 36.0±7.9 years) were included in the study. The HRR was calculated by subtracting the heart rates in the 1st, 2nd, and 3rd 
minute of the recovery period from the maximum heart rate attained during the exercise stress test.
Results: The HRR in the 1st minute was significantly slower in the CKD group compared with that in the control group 
(22.4±11.3 and 32.4±11.1, respectively; p<0.001). The HRR in the 2nd and 3rd minute was also slower in the patient group, 
but the difference was not statistically significant. Seventeen patients with the 1st minute HRR ≤18 beats/min were mainly 
distributed in CKD stages 4 and 5.
Conclusion: Patients with CKD with no known cardiac disease and no structural cardiac changes were at risk of CV events 
with a slow HRR in the exercise test. Clinicians should be careful not to underestimate CV events in this group of patients. 
Keywords: Cardiovascular risk, chronic kidney disease, heart rate recovery

INTRODUCTION
Chronic kidney disease (CKD) is strongly associated with 
increased all-cause mortality and is mainly related to 
cardiovascular (CV) causes. Early estimation of CV risks 
in this group is vital. There is a combination of conven-
tional CV risk factors, kidney-specific risk factors, and 
heart problems related to structural changes (1). In ad-
dition, cardiac autonomic dysfunction (CAnD) is a major 
complication of CKD that likely contributes to the high 
incidence of CV mortality in this patient population (2). 
New variables such as exercise capacity and heart rate 
recovery (HRR) provide an easy method to analyze CAnD 
(3).

The decrease in heart rate after exercise is known as 
HRR. HRR is associated with the balance between sym-

pathetic withdrawal and parasympathetic reactivation 
after a graded exercise and is a good predictor of car-
diac autonomic activity (2). It is evident that a slower 
HRR is not just an index of autonomic dysfunction but 
also a powerful prognostic tool for cardiac and all-cause 
mortality in high-risk groups (3). The HRR at 1 to 5 min 
detected during the treadmill stress test exercise has 
been established as a valid method (4). The 1st minute 
of recovery (HRR1) (fast phase) characterizes a period in 
which there is an abrupt and rapid decrease in HR. After 
the 1st minute (slow phase), it takes 2 to 5 min for HR to 
return to its resting values (5).

In patients with CKD, reduced exercise capacity is as-
sociated with poor survival (6). All CV risks and CAnD 
increase the mortality risk not only in symptomatic pa-

Cite this article as: Turgut D, Coşkun Yenigün E, Kundi H, Özkayar N, Dede F. Subclinical Cardiovascular Risk Factors in Chronic Kidney Disease: 
Abnormal Heart Rate Recovery. Turk J Nephrol 2020; 29(1): 28-32.

This work is licensed under a Creative Commons 
Attribution 4.0 International License.

https://orcid.org/0000-0001-7474-5927
https://orcid.org/0000-0002-5963-605X
https://orcid.org/0000-0002-0303-9616
https://orcid.org/0000-0003-2430-8280
https://orcid.org/0000-0002-5737-9854


tients but also in asymptomatic patients. An abnormal HRR af-
ter a graded exercise is also used to estimate subclinical CV risks 
in patients with CKD (7). In this study, we aimed to estimate HRR 
abnormalities in different stages of CKD with respect to the nor-
mal population.

MATERIALS AND METHODS

Study Population
The study population comprised 51 patients with CKD (29 men 
and 22 women; mean age, 42.5±8.1 years) and 42 healthy in-
dividuals (21 men and 21 women; mean age, 36.0±7.9 years). 
Patients with CKD were between stages 1 to 5 and without any 
renal replacement treatment (RRT). Regarding the primary 
kidney diseases in patients, 29 (56.8%) were of unknown or-
igin, 13 (25.4%) had diabetic nephropathy, and 9 (17.8%) had 
cystic kidney diseases. CKD and stages were defined based on 
eGFR according to the Kidney Disease: Improving Global Out-
comes (KDIGO) 2012 clinical practice guideline for the evalu-
ation and management of CKD. No patient had known heart 
failure, and none of the treated coronary artery diseases (CAD) 
were accepted. Patients with symptoms of heart failure (NYHA 
III-IV) as well as patients with electrocardiogram (ECG) abnor-
malities, atrial fibrillation, or uncontrolled hypertension were 
excluded. Hypertension, diabetes mellitus, and dyslipidemia 
(recent total cholesterol value ≥250 mg/dL, triglyceride ≥150 
mg/dL, and HDL <40 mg/dL) were defined by history and/or 
medication use. All included patients were able to perform ex-
ercise testing. The patients were advised to remain on a low 
sodium diet (100 mmol/day) and protein reduction to 0.6-0.8 
g/kg/day, and they were encouraged to cease smoking and ex-
ercise regularly. The control group was selected from healthy 
volunteers with no known drug use and disease whose GFR 
was >90 mL/min/1.73 m2 with normal urine protein excretion 
(<150 mg/day).

The study was conducted in accordance with the Declaration of 
Helsinki, and the study protocol was approved by the Ankara 

Numune Education and Research Ethics Committee. All sub-
jects provided written informed consent prior to participating 
in the study.

Protocol for Exercise Stress Test
The patients underwent a standard maximal graded exercise 
treadmill test according to the standard Bruce protocol. Con-
tinuous 12-lead ECG monitoring was performed throughout 
testing. The participants exercised until the HR was >95% of the 
estimated maximal HR (220-age). The patients underwent the 
stress test without a cool-down period. HRR values were calcu-
lated by subtracting the HR at the 1st, 2nd, and 3rd minute of the 
recovery period from the HR attained at peak exercise. A HRR of 
≤18 beats/min was considered abnormal (8). The exercise ca-
pacity was calculated as total metabolic equivalent units (METs) 
achieved at peak exercise.

Statistical Analysis
Continuous variables were expressed as the mean±standard 
deviation, and categorical variables were expressed as per-
centages. Comparisons of categorical and continuous vari-
ables between the two groups were performed by using the x2 
test and unpaired t-test, respectively. The correlation between 
various parameters was evaluated using the Pearson correla-
tion test. p<0.05 was considered statistically significant. The 
Statistical Package for the Social Sciences (SPSS) (IBM Corp.; 
Armonk, NY, USA) version 23.0 statistical package was used for 
all analyses.

RESULTS
Our patient population comprised 51 patients with CKD stage 
1-5 and 42 healthy controls. CKD stages were as follows: stages 
1-2, 5 (9%) patients; stage 3, 29 (56%) patients; and stage 4-5, 
17 (33%) patients. None of the patients were on RRT. There was 
no difference in terms of age, gender, and body mass index be-
tween the groups. Eleven (21%) patients were on Angiotensin 
converting enzyme inhibitor (ACEI) medication, and 26 (50%) 
patients were using Anjiotensin receptor blocker (ARB). Only 
one patient was administered erythropoietin, and only one pa-
tient was a smoker. The baseline characteristics of patients and 
the controls are shown in Table 1.

The pre-exercise stress test (EST) and cardiac autonomous 
function-related findings for the patient and control groups 
are summarized in Table 2. Although mean ejection fractions 
of the patients were lower in the patient group (62±2 and 
65±3, p<0.001), maximum left ventricular wall thickness, basal 
systolic blood pressure (SBP), maximum SBP, basal diastolic 
blood pressure (DBP), maximum DBP, and basal heart rate 
(HR) were similar in both groups. However, maximum HR was 
significantly lower in patients with CKD (p<0.001). In an analy-
sis of exercise capacity, all study groups achieved a MET score 
>10. However, the patient group had a statistically lower MET 
score than the control group (11.2±2.5 and 14.2±3, respective-
ly; p<0.001).
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Table 1. Demographic properties of patient and control groups

CKD Group 
(n=51)

Control 
Group (n=42)

p

Age (year) (±SD) 42.5±8.1 36.0±7.9 0.071

Female / Male n (%) 22/29 
(43%/57%)

21 /21 
(50%/50%)

Body Mass Index  
(kg/m2) (±SD)

28.36±1.3 25.4±2.2 0.063

Diabetes n (%) 17 (33%) -

Hypertension n (%) 40 (78%) -

Dyslipidemia n (%) 18 (35%) -

bpm: beats per minute; HRR1: 1st minute heart rate recovery; HRR2: 2nd minute 
heart rate recovery; HRR3: 3rd minute heart rate recovery



When the HRR results were analyzed, in the 1st minute, 
the HRR was significantly slower in the CKD group than in 
the control group (22.4±11.3 and 32.4±11.1, respectively; 
p<0.005). Although the HRR in the 2nd and 3rd minutes was 
faster in the control group than in the patient group, the dif-
ference was not statistically significant (p=0.122 and p=0.22, 
respectively) (Figure 1). When we analyzed 17 patients with 
HRR1≤18 beats/min, it was demonstrated that patients were 
mainly distributed in CKD stages 4 and 5. These results are 
summarized in Table 3.

DISCUSSION
Our study showed that patients with CKD had a slower HRR af-
ter EST, especially in the 1st minute of recovery. An abnormal 
HRR1 (≤18 beats/min) is mainly observed in progressive kidney 
disease.

Many studies have reported an increase in HR during EST 
and a decrease in HR during the recovery period mainly due 
to changes in the tone balance between the sympathetic and 
the parasympathetic nervous systems (9). Any alteration in 
this system mainly favoring increased activity of sympathetic 
system and decreased parasympathetic system refers to CAnD 
(10). It is documented that CAnD is a result of inflammation, 
endothelial dysfunction, atherosclerosis, and arrhythmia (11). 
The exact mechanisms contributing to CAnD in CKD are un-
clear, but many studies have shown that there is an increased 
risk of premature death and direct detrimental effects on the 
clinical prognosis of renal failure (12-14). Sympathetic overac-
tivity and abnormalities in CV reflexes are some of the causes 
of CAnD in CKD (2, 15).

Dysfunctional vagal control of HR, known as slow HRR, is a new 
non-ECG measure that helps to assess and define CAnD (16). 
Decreased HRR has been associated with a higher incidence of 
all-cause mortality, sudden cardiac death, and CV events (7, 16, 
17). The HRR has been calculated at the 1st, 2nd, 3rd, and 5th min-
ute in different studies, but mainly at the 1st min. In the litera-
ture, there are various cut-off HRR values. In some studies, an 
HRR ≤12 beats/min is directly associated with mortality (8, 18, 
19). However, in a study by Watanabe et al. (20), a total of 5438 
patients were enrolled for 3 years, and HRR was defined as the 
difference in HR between the peak exercise and that after 1 min; 
a value ≤18 beats/min was considered abnormal. Furthermore, 
after adjusting for all confounding factors, an HRR ≤18 beats/
min was found to be a powerful and independent predictor 
of death (20). In our study, we found that patients in stages 4 
and 5 with the 1st minute HRR ≤18 beats/min were a majority, 
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Table 2. Analysis of pre-exercise stress test and cardiac autonomous 
function related findings

CKD Group 
(n=51)

Control 
Group (n=42)

p

LVEF (%) (±SD) 62±2 65±3 <0.001

LV wall thickness  
(mm) (± SD)

4.9±0.4 4.6±0.5 0.112

Basal SBP (mmHg)  
(min-max)

130 (100-
180)

120 (90-130) 0.208

Max. SBP (mmHg)  
(min-max)

150 (125-
220)

140 (100-200) 0.068

Basal DBP (mmHg)  
(min-max)

80 (55-119) 80 (60-90) 0.131

Max. DBP (mmHg)  
(min-max)

70 (40-120) 80 (60-100) 0.421

METs (mL/kg/min) (±SD) 11.2±2.5 14.2±3 <0.001

Basal HR (bpm) (±SD) 93.4±15.5 92.7±15.7 0.084

Max. HR (bpm) (±SD) 148.2±14.3 167.7±14.2 <0.001

HRR1 (bpm) (±SD) 22.4±11.3 32.4±11.1 <0.001

HRR2 (bpm) (±SD) 47.2±13.6 52.2±12.6 0.122

HRR3 (bpm) (±SD) 51.8±14.2 58.7±15.1 0.22

bpm: beats per minute; DP: diastolic blood pressure; HR: heart rate; HRR1: 1st 
minute heart rate recovery; HRR2: 2nd minute heart rate recovery; HRR3: 3rd minute 
heart rate recovery; LVEF: left ventricular ejection fraction; LV: left ventricule; METs: 
metabolic equivalents; SBP: systolic blood pressure.

Table 3. Abnormal heart rate recovery in patient group

CKD Group (n=51) Control 
Group (n=42)

HRR≤18/min; n (%) 17 (33 %) 1 (2%)

CKD Stage 1-2: 0 (0%)

CKD Stage 3: 2 (3%)

CKD Stage 4-5: 15 (87%)

HRR>18/min; n (%) 34 (69 %) 41 (98%)

CKD: Chronic kidney disease

Figure 1. Heart rate recovery results in the 1st, 2nd, and 3rd minutes in pa-
tient and control groups.



although it was not statistically significant. With studies com-
posed of large groups at different CKD stages, the HRR would 
be analyzed as an early predictor of CV risks in these vulnerable 
patients.

Lipinski et al. (21) retrospectively analyzed exercise treadmill 
and coronary angiographic data of 2193 men and found that 
the first 2 min of HRR predicted mortality and that the HR de-
crease during the 2nd minute of recovery predicted the pres-
ence of CAnD. In our study, we analyzed the 1st, 2nd, and 3rd 
minutes of HRR and found that the 1st minute HRR in patients 
with CKD was significantly slower. The 2nd and 3rd minute HRR 
were also slower in the CKD group, but it was not statistically 
significant. The correlation with HRR should be analyzed with 
large patient groups composed of homogenous stages 1-5 CKD 
in future studies.

CKD is a known risk factor for increasing the progression of CV 
problems. However, without any known cardiac illness, it is not 
certain whether CKD is associated with functional or structural 
cardiac changes. Nelson et al. (22) analyzed 840 patients with 
a GFR >60 mL/min and 93 patients with stage 3 CKD. Patients 
were assessed for their cardiopulmonary exercise as a marker 
of autonomic function. It was concluded that maladaptive CV/
autonomic dysfunction in stage 3 CKD may suggest subclinical 
cardiopulmonary dysfunction preceding end-stage kidney dis-
ease (ESKD)-related cardiac problems. In our study, all patients 
were without any known cardiac disease with a preserved LVEF. 
Although our patients mainly had stage 3-5 CKD, our findings 
provide functional and physiological data. Without any known 
cardiac disease and no structural cardiac changes, patients 
with CKD are under risk of CV events with a slow HRR in the ex-
ercise test.

CONCLUSION
The most important limitation of our study is that it was a 
cross-sectional study with a small population, and we could 
not analyze the mortality. Also, patients were not homogenous 
considering the CKD stages. However, it is evident that patients 
with CKD without a diminished cardiac function should be care-
fully followed to prevent cardiac related deaths.
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Abstract

Objective: This study will contribute to the understanding and management of hemodialysis-related complications, in-
crease hemodialysis nurses’ awareness and skills related to intradialytic hypotension management, help establish evi-
dence-based clinical practice, and help develop clinical guidelines for the management of hemodialysis-related compli-
cations.
Materials and Methods: This descriptive study involved 57 patients whose blood pressures and interventions for intradia-
lytic hypotension were recorded for six hemodialysis sessions, for a total of 342 follow-ups.
Results: Intradialytic hypotension developed at significantly high rates in cases in which the first hemodialysis session was 
performed after a 2-day break and in cases of high target ultrafiltration and pump rate values. Intradialytic hypotension 
developed during 219 of the 342 follow-ups. The Trendelenburg position alone was used in 195 follow-ups (89%) in which 
intradialytic hypotension developed, and the Trendelenburg position and pump rate reduction were used in 24 follow-ups 
(11%). Pump rate reduction alone was used in 151 follow-ups (68.9%).
Conclusion: Using the Trendelenburg position alone and reducing the pump rate along with using the Trendelenburg po-
sition significantly increased the blood pressure in cases of intradialytic hypotension. Excessive use of the Trendelenburg 
position and reduction of the pump rate by 20-60 mL/min compared with the onset rate of hemodialysis were more effec-
tive in increasing the blood pressure. 
Keywords: Hemodialysis, blood pressure, nursing interventions, nursing

INTRODUCTION
Approximately 15% of the world’s population suffers 
from chronic renal failure disease, and nearly 56% of pa-
tients are treated with dialysis (19). Hemodialysis is one 
of the treatment options frequently used in end-stage 
renal failure. In hemodialysis, the patient’s blood is fil-
tered through a hemodialysis device and subsequently 
re-administered. For this procedure, a water system, a 
hemodialysis device, arteriovenous sets and needles, a 
hemodialysate, and acid and bicarbonate solutions are 
needed.

Although treatment with hemodialysis is life-saving for 
these patients, it may cause many acute and chronic 
complications (1, 6, 9, 17). Intradialytic complications 
refer to acute complications observed during hemodial-
ysis; common intradialytic complications include hypo-
tension (30%-35%), cramps (5%-20%), nausea/vomiting 
(5%-15%), headache (5%), chest pain (2%-5%), back pain 
(2%-5%), itching (5%), and fever/shivering (<1%) (2, 12, 
17). Intradialytic hypotension (IDH) is defined as a reduc-
tion of ≥20 mmHg in the systolic blood pressure or a re-
duction of ≥10 mmHg in the mean blood pressure during 
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hemodialysis (2, 11, 12). IDH may result because of decrease in 
the fluid volume, failure to provide vasoconstriction, or cardi-
ac factors. Many studies have identified a close association be-
tween the quantity of ultrafiltration and IDH (12, 17). The target 
ultrafiltration value is determined by the difference between the 
patient’s weight at admission and the dry weight. The pump rate, 
another parameter for hemodialysis, is calculated by consider-
ing the target ultrafiltration and hemodialysis treatment period. 
By increasing the target ultrafiltration value, a higher quantity of 
water is drawn within a shorter time, and this is associated with a 
higher risk of IDH by causing imbalance in the fluid volume.

In addition to being the most common complication during 
hemodialysis, IDH is an etiological factor for other intradialytic 
complications such as nausea, vomiting, and cramps (2, 4, 19). 
Patients with IDH commonly present with symptoms such as 
tiredness, restlessness, and dizziness. Thus, IDH may affect the 
treatment progression and may result in an earlier termination 
of hemodialysis if the blood pressure cannot be normalized (6, 
11, 12).

Furthermore, because IDH requires close monitoring and in-
terventions, this complication increases the workload for the 
nurses (17).

The interventions for IDH should be evidence based, as with the 
other aspects of nursing practice. However, a thorough litera-
ture search found no study on the efficiency or standards of the 
interventions for IDH, and studies assessing the correlations of 
the interventions for IDH with blood pressure are needed.

MATERIALS AND METHODS
The present study aimed to examine the interventions used for 
IDH and their effects on the blood pressure of the patients.

This descriptive study was performed in the hemodialysis units 
of a university hospital and a public hospital between January 
and June 2016. A flow diagram of the progression of patients 
through the phases of the study is shown in Figure 1.

The sample size was determined with a power of 93% and 
an α-value of 0.05; a power analysis was conducted using the 
G*Power program, version 3.1.735, and it was based on the rate 
of the development of IDH.

Patients aged >18 years, those who received hemodialysis 
treatment because of end-stage kidney failure, and those who 
received hemodialysis during 4-h sessions were included in 
the study. Patients who did not have IDH in the preliminary fol-
low-up for six sessions were excluded. In the preliminary eval-
uation of 180 patients, 123 patients were excluded from the 
study (121 patients because of not developing IDH during the 
preliminary monitoring for six sessions and 2 patients because 
of agitated behaviors that made communication impossible). 
Finally, 57 patients who developed IDH at least once during the 

preliminary monitoring for six sessions and who met inclusion 
criteria were included in the study. The blood pressure of the 57 
patients and interventions for IDH during the six sessions were 
followed; in total, 342 follow-ups were conducted.

Data Collection
The study data were gathered by the primary investigator (PI) 
from the Patient Description Form, Patient Information for He-
modialysis Sessions and Blood Pressure Monitoring Chart, and 
Blood Pressure Monitoring and Interventions Chart for Patients 
with Intradialytic Hypotension. All data collection tools were 
prepared by the PI following a review of the relevant literature 
(5-7, 13-15).

In this study, IDH was defined as a decrease of ≥20 mmHg in sys-
tolic blood pressure (11, 12, 15). All study data were collected by 
the PI. The Patient Description Form was used to determine the 
descriptive characteristics of the patients, such as age, gender, 
and duration of hemodialysis treatment. The Patient Informa-
tion for Hemodialysis Sessions and Blood Pressure Monitoring 
Chart was used to record the vascular access type (permanent 
catheter, arteriovenous fistula, arteriovenous graft), dry weight, 
weight at admission, target ultrafiltration value, and pump rate 
and monitor the blood pressure every 30 min during each he-
modialysis session for the detection of IDH. The Blood Pressure 
Monitoring and Interventions Chart for Patients with Intradia-
lytic Hypotension was used to record the degree of Trendelen-
burg position, which was classified as minimum Trendelenburg 
(15–30°) and maximum Trendelenburg (45°), based on the liter-
ature; the degree of pump rate reduction (mL/min); and charac-
teristics of the intravenously administrated fluid (1, 3).

After the interventions were performed for the patients with 
IDH by hemodialysis nurses, the blood pressure was monitored 
every 15 min by the PI and recorded in their charts.

The project was approved by the Hacettepe University Non-in-
vasive Studies Ethics Committee.

Statistical Analysis
Data analyses were conducted using The Statistical Package 
for the Social Sciences, version 22.00 (IBM Corp.; Armonk, NY, 
USA). Frequency and percentage distributions were used for 
evaluating categorical variables. The chi-square test was used 
to examine the association between two categorical variables. 
Differences between two independent groups were evaluated 
using the independent samples t-test.

RESULTS
Of the patients included in the study, 50.9% were female and 
52.6% were aged >60 years. Of all patients, 64.9% were married. 
A history of familial kidney failure was identified in 71.9% of the 
patients. In terms of the relatives of the patients diagnosed with 
kidney failure, 90.9% were first-degree relatives and 38.6% re-
ceived dialysis treatment. In addition to kidney failure, 52.6% 
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of the patients had a concomitant chronic disease (40% hy-
pertension, 33.3% diabetes, 20% cerebrovascular event histo-
ry, 6.7% coronary heart disease). Hemodialysis treatment was 
administered to 40.4% of the patients for 91–180 months. All 
patients had an arteriovenous fistula as vascular access. The 
most common symptom accompanying IDH was exhaustion, 
which occurred in 75.4% of the cases. Furthermore, 57.9% of 
the patients experienced muscle cramps, and 38.6% presented 
with dizziness. The patients received hemodialysis on Mondays, 
Wednesdays, and Fridays or on Tuesdays, Thursdays, and Satur-
days. The dry weights of the patients ranged between 72.1 and 
98.0 kg in 35.1% of patients. The body weight of the patients 

at admission ranged between 72.1 kg and 101.0 kg in 35.6% of 
patients. The body weight after hemodialysis was not below the 
dry weight in the vast majority (99.2%) of patients. When the 
hemodialysis treatment characteristics were investigated, the 
target ultrafiltration quantities ranged between 1500 and 2750 
in 51.5% of cases and the pump rate was between 341 and 380 
ml/min in 68.1% of cases (Table 1).

Significant associations were identified among target ultrafil-
tration, pump rate values, and development of IDH. The mean 
target ultrafiltration and pump rate values of the patients with 
IDH were significantly higher than those in patients without 

Figure 1. Flow diagram of the subject enrollment through the phases of the study.

Assessed for eligibility (n=180)  
by review of the “Patient  

Description Form Excluded (n=123)
•	 No intradialytic  

hypotension (IDH)  
development in the  
preliminary follow-up  
for six sessions  
(n=121).

•	 Patients with  
agitated behaviors  
that prevented  
communication. 
(n=2)

The study group (n=57)

Follow-ups with IDH (n=219) 

Analysis

Review of the “Blood Pressure  
Monitoring and Interventions Chart  

for Patients with Intradialytic  
Hypotension”

Follow-ups without IDH (n=123)

Analyzed (n=219)
Excluded from analysis (n=0)

Follow-up for six dialysis sessions
(n=57 patients, 342 follow-ups)

Review of the “Patient Information for  
Hemodialysis Sessions and Blood Pressure M 

onitoring Charts”
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IDH (t=5.311, p<0.001). A significant association was found be-
tween the IDH development state and the days of hemodialysis 
(t=5.293, p<0.001). The IDH development rates on Mondays and 
Tuesdays were significantly higher than those on Thursdays, 
Fridays, and Saturdays.

IDH was identified in 219 of the 342 follow-ups. Nurses inter-
vened in all IDH cases. The Trendelenburg position was used 
in all 219 follow-ups. In 195 of the 219 follow-ups with IDH, the 
Trendelenburg position was used alone (89%), whereas the 
Trendelenburg position and pump rate reduction were used 
in combination in 24 follow-ups as the first intervention (11%). 
Pump rate reduction alone was used in 151 of 219 follow-ups as 
the second intervention (68.9%). The isotonic fluid replacement 
was used alone in 53 follow-ups as the second or third interven-
tion (24.2%). The Trendelenburg positioning alone and pump 
rate reduction along with the Trendelenburg position increased 
the blood pressure significantly (p<0.001 for both). No signifi-
cant association was found between pump rate reduction and 
isotonic fluid replacement and blood pressure (p>0.05 for both) 
(Table 2). The increase in blood pressure was found to be sig-
nificantly higher in cases with maximum Trendelenburg posi-
tion than in cases with minimum Trendelenburg position. When 
comparing the amounts of pump rate reduction, reducing the 
pump rate by >20 mL/min compared with that at the onset of 
hemodialysis was found to be more effective in increasing the 
blood pressure than reducing it by ≤20 mL/min (p<0.001). The 
differences in the effect of using different amounts of isotonic 
fluid replacement (mL) on the blood pressure increase were not 
significant (p>0.05) (Table 3).

DISCUSSION
The present study revealed that higher ultrafiltration and pump 
rate values were associated with increased rates of IDH devel-
opment. Prolongation of the dialysis session and reduction of 
the pump rate were effective in preventing IDH in patients with 
a high target ultrafiltration value. Because the pump rate is ad-
justed according to the target ultrafiltration value, during ses-
sions in which the target ultrafiltration value is high, the pump 
rate is also adjusted to be high. Patients with higher pump rates 
have a higher decrease in the intravascular volume; however, a 
high decrease in the intravascular volume within a short period 
may cause IDH in these patients (4). In the present study, the 
rate of IDH development was found to be significantly higher on 
Mondays and Tuesdays, i.e., on days when the patients received 
the first hemodialysis of the week, compared with that on the 
other days. Because the patients did not receive hemodialysis 
for 2 days before Monday or Tuesday, the target ultrafiltration 
rate was increased on these days. Consequently, IDH developed 
significantly more frequently on these 2 days, as reported pre-
viously (9, 16).

The Trendelenburg position was used in all 129 follow-ups with 
IDH, including Trendelenburg alone in 195 cases and in combi-
nation with pump rate reduction in 24 cases. The Trendelenburg 
position is a common practice because it is both practical and 
influential and does not lead to any interruption in the treat-
ment process. According to the statistical analysis of the data 
obtained in the present study, the use of the Trendelenburg 
position significantly increased the blood pressure in patients 
with IDH. Furthermore, when the Trendelenburg position grade 

Table 1. Distribution of the Descriptive Data Related to the Patients 
and Treatment (n=57)

n %

Gender

Female 29 50.9

Male 28 49.1

Age (years)

(Mean=60.7, SD=11.4, Min=44.0, Max=98.0)

<60 years 27 47.4

>60 years 30 52.6

Duration of hemodialysis treatment (months)   

(Mean=162.6, SD=101.6, Min=30, Max=420)

0-90 months 20 35.1

91-180 months 23 40.4

>180 months 14 24.5

Dry weight (kg)

(Mean=67.7, SD=13.6, Min=43, Max=98)   

43.0-61.0 kg 114 33.3

61.1-72.0 kg 108 31.6

72.1-98.0 kg 120 35.1

Body weight at admission (kg)

(Mean=69.9, SD=13.8, Min=43.75, Max=101)  

43.0-61.0 kg 112 32.8

61.1-72.0 kg 108 31.6

72.1-101.0 kg 122 35.6

Target ultrafiltration quantity

(Mean=2795.9, SD=624.9, Min=1500, Max=3800)

1500-2750 176 51.5

2751-3800 166 48.5

Pump rate (ml/min)

(Mean=348.3, SD=26.9, Min=300, Max=380)  

300-340 mL/min 109 31.9

341-380 mL/min 233 68.1

Body weight at discharge (kg)

(Mean=67.7, SD=13.7, Min=43, Max=98)  

43.0-61.0 kg 113 33

61.1-72.0 kg 106 31

72.1-98.0 kg 123 36

Difference between the discharge weight and dry 
weight 

Decreased below the dry weight 3 0.8

Did not decrease below the dry weight 339 99.2
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was analyzed, the maximum Trendelenburg position was found 
to be significantly superior to the minimum Trendelenburg po-
sition for increasing the blood pressure. The Trendelenburg po-
sition enables the transfer of blood from the lower extremities 
to the vital organs and upper extremities. Thus, the decreased 
blood volume in the vital organs and upper extremities is re-
plenished. In this case, applying the Trendelenburg position to 
patients with IDH may help to increase blood pressure, and the 
use of maximum Trendelenburg positioning should be applied 
if possible (10).

The literature suggests reducing the pump rate for the manage-
ment of IDH (1). This intervention may provide a blood pressure 
increasing effect via reductions of the volume rate drawn from 
the patient. However, in the present study, the statistical analy-
sis showed that reducing the pump rate alone did not have a sig-

nificant effect on the blood pressure increase, whereas reducing 
the pump rate in addition to using the Trendelenburg position 
increased the blood pressure significantly. Furthermore, when 
the blood pressure increase was compared in accordance with 
different pump rate reduction values, reducing the pump rate 
by >20 mL/min was found to be more effective. Hence, in cases 
of IDH, higher reduction of the pump rate and/or Trendelenburg 
positioning may effectively increase the blood pressure.

Theoretically, intravenous fluid replacement in the treatment 
of IDH resulting from hypovolemia can be useful (5). Hypovo-
lemia is one of the etiological factors of IDH and results when 
the weight decreases below the dry weight in hemodialysis. In 
the present study, the effect of isotonic fluid replacement on 
the increase in blood pressure was not found to be significant. 
The discharge weights were not below the dry weights in most 

Table 2. Effects of the Different Interventions for Intradialytic Hypotension on Blood Pressure (n=423)

Effect on Blood Pressure

Intervention Increased No Change Continued to Decrease χ2 p

Trendelenburg (n=195) n 67 115 13 26.509 <0.001

% 34.4 58.9 6.7

Pump rate reduction (n=151) n 66 75 10 2.489 0.968

% 43.7 49.7 6.6

Isotonic fluid replacement (n=53) n 29 24 0 0.848 0.087

% 54.7 45.3 0.0

Trendelenburg plus pump rate reduction (n=24) n 24 0 0 24.200 <0.001

% 100 0.0 0.0

Table 3. Effects of the Intervention Characteristics on Blood Pressure 

Effect on Blood Pressure

Intervention Characteristics Increased No Change
Continued to 

Decrease χ2 p Difference

Trendelenburg Grade (n=219) Minimum n 28 33 12 24.290 <0.001 1-2

% 30.8 28.7 92.3

Excessive n 63 82 1

% 69.2 71.3 7.7

Pump rate reduction (mL/min) (n=175) 20 n 10 14 1 28.410 <0.001 1-2,3

% 11.0 18.4 12.5

20-40 n 50 62 7

% 54.9 81.6 87.5

40-60 n 31 0 0

% 34.1 0.0 0.0

Increased No Change

Isotonic replacement (mL) (n=53) 100 n 29 21 0.960 0.086 -

% 100.0 87.5

200 n 0 3

% 0.0 12.5
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patients (99.2%) in this study. Thus, because hypovolemia did 
not appear to influence the etiology of IDH in our study, iso-
tonic fluid replacement may not be effective in the treatment 
of IDH.

Limitations
The present study was limited to hemodialysis patients with 
IDH; therefore, our results cannot be generalized to other pop-
ulations. The small sample size was another limitation of the 
study.

CONCLUSION
According to the findings obtained in the present study, the rate 
of IDH development was the highest on Mondays and Tuesdays, 
when the first hemodialysis treatment of the week was applied, 
compared with that on Wednesdays, Thursdays, Fridays, and 
Saturdays. The rate of IDH development was significantly high 
in patients with higher target ultrafiltration and pump rate val-
ues. The Trendelenburg position was found to be effective for 
increasing the blood pressure in cases of IDH. In the follow-up 
where the maximum Trendelenburg position was applied, the 
increase rate in blood pressure was found to be significantly 
higher than that in cases of minimum Trendelenburg position-
ing. The effect of pump rate reduction alone was insignificant, 
whereas a combination of this method with the Trendelenburg 
position increased the blood pressure significantly. Analyses of 
the use of different reduction rates of the pump revealed that 
reducing the pump rate by 20-60 mL/min increased the blood 
pressure significantly compared with reducing it by ≤20 mL/
min. Furthermore, the effect of isotonic fluid replacement on 
the blood pressure increase was not significant. Based on the 
findings of the present study, we conclude that in cases of IDH, 
using the Trendelenburg position, preferably the maximum 
Trendelenburg position; reducing the pump rate by 20-60 mL/
min; and/or reducing the pump rate together with using the 
Trendelenburg positioning appear to be most effective. Fur-
thermore, to prevent IDH, patient education regarding reducing 
the target ultrafiltration rates, such as prevention of maximum 
weight gain between two sessions and restrictions of salt and 
fluids, may also be helpful.
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Abstract

Objective: Kidney donation from a relative is an ideal option for transplantation that would improve the recipients’ quality 
of life. The aim of the present study was to evaluate the challenges in the donation process faced by kidney donors related 
to patients.
Materials and Methods: This is a descriptive qualitative study that uses a content analysis approach. In this study, 16 
relative donors from kidney transplant centers of all the educational hospitals affiliated with Tehran University of Medical 
Sciences were selected through purposive sampling. Data were collected using face-to-face, in-depth, semi-structured in-
terviews.
Results: The data analysis results led to the extraction of three main themes: initial confrontation, hospitalization, and 
endless concerns. The second theme of the study had two sub-themes: being ignored and the rights of the donor.
Conclusion: The challenges faced during the donation process were difficulties in performing tests, difficulties during hos-
pitalization, and endless concerns. These challenges eventually become bearable for the donors because of their love for 
the recipient and because they totally forget themselves and their needs during the donation process. 
Keywords: Donation, kidney, challenge, relative, qualitative

INTRODUCTION
Kidney transplantation is more affordable than dialysis 
and is associated with a better quality of life and pro-
longed lifespan for the patients (1, 2). The need for di-
alysis would be resolved following a successful kidney 
transplant, which would improve the patients’ quality of 
life (3). There are three main known sources for kidney 
transplant, including a related living donor (related by 
blood and by marriage), an unrelated living donor (fi-
nancial compensation or humanitarian), and brain-dead 
donor (4). In recent years, the mean interval between 
being placed on the waiting list and receiving a kidney 
from a brain-dead donor has significantly increased; this 
interval is approximately 3-7 years for kidney transplant 
patients (2, 5). In Iran, because the number of brain-
dead donors is much lower than the number of patients 

requiring a kidney transplant, the need for living donors 
is very high (6).

During the past decades, the number of unrelated kid-
ney donors with humanitarian intent has increased in 
developed countries, but the supply has been lower 
than the demand, which has led to a severe shortage of 
kidneys along with an increased mortality rate and in-
creased business incentives for donation and transplant 
tourism (7). The increased number of unrelated donors 
with financial compensation has decreased the number 
of donations from relatives in Iran. However, unrelated 
donors seeking financial compensation usually have a 
lower quality of life than related donors, and they most-
ly regret donation (8). In fact, their main motivation for 
donation is solving their financial problems (2).
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Receiving a kidney from a relative would increase the survival 
rate of the kidney recipient. In addition, the need for receiv-
ing an immunosuppressive regimen after transplant would be 
decreased in the recipient (9, 10). Therefore, kidney donation 
from a relative is an ideal option in transplantation that would 
improve the recipients’ quality of life after transplant (11). Al-
though the number of donors is increasing in Iran, few relatives 
make the decision to donate (12). Furthermore, their manner 
of encountering donation and also the challenges they face are 
ambiguous. Theoretical knowledge and information about the 
process of donation, the steps involved in completing the dona-
tion process, and the challenges faced by relative donors, espe-
cially first-degree relative donors, are limited. Evaluation of the 
experience of donors 1 week after donation revealed that the re-
lated donors experienced more stress after donation compared 
with that faced unrelated donors because of their dual roles 
(being a donor and a relative to the recipient) (13). Because few 
studies exist on the challenges faced by related donors, the aim 
of the present study was to evaluate the challenges for related 
kidney donors in the process of donation.

MATERIALS AND METHODS
The present study was a qualitative study with a conventional 
content analysis approach for collecting and analyzing data to 
determine the challenges faced by kidney donors in the process 
of donation.

Participants
A total of 16 related donors (10 women and 6 men) were select-
ed from kidney transplantation centers of educational hospi-
tals affiliated with Tehran University of Medical Sciences using 
a purposive sampling method. The inclusion criteria were be-
ing >18 years, being related to the recipient, having a favorable 
physical and mental condition for participating in the study, 
being willing to participate, and signing the informed consent 
form. In this study, the age range, gender, family relationship, 
and duration passed after donation were factors that could be 
considered to achieve maximum variability.

Data Collection
Data were collected using in-depth semi-structured face-to-face 
and phone interviews. Data collection lasted for 8 months (May 
2015 to October 2015). The duration of the interviews varied 
from 45 to 90 min. Interviews were recorded using a voice re-
cording device, and the answers were written down verbatim 
after each session. The main questions in the interview were, 
“What steps have you completed during the donation process?” 
and “What challenges did you face during the process of dona-
tion?” Furthermore, investigative questions were used during 
the interviews to clarify the answers of the participants.

This s was adopted from a Ph.D. thesis in nursing. The propos-
al for this study was approved by the ethics committee of the 
research council of Tehran University of Medical Sciences (IR.
TUMS.REC.1395.2593). The goals and methods of the study 

were explained to the participants. Additionally, during the 
study, participants were allowed to leave without any penalties 
or losses. Written informed consent was obtained from all the 
participants. Their permission was obtained for recording of 
the interviews. Participants were assured that their information 
would remain confidential.

Statistical Analysis
We analyzed the study data using the qualitative content anal-
ysis approach. Content analysis is a scientific data analysis 
approach in which a researcher reduces and organizes data to 
explore the symbolic meaning of experiences (14). In the pres-
ent study, immediately after each interview, we transcribed 
the interview verbatim and read the transcript several times to 
gain familiarity with the main ideas of the interview. Next, we 
divided the text into meaningful units. Subsequently, we con-
densed the meaningful units for the sake of abstraction and 
accordingly coded the condensed meaningful units. Finally, we 
compared the codes with each other and categorized the codes 
into themes and sub-themes according to their similarities and 
differences.

Trustworthiness
The study accuracy is one of the important aspects during the 
process of any qualitative study, which would lead to reader’s 
audit of the facts, effects, and researchers’ actions (15). In this 
study, peer review was used to achieve trustworthiness. Data 
were coded and categorized by the researchers separately. 
Then, the obtained themes from the analysis were compared 
with each other. In case of disagreement about a theme, re-
searchers discussed the issue until achieving a common de-
cision. A member check was also used so that a summary of 
extracted themes was given to some of the participants to ap-
prove them based on their own experiences. Accurate auditing 
from the very first steps of the study and during data gathering 
was used to achieve the trustworthiness of the study.

RESULTS
The results of the present study were obtained after analyzing 
interviews of 16 relative kidney donors; interviews were con-
tinued until data saturation. The mean age of the participants 
was 41 years, and the mean time passed after the donation was 
5 years. Other demographic characteristics of the participants 
are presented in Table 1. Results of data analysis led to the ex-
traction of three main themes: initial confrontation, hospital-
ization, and endless concerns. The second theme of the study 
had two sub-themes: being ignored and the rights of the donor. 
What follows is the meaning of each theme and sub-theme and 
the direct quotations from the participants.

Initial Confrontation
Initial confrontation means starting the process of donation 
after making the decision. During the initial confrontation, the 
donor needed to pass preliminary tests to approve the appro-
priateness of donation to the relative. Performing the tests was 
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one of the longest and most stressful parts of the donation 
process, and according to the participants, lasted at least 6 
months. Most participants complained about the delayed du-
ration of this period. Some of the donors got exhausted during 
this period and sometimes even regretted their decision to do-
nate. Some participants complained about the lack of a com-
prehensive systematic program and some about the lack of a 
supportive system during this period; most participants toler-
ated significant mental and psychological pressures during this 
period. Some participants had traveled to Tehran from smaller 
cities to undergo the preliminary test because of the equipped 
laboratories in Tehran. They mentioned feelings of loneliness 
and homesickness, lack of support, and lack of a place of res-
idence. During the first confrontation with donation, most do-
nors believed that the worst and toughest part was performing 
preliminary tests.

Although donating parents, especially mothers, had patience 
and provided unconditional love throughout the entire dona-
tion process, they experienced restlessness and intolerance 
during the tests owing to their difficulty and lengthy durations. 
A mother who donated a kidney to her daughter provided the 
following statement:

“There was a heart test too, during which I got really tired and 
confused. I was saying why don’t these end? I never thought 
that it could be so long and tough. I used to think that matching 
blood types is enough. I was whispering ‘Oh God, please let this 
stop.’” (Second donor, mother’s donation to her daughter)

Some participants also believed that the lengthy period of the 
tests was threatening their job because they had to take repeat-
ed leave of absences for undergoing the tests.

“The time that we spent performing the tests was too long. 
They delayed the work so much. I was employed, so I had to 

take repeated leaves and pay cuts from my work. I was so wor-
ried sometimes that I couldn’t take it anymore.” (First donor, 
daughter’s donation to her father)

Lengthy test periods, their high cost, repeating various tests, 
and the ambiguity of the results of the match between the do-
nor and the recipient were some of the challenges and difficul-
ties that donors faced during the donation process, such that 
some of the participants mentioned considering withdrawal 
and regretted the decision to donate.

Hospitalization
After passing the long and difficult period of testing, donors 
would be hospitalized for donations. Participants reported var-
ious experiences during this period from their confrontations 
with physicians and nurses at hospitals. Most participants’ in-
teractions during hospitalization and nephrectomy were with 
nurses, and they experienced little interaction with their physi-
cians. This theme had two sub-themes: being ignored and the 
rights of the donor.

Being ignored
Most participants in the present study stated that most of their 
interactions with the physicians were at the early stages while 
they were being instructed about the preferability of donation 
from a relative. They believed that they were ignored by the 
transplantation team after the surgery and kidney donation. 
Some of the participants mentioned lack of attention and sup-
port. Participants believed that nurses mostly paid attention to 
the recipients, and the donors had not received any special at-
tention before and after the surgery. One of the donors stated 
as follows:

“Not before the surgery and not even after the surgery the nurs-
es spoke to us about what was going to happen or did anything 
for us or pay any attention to us; instead, they were mostly fo-
cused on the recipients.” (Sixth donor, spouse’s donation to the 
spouse)

While interviewing some of the nurses from the transplant 
ward, they mentioned that numerous and sensitive care pro-
cedures and follow-ups of the recipients were one of the rea-
sons for not paying sufficient attention to the donors. They also 
mentioned the lack of a standard protective and educational 
plan and protocol for donors at the hospital environment. Nurs-
es believed that the reasons for not paying sufficient attention 
and support to the donors were physicians’ ignorance toward 
the donors after donation, lack of a specific position for nurses 
among the transplantation team, lack of a referring center for 
donors to perform donation follow-ups, and the health system 
not paying the donors.

The rights of the donors
In the present study, some of the participants complained 
about disrespecting the patients and their rights at the time 

Table 1. Donors’ Demographic Characteristics

Characteristics N (%)

Gender

Female 6 (37.5)

Male 10 (63.5)

Educational Level

Elementary 2 (13)

High School Diploma 10 (62 )

Bachelor’s 4 (25)

Age

mean±standard deviation 40±3.45

Time after donation

<1 year 4 (25)

1-5 years 6 (37.5)

>5years 6 (37.5)
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of their need for attention and emotional and mental support. 
Most participants were eager to receive information and respect 
during the process of donation. They expected to receive the 
minimum rights of the patients; they did not have high expec-
tations from the treatment team. Their expectations following 
hospitalization were being met, and they were interacted with 
humanly and obtained correct information from an experi-
enced and aware team.

One of the greatest expectations of the donors during hospi-
talization was receiving an educational program for improv-
ing the quality of life after donation. The participants stated 
that after the surgery, they had many questions about their 
health condition, required follow-ups, and consequences of 
transplantation, but they had not received sufficient answers 
from the treatment team. According to the donors, prepping 
the patients before the donation is the duty of the transplant 
team. They believed that the presence of a counselor and a 
psychologist before the surgery was one of their rights that 
was neglected. Regarding psychological counseling, one of 
the participants stated as follows:

“I wanted to donate my kidney with love and interest, but I was 
so nervous and stressed. I wanted someone to be there so that 
I could talk to them and remain calm.” (Tenth donor, sister’s do-
nation to a sibling)

Participants in the present study had very little information 
before the surgery regarding the possible physical conse-
quences of donation, such as severe pain or nausea and vom-
iting. They mentioned that they encountered an unbearable 
pain without being prepared, which caused excessive tension 
and discomfort for the donors. Furthermore, they had not re-
ceived an educational program for self-care and postoperative 
follow-ups.

Endless concerns
Although the donors who were relatives in the present study 
had willingly decided to donate their kidney, they were worried 
during the entire process of donation. They believed that only 
the condition of their worry was changed at different stages 
of the donation. They also believed that even transplantation 
could not completely resolve their concerns about the health of 
their recipient, and it only decreased their concerns. Concerns 
about blood type incompatibility at the stage of performing the 
tests, concerns about anesthesia and surgery, and concerns 
about rejection of the donated kidney were some of the con-
cerns expressed by relative donors. One of the participants stat-
ed as follows:

“At the hospital, I was in so much pain, but I wasn’t thinking of 
myself, I was thinking of my sister. I was worried that her body 
might reject the kidney or that she might have not come out 
of anesthesia; I had completely forgotten about myself.” (Eighth 
donor, sister’s donation to a sibling)

The fear of the rejection of the donated kidney was one of the 
fears of most of the donors, even years after the donation. This 
concern was specifically significant among donating parents. 
Some of the donors even found another relative for donation 
because of their fear of rejection of the donated kidney.

Another concern of the donors, especially among donating par-
ents, was the side effects of the drugs taken by the patient after 
transplantation. They believed that because of the administra-
tion of immunosuppressive drugs, the patient would be prone 
to various diseases, and this made them concerned.

A mother, after donating a kidney to her child, expressed the 
endless difficulties and concerns regarding the donation. She 
stated that not only are her concerns over but her life is now 
entangled with concern and anxiety:

“I didn’t think that I still would be so concerned after the trans-
plant, but I notice that I’m always worried and anxious. I fear 
that my child could get sick more than others, and that’s be-
cause of the drugs she is taking. On the other hand, I constantly 
think what if her body rejects the kidney, then what should I do? 
I don’t forget even for a second. It is like a concern, and anxiety 
has become a part of me.” (Second donor, mother’s donation to 
her daughter)

DISCUSSION
Participants in the present study stated that the challenges that 
they faced during the donation process were difficulties in per-
forming tests, difficulties during hospitalization, and endless 
concerns. To obtain the final approval and confirmation of be-
ing a suitable candidate for donation, the donors should pass 
all the necessary tests. In the present study, the testing stage 
was one of the longest and most stressful stages during the do-
nation process. The results of a previous study showed that the 
donors reported the stage of performing the tests as the tough-
est, longest, and worst part of the donation process (16). They 
had experienced a significant amount of stress and anxiety 
about the results of the tests, which even made some of them 
reconsider their decision about the donation (1). Results of the 
study also revealed that performing the tests causes stress and 
anxiety for the donors, and referring to the laboratory and per-
forming the tests before the donation is an uncomfortable ex-
perience for them. Because of the lack of coordination, delay, 
and wasting of time on testing, the testing stage was reported 
as stressful for donors (17). Some participants in the present 
study reported exhaustion at this stage and even reconsidered 
their decision to donate, but eventually, despite all the difficul-
ties and lengthiness of the testing stage, they completed this 
process and donated their kidney because of their feelings of 
responsibility, along with love and motivation.

Some participants in the present reported feelings of being left 
out, ignored, and not supported by the nurses and physicians. 
They believed that the nurses’ attention was mostly focused 
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on the recipients and that they were treated with impatience 
and inattention. The study by Sanner (2005) showed that some 
of the donors reported feelings of being abandoned, left out, 
and neglected by the personnel of the ward (18). In this regard, 
Elciego and Doman (2011) recommended and emphasized that 
the control, follow-up, and accurate observation by the trans-
plantation team of the donors should be the same as for those 
of the recipients (17). Although donors in the study by Delan-
aye (2012) had positive experiences from the received cares 
in the hospital, most of them experienced a lack of follow-up 
care after being discharged (19). Some felt neglected by and in-
significant to the treatment team, and some even felt that the 
treatment team has treated them as a tool to end the recipient’s 
treatment. Donors in the study by Lima et al. (2) in 2006 were 
also dissatisfied with the received medical services during their 
hospitalization.

Some of the participants in the present study stated that they 
had not received any educational program for preparation for 
the surgery or for taking care of themselves after discharge 
and performing routine follow-up visits to the physician or the 
nurse from the transplantation team. Lack of sufficient informa-
tion after donation is one of the disadvantages of the donation 
process. Therefore, it is necessary for the health personnel to 
have appropriate understanding of the nature of the donation 
process and the needs of the donors (6). Focusing on physical, 
mental, psychological, and interpersonal factors during coun-
seling and educating the donors is essential (19, 20). In the 
study by Mazaris et al. (21) in 2012, the greatest sources of infor-
mation for the donors were the transplantation team, journals, 
and electronic media. Results of another study showed how the 
lack of knowledge and awareness could affect different aspects 
of donation (22). The lack of knowledge and awareness might 
cause the donor to avoid donation. The need for educating the 
donors is the content of most of the conducted studies (1, 2).

Endless concern was another challenge faced by the relative 
donors in the present study. The most important concern of the 
donors after donation was that the recipient’s body would re-
ject the kidney (13, 22). In the process of donation, the donors’ 
priority is always attending to the needs of the recipient, and 
they mostly felt concerned about the results of the transplant 
and failure in transplant (1). Donors in the study by Lennerling 
et al. (23) in 2004 were also concerned about the health of and 
prognosis of donation in the recipient during the entire dona-
tion process. Sacrifice, dedication, forgiveness, and self-devo-
tion in donation are some of the features of the donors in the 
present study. In general, the experience of surgery by the do-
nors has been reported to be somewhat unfamiliar and dissimi-
lar to anything else. Usually, the recipient and the donor would 
both feel much fear and anxiety during the process of donation. 
They usually fear death and are anxious about the consequenc-
es that might happen after donation. Their fear usually increas-
es at the day of the procedure, and it includes the fear of risking 
their lives, fear of pain, fear of the unknown, fear of the post-

operative consequences, fear of opioids, fear of the operating 
room, and fear of being away from the family (24). In a thematic 
synthesis conducted by Tong et al. (25) in 2012, most donors 
stated that after the donation, they were particularly concerned 
about the recipient and the possibility of failure in the function 
of the donated kidney. Most of the concerns of the donors were 
regarding postoperative pain, duration of recovery, recipient’s 
health, occupational issues, possible risks, and limitations in 
the new lifestyle.

The findings of this study showed that relative kidney donors 
face numerous challenges in the donation process. Focusing 
on the concerns of donors at the initial consultation and trying 
to shorten the test duration will be helpful. Nurses can provide 
more favorable conditions with more support from family do-
nors seeking hospitalization and respect for their rights. Es-
tablishment of the Donor Support Association to address the 
problems and needs of these individuals will be effective in im-
proving the quality of life and addressing their concerns.

CONCLUSION
The present study aimed to discuss some of the challenges 
faced by relative donors. The duration of testing, not respect-
ing the rights of the donors during the period of hospitalization, 
and various concerns by the donors were some of the challeng-
es faced during the donation process. According to the results 
of the present study, the presence of a counselor or a psycholo-
gist, especially during the hospitalization period, could be help-
ful in decreasing the concerns of the donors. Because there are 
few relative kidney donors in Iran, finding participants for the 
present study was difficult. In addition, similar to other quali-
tative studies, the generalizability of the present study is low.
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Abstract

Objective: Mineral bone disorders due to chronic kidney disease (CKD-MBD) in children occur as a result of decreased glo-
merular filtration rate and abnormalities in phosphorus, calcium, parathyroid hormone, and vitamin D metabolism rates. 
Increased parathormone synthesis may result in the development of adenomas in the parathyroid gland. The aim of this 
study was to evaluate parathyroid lesions in children with CKD-MBD using ultrasound (US) elastography.
Materials and Methods: Fifteen patients with a diagnosis of CKD-MBD (average age, 15.5±2.4 years; seven girls) and 15 
healthy children (average age, 13.8±2.5 years; six girls) were included in the study. The patients were evaluated clinically 
and in terms of laboratory findings (calcium, phosphorus, alkaline phosphatase, vitamin D, and parathormone levels), and 
all patients were evaluated using strain US elastography. The parathyroid strain ratio indices of the study group were com-
pared with the thyroid strain ratio indices of the control group.
Results: Among 11 patients with stage 5 CKD who underwent parathyroid US, nodules were observed in 8 patients, where-
as parathyroid nodules were not observed in 3 patients with stage 3-4 CKD. The parathyroid lesions average strain ratio 
index (1.1±0.5) was significantly higher than that of the control group (0.46±0.16).
Conclusion: The stiffness of parathyroid lesions in children with US elastography was evaluated for the first time in this 
study to the best of our knowledge, and it is believed that a high strain ratio index could be a useful indicator of the pres-
ence of adenomas. We propose that the findings be supported by future larger studies.
Keywords: Elastography, children, parathyroid gland

INTRODUCTION
Mineral bone disorders in children with chronic kidney 
disease (CKD-MBD) are caused by abnormal interactions 
between the kidney, bone, and parathyroid gland, and 
they are closely associated with cardiovascular mor-
bidity and mortality (1). As the glomerular filtration rate 
(GFR) decreases, phosphorus excretion in the urine in 
the early stages and active vitamin D synthesis in the kid-
ney decrease, leading to a decrease in calcium, and the 
synthesis of secondary FGF-23 and parathormone (PTH) 
begins to increase. Secondary hyperparathyroidism is 
clinically called renal osteodystrophy (RO) and is classi-

fied into three types according to bone transformation/
mineralization. In high bone turnover RO, the osteoblas-
tic and osteoclastic number and cycle increase, the PTH 
level is high, osteitis fibrosa cystica can be observed, and 
bone mineralization is normal. In low bone turnover RO 
(adynamic bone disease, osteomalacia), bone formation 
is decreased, mineral-free bone tissue is increased, and 
the PTH level is low. In mixed bone disease, the bone 
turnover is increased and mineralization is decreased (1, 
2). CKD-MBD in children results in bone fractures, skeletal 
deformities, growth disorders, bone pain, and vascular, 
metastatic, and soft tissue calcifications (1). Increased 
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PTH synthesis may result in diffuse or nodular cell growth and 
development of adenomas in the parathyroid gland. If the hy-
perplasia of the parathyroid gland is particularly nodular, the 
development of adenomas is more likely. As a result of the de-
crease in calcium and vitamin D receptors in the parathyroid 
gland, the adenoma can become autonomous, and resistance to 
active vitamin D treatment may develop (3). Tertiary hyperpara-
thyroidism may develop in patients with secondary hyperpara-
thyroidism in whom the parathyriod gland works autonomously 
which cannot be suppressed by treatment.

Ultrasonography (USG) and 99mTc Sestamibi (MIBI) scintigraphy 
are currently the most widely used imaging techniques to de-
tect the location of parathyroid adenomas. The sensitivity of 
these techniques in identifying parathyroid adenomas is 70%-
90%. Although magnetic resonance imaging and 4-D comput-
ed tomography have the potential to increase the accuracy of 
identification, they are expensive (4-7). USG is an inexpensive, 
noninvasive, and widely used imaging modality to evaluate the 
parathyroid gland in patients with hyperparathyroidism. How-
ever, it may be difficult to differentiate a parathyroid lesion from 
thyroid nodules or cervical lymph nodes (8, 9).

Currently, elastography, which is a relatively new technique de-
veloped by adding software, is based on the general principle 
that stress applied to the tissues with the help of USG, similar to 
the palpation technique in physical examination, causes chang-
es in the tissue depending on the elastic properties of the tissue 
(10). Strain elastography (SE), which is one of the elastography 
techniques, provides semi-quantitative values of the stiffness 
of the tissue and the strain ratio (SR) value calculated with the 
help of software and thus helps to differentiate between tissues 
and accurately evaluate superficial tissues such as the breasts, 
prostate, scrotum, neck, and thyroid. If adequate external pres-
sure is applied, adjacent organs such as the parathyroid gland 
can also be evaluated using this technique (11, 12).

It is well known that the parathyroid gland is normally com-
posed of 40%-70% adipose tissue and that there is a significant 
decrease in fat content in parathyroid adenomas. In addition, 
parathyroid adenomas have been shown to have thickened 
capsules (13, 14). Therefore, parathyroid adenomas are expect-
ed to be relatively hard lesions. In recent years, parathyroid le-
sions have been evaluated using various elastography methods 
in adults in a limited number of studies. In addition, to the best 
of our knowledge, although there is a publication evaluating 
the images of parathyroid lesions using the SE technique in 
adult patients, no study has been performed using this method 
in pediatric patients (11).

The aim of this study was to evaluate the appearance of para-
thyroid lesions in children with secondary hyperparathyroidism 
caused by CKD by USG and to prospectively determine whether 
SE can be a valuable additional tool in the diagnosis of parathy-
roid adenoma.

MATERIALS AND METHODS
The study was prospectively designed to evaluate the parathy-
roid lesions of 15 children with CKD-MBD using USG elastog-
raphy. The control group comprised 15 age- and sex-matched 
healthy children.

Calcium, phosphorus, alkaline phosphatase, vitamin D, and 
PTH were evaluated in serum samples taken in the morning in 
routine laboratory tests for BMD. Analyses of biochemical lab-
oratory tests were performed using routine Cobas 8000 series 
modular autoanalyzers (Roche Diagnostics, Mannheim, Germa-
ny). Serum calcium, phosphorus, and alkaline phosphatase lev-
els were measured using the photometric method with a c702 
autoanalyzer, and vitamin D and PTH levels were measured us-
ing the electrochemiluminescence immunological method with 
an e601 autoanalyzer.

Radiologically, all patients were evaluated using a convention-
al B-mode and SE. Axial B-mode and SE images were obtained 
using a digital sonography device (LOGIQ E9, GE Healthcare, 
Milwaukee, WI) supported by SE software using 11-15 MHz lin-
ear probes to parathyroid glands. All measurements were per-
formed by the same radiologist who had 10 years of experience 
with USG and 7 years with SE. An USG evaluation was performed 
using an adequate amount of USG gel. For the measurement of 
the parathyroid lesion, subjects were laid supine on the exam-
ination table in a position with the neck slightly extended. First, 
B-mode USG was performed, and morphological characteristics 
(echo pattern, shape, presence of halo sign, and presence of cal-
cification), size, and localization of each lesion were evaluated.

In the second stage, SE was performed immediately after 
B-mode USG. While the parathyroid images were captured, 
the SE mode was turned on, and another B-mode image was 
opened next to the original B-mode image. The local strain 
was achieved by applying light repetitive compression (rhyth-
mic compression-relaxation cycle) with a free-hand technique 
while the probe was in the scanning position (15, 16). The SE im-
age was observed as a translucent, color-coded, and real-time 
image superimposed with the B-mode image. Repetitive com-
pression was continued until more than three SE images were 
obtained. The hardness of tissues was shown in a color-coded 
map in which soft tissues were red, hard tissues were blue, and 
moderately elastic tissues were green (17). Strain elastograms 
were classified into elastographic patterns according to tissue 
stiffness (17-20). Figure 1 gives an example of cases with various 
elastographic patterns. After screening, three SE images were 
selected randomly during each measurement. In each of the 
three images, a circular region of ​​interest (ROI) was placed sep-
arately into the parathyroid and adjacent thyroid gland. The SR 
value (B/A) in each ROI was automatically calculated using the 
USG device by comparing parathyroid (A) to adjacent thyroid (B) 
for each patient, and the average values ​​were obtained (Figure 
2). An SR value was calculated for each of the three images. The 
average value of the three trials was considered as the SR value 
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of each measurement time. The measurements were obtained 
from only the solid part and noncalcified part of each lesion.

Because normal parathyroid glands are very small, they can-
not be evaluated using USG. Therefore, the SR values ​​of the 
parathyroid gland lesions were compared with the adjacent 
normal thyroid parenchyma. In the control group, similar mea-
surements were performed for the thyroid gland and compared 
with the adjacent subcutaneous adipose tissue.

Informed consent was obtained from the families of the pa-
tients, and ethics committee approval (19.03.2019/06) was ob-
tained from Pamukkale University medical ethics committee.

Statistical Analysis
Data were analyzed using the The Statistical Package for the So-
cial Sciences (SPSS) version 24.0 package program (IBM Corp.; 
Armonk, NY, USA). Continuous variables were expressed as the 
average±standard deviation, and categorical variables were ex-
pressed as numbers and percentages. The suitability of the data 
for normal distribution was examined using the Shapiro-Wilk 
test. Independent group t-test was used for the analysis of in-
dependent group differences, and chi-square analysis was used 
for the differences between categorical variables. Spearman 
correlation analysis was used to examine the relationships be-

tween continuous variables. In all analyses, p<0.05 was consid-
ered statistically significant.

RESULTS
The study group comprised 15 laboratory-confirmed patients 
with CKD-related BMD. The average age of the study group was 
15.5±2.4 (12-19) years, and the female-to-male ratio was 7:8. 
The control group comprised healthy children. The average age 
was 13.8±2.5 (10-18) years, the female-to-male ratio was 6:9, 
and there was no significant difference in terms of age and sex 
between the groups. Demographic and laboratory data and pa-
tient treatments are given in Table 1.

The etiologies of patients with CKD were varied, and chronic 
glomerulonephritis was the most frequently observed etiology 
(Table 1). Among 15 children with CKD in the study group, 11 
had stage 5, 3 had stage 4, and 1 had stage 3 CKD. The dialysis 
modality of 10 patients with stage 5 CKD was peritoneal dialy-
sis, and one patient was receiving hemodialysis treatment. One 
patient had a low calcium level, and three had levels >10.2 mg/
dL, the target level for that age. The phosphorus level of 13 pa-
tients was above the normal limit for that age (>12 years target 
P level 2.3-4.5 mg/dL [1.21]). Eleven of the 13 patients using ac-
tive vitamin D had PTH levels more than the target level (PTH 
target level, 100-300 pg/mL for stage 5 CKD; PTH level, 70-110 
pg/mL for stage 3-4 CKD [1.21]). All patients were using calci-
um-based phosphate binders; 5 were using additional calci-
um-free phosphate binders (sevelamer), and 13 were on active 
vitamin D therapy (Table 1).

In the parathyroid USG, nodular lesions (parathyroid adenoma/
hyperplasia) were detected in eight patients with stage 5 CKD, 
whereas three patients had no lesions. No lesions were detect-
ed in the patients with stage 3-4 CKD. Table 2 shows the nodule 
size and SR of the patients with parathyroid nodules. In addi-
tion, thyroid nodules were detected using USG in two patients 
(Table 2). Parathyroid elastography was performed in eight pa-
tients with parathyroid lesions in the study group; two patients 
had pattern 2, one patient had pattern 3, four patients had pat-
tern 4, and one patient with two parathyroid lesions had elasto-
graphic patterns 3 and 4. The average parathyroid elastography 
SR value of the patients with parathyroid lesions in the study 
group was 1.1±0.5, the average thyroid elastography SR value 
of the control group was 0.46±0.16, and the average SR value of 
the study group was significantly high (Table 3).

The presence, size, and SR values ​​of the parathyroid lesion were 
not correlated with PTH levels.

DISCUSSION
In our study, the parathyroid glands of patients with CKD-BMD 
were evaluated using USG and elastography. In cases with para-
thyroid lesions, elastographic features and SR indices were 
evaluated according to the color score. When compared with 
the thyroid SR index of the control group, the SR index of para-

Figure 2. Image of two nodules in the left parathyroid. In the picture on the 
right, the gray-scale USG shows two well-circumscribed hypoechoic nodules 
(arrows). The picture on the left shows that the elasticity score of one of the 
nodules in the SE is consistent with Pattern 4 (arrow). The strain ratio is 0.5.

Figure 1. Example of parathyroid adenoma image in conventional ultrasonog- 
raphy (US) and strain elastography (SE). The image on the right shows an oval 
hypoechoic parathyroid adenoma (arrow) in the inferior neighborhood of the left 
lobe of the thyroid gland on the gray-scale axial US image. In the picture on the 
left, Pattern 4 images are seen in SE.
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thyroid lesions was found to be higher. One of the main find-

ings of this study was that the parathyroid lesions (adenoma/

hyperplasia) were very hard masses. It was also thought that 
SR index elevation may be an indicator of adenoma in patients 
with parathyroid lesions.

K-DIGO defined CKD-BMD as the presence of one or more of the 
following findings (21, 22):

Impairment in Ca, P, vitamin D, and PTH metabolism rates

Abnormalities in bone turnover and mineralization and linear 
bone growth

Calcification in vascular or other soft tissues

Generally, at stage 2 CKD, i.e., a GFR of <90 mL/min/1.73 m2, 
laboratory findings of BMD start to emerge (21). Clinically, bone 
pain, skeletal deformities such as genu valgum, genu varum, 
fractures, growth retardation, and non-bone vascular and soft 
tissue calcifications, and myopathy can be observed (21). In 
addition to laboratory findings, bone marrow biopsy is used to 
evaluate bone turnover (osteoblastic-osteoclast activity), and 
bone densitometry is used to evaluate bone mineralization in 
some cases (22).

In the treatment, phosphorus restriction is made by maintain-
ing phosphorus within normal limits according to age (1-23). 
Calcium is maintained within normal limits according to age. 
Phosphorus-binding agents (calcium-containing and non-cal-
cium-containing sevelamer) and active vitamin D-calcitriol to 
lower the PTH level are used. The target PTH level in children 

Table 1. Demographic, laboratory findings, and treatments of children with bone mineral

Patient 
Number Age Sex

CKD 
Stage Primary Disease

Dialysis 
Modality Ca P ALP PTH Vit. D

Ca-based 
P Binder Sevalemer Calcitriol

1 15 M 5 FSGS PD 9.7 5.1 372 1191 28 + + +

2 19 F 5 FSGS PD 11.3 5.1 56 274 36 + + +

3 18 F 5 VUR PD 9.4 5.7 70 308 46 + - +

4 13 F 5 CGN PD 7.9 5 589 1958 25 + - +

5 19 M 5 SLE PD 8.8 4 142 107 22 + - -

6 19 M 5 VUR PD 9.5 7 68 283 46 + - +

7 14 M 5 CGN PD 7.8 5.5 662 1062 11 + + +

8 12 F 5 Neurogenic bladder PD 10.5 4.4 88 193 29 + - -

9 12 F 5 Nephronophthisis PD 10.8 5.8 188 425 25 + + +

10 15 F 5 VUR PD 9 6.1 283 1738 23 + - +

11 14 M 5 VUR HD 10.1 6.9 819 1500 77 + + +

12 14 M 4 FSGS - 7.6 7.6 129 266 9 + - +

13 15 M 3 Nephronophthisis - 9.7 4.7 246 237 18 + - +

14 15 M 4 VUR - 9.06 4.8 91 217 33 + - +

15 19 F 4 IgA nephropathy - 9.06 5.1 61 242 12 + - +

PD: Peritoneal dialysis; HD: Hemodialysis; CKD: Chronic kidney disease; FSGS: Focal segmental glomerulosclerosis; VUR: Vesicoureteral reflux; CGN: Crescentic glomeru- lonephri-
tis; SLE: Systemic lupus erythematosus

Table 2. Ultrasonography and strain elastography results of chil- dren 
with bone mineral metabolism disorder due to chronic kidney disease

Patient 
Number

Parathyroid 
Nodule (mm)

Parathyroid 
Elastography 
Strain Ratio

Thyroid 
Nodule (mm)

1 4x2.5 1.6 -

2 11x10 2.1 -

3 3x3 0.9 -

4 4.5x2.5 0.8 -

5 Absent - -

6 Absent - -

7 4.7x2.4 1.2 3x2

8 Absent - -

9 4.8x2.1 0.8 -

10 5.7x3.6 1 -

11 10.6x10.2 0.5 -

12 Absent - 8.5x4

13 Absent - -

14 Absent - -

15 Absent - -
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with stage 5 CKD in the pediatric age group is recommended 
to be maintained between 100 and 300 pg/mL, and when this 
level is >500 pg/mL, growth is impaired and the incidence of os-
teitis fibrosa cystica increases, whereas the risk of hypercalce-
mia occurs when the level is <100 pg/mL (1,21). If the PTH level 
exceeds 1000 pg/mL, subtotal parathyroidectomy should be 
considered when there is no response to vitamin D treatment 
(vitamin D and Ca receptor levels of the nodular compartment 
developing in the hyperplastic gland in parathyroid are decreas-
ing), and calcification and calciphylaxis in soft tissues occur. 
All our patients were receiving phosphorus-restricted diet and 
calcium-containing phosphorus-binding and active vitamin D 
therapy, and five patients were receiving additional sevelamer 
therapy. Despite these treatments, five patients had a PTH level 
of 1000 pg/mL and 11 had a PTH level above the normal level.

USG is the modality of choice for imaging the parathyroid gland 
in children. The presence of nodules can be demonstrated us-
ing USG. Studies have shown that other lesions in the cervical 
region (thyroid nodules and lymph nodes) can be confused with 
parathyroid adenomas in terms of location and structure (8, 9, 
24). The indications for MIBI scintigraphy are disputable, and 
this modality is usually not considered for the diagnosis and for 
determining the location of the lesion. If parathyroidectomy is 
indicated, it should be performed to show localization of ade-
noma or if there is suspicion of ectopic adenoma (21, 25). In ad-
dition, if thyroid nodules, lymph nodes, and metastatic masses 
are present, MIBI scintigraphy specificity decreases, and it has 
disadvantages such as radiation exposure (25). Studies have 
shown that the sensitivity of MIBI in hyperparathyroidism is 
50%-85%, and at the same time, its sensitivity for the detection 
of nodules <1 cm decreases further (6, 26).

USG elastography deals with the mechanical properties of the 
tissue. The hardness of the measured tissue relative to that of 
neighboring tissues provides information about its consistency. 
By applying external force, the positional change of the tissue 
can be examined. The lesser the displacement of a tissue, the 
greater is the hardness of that tissue. Strain index is obtained 
by dividing the elasticity ratio of the mass by the elasticity ra-
tio of the healthy adjacent tissue. The first evaluation of the 
parathyroid gland using the SE method was performed by Ün-

lütürk et al. (11). It was observed that parathyroid adenomas 
were hard in SE, and the parathyroid hyperplasias were soft in 
almost half the cases. The authors found higher SR values ​​and 
higher elasticity scores (scores 3 and 4) in patients with parathy-
roid adenoma compared with those with hyperplasia. Similarly, 
in our study, high elasticity scores and SR values ​​were found in 
parathyroid lesions. Although the prospective characteristics of 
the study by Ünlütürk et al. (11) and evaluation in accordance 
with pathological correlations made positive contributions to 
the literature, we think that the over-dependency of SE on us-
ers is the drawback of the study. There are a considerably few-
er number of studies evaluating parathyroid adenomas using 
elastography. On review of the literature and to the best of our 
knowledge, there are no studies on this subject in children. After 
parathyroid adenoma is detected using USG, the SR values ​​cal-
culated when elastography is performed cannot be compared 
with those of a normal parathyroid gland because normal-sized 
parathyroid glands are not identified by most imaging meth-
ods. Therefore, if the parathyroid gland can be observed on 
USG, it should be considered a pathological lesion. In our study, 
parathyroid adenoma SR values ​​were compared with SR values ​​
of adjacent tissues, such as the thyroid tissue. In the study by 
Ioana et al., the parathyroid adenoma SR rates were lower than 
the thyroid tissue SR rates. However, different results were ob-
tained in different studies. Chandramohan et al. (5) showed that 
parathyroid adenomas were softer than benign and malignant 
thyroid nodules, and Batur et al. (27) showed that parathyroid 
adenomas were more rigid than benign thyroid nodules and 
less rigid than malignant lesions. In our study, we calculated 
that the SR values ​​of patients with parathyroid nodules were 
significantly higher than those of the control group. All patients 
with parathyroid nodules were stage 5 CKD, and no adenoma 
was detected in patients with stage 3-4 CKD. In addition, a thy-
roid nodule was found incidentally on USG in two patients in the 
study group. Parathyroid adenoma was detected in one of the 
two patients with thyroid nodules, and reference values ​​in the 
SR measurements were obtained from localization of normal 
thyroid parenchyma without thyroid nodules. In other words, 
lesions observed in the thyroid that could change the reference 
value did not prevent the evaluation of the parathyroid gland.

The indication for parathyroid scintigraphy is to show the exact 
localization of adenoma in patients who are considered to re-
quire parathyroidectomy because they do not respond to active 
vitamin D therapy. In our study, parathyroid scintigraphy was 
performed in one of the patients with secondary hyperparathy-
roidism (patient 4), whose PTH levels (1958 pg/mL) could not 
be decreased despite active vitamin D and phosphorus-binding 
treatments. This patient had suspicious adenoma on USG, and 
the SR index was 0.8. Parathyroid scintigraphy did not reveal 
adenoma.

In another patient (patient 2), an adenoma of >1 cm was detect-
ed using USG, and the SR index was 2.1, which was considerably 
high. The PTH level was 274 pg/mL, and parathyroid scintigra-

Table 3. Comparison of the parathyroid elastography parameters 
of the study group and the thyroid elastography parameters of the 
control group

Study 
Group n=14

Control 
Group n=15 p

Age (year) 15.2±2.4 
(12-19)

13.8±2.5 
(10-18)

0.14

Sex (F/M) 7/8 6/9 0.8

Parathyroid nodule elastog-
raphy (strain ratio index)

1.1±0.5 0.46±0.16 0.009
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phy revealed the presence of the adenoma. In the patient (pa-
tient 11) with vascular calcification and PTH level of 1500 pg/
mL, despite active vitamin D treatment and a 1-cm parathyroid 
nodule detected on USG, but who had a low SR index (0.5), ade-
noma was not detected in the scintigraphy performed with the 
indication of parathyroidectomy. In conclusion, adenoma was 
not detected in parathyroid scintigraphy in the patient who was 
resistant to vitamin D therapy, had a PTH level >1000 pg/mL, 
and a parathyroid nodule >1 cm, but had a low SR index. How-
ever, scintigraphy showed an adenoma in the patient whose 
USG elastography did not show a very high PTH level but had 
a high SR index.

The data obtained from these three cases suggest that SR, i.e., 
the elasticity index, in elastography, may be more useful than 
the increased level of PTH and the size of the adenoma on USG 
to demonstrate the presence of an adenoma. However, the re-
sults from such a small number of patients are insufficient for 
such a prediction. This finding may serve as a base for larger 
studies in the future.

CONCLUSION
When we searched the literature, and to the best of our knowl-
edge, there were no similar studies in patients with secondary 
hyperparathyroidism caused by CKD-BMD, nor was there any 
study in which the parathyroid gland was evaluated using elas-
tography in children. The first result of our study was that the 
parathyroid adenomas had higher SR indexes than the thyroid 
tissue; in other words, they were very hard masses. The sec-
ond result was that a high SR index may be a good indicator 
of the presence of adenomas. The limitations of the study are 
the small number of patients and the inability to detect para-
thyroid adenomas using parathyroid scintigraphy or parathy-
roidectomy in all patients. This method was not preferred due 
to ethical problems. There is a need for studies with more cases 
and studies compared with parathyroid scintigraphy within the 
indication.
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Abstract

Objective: To evaluate Patient Reported Outcomes of intra/interdialytic symptoms and to optimize the ideal conductivity 
settings maintained for minimal symptom expressions.
Materials and Methods: A prospective observational study, carried out in a south Indian tertiary care teaching hospital. Pa-
tient Reported Outcomes Kidney Disease Quality of Life (KDQOLTM) 35 Symptom List Questionnaire was administered to each 
patient to determine inter/intradialytic symptoms coupled with sodium conductivity measurement during hemodialysis.
Results: Of the 126 study populations, 97 consented were involved, the mean age was 50±11 years, with male predominance 
of 79%. Of the 31 parameters studied, 9 correlated significantly to conductivity showing some relationship (p<0.05). Muscle 
cramps, muscle soreness, fatigue, trouble sleeping and nausea were least at population conductivity mean of 14.4 mS/m and 
peaked at the extremes of mean conductivity range of 13.2 and 15.1 mS/m. Whereas hypotensive symptoms and hot & cold 
spells were lowest at higher extreme of mean conductivity and peaks at lower end due to sodium removal & hyponatremia.
Conclusion: The change in sodium conductivity with response to sodium gradient was associated with significant in-
creases in inter/intra-dialytic symptom rates associated with symptoms like cramps, soreness, fatigue, nausea and trouble 
sleeping are least severe around a conductivity of 14.5 mS/m.
Keywords: Conductance, intra/interdialytic symptoms, sodium gradient, kidney disease quality of life

INTRODUCTION
Dialysis is a treatment used for individuals in their late 
stage kidney failure (chronic kidney disease, CKD) which 
involves the removal of waste and excess water from the 
blood (1). A damaged kidney cannot remove excess so-
dium and fluid from the body that will lead to hyperten-
sion and fluid overload. An efficient sodium balance and 
a controlled rate of volume contraction are prerequisites 
for maintaining euvolemia throughout the intra and in-
terdialytic periods and preventing complications (2). Pos-
itive sodium gradient (dialysate minus pre-dialysis serum 
sodium) is characterized by diffusive transport of sodium 
from the dialysate to the blood compartment, reduced 
intradialytic sodium removal, and hypernatremia, thus 

resulting in interdialytic symptoms, such as thirst, sub-
sequent increase in interdialytic weight gain (IDWG), and 
hypertension. Conversely, a negative sodium gradient re-
sults in diffusive transport of sodium from the blood to 
the dialysate, hyponatremia, and intradialytic symptoms, 
such as muscle cramps, hypotensive episodes, hot and 
cold spells, and sleep disturbances (2). 

Despite the improvement in the techniques of hemo-
dialysis (HD), treatment continues to be complicated 
by hypotension, muscle cramps, headache, nausea, 
vomiting, fatigue, hypertension, and excessive thirst. 
Muscle cramps are a common complication occurring 
in 33%-86% of patients leading to the early termina-
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tion of an HD session and under-dialyzed (3). Volume con-
traction and hyponatremia are the most likely underlying 
causative factors; this hypothesis is supported in part by the 
reduction in the frequency of cramping in association with 
sodium modeling or ramping (4). Moreover, a change in ex-
tracellular volume (due to increased osmolarity and hence 
increased volume) may have a pressor effect. The associat-
ed increase/decrease in plasma sodium itself may also cause 
the blood pressure (BP) to increase/decrease. In addition, 
small changes in plasma sodium may directly affect the hypo-
thalamus control of BP through the local renin–angiotensin 
system (5). Intradialytic hypotension results in dizziness and 
possibly cessation of dialysis if hypotension progressively 
worsens. The incidence is approximately 40%. Headache is 
another common finding, and the incidence is approximately 
20% mostly due to BP changes (6). Thirst increases the risk of 
IDWG which further necessitates a long and extensive dura-
tion of dialysis to re-render euvolemia, reducing patient com-
pliance and increasing morbidity (7-9).

Currently, dialysate conductivity is used as surrogate for sodi-
um concentration based on the fact that electrical conductivity 
of solutions reflects the concentration of solute. In addition, so-
dium is the major electrolyte present in dialysate, and ion ex-
change resin traps other cations, except sodium, thus providing 
an easy, accurate and real-time estimation of dialysate sodium 
concentration (1 mS/m (unit of conductivity)=10 Na mEq/L) (2, 
4, 6). Hence, there is a need for study to identify the relationship 
between dialysate conductivity, which is reflected by dialysate 
Na+ concentration, with that of the various intra/interdialytic 
symptoms experienced related to HD

The aim of the present study was to (1) identify and study the 
various intra/interdialytic symptoms experienced by patients 
with CKD as a complication of HD and (2) establish a relation-
ship between dialysate conductivity with the symptoms expe-
rienced and derive an optimal dialysate conductivity rendering 
lesser intra/interdialytic symptoms. 

MATERIALS AND METHODS
A cross-sectional study for a period of 6 months was conducted 
in a dialysis center at a south Indian tertiary care teaching hos-
pital. The study was approved by the Institutional Ethics Com-
mittee (IEC 485/2013). Of the 129 patients with end-stage renal 
disease (ESRD) actively undergoing HD reviewed, 97 consented 
and were enrolled in the study. Each patient was followed up for 
two consecutive dialysis sessions. Inclusion criteria were as fol-
lows: (1) patients (age ≥18 years) with CKD and ESRD (estimated 
glomerular filtration rate <15 mL/min/1.73 m2) who were anuric 
(urine output <100 mL/day) as per the NKF KDOQI guidelines 
and (2) patients undergoing maintenance HD >3 months and at 
least twice per week. Exclusion criteria were as follows: (1) pa-
tients with polycystic kidney disease, human immunodeficien-
cy virus infection, cirrhosis, active cancer, or cancer treatment 
within the past 2 years, (2) pregnant women, (3) hemodynami-

cally unstable/critically ill patients, and (4) individuals who re-
fuse to provide informed consent.

Assessing the inter/intradialytic symptoms
The occurrence of inter/intradialytic symptoms was deter-
mined by employing the well-validated, self-completed Patient 
Reported Outcomes Instrument KDQOL 35 Symptom List Ques-
tionnaire (31 out of 35 questions were relevant to the study and 
were included in the questionnaire). The questions included 
were about inter/intradialytic symptoms which the patients 
were bothered off during the past 4 weeks (10-12). The ques-
tionnaire was directly addressed to the patient during or soon 
after his/her dialysis session. The converted Kannada question-
naire (local language) was dually evaluated by the Institutional 
Ethical Committee team and healthcare team (nephrologist and 
pharmacist) and was made duly available to the patient at the 
time of performing the study. They were instructed to mark the 
box with a score of 1 (not at all bothered), 2 (somewhat both-
ered), 3 (moderately bothered), 4 (very much bothered), and 
5 (extremely bothered). Study subjects with symptom scores 
of 1 and 2 were allocated to group 1, and those with symptom 
scores of 3, 4, and 5 were assigned to group 2.

Determining the dialysate conductance and volume of fluid 
removed
Dialysate conductance, transmembrane pressure (TMP), and 
volume of fluid removed were recorded from the dialysis ma-
chine. The values displayed in the dialysis machine were re-
corded 5 min (to avoid interference from the filter rinsing sa-
line solution) after the start of each dialysis session. Patient 
demographic details, medical and medication histories, clini-
cal investigations, and laboratory reports were noted from the 
patient’s record file and recorded in pre-designed Case Record 
Form (CRF) during the dialysis sessions.

Determining IDWG
The patient’s weight, both after a session of dialysis and before 
the next dialysis, were recorded, and the difference between 
these gives the delta weight or the total weight gain between 
the consecutive dialysis sessions.

Data collection
Patients with ESRD undergoing maintenance HD during 2014-
2015 were identified from patient records available in the dial-
ysis center. Patients with ESRD who have fulfilled the inclusion 
criteria were selected, and their demographic details, such as 
age, sex, and weight; medical and medication histories; reports 
of laboratory investigations; and other details, such as pre- and 
post-HD weight, delta weight, pre- and post-HD BP, intradialyt-
ic weight loss (IDWL), total volume of fluid removed, TMP, and 
conductivity, were recorded in the CRF. Symptom List Question-
naire was administered in their local language to each patient 
during the first day of data collection. Questions on trouble 
sleeping, excessive thirst, cramps after dialysis, and fatigue 
were asked during their next visit to the dialysis center.   
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Statistical Analysis
The Statistical Package for the Social Sciences (SPSS) version 21 
(IBM Corp.; Armonk, NY, USA) was used for statistical analysis. 
Demographic characteristics were analyzed using descriptive 
statistics, mean (±standard deviation), and frequency (%), as ap-
propriate. Independent samples t-test was used to establish the 
relationship between each inter- and intradialytic symptom and 
conductivity. Each symptom severity listed in the questionnaire 
was divided into two groups (requisite of t-test). The relationship 
between conductance and each symptom studied was positive 
if significant (p≤0.05) and negative if significant (p>0.05). The re-
lationship was confirmed, and the type of correlation between 
symptom and conductivity was established using ANOVA and ob-
taining the means plot post ANOVA. The means of severity were 
plotted against the means of conductivity (corrected by ANOVA), 
and the trend was observed to establish the type of relationship. 

RESULTS
A total of 97 patients were enrolled in the study. There were 77 (79%) 

male patients. Baseline characteristics of the study population are 
shown in Table 1. The mean age of the patients was 62.2 years, and 
the mean dialysis vintage was 1.2±0.8 years. The mean hemoglobin 
level was 8.72±0.17 g/dL in males, whereas it was 8.83±0.31 g/dL in 
females. During the study, the mean conductivity was determined 
to be 14.47±0.28 mS/m; approximately 60% (n=59) of the study 
population was maintained on a conductivity ranging from 14.2 to 
14.6 mS/m. The mean ultrafiltration volume and mean IDWL were 
determined to be 4.41±1.04 L and 3.995±1.06 kg, respectively. 

Relationship between conductivity and symptoms
The mean conductivity across the population was found to be 
14.47±0.28 mS/m. The results of the t-test used in determining 
the presence or absence of a relationship are given in Table 2. 
Of the 31 parameters studied, the first 9 symptoms listed cor-
related significantly to conductivity showing some relationship. 

The relationship between conductivity and symptoms was es-
tablished by using ANOVA and deriving the means plots of each 
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Table 1. Patient demographics of HD patients

Demographic characteristics Mean±SD/frequency

Age 50.86±11.24 years

Sex Males 79% (n=77)

Females 21% (n=20)

Clinical characteristics Mean/frequency

Hemoglobin level 8.74±1.49 g/dL

Mean pre-dialysis blood pressure

Systolic 157±22 mm Hg

Diastolic 89±9 mm Hg

Mean post-dialysis blood pressure

Systolic 162±28 mm Hg

Diastolic 89±12 mm Hg

Mean conductivity 14.47±0.28 mS/m

Mean fluid removed (UF volume)   4.41±1.04 L

Mean dry weight   58.48±10.61 kg

Mean intradialytic weight loss 3.995±1.06 kg

Median transmembrane pressure 100 (73, 119)

Duration of time since on dialysis 1.2±0.8 years

Relevant comorbidities n (%)

Hypertension 97 (100)

Diabetes mellitus 47 (48.5)

Other kidney diseases, such as PCKD, Alport 
syndrome, IgA nephropathy, SLE, post-infec-
tious and chronic glomerulonephritis

18 (18.5)

Table 2. Significance of relationships using t-test

SI 
no. Symptom

Means
SignificanceGroup 1 Group 2

1 Cramps during dialysis 14.61±0.42 14.41±0.18 0.002
2 Muscle soreness 14.57±0.33 14.43±0.97 0.037
3 Fatigue 14.66±0.43 14.41±0.19 0.001
4 Excessive thirst 14.82±0.17 14.40±0.25 0.001
5 Dry mouth 14.67±0.18 14.38±0.27 0.001
6 Low BP 13.8±0.37 14.51±0.23 0.001
7 Hot and cold spells 14.33±0.39 14.50±0.24 0.014
8 Trouble sleeping 14.58±0.33 14.48±0.22 0.049
9 Nausea 14.54±0.39 14.42±0.22 0.043
10 Headaches 14.5±0.22 14.46±0.30 0.705
11 Dry skin 14.5±0.24 14.46±0.29 0.683
12 Itchy skin 14.50±0.23 14.46±0.29 0.643
13 Lack of strength 14.47±0.28 14.47±0.29 0.984
14 Washed out/drained 14.37±0.35 14.47±0.28 0.48
15 Joint pain 14.41±0.36 14.48±0.26 0.318
16 Easy bruise 14.39±0.28 14.47±0.29 0.416 
17 Sleepiness during the day 14.40±0.25 14.47±0.29 0.552
18 Joint stiffness 14.60±0.19 14.46±0.29 0.194
19 Back pain 14.41±0.27 14.48±0.29 0.345
20 Numbness in the hand 

or feet
14.48±0.12 14.47±0.29 0.936

21 Bone aches 14.52±0.25 14.47±0.29 0.718
22 Lack of appetite 14.50±0.30 14.46±0.28 0.694
23 Trouble with memory 14.22±0.19 14.48±0.28 0.074
24 Shortness of breath 14.45±0.46 14.47±0.26 0.838
25 Cramps after dialysis 14.46±0.24 14.47±0.29 0.912
26 Dizziness 14.44±0.18 14.47±0.29 0.764
27 Trouble concentrating 14.8±0.1 14.47±0.26 0.252
28 Blurred vision 14.46±0.26 14.47±0.29 0.897
29 Chest pain 14.47±0.19 14.47±0.29 0.996
30 Swelling of the ankles 14.48±0.19 14.47±0.30 0.866
31 Loss of taste 14.43±0.26 14.47±0.29 0.629



studied symptom. The results of the same are given in Table 3. 
A mean plot post ANOVA was also obtained to verify the trends 
and correlation between symptoms and conductivity (Figures 
1-4). Symptoms, such as muscle cramps, muscle soreness, fa-
tigue, trouble sleeping, and nausea, were lowest around the 
population mean conductivity (14.4 mS/m) and highest at the 
extremes (13.2 and 15.1 mS/m) (Figures 1 and 2). Excessive 
thirst and dry mouth follow a similar trend (Figure 3). Both are 
lowest at the lower end of the population mean conductivity 
(13.2 mS/m) and increase across the mean to peak at the higher 
extreme of the mean (15.1 mS/m) as they are mutually inclusive. 
Figure 4 shows that both symptoms of hypotensive symptoms 
and hot and cold spells are lowest at the higher extreme of the 
mean conductivity (15.1 mS/m) and increase across the mean 
to peak at the lower end of the population mean conductivity 

(13.2 mS/m). Each of the nine symptoms with an established 
relationship to conductivity was subjected to an ROC perfor-
mance (receiver operating characteristic) to derive the optimal 
range where patients report least discomfort (Table 4). Based 
on the aforementioned derived limits, the optimal conductivity 
for minimizing the severity of symptoms was determined to be 
14.45-14.55.

DISCUSSION
Despite improvement in dialysis technology, dialysis treatment 
itself has a number of minor and major complications, mainly 
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Table 3. One-way analysis of variance between symptoms and 
conductivity

SI no. Symptom

ANOVA

F value Significance

1 Muscle cramps 
during HD

8.431 0.0001

2 Muscle soreness 4.83 0.0001

3 Fatigue 6.895 0.0001

4 Excessive thirst 7.529 0.0001

5 Dry mouth 2.274 0.003

6 Symptoms of low BP 10.365 0.0001

7 Hot and cold spells 1.535 0.012

8 Trouble sleeping 1.526 0.012

9 Nausea 1.57 0.011

Table 4. Conductivity corresponding to least severity of symptoms

SI  
no. Symptom

ROC curve

Lower  
limit

Upper  
limit

Asymptotic 
sig.

1 Muscle cramps during HD 14.45 14.55 0.005

2 Muscle soreness 14.45 14.55 0.0001

3 Fatigue 14.45 14.55 0.002

4 Nausea 14.45 14.55 0.453

5 Dry mouth 14.35 14.45 0.0001

6 Excessive thirst 14.45 14.55 0.0001

7 Symptoms of low BP 13.85 14.45 0.005

8 Hot and cold spells 14.25 14.55 0.130

9 Trouble sleeping 14.35 14.45 0.404

Figure 1. Trends in symptom severity of muscle cramps, muscle soreness, and 
fatigue.

Figure 2. Trends in symptom severity of trouble sleeping and nausea.



resulting from disturbance in the body’s homeostasis. Sodium 
pooling in the body with dialysis treatment has very important 
clinical implications, mainly with respect to inter- and intradi-
alytic symptoms depending on the maintenance of constant 
dialysate sodium concentration (13). To the best of our knowl-
edge, this is the first study attempting to answer the question 
as to whether a low or high dialysate sodium maintenance is to 
be advocated in chronic HD for reduced symptoms, reviewed 
via a Patient Reported Outcomes questionnaire. This study at-
tempted to answer the commonly reported intra/interdialytic 
symptoms by means of the Patient Reported Outcomes using the 
KDQOL 35 Symptom List Questionnaire and tried to establish the 
relationship between the symptom’s severities with dialysate 

conductivity and also to derive an optimal dialysate conductivity 
range to be maintained for minimal symptoms expression. The 
study showed that there was a change in trends of symptoms 
severity with the changes of the trough and peak value of the so-
dium conductivity maintained during HD. Sodium homeostasis 
during HD treatment is important to preserve the patient from 
clinical events related to hypo- or hypernatremia (4). Our study 
showed a positive correlation of the symptoms expressed as 
muscle cramps, muscle soreness, fatigue, trouble sleeping, and 
nausea with the sodium gradient bothering the patients during 
inter/intrahemodialytic phases when compared with the value 
of dialysate conductivity displayed in the dialysis machine. Our 
study (Figures 1, 2) showed that symptoms are lowest around 
the study population mean conductivity (14.4 mS/m) and high-
est at the extremes (13.2 and 15.1 mS/m) consistent with the 
current literature (14-16). In the DOPPS study, it was observed 
that lower serum sodium levels are associated with certain HD 
symptoms and higher adjusted risk of death with serum sodi-
um <137 mEq/L and lower mortality risk in patients with dial-
ysate sodium prescriptions >140 mEq/L. These observations 
found were to be clinically meaningful because serum sodium 
measured routinely is rarely interpreted for sodium balancing 
in HD patients. Thus, dialysate sodium prescriptions are essen-
tial for ideal maintenance of sodium conductivity for reduced 
symptoms in pre- and post-HD of the patients (17). The associ-
ations of a high sodium gradient with fluid overload are likely 
explained by a high dialysate sodium concentration leading to 
an elevated post-dialysis serum sodium level with the conse-
quence of increased thirst and fluid intake (18). Basile et al. (19) 
also expressed that the range of 138-140 mmol/L dialysate sodi-
um concentration maintenance is a comfortable target to reduce 
the impact of mortality or other cardiovascular outcomes in the 
study. Increased severity of muscle cramps and soreness at the 
extremes of the study populations mean conductivity range in 
our study was most likely due to temporary hyponatremic and 
hypernatremic situations caused by high and low conductivity 
levels during dialysis. This finding was also observed by Albalate 
et al. (20) Fatigue has multiple etiologies, but none the less does 
show a dependence on dialysate conductivity and follows a sim-
ilar trend as muscle cramps albeit with less severity (21). Fatigue 
could also be due to mild cerebral edema developed because of 
rapid urea clearance creating osmotic gradient during dialysis, 
as cited by Caplin et al. (22) Sleeping problems and nausea se-
verity are also both highest at the extremes and lowest around 
the population mean conductivity. The prevalence of sleep ap-
nea is >50% in dialysis patients. Resulting fluid overload due to 
higher dialysate conductivity and overnight shift of fluids from 
legs to neck soft tissue is considered as the most possible caus-
ative factor as mentioned in Murray and Nadel’s textbook of re-
spiratory medicine (23). Excessive thirst and dry mouth follow 
a trend of both lowest at the lower end of the population mean 
conductivity (13.2 mS/m) and increase across the mean to peak 
at the higher extreme of the mean (15.1 mS/m) (Figure 3). Thirst is 
largely dependent on serum osmolality, which increases during 
hypernatremia and/or rapid and excessive volume contraction. 
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Figure 3. Trends in symptom severity of thirst and dry mouth.

Figure 4. Trends in symptom severity of low BP symptoms and hot and cold 
spells.



Figure 4 shows that both symptoms of hypotensive symptoms 
and hot and cold spells are lowest at the higher extreme of the 
mean conductivity (15.1 mS/m) and increase across the mean to 
peak at the lower end of the population mean conductivity (13.2 
mS/m). Irrespective of the smallest IDWG, with the lowest ultra-
filtration requirements and use of very less number of antihy-
pertensive medications in the study population by Davenport et 
al. (24), there were more reports of lowest pre- and post-dialysis 
systolic blood those dialyzing with a median dialysate sodium of 
<140 mmol/L, but reduced the complaint of low BP with a me-
dian dialysate sodium of >140 mmol/L. The similar outcome ex-
pressed in our study showed that there were higher complaints 
with reduced symptoms severity with mean conductance rising 
near 15.1 mS/m. Hypotensive symptoms and hot and cold spells 
are lowest at the higher extreme of the mean and increase across 
the mean to peak at the lower end of the study populations 
mean conductivity due to hyponatremia as a result of negative 
sodium gradient between dialysate and plasma as previously 
shown by Agarwal et al. (25) and Nesrallah et al. (26). However, 
there was no significant reduction of BP post-dialysis neither 
were there any correlations to conductivity or volume of fluid 
lost during HD. The present research demonstrated that of a to-
tal of 31 symptoms assessed, nearly 9 correlated significantly to 
conductivity showing some relationship. These included cramps 
during HD, muscle soreness, symptoms of low BP, hot and cold 
spells, thirst, dry mouth, fatigue, nausea, and trouble sleeping. 
Cramps, muscle soreness, fatigue, nausea, and trouble sleeping 
showed a similar trend of being least severe around a conduc-
tivity of 14.5 mS/m. Thirst and dry mouth severity increased as 
conductivity increased, whereas hypotensive symptoms and hot 
and cold spells decreased as conductivity increased. Based on 
the correlations, an optimal range for conductivity was derived 
as 14.45-14.55 mS/m for minimizing the sodium gap that may 
lead to less symptom rates in conventional HD patients.
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Abstract

The epithelial sodium channel (ENaC) is expressed in the aldosterone-sensitive distal nephron, and it determines the final 
urinary sodium concentration. To ensure sodium preservation, ENaC-mediated sodium transport is redundantly regulated 
by several mechanisms. Among them, activation by proteases is a special feature that leads to the removal of inhibitory 
tracts from the α- and γ-subunits, thus maximizing the channel open probability. Proteolytic ENaC activation by aberrantly 
filtered proteases or proteasuria has been implicated in the pathogenesis of edema formation and sodium retention in 
nephrotic syndrome. This concept was strongly supported by the finding that sodium retention in nephrotic mice could 
be prevented by treatment with either the ENaC blocker amiloride or the serine protease inhibitor aprotinin. In clinical 
practice, loop diuretics such as furosemide are most commonly used for the antiedematous treatment of patients with 
nephrotic syndrome. ENaC blockade using amiloride or triamterene could serve as an alternative with better efficacy; how-
ever, clinical data are scarce, and ENaC blockade poses the threat of hyperkalemia. This review starts with a case vignette 
that highlights the therapeutic potential of pharmacological ENaC blockade in treatment-resistant nephrotic edema and 
continues with discussing the concept of proteolytic ENaC activation in nephrotic syndrome and its therapeutic potential.  
Keywords: ENaC, nephrotic syndrome, proteasuria, amiloride

Case Vignette
A 56-year-old male patient presented to our internation-
al unit at the University Hospital Tübingen, Germany, for 
severe treatment-refractory nephrotic syndrome due 
to primary membranous glomerulonephritis. The dis-
ease was diagnosed 2 years ago after manifestation of 
edema. Biopsy was performed, and he was treated with 
4×375 mg/m² of rituximab, which showed no effect on 
proteinuria. Then, he was transiently treated with tac-
rolimus, which had to be discontinued due to worsen-
ing of kidney function. For the treatment of edema, he 
was prescribed with 1×40 mg furosemide per day. In 
addition, he was administered valsartan 1x160 mg. On 
examination, he had massive peripheral edema, and 
his blood pressure was elevated to 170/98 mm Hg. Bio-
impedance spectroscopy revealed an overhydration of 

13 L. Laboratory analyses revealed that the plasma cre-
atinine concentration was 2.5 mg/dL, the estimated glo-
merular filtration rate (GFR) was 27 mL/min/1.73 m², the 
plasma Na+ concentration was 139 mM, and the plasma 
K + concentration was 4.5 mM. Proteinuria was very high 
at 15.4 g/g creatinine, of which albuminuria accounted 
for 10.0 g/g creatinine and was accompanied by protein 
and albumin depletion in the plasma (total protein level, 
4.6 g/dL and plasma albumin level, 1.6 g/dL). The anti-
body titer against PLA2-receptor was 1:640, which indi-
cated active primary membranous glomerulonephritis.

Assuming that the overhydration was presumably me-
diated by proteolytic activation of the epithelial sodi-
um channel (ENaC), the diuretic treatment regimen 
was switched to a fixed-dose combination of the ENaC 
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blocker amiloride (5 mg) with 50 mg hydrochlorothiazide (Ami-
loretik® 5/50), while discontinuing furosemide. Within the sub-
sequent 4 weeks, the patient lost 16 kg of body weight, and 
edema was almost completely resolved. This was accompanied 
by a reduction in blood pressure to values of <120/80 mm Hg. 
After reducing the dose of Amiloretik® by 50%, the body weight 
increased again; so, the dose was adjusted again to one tablet. 
Under Amiloretik® treatment, the kidney function was stable 
(plasma creatinine concentration, 1.9 mg/dL: estimated GFR, 37 
mL/min/1.73 m²) and proteinuria decreased to 9 g/g creatinine, 
which allowed mild recovery of total plasma protein and plas-
ma albumin levels (increased to 4.8 and 1.8 g/dL, respectively). 
The plasma Na+ concentration was 144 mM, and the plasma K 
+ concentration was 4.0 mM. In addition to diuretic treatment, 
the patient received another course of 2×1 g of rituximab. After 3 
months of treatment, the patient returned to his home country 
for further follow-up. He was advised to continue Amiloretik® to 
maintain his current weight and prevent sodium retention due 
to persisting proteinuria.

Pathophysiology of Sodium Retention in Nephrotic Syndrome
Nephrotic syndrome is the most extreme manifestation of pro-
teinuric kidney disease and is characterized by high proteinuria 
and expansion of the extracellular volume due to renal sodi-
um retention. Clinically, patients develop edema in the lower 
extremities and typically in the eyelids after overnight rest. In 
addition, fluid may accumulate in the pleura, peritoneum, and 
rarely, the pericardium. Two opposing mechanisms, namely, 
the underfill and the overfill theories have been put forward to 
explain sodium retention (1, 2). According to the underfill theo-
ry formulated by Epstein about 100 years ago (3), hypoalbumin-
emia due to urinary protein losses leads to intravascular vol-
ume depletion or underfilling that provokes secondary sodium 
retention by the kidneys to restore the intravascular volume. 
This is mainly mediated by a stimulated renin–angiotensin–al-
dosterone-system (RAAS) that involves the stimulation of ENaC 
by aldosterone (1, 4). In contrast, the overfill theory, first formu-
lated by Meltzer et al. (5) in 1979, states that sodium retention is 
primarily caused by the diseased kidney due to tubular defect 
that leads to sodium avidity without any signs of volume deple-
tion or a stimulated RAAS (6-8).

So far, the exact mechanisms that explain sodium retention by 
nephrotic kidneys remain unclear. Over the last few years, pro-
teolytic activation of the ENaC by aberrantly filtered active ser-
ine proteases or proteasuria has been put forward as a mech-
anism that could explain sodium retention (9). There is strong 
evidence that proteasuria can be considered as a key mecha-
nism of sodium retention in patients with nephrotic syndrome.

In an attempt to reconcile the apparent discrepancy between 
the underfill and overfill theories, we developed a scheme that 
integrates both theories (Figure 1). According to this scheme, 
underfill and overfill represent the two ends of a continuous 
spectrum of ENaC-mediated sodium retention. This implies 

that these theories are not mutually exclusive and can coexist 
in the same patient (9). According to the reconciled scheme, 
proteasuria as a part of nephrotic proteinuria leads to sodium 
retention by direct endoluminal ENaC activation in agreement 
with the overfill theory. When proteinuria is sufficient to induce 
hypoalbuminemia and underfill, ENaC is additionally activated 
by RAAS. Therefore, underfill can superimpose on any patient 
with nephrotic syndrome and edema primarily due to protea-
suria and overfill. Clinically, patients with nephrotic syndrome 
due to minimal change disease often have superimposed un-
derfill, particularly pediatric patients.

It seems reasonable to assume that the quality and quantity of 
excreted serine proteases can make a difference with regard to 
proteolytic ENaC activation and sodium retention. Urinary com-
position can vary according to the underlying glomerular disease 
(diabetic nephropathy or immunological disease or others) and 
the extent of podocyte damage (podocytopathy). Although pro-
teasuria follows overall proteinuria and albuminuria, variations 
in the excretion of serine proteases could explain the occurrence 
of high proteinuria without sodium retention.

Figure 1. Sodium retention in nephrotic syndrome. Under- and overfill the-
ories represent two ends of a continuous spectrum and some patients may 
be situated in between. Proteasuria as part of nephrotic proteinuria leads 
to sodium retention by direct endoluminal ENaC activation in agreement 
with the overfill theory. When proteinuria is sufficient to induce hypoalbu-
minemia and underfill, ENaC is additionally activated by the RAAS. There is 
a continuous relationship between both, and underfill can superimpose on 
any nephrotic patient with edema primarily due to proteasuria and overfill. 
Analogous to (9).
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Proteolytic ENaC Activation in Nephrotic Syndrome
Animal experiments have indicated that the distal tubule ex-
pressing ENaC is the site of sodium retention in nephrotic syn-
drome (10, 11). This is supported by the finding that treatment 
with the ENaC blocker amiloride prevented volume reten-
tion in both nephrotic rats and mice (10, 12, 13). Further data 
demonstrated that ENaC activation in experimental nephrotic 
syndrome is not dependent on the action of mineralocorticoid 
receptor (13-15). Among the complex and abundant regulatory 
mechanisms for ENaC including aldosterone (16, 17), a special 
feature of ENaC is its complex posttranslational regulation by 
serine proteases. This leads to endoluminal channel activation 
by the cleavage of specific sites in the extracellular domains of 
the α and γ-subunits (18-20). Proteolytic cleavage at three sites 
(two in α-ENaC and one in γ-ENaC) occurs by the intracellular 
serine protease furin during maturation before the channel 
reaches the plasma membrane (21). A second cleavage event 
in γ-ENaC is mediated by extracellular serine proteases distal to 
the furin site at specific cleavage sites, thereby leading to the re-
lease of a peptide (43 amino acids) in length and maximizes the 
channel open probability (Figure 2). Serine proteases involved 
in the physiological regulation of ENaC, are the membrane-an-
chored prostasin (22), and soluble tissue kallikreins (23).

Under the pathophysiological conditions of nephrotic syn-
drome, serine proteases with large molecular weight are ab-
errantly filtered from the plasma and can mediate the second 
cleavage event in γ-ENaC, thereby leading to full channel activa-

tion. The relevance of this mechanism has been recently shown 
in wild-type mice with experimental nephrotic syndrome that 
were protected from proteolytic ENaC activation and sodium re-
tention by treatment with the broad-spectrum serine protease 
inhibitor aprotinin (13). So far, the exact identity of the essential 
serine protease(s) is unknown, and it continues to be the focus of 
current research of the authors’ group. Previously, Svenningsen 
et al. (24) proposed that in nephrotic syndrome, ENaC might be 
proteolytically activated by the serine protease plasmin after the 
aberrant filtration of plasminogen (Plg) from damaged glomer-
uli and its conversion to plasmin by the tubular urokinase-type 
plasminogen activator (uPA). Since then, the concept of pro-
teolytic ENaC activation by aberrantly filtered plasminogen has 
been embraced as an attractive explanation for sodium reten-
tion in nephrotic syndrome (25-27); however, there was a lack of 
definitive proof from a knockout model (28). This gap of knowl-
edge was recently closed by the authors’ group using mice defi-
cient in either uPA (uPA−/−) or plasminogen (plg−/−) that were 
studied for sodium retention after the induction of experimental 
nephrotic syndrome (12, 29). Contrary to the above-mentioned 
concept of uPA/Plg-activating ENaC in nephrotic syndrome, ne-
phrotic uPA−/− and plg−/− mice were not protected from sodium 
retention compared with wild-type mice; however, both had al-
most no or absent urinary plasmin activity. The results of these 
studies strongly argued against the essential role of uPA/plg in 
mediating the proteolytic ENaC activation in experimental ne-
phrotic syndrome. Currently, there is an ongoing research on this 
topic, and the exact identity of the essential serine protease(s) or 
cascade remains to be elucidated.

Proteasuria in nephrotic syndrome reflects the translocation 
and excretion of proteases from the plasma compartment into 
the urine. Since plasma proteases are very similar, if not iden-
tical, in rodents and humans, there is no reason to assume that 
there are fundamental differences in the role of proteasuria in 
promoting proteolytic ENaC activation between these species. 
Therefore, the results from the rodent models of nephrotic syn-
drome should also be valid for humans. For instance, patients 
with acute nephrotic syndrome exhibited an increased urinary 
excretion of aprotinin-sensitive proteases as those observed in 
the nephrotic mice (13). However, it must be underscored that 
there is only weak evidence from human studies to support a 
role for proteolytic activation of ENaC in nephrotic syndrome. 
The most specific evidence in favor of proteolytic ENaC activa-
tion in humans originates from a study that involved proteinuric 
patients who underwent nephrectomy for kidney cancer (30). 
Using antibodies specific for differentially cleaved γ-ENaC, the 
authors demonstrated staining for furin-mediated cleavage un-
der physiologic conditions and positive staining for a second-hit 
processing of γ-ENaC in histological nephrectomy specimens.

Therapeutic Potential of ENaC Blockade in Nephrotic Syn-
drome
In nephrotic syndrome, ENaC inhibition might be a good choice 
as highlighted in the case vignette above. Remarkably, the 

Figure 2. Model of ENaC-mediated sodium retention in nephrotic syndrome. 
In glomerular disease, increased permeability for proteins larger than albu-
min leads to the excretion of aprotinin-sensitive serine proteases that, once 
active, may activate ENaC by cleavage at its γ-subunit, thereby releasing an 
inhibitory peptide (red) and stimulating Na+ resorption.
Analogous to (9).
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presented patient had persistent edema despite ongoing di-
uretic treatment with furosemide. Earlier reports have shown 
a reduced efficacy of furosemide in patients with nephrotic 
syndrome, which is indicated by a lower urinary sodium-to-uri-
nary furosemide ratio and a shift of the dose—response curve 
to the right with a lower maximum value in patients with ne-
phrotic syndrome (31, 32). Importantly, the blunted effect of 
furosemide was not related to the binding to tubular proteins 
or altered pharmacokinetics. Proteolytic ENaC activation in ne-
phrotic syndrome predicts that the dose–response curve would 
be shifted to the left. In accordance with this observation, the 
response to a single dose of amiloride is enhanced in nephrotic 
mice compared with healthy mice (Figure 3) (12, 33). Moreover, 
daily treatment of nephrotic mice with amiloride prevents so-
dium retention after the onset of proteinuria (Figure 3) (12, 13). 
This effect was achieved by a single dose per day by inducing 
natriuresis for several hours due the relatively long half-live of 
amiloride that ranges between 6 and 9 hours (12, 34). Triam-
terene is another ENaC pore blocker, which is very similar to 
amiloride, and can be used at an equivalent dose (mg) that is 
tenfold higher (35). As with amiloride, it is marketed only as a 
fixed-dose combination with hydrochlorothiazide (50 mg/50 
mg).

In addition to the regulation of activity, ENaC membrane ex-
pression can be suppressed using the mineralocorticoid antag-
onists (MRAs) spironolactone or eplerenone. In addition, newer 
drugs of this class are being tested in trials (36). MRAs prevent 
the genomic upregulation of ENaC in high aldosterone or low-
salt intake conditions (37). However, ENaC that is present in the 

membrane may be activated by proteasuria; therefore, MRAs 
are expected to be less efficient in the prevention of ENaC-me-
diated sodium retention compared with direct ENaC inhibition 
by amiloride or triamterene. In keeping with this observation, 
nephrotic animals with lack of aldosterone after adrenalectomy 
(14) or aldosterone-resistance [deficiency of the serum-and-glu-
cocorticoid kinase 1, (15)] developed sodium retention; howev-
er, there was one-third reduction in the maximal body weight of 
SGK1 knockout mice.

The animal data clearly suggest that ENaC blockade has a high 
therapeutic potential to treat sodium retention in patients with 
nephrotic syndrome. However, one must bear in mind that 
ENaC activity is essential for potassium secretion and kaliure-
sis. This was most impressively illustrated in mice with an in-
ducible deletion of γENaC in adulthood that led to the devel-
opment of fatal hyperkalemia and acidosis within a few days 
after the induction of ENaC deletion and could only be rescued 
by a potassium-free diet (38). The fear of inducing life-threaten-
ing hyperkalemia certainly limits amiloride treatment in clini-
cal practice, particularly in patients with kidney failure (39-42). 
Therefore, ENaC inhibition (or MRAs) cannot be recommended 
in patients with a reduced GFR and/or hyperkalemia.

Clinical Evidence of ENaC Blockade
Although available since the 1960s, ENaC blockers such as ami-
loride or triamterene are underutilized in clinical nephrology. 
One reason is the fact that there is a lack of controlled clinical 
studies that show an improved efficacy of amiloride over other 
diuretic regimens such as the most commonly used loop diuret-

Figure 3. Stimulation of ENaC-mediated sodium transport and prevention of sodium retention by the ENaC blocker amiloride in nephrotic mice. Left: In a 
sequential experimental design, amiloride-sensitive natriuresis was studied in the wild-type mice before and after the induction of experimental nephrotic 
syndrome by injecting the ENaC blocker amiloride. Compared to the healthy state, amiloride induced significantly higher natriuresis during six hours in the 
nephrotic state. Values were corrected for natriuresis after vehicle injection.
Right: After the induction of experimental nephrotic syndrome on day 0 by doxorubicin, daily doses of amiloride prevented the body weight (bw) gain in ne-
phrotic mice as compared to the vehicle-treated mice. Data are adopted from (12, 33).
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ics (furosemide). Similar to the case presented above, Hinrichs 
et al. (43) reported a case of a patient with severe hypertension 
in whom the addition of amiloride to a regimen containing RAAS 
blockade and a loop diuretic disrupted the refractory edema-
tous state. Two other recent case reports describe the efficacy 
of the ENaC blocker triamterene in resolving nephrotic edema 
(44, 45). In diabetic patients with nephropathy and proteinuria, 
a single oral amiloride dose failed to induce an enhanced na-
triuresis compared with that in diabetic patients without ne-
phropathy (46). However, proteinuria was not in the nephrotic 
range (1.1 g vs. 0.1 g per day). In a double-blind randomized trial 
with a crossover design, amiloride was compared to hydrochlo-
rothiazide in nine patients with proteinuria and type 2 diabetes 
(47). Both diuretics were equally effective in lowering the blood 
pressure. However, two patients treated with amiloride devel-
oped hyperkalemia and acute kidney injury. It must be added 
that the amiloride was administered at a high dose of 20 mg per 
day. Like with any diuretic, potent saluresis can impose acute 
prerenal failure, particularly in the presence of nephrotic syn-
drome with underfill. Currently, more controlled studies are 
needed to support the use of amiloride in the treatment of ne-
phrotic edema.

Pediatric patients with nephrotic syndrome are often treated 
with a combination of spironolactone with furosemide (48). 
In adult patients with chronic kidney disease, a meta-analysis 
found that low-dose spironolactone treatment (mostly 25 mg) 
reduced proteinuria by 30%-40% and also lowered blood pres-
sure (49). It is noteworthy that these effects were achieved on 
top of a renin-angiotensin blockade. The incidence of severe hy-
perkalemia of >6.0 mM was not significantly increased, whereas 
GFR was reduced in some patients (49). It is likely that reduction 
of ENaC-mediated sodium retention by spironolactone might 
have accounted for these effects.

Targeting Proteasuria as a New Therapeutic Strategy in Ne-
phrotic Syndrome
The prevention of sodium retention in experimental nephrotic 
syndrome by the serine protease inhibitor aprotinin is a proof 
of the principle that the inhibition of proteasuria could be a 
new therapeutic approach in patients with nephrotic syndrome 
(13). In comparison to ENaC blockade with amiloride, the inhi-
bition of excessive urinary serine protease activity could protect 
from ENaC overactivation without interfering with basal ENaC 
function. However, before the translation of inhibition of pro-
teasuria to clinical medicine, more research must be conducted 
to reveal the exact identity of the pathophysiologically relevant 
proteases. This would enable the improved targeting of those 
and would avoid the use of broad-spectrum protease inhibi-
tors such as aprotinin or camostat (50, 51). These drugs have 
the potential to exert negative effects on the other proteases 
of the plasma compartment that serve important physiologi-
cal functions. Currently, aprotinin is not available since it has 
been withdrawn from the market in 2008 owing to side effects, 
wherein kidney events have been described (52).

CONCLUSION
The activation of ENaC by aberrantly filtered active plasma pro-
teases or proteasuria seems to be a key mechanism of sodium 
retention in nephrotic syndrome. The pharmacological inhibition 
of ENaC by diuretics such as amiloride or triamterene promises 
to be a potent approach to treat nephrotic edema, particularly 
in case of a treatment-refractory state. However, there is a lack 
of high-quality evidence from controlled trials for supporting the 
ENaC inhibition in nephrotic syndrome. One must be cautious to 
avoid hyperkalemia and acute prerenal failure during ENaC in-
hibition that needs a close follow-up of the patient and titration 
of the dose. Future research will possibly identify the essential 
components of proteasuria that could be inhibited specifically 
without interfering with basal ENaC function.
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Abstract

Autosomal dominant polycystic kidney disease (ADPKD), characterized by the development of multiple cysts in the kid-
neys and other organs, is the most common hereditary renal disorder and the fourth leading cause of end-stage renal dis-
ease. In adults with a positive family history, the diagnosis of ADPKD is made based on the radiologic evidence of bilateral, 
fluid-filled renal cysts. Furthermore, initial symptoms including pain, increased thirst, polyuria, nocturia, and increased 
urinary frequency may lead to the diagnosis of ADPKD. An easily accessible, applicable, and cost-effective biomarker is 
needed to predict the clinical course of ADPKD due to its progressive pattern. Urine is an easily obtainable and widely used 
test specimen for diagnosis and follow-up in several renal diseases. Thus, the aim of the present study was to review and 
assess new urinary biomarkers and urinary findings in ADPKD.
Keywords: Polycystic kidney disease, biomarkers, urine

INTRODUCTION
Autosomal dominant polycystic kidney disease (ADPKD) 
is one of the common genetic causes of end-stage re-
nal disease (ESRD) (1). It is also a systemic disorder that 
is characterized by renal and extrarenal involvement 
(2). ADPKD is caused by mutations in either of the two 
genes encoding the plasma membrane-spanning poly-
cystin 1 (PKD1) and polycystin 2 (PKD2). Polycystin 1 is 
a membrane receptor and plays a role in maintaining 
intracellular responses active in several pathways. Poly-
cystin 2 acts as a calcium-permeable channel. Moreover, 
polycystins regulate tubular and vascular development 
in the kidneys and other organs (liver, brain, heart, and 
pancreas) (3-5).

The two types of ADPKD have similar pathological and 
physiological features. However, type II ADPKD has a lat-
er onset of symptoms and a slower rate of progression to 
ESRD (6). Although the proposed gene PKD3 has not yet 
been determined, some patients with typical features of 

ADPKD have no mutations in PKD1 or PKD2, suggesting 
that there is a rare third form of the disease (7, 8).

The diagnosis of ADPKD is made based on the radiolog-
ic evidence of bilateral, fluid-filled renal cysts in adults 
with a positive family history. Ultrasonography findings 
have revealed cysts measuring ≥1 cm in diameter and 
that ADPKD is highly sensitive to be diagnosed in adults 
(9). Moreover, the presence of ≥3 (unilateral or bilateral) 
renal cysts is enough for establishing a diagnosis in in-
dividuals aged 15-39 years, ≥2 cysts in each kidney for 
subjects aged 40-59 years, and ≥4 cysts in each kidney 
for subjects aged ≥60 years belonging to families with 
unknown genotype (10).

Several clinical complaints might be related to ADPKD 
and lead to the diagnosis of the disease. In particular, 
increased thirst, polyuria, nocturia, urinary frequency, 
and urinary concentrating defects are the most com-
mon initial symptoms and functional abnormalities of 
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ADPKD (11). It is plausible to find a cheaper, applicable, and 
easily accessible biomarker to predict the clinical course of AD-
PKD due to its progressive pattern. Urine is one of the important 
materials for finding a noninvasive prognostic and therapeutic 
monitoring test for renal diseases. Here the aim of the present 
study was to review and discuss the urinary abnormalities in 
ADPKD as well as to assess new urinary biomarkers and urinary 
findings in ADPKD.

Urine Osmolality
The antidiuretic hormone arginine vasopressin (AVP) plays an 
important role in osmoregulation. AVP is secreted by the pitu-
itary gland and activates the V2 receptors of renal collecting 
duct cells when the plasma osmolality increases (12); in turn, 
this activation induces the translocation of aquaporin 2 to the 
luminal surface of these cells, making them permeable to wa-
ter (13). AVP is needed in the physiological stimulation of water 
reabsorption, and it also plays an important role in the patho-
physiology of ADPKD (14). A large-scale trial showed that block-
ing the AVP V2 receptor with a V2 receptor antagonist leads to 
a reduced rate of cyst growth and renal function decline in pa-
tients with ADPKD (15, 16). It is widely established that a urine 
osmolality of <285 mosM/kg H2O, or lower than plasma osmo-
lality, reflects adequate suppression of AVP (17, 18).

Similar to other causes of chronic kidney disease (CKD), a defect 
in the kidney’s capacity to conserve water has been described 
in patients with ADPKD (11, 19). Vasopressin-resistant renal 
concentrating defect has been shown in ADPKD prior to the de-
terioration of kidney function (20). Urine concentrating defect 
is one of the common clinical findings in patients with ADPKD 
(21). Decreased urinary osmolality, which may be caused by the 
disruption of the renal architecture by the cysts, is thought to 
interfere with the countercurrent exchange and multiple mech-
anisms in the kidney regardless of age, glomerular filtration 
rate, and solute excretion in patients with ADPKD (22, 23).

Gabow et al. (11) suggested that a defect in the extracellular ma-
trix in ADPKD affects renal epithelial transport or vasopressin 
responsiveness, thus producing a concentrating defect. More-
over, structural abnormalities in the polycystic kidneys might 
affect the physics of the concentrating mechanism and pro-
duce a concentrating defect. The urinary concentration defect 
that develops as the disease progresses is thought to be due to 
impaired renal medullar osmolar gradient by cyst formation in 
patients with ADPKD. This lack of renal concentrating capacity 
is expected to lead to a lower urine osmolality, a higher plasma 
osmolality, and a compensatory high level of AVP. Clinically, it 
has been observed that in the later stages of the disease, urine 
osmolality can indeed be low, whereas AVP is high (11-14). In-
terestingly, Ho et al. (24) reported that patients with ADPKD 
show both a central and peripheral defect in osmoregulation 
early in the course of the disease. They identified a central de-
fect, which parallels the expression of polycystic kidney disease 
genes in hypothalamic neurons that synthesize and release AVP 

as a novel extrarenal manifestation of ADPKD (24). The results 
of this study provided insights into the role of polycystins in the 
brain and are relevant when considering treatments targeting 
AVP in ADPKD.

Hematuria
Hematuria is the most common presenting symptom of ADPKD, 
usually occurring before the loss of kidney function and is fre-
quently associated with cyst wall calcifications on renal imaging 
(1, 25). It develops in 35%-50% of patients with ADPKD through-
out their life and can be acute. It is commonly associated with 
infection or severe physical activity and acute cyst expansion. 
It generally presents with local pain, fever, and dysuria without 
infection (1, 2, 25). When these symptoms occur, it is important 
to eliminate pyelonephritis, nephrolithiasis, and lower urinary 
tract infections (UTIs), particularly in women.

Rupture of a cyst into the collecting system is the most common 
cause of macroscopic and microscopic hematuria in ADPKD. 
Hematuria due to cyst rupture tends to improve within approx-
imately 1 week with conservative therapy. Rarely, hematuria 
can persist for several weeks and can be more severe requiring 
interventional therapy modalities including transcatheter renal 
arterial embolization, transfusion, or nephrectomy (26).

Patients with ADPKD and gross hematuria have increased total 
kidney volume (TKV). Hematuria is also closely associated with 
rapid disease progression and hypertension. Gross hematuria 
may have an unfavorable effect on long-term renal function, 
possibly reflecting accelerated cyst expansion (25, 27). More-
over, frequent episodes of gross hematuria may accelerate re-
nal function decline, by causing acute kidney injury (AKI) and/
or chronic iron toxicity. Cyst ruptures with gross hematuria may 
lead to the release and deposition of free iron and heme, pro-
moting the generation of reactive oxygen species and proin-
flammatory cytokines (25, 28).

Although most patients report trauma or strict exercise as pos-
sible triggers, a precise association has not been identified be-
tween such triggering mechanisms and the condition. Although 
polycystic kidneys are quite resistant to traumatic damage, 
mild trauma may lead to intrarenal or retroperitoneal bleeding, 
which may present with intense pain and require administra-
tion of aggressive medical therapy, especially narcotics (29-31).

When gross hematuria first occurs after the age of 50 years, ma-
lignancy should be screened. However, gross hematuria can 
be associated with renal or extrarenal hemorrhage or bleeding 
into the urinary collecting system, which may be detected via 
computerized tomography (CT) or magnetic resonance imag-
ing. Acute clots in the collecting system may result in severe 
renal pain. In such a situation, hydration to increase the urinary 
flow rate to 2-3 L/day, rest, and analgesics are recommended. 
Patients should be informed regarding self-treatment options 
for repeated episodes. Hematuria generally decreases to micro-
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scopic levels in a few days. The use of antiplatelet or anticoag-
ulants should be avoided in the absence of a strong indication 
in patients with a history of gross hematuria (2, 32, 33). Gabow 
et al. (25) found that male athletes with ADPKD who participat-
ed in contact sports have more hematuria episodes and devel-
op kidney failure faster than those who did not participate in 
such sports. Thus, all patients with ADPKD should be warned to 
avoid sports that may cause abdominal trauma.

Cysts are associated with excessive angiogenesis indicated by 
fragile vessels stretched across their distended walls. These ves-
sels present an array of malformations, including aneurysms and 
spiral shapes. Hemorrhage may occur spontaneously in the cyst 
due to these vessels, and the cysts can enlarge rapidly resulting 
in severe pain (34, 35). Gabow et al. (25) investigated the clinical 
profiles of patients with ADPKD and showed that patients with 
ADPKD and visible hematuria have increased TKV and worse renal 
function. These results suggest that visible hematuria has an un-
favorable effect on long-term renal function, which might reflect 
accelerated cyst expansion. In addition, it has been hypothesized 
that recurrent gross hematuria results in tubular obstruction and 
triggers the fibrotic process by disrupting the renal parenchyma. 
It appears that the relationship with hematuria and disease pro-
gression affects each other vice versa (21, 25). According to the 
current literature, there is no method (except urine microscopic 
evaluation of the characteristics of red blood cells) to differen-
tiate the origin of the blood. Direct microscopic evaluation may 
help to distinguish the origin of red blood cells, that is, whether 
they are from the superior or inferior urinary system.

Additionally, the coincidence of hematuria, overt proteinuria, 
and rapid renal dysfunction in patients with ADPKD may be re-
lated to proliferative glomerulonephritis and rapidly progres-
sive glomerulonephritis, including an antineutrophil cytoplas-
mic antibody-associated crescentic glomerulonephritis (36, 37).

Proteinuria
Proteinuria usually occurs at mild to moderate levels in approx-
imately 25% of patients with ADPKD. The presence and severity 
of proteinuria is a negative prognostic risk factor and is asso-
ciated with greater prevalence of increased TKV, hypertension, 
and renal deterioration (38, 39). Urinary albumin excretion 
(UAE) was positively correlated with TKV and negatively cor-
related with estimated glomerular filtration rate (eGFR) in the 
HALT Progression of Polycystic Kidney Disease study at baseline 
(40). Thus, it is proposed that increased levels of UAE are a valu-
able predictive marker of ADPKD severity before renal function 
decline. Higher levels of proteinuria were also associated with a 
faster decline in GFR among patients with ADPKD in the Modifi-
cation of Diet in Renal Disease study (41).

Chapman et al. (38) reported that approximately 20% of 270 pa-
tients with ADPKD have overt proteinuria (>300 mg/day), which 
is associated with worse renal function, hypertension, and in-
creased TKV. Patients with overt proteinuria reached a serum 
creatinine level of 1.5 mg/dL at a significantly younger age com-

pared with those with mild proteinuria. Additionally, microal-
buminuria was observed in 20 out of 49 patients with ADPKD, 
hypertension, and left ventricular hypertrophy. Blood pressure 
and TKV were significantly higher in patients with microalbu-
minuria. In addition, the degree of albuminuria was correlated 
with TKV and kidney volume growth rate in a study of 100 young 
patients with ADPKD and preserved renal function (42). Meijer 
et al. (43) showed a high prevalence of microalbuminuria in 
young adult patients with ADPKD.

If proteinuria exceeds 1 g/day, the possibility of another indepen-
dent glomerular disease should be considered. The association 
of nephrotic syndrome (NS) with ADPKD is very rare (44, 45) and, 
if possible, needs to be investigated further to exclude coexist-
ing glomerular disease. The determination of the exact reason 
of proteinuria in this subgroup of patients often requires kidney 
biopsy. Indeed, there are some cases of ADPKD associated with 
NS; focal segmental glomerulosclerosis is the most common pre-
sented type of NS in this population (45). In addition, proteinuria 
may not be specific to ADPKD; it may be the result of CKD.

Pyuria
Although it is quite common in patients with ADPKD, the etiol-
ogy, incidence, and clinical implications of pyuria are not well 
identified. Asymptomatic pyuria often persists or relapses with-
out treatment in ADPKD (46). The microorganisms in the urine 
cultures of these patients with asymptomatic pyuria are similar 
in UTIs (47). This suggests that asymptomatic pyuria is a type of 
subclinical bacterial infection in patients with ADPKD. Chronic 
asymptomatic pyuria may also increase the risk of developing 
overt UTI and may contribute to the deterioration of kidney 
function in ADPKD. It has been well established that chronic UTI 
is an important risk factor for renal function decline (47). In ad-
dition, women are more susceptible to UTI than men as with 
the general population, and they also have a higher incidence 
of parenchymal and cyst infections in the ADPKD population 
(48). Radiologic and urologic evaluation is needed in male pa-
tients with ADPKD. Acute pyelonephritis and symptomatic cyst 
infection indicate hospitalization, with positive blood or urine 
cultures. Coliforms are the most common detected pathogens. 
Antibiotics are administered intravenously until fever and renal 
pain cease for these infections in both sexes (2, 49).

The diagnosis of cystic infections may be difficult in the pres-
ence of hemorrhage. Positron emission tomography-CT allows 
us to distinguish hemorrhages from cystic infections (50, 51). 
Evidence from CT scans suggests that intracystic hemorrhage, 
shown as hyperdense subcapsular cysts, is present in 90% of 
patients with ADPKD (1, 52).

UTI is a risk factor for renal progression in patients with ADP-
KD (53). A recent study showed that asymptomatic pyuria and 
overt UTI were associated with rapid decline in renal function, 
but it is unclear whether this result was independent of other 
factors, such as baseline GFR and TKV (53).
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Urinary Calculi
The prevalence of urinary calculi is greater in patients with ADP-
KD than in the general population (54). Kidney stone formation 
has been reported in 20%-36% of patients with ADPKD (54, 55). 
Uric acid is the major constituent of stones in patients with AD-
PKD, with an incidence of approximately 60% among patients 
with ADPKD and urinary calculi (54, 56). Calcium oxalate-con-
taining stones occur less frequently, with an incidence that is 
lower than that in the general population (56). Risk factors for 
stone formation in ADPKD include metabolic abnormalities 
and anatomic obstruction with resultant urinary stasis (57, 58). 
There is also a relationship between nephrolithiasis and an in-
creased number and size of renal cysts in patients with ADPKD, 
suggesting that compression associated with distortion of the 
medullary architecture results in urinary stasis (57). Urinary 
citrate excretion, which is decreased in patients with ADPKD 
before the loss of kidney function, may be an important con-
tributing factor (57-59). A crucial risk factor for uric acid stone 
formation in patients with ADPKD is a low urinary pH. Urinary 
pH has been shown to be <5.5 in >50% of patients with ADP-
KD and is independently associated with urinary calculi (59). 
The ionization constant (pKa) for uric acid is 5.5 (60); therefore, 
when the urine pH is <5.5, urine becomes supersaturated with 
undissociated uric acid that precipitates, forming uric acid 
stones (61). The low urine pH in ADPKD may be attributed to 
a defective ammonium excretion (20, 62). Other important risk 
factors for increased urinary calculi in patients with ADPKD in-
clude low urine flow states or low fluid intake, hypercalciuria, 
and hyperuricosuria similar to non-ADPKD population (54, 63).

Nishiura et al. (59) reported that hyperuricosuria is less prev-
alent in ADPKD, with an incidence similar to normal subjects. 
Moreover, they found that hyperoxaluria is significantly higher 
in patients with ADPKD, particularly those with urinary calcu-
li. The higher percentage of hyperoxaluria and hypocitraturia 
in ADPKD is reported by other studies (54, 57). These findings 
remain to be explained. In addition, most patients with ADPKD 
and urine calculi had a urinary pH of <5.5, either spontaneously 
(62% of them) or after NH4Cl load (30% of them), indicating that 
a low rather than a high urine pH has been commonly observed 
in these patients, which is consistent with previous reports (20, 
54, 56, 64, 65). Indeed, patients with ADPKD and urine calculi 
exhibited lower ammonium excretion after NH4Cl load than 
healthy subjects, suggesting that there is a possible defect in 
ammonium excretion (61, 62), similar to the one observed in 
uric acid stone formers (61). It has been suggested that ammo-
nium excretion defect predisposes the formation of uric acid 
stones (56). However, hyperuricosuria was only found in three 
out of 28 patients with ADPKD and renal calculi (59).

In addition to hypocitraturia and aciduria, some urinary meta-
bolic abnormalities including hypomagnesuria and low urine 
volume also predispose stone formation in ADPKD (54, 57). Even-
tually, the targets should be placed on not only treating nephro-
lithiasis but also predisposing metabolic and structural factors.

Urine Biomarkers
Although there is ongoing research, specific therapies for AD-
PKD are still lacking, and one of the challenges is the absence 
of appropriate biomarkers to predict and monitor disease pro-
gression before significant impairment occurs (21). Currently, 
TKV is a widely accepted marker for disease progression; how-
ever, it is expensive and unavailable worldwide (66). Therefore, 
it is plausible to find cheaper, applicable, and easily accessible 
biomarkers to predict the clinical course of ADPKD due to its 
progressive pattern.

Urine, as a well-accessible compartment, appears to be an ideal 
material for finding a noninvasive prognostic and therapy moni-
toring test for renal diseases. Cystogenesis in ADPKD is a unique 
process characterized by abnormalities in fluid secretion, tubu-
lar cell proliferation, extracellular matrix formation, apoptosis, 
and cell polarity (67, 68). The process results in an impaired fil-
tration barrier, diminished tubular reabsorption, upregulation 
of tubular proteins, and release of markers by recruited cells, 
which can be detected in the urine of patients with ADPKD (69). 
Therefore, the application of a noninvasive urine biomarker is 
needed to understand the pathophysiological processes and 
potential therapeutic options for these patients (70). Moreover, 
the recent focus of interest has shifted toward urine biomarkers 
in patients with ADPKD (Table 1).

Urinary angiotensinogen (UAGT), a marker of intrarenal renin an-
giotensin system (RAS), has been shown to be associated with hy-
pertension in patients with ADPKD (71). This finding suggests that 
UAGT is a potential novel biomarker of intrarenal RAS status in pa-
tients with hypertension with ADPKD. Moreover, UAGT levels may 
be an applicable and useful index to predict future cardiovascular 
complications and progressive kidney disease in patients with AD-
PKD. In addition, Park et al. (72) reported that UAGT is positively 
correlated with TKV and negatively correlated with eGFR.

Neutrophil gelatinase-associated lipocalin (NGAL) is a member 
of superfamily of lipocalin proteins, which is expressed in the 
lung, kidney, and gastrointestinal system. It plays a role in iron 
transport, epithelial differentiation pathways, inflammation, 
and cell proliferation in the kidneys (73). NGAL expression in-
creases in kidney epithelial cells in response to injury. In addi-
tion, the predictive value of urinary NGAL levels has been shown 
for AKI occurrence in several studies in many populations rath-
er than ADPKD (74, 75). NGAL levels are thought to increase in 
urine as ADPKD kidneys show inflammation, cyst proliferation, 
and kidney enlargement. More recently, it has been reported in 
two different studies that urinary NGAL excretion is mildly and 
stably elevated in ADPKD, but does not correlate with changes 
in TKV or kidney function (70, 76). However, Vareesangthip et 
al. (77) demonstrated a negative correlation between urinary 
NGAL and eGFR in patients with ADPKD. Similarly, Bolignano 
et al. (78) reported markedly higher urinary NGAL levels in pa-
tients with ADPKD at the late stage than in healthy volunteers. 
Meijer et al. (79) found a correlation between urinary NGAL lev-
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els with TKV in a cohort of 102 patients with ADPKD. Briefly, uri-
nary NGAL levels may increase only in advanced disease, and 
data about the predictive role of NGAL in ADPKD are not enough 
in the current literature.

Interleukin-18 (IL-18), a member of the IL-1 family of cytokines, 
is synthesized as an inactive 23-kDa precursor by several tissues 

including monocytes, macrophages, and proximal tubular ep-
ithelial cells and is processed into an active 18.3 kDa cytokine 
by caspase-1 (80). It has been demonstrated that urinary IL-8 
could be a biomarker of AKI (81). Several clinical trials have fo-
cused on the diagnostic accuracy of IL-18 level in predicting AKI 
in recent years (82-84). Urinary IL-18 is elevated during apopto-
sis and necrosis of renal tubular cells, which is associated with 
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Table 1. Urine parameters and biomarkers in autosomal dominant polycystic kidney disease

Biomarker Association/Change

Urine osmolality Urine osmolality reduced in ADPKD (680±14 mOsm/kg) compared to non-ADPKD sub-
jects (812±13 mosm/kg).

Hematuria The incidence of gross hematuria is increased in ADPKD patients and it is associated with 
rapid renal disease progression.

Proteinuria Microalbuminuria and mild proteinuria is associated with cardiovas- cular disease and 
renal function decline and increased total kidney volume.

Pyuria Asymptomatic pyuria is associated with urinary tract infection and precedes kidney 
function deterioration.

Urine pH Urinary pH <5.5 occurs in >50% of patients with ADPKD and it is inde- pendently associat-
ed with urinary calculi, particularly uric acid stones.

Hypocitraturia, hyperoxaluria, hypercalciuria Hypocitraturia, hyperoxaluria, and hypercalciuria were observed in ADPKD patients.

Urinary angiotensinogen Increased urinary angiotensinogen levels in patients with ADPKD, par- ticularly hyperten-
sive ones and correlated with total kidney volume.

Urinary neutrophil gelatinase-associated lipo- calin Urinary NGAL is mildly elevated ADPKD patients compared to healthy controls and some 
studies found correlation with total kidney volume and decreased eGFR.

Urinary interleukin-18 Urinary IL-18 is mildly elevated in ADPKD patients.

Urinary complement proteins Urinary complement changes: Increased levels of factor B (CFB), SERP- ING1 and C9 and 
decreased levels of complement component1, C1RL, CD55 and CD59 were correlated 
with the different stages of ADPKD.

Urinary proteomics These marker proteins, most of which were collagen fragments, such as uromodulin were 
found at significantly different levels in ADPKD patients than controls.

Secreted Frizzled-related

protein 4 sFRP4 was detected in the urine of both ADPKD patients and animals with PKD.

Hyperphosphaturia The tubular maximum of phosphate reabsorption per glomerular filtration rate was 
found to be lowest in 100 ADPKD patients in compar- ison with 20 non-diabetic CKD 
patients, 26 diabetic patients and 20 healthy controls.

Urinary copeptin Urinary copeptin/urinary creatinine is associated with the TKV and eGFR which is harbin-
ger of disease severity in ADPKD

Urinary fetuin alpha Urinary Fetuin-A levels were significantly higher in 66 ADPKD patients compared to 17 
healthy volunteers and 50 control patients with renal diseases of other causes.

Urine micro-RNA Primary cell cultures were obtained from urine specimens of 20 patients with ADPKD and 
20 patients with CKD. The abundance of mir- 223; mir-199a and mir-199b in ADPKD urine 
cells have been reported.

Urinary heparin-binding EGF-like growth factor Urinary HB-EGF excretion and plasma concentration were higher in 27 patients with 
ADPKD than in 27 controls and it is correlated with disease severity in ADPKD.

eGFR: Estimated glomerular filtration rate; mir: microRNA; ADPKD: Autosomal dominant polycystic kidney disease; NGAL: Neutrophil gelatinase-associated lipocalin; IL-18: In-
terleukin-18; CFB: Complement factor B; SERPING 1: Serpin Family G Member 1 (The human complement factor 1-inhibitor gene); C9: Complement factor 9; C1RL: Complement 
C1r subcomponent Like; sFRP4: Secreted frizzled-related protein 4; CKD: Chronic kidney disease; PKD: Polycystic kidney disease; TKV: Total kidney volume; HB-EGF: Hepa-
rin-binding epidermal growth factor-like growth factor



AKI in animal and human studies. Parikh et al. (70) demonstrat-
ed that urine IL-18 levels are mildly elevated in patients with 
ADPKD, but do not correlate with changes in kidney function 
and TKV. They speculated that urine IL-18 levels are enriched 
in cyst fluid derived from patients with ADPKD, demonstrating 
the translation of the findings from murine and rat models to 
human disease (70).

Recently, the role of complement system activation has been 
thought to be related in ADPKD. Furthermore, it has been shown 
that substantial amounts of complement proteins are present 
in the renal cyst fluid of patients with ADPKD (85). In this regard, 
over a hundred different glycoproteins and glycopeptides in the 
urine were identified; however, significant expression chang-
es were only observed in six complement components in the 
urine from patients with ADPKD by using a robust quantitative 
proteomics screen. In conclusion, it has been found that the 
increased levels of urinary complement components comple-
ment factor B, SERPING1, and C9, and the decreased levels of 
complement component 1, r subcomponent-like, CD55, and 
CD59 were correlated with the different stages of ADPKD (86).

Multidimensional nuclear magnetic resonance (NMR) spectros-
copy was used to investigate the urine specimens of patients 
with ADPKD and compared with those of healthy controls (87). 
In the present study, the authors showed that the support vec-
tor machine-based classification of urinary NMR fingerprints 
yielded to discriminate patients with early-stage ADPKD from 
patients with ESRD and healthy subjects (87, 88). In addition to 
the NMR-based metabolomics approach pursued in the present 
study, urinary proteomics has been successfully applied to the 
prediction of ADPKD. There were many proteins with signifi-
cantly altered urinary excretion, most of which were collagen 
fragments. Uromodulin peptides, previously implicated in tu-
bular injury, were also found in urine specimens. These marker 
proteins were found to distinguish patients from controls with 
a high degree of accuracy (89). The coupling of capillary elec-
trophoresis to mass spectrometry allowed the identification of 
a unique set of proteins serving as reliable biomarkers for the 
prediction of ADPKD. The use of NMR-based metabolomics of-
fers the additional advantage of only minimal required sample 
pretreatment and easy sample handling, enabling fast and fully 
automatic data collection (88).

Secreted frizzled-related protein 4 (sFRP4) expression pro-
motes cyst formation in ADPKD. sFRP4 is induced by a similar 
mechanism that antagonizes the Wnt signaling cascade as a 
differentially regulated gene in cystogenesis. Cyst fluid from 
ADPKD kidneys activates the production of sFRP4 protein in 
renal tubular epithelial cell lines (90, 91). Vasopressin 2 re-
ceptor antagonism resulted in a decrease of promoter activity 
and tubular sFRP4 expression. Moreover, sFRP4 was found in 
the urine of patients and animals with ADPKD, indicating that 
sFRP4 may be a potential biomarker for monitoring the pro-
gression of ADPKD (92).

Fibroblast growth factor 23 (FGF23) associated with increased 
phosphate levels in urine is substantially higher in patients 
with ADPKD than in other patients with CKD (93). Moreover, 
polycystin 1 is highly expressed in osteoblasts and osteocytes, 
which are the main sources for FGF23 production (94). It could 
be hypothesized that polycystin 1 is directly involved in the 
regulation of FGF23 production and that mutant polycystin 1 
is responsible for the increased FGF23 secretion in ADPKD. The 
finding of elevated FGF23 levels in ADPKD with normal renal 
function, normal parathyroid hormone, and renal leak of phos-
phate represents an early manifestation of ADPKD (93).

It has been well established that patients with ADPKD already 
have decreased urinary concentration capacity (43) and that 
plasma osmolality is maintained within the normal range at 
higher plasma copeptin and AVP levels (23). Plasma copeptin is 
elevated in patients with ADPKD and predicts disease progres-
sion (95, 96). Nakajima et al. (97) showed that urinary copept-
in/u-Cr is closely associated with the two important markers of 
disease severity in ADPKD (positively with TKV and negatively 
with eGFR). They suggested that U-copeptin/u-Cr is a preferable 
and easily measured surrogate marker to help predict disease 
progression in ADPKD.

Fetuin alpha (FETUA) expression is restricted to the liver in 
adults; however, it is expressed in many organs including the 
kidney, brain, liver, bone, lungs, and heart in the fetal period 
(98). Despite the absence of FETUA mRNA genetically, the FET-
UA protein has been detected in proximal tubule epithelial cells 
of rat kidneys in a previous study (99). Thus, it is speculated that 
FETUA may reach proximal tubule cells by reabsorption from 
the tubule lumen after passing from plasma through the glo-
merular filtration barrier (99, 100). Recently, Piazzon et al. (101) 
observed higher urinary FETUA levels in patients with ADPKD 
than in healthy controls.

MicroRNAs (miRs) are noncoding, small RNA molecules that 
modulate gene expressions by regulating many different in-
tracellular pathways at the posttranscriptional level. There are 
many multiple putative targets for each miR, and they can also 
change between cell types and over time. It appears that they 
may play an important role in cell physiology (102). miRs play 
a role in both embryonic development and kidney disease pro-
cesses. Their different blood or urine levels have been associat-
ed with several specific kidney diseases in animal models and 
human studies (103-105). miRs may play a crucial role in the 
regulation of profibrotic calcium signaling depending on some 
studies that have investigated their effect in ADPKD (106). Se-
rum miR-3907 levels were recently demonstrated to be associ-
ated with disease progression of ADPKD (107). Indeed, urine has 
been widely used as a specimen to detect protein biomarkers 
in polycystic kidney disease (89). Ben-Dov et al. (108) evaluat-
ed the miRs in urine specimens and kidney epithelial cells of 
patients with ADPKD and without ADPKD. They demonstrated 
that miRNA previously implicated as kidney tumor suppressors 
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(miR-1 and miR-133), as well as miRNA of presumed inflamma-
tory and fibroblast cell origin (miR-223/miR-199), is dysregu-
lated in ADPKD urine specimens compared with other patients 
with CKD (109).

Recently, urine proteome or peptidome markers have become 
clinically useful as urine biomarkers. Kistler et al. (89) defined 
the urinary biomarker profile of ADPKD and found a low molec-
ular (<15 kDa) proteome fraction in the urine. Bakun et al. (109) 
studied the proteins of masses >10 kDa by using two-dimen-
sional tryptic peptides separation. They showed that an ADP-
KD-characteristic footprint of 155 proteins significantly up- or 
down-regulated in the urine specimens of patients with ADPKD. 
There were significant differences in proteins of complement 
system, apolipoproteins, serpins, some growth factors, colla-
gens, and extracellular matrix components in patients with AD-
PKD compared with those in healthy controls (109).

Epidermal growth factor (EGF) receptor pathway is shown to 
be involved with growth, migration, and proliferation of renal 
tubular cells (110). Dysregulation of this pathway has been sug-
gested to play a role in the pathogenesis of ADPKD (64, 67). Hep-
arin-binding EGF-like growth factor (HB-EGF) is known to be a 
more potent mitogen for renal tubular epithelia than EGF (111). 
Harskamp et al. (112) reported that EGF receptor ligands, such 
as HB-EGF, EGF, and transforming growth factor-α, are mea-
sured in blood and urine concentrations in patients with ADPKD 
at baseline and after treatment with a vasopressin V2 receptor 
antagonist (V2RA). Higher urinary HB-EGF excretion was found 
to be correlated with the severity of the disease in patients with 

ADPKD. Interestingly, HB-EGF excretion increased during V2RA 
treatment. In addition, further studies are needed to explain 
this result in patients with ADPKD.

Finally, Kawano et al. (113) analyzed many urine biomarkers in 
patients with ADPKD and compared them with those in healthy 
controls. There were significant differences between healthy 
subjects and patients with ADPKD with respect to several bio-
markers including von Willebrand factor, IL-8, macrophage colo-
ny-stimulating factor, interferon receptor 2, perpetual flowering 
1, trefoil factor family 3, hepatocyte growth factor, multicopper 
oxidase-1, 8-hydroxydeoxyguanosine, NGAL, liver-type fatty ac-
id-binding protein (L-FABP), angiotensinogen, and ceruloplas-
min. The levels of markers for multiple parts of the nephron are 
increased in patients with ADPKD. In addition to the measure-
ment of UAE, the measurement of urinary β (2)-microglobulin, 
kidney injury molecule-1, heart-type-FABP, monocyte chemo-
attractant protein-1, N-acetyl-β-d-glucosaminidase, and endo-
thelin-1 could be of value for determining the disease severity 
in patients with ADPKD (76, 79, 114-116).

CONCLUSION
Important new findings of the urine evaluation have improved 
our understanding with several pathogenic mechanisms in-
cluding inflammation, cystogenesis, and disease progression in 
patients with ADPKD. Recent insights have highlighted the fact 
that urine concentration defect, hematuria, proteinuria, pyuria, 
urine calculi, and several urine biomarkers are not only patho-
logical findings but also help clinicians with respect to disease 
progression during the follow-up of patients with ADPKD (Fig-
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Figure 1. The evaluation of urinary specimen in autosomal dominant polycystic kidney disease.



ure 1). In addition, several urine biomarkers in ADPKD were 
found to be associated with the severity of the disease and may 
be important in the near future to predict disease progression. 
Further studies are needed to clarify the mechanisms that lead 
to urine abnormalities of ADPKD from other kidney diseases.
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Abstract

Organ transplantation is a very complex procedure that can save lives. It is a very useful procedure if the concepts of immu-
nology, gained through bitter experience over the years, are kept in mind during practice. Allogeneic sensitization due to 
previous exposure(s) to alloantigens can hamper the procedure and remains the main obstacle to organ transplantation. 
Allosensitization and its level in a patient can be revealed before transplantation using the crossmatch test performed by 
incubating the patient’s serum with the possible donor’s lymphocytes in a laboratory environment. Crossmatch tests are 
routinely used prior to transplantation to prevent acute humoral reactions to the allograft tissue following reperfusion and 
also for long-term monitoring of the patient’s humoral status during the pre- and post-transplantation periods.
Keywords: Transplantation, crossmatch test, sensitization

INTRODUCTION
Crossmatch tests are used in many areas of medicine. 
In the context of transplantation, crossmatch tests have 
widely been used for evaluating the immunological 
and anamnestic responses of the recipient to the graft 
antigens and vice versa as well as the response of the 
allograft to the recipient. Cell-to-cell crossmatch and 
serum-to-cell crossmatch have commonly been used to 
determine graft and patient compatibility. Crossmatch 
tests can be used for monitoring the patient’s humor-
al status during and after transplantation. Practically, 
patients’ possible humoral reactions against possible 
donor antigens are in focus. Positive crossmatch test 
results, even at a low positivity, indicate that the anti-
gens have at least once been introduced in the body, 
that they have been processed and stored in the im-
mune memory, and that they have the potential for 
inducing future humoral reactions and injuries. During 
the pre-transplantation period, crossmatch tests can 
be performed against a specific donor to detect pos-
sible sensitizations and presence of antibodies (Abs) 
specific to the donor and also the overall general pop-

ulation to generate the % panel-reactive antibodies (% 
PRA) that represents the allosensitization level of the 
recipient. Organ failure patients who require support 
for failing organ function are usually treated via very 
complex medical procedures, including artificial organ 
replacement systems, transplantation, and/or mul-
tiple transfusions to extend their survival; therefore, 
they usually become sensitized to many alloantigens 
in the population they live within. Sensitizing antigens 
when encountered and accepted as important by the 
host immune system are recorded as an immune mem-
ory in B cells, similar to what occurs in vaccination. 
Currently, sensitization is an ever increasing problem 
for the patients waiting for transplantation. In recent 
years, owing to the shortage of good matched donor 
organs, there has been an increasing interest in over-
coming the problem of allosensitization through de-
sensitization procedures that turn sensitized patients 
to transplantable cases. The level of desensitization is 
measured and monitored via crossmatch tests follow-
ing particular desensitization procedures to save the 
graft from humoral injury (1-3).
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Acquired immune reactions post transplantation are anti-
gen-specific reactions to particular allograft antigens, which 
can lead to acute rejection. The most effective and active arm of 
acquired reactions is humoral, not cellular, through anti-human 
leukocyte antigen (HLA) Abs against particular graft antigens. 
To perform safe organ transplantation, collection of data that 
will explain the past and current immune status of the patient 
to accurately predict the fate of organ being transplanted is a 
prerequisite. The reaction against allogenic tissue is mostly im-
munogenic, i.e., overall inflammatory, in nature. Innate and ac-
quired immune reactions begin to cooperate immediately post 
reperfusion and work synergistically to remove the foreign tis-
sue rapidly, even though its function is life saving for the body. 
If immunosuppressive therapy is not orchestrated properly and 
remains ineffective and if immune cell functions are not sup-
pressed to comply with the rules of tolerance, the end result is 
the loss of a great opportunity of survival (4, 5). Tolerance is sur-
vival of both the allograft and patient, without reacting against 
each other. This state is usually achieved with proper graft and 
patient histocompatibility matching as well as via pharmaco-
logical immunosuppression, which realizes silencing of the im-
mune cells and their specific reactions against the graft alloan-
tigens (5).

The immune system, evolved and organized with very pain-
ful experiences over hundreds of years, records important in-
formation in memory B cells and stores it as memory for the 
second set reaction. Upon encountering the same antigens 
again, memory B cells react directly, without T cell assistance, 
and begin to produce specific Abs spontaneously. When the 
antigen–antibody complexes are formed, the complement 
system is activated through the classical way, and the allograft 
is destroyed; this is the second set reaction (1, 2). Second set 
reaction is mediated mainly through antigen-specific immuno-
globulin (Ig) G-type Abs, and they have a long half-life in the cir-
culation. There are four main IgG Ab subgroups. IgG1 and IgG3 
subgroup Abs set and accelerate the immune reactions up and 
can effectively activate the complement cascade. IgG2 and IgG4 
subgroup Abs are rather tolerogenic and do not activate the 
complement system as effectively as do IgG1 and IgG3. These 
class differentiations are affected and routed mostly via influ-
ences of the local environmental cytokine-mediated factors 
present around the allograft region, depending on local effects 
of cytokines, including an inflammatory rejection reaction, a 
certain tolerogenic effect, and even deceleration of an immune 
reaction (6, 7). We have to keep in mind that Abs against specif-
ic foreign antigens are produced by the acquired immune sys-
tem, and even though if they do not lead to significant comple-
ment activation for effective cytotoxicity, they can still induce 
opsonization as a low-intensity reaction or subclinical chronic 
immune reactions that can harm the graft in the long run (4, 5).

Ischemia/reperfusion injury following reperfusion, which is un-
avoidable during vascularized organ transplantation, leads to 
severe inflammation due to activation of components of the in-

nate immune system, thus injuring the vascular endothelium of 
the graft. The inflamed endothelium becomes highly antigenic 
since endothelial cells are immune cells in nature. These cells 
are rich in major histocompatibility complex (MHC) antigens 
under inflammation and present those antigens to the host’s 
acquired immune system (5, 8-11). When the patient is already 
sensitized, the circulating recipient blood is rich in allo-Abs 
against the alloantigens, which the graft already expresses; this 
leads to antibody–antigen binding and complement activation, 
which in turn activates the classical cascade leading to a series 
of harmful reactions. These reactions inflict serious addition-
al injuries to the endothelial tissue of the graft as well as the 
functional parenchymal cells. Depending on the intensity and 
severity of this endothelial injury, immune activation triggers 
another innate system, and the coagulation cascades are ac-
tivated; circulation in the graft stops, and the graft becomes 
gangrenous. If the immune reaction is less severe at the begin-
ning as well as latter, the acquired immune reaction can be ad-
equately suppressed via pharmacological means; this way, the 
reaction does not accelerate and remains slow and the slightly 
injured tissue may be repaired by live graft cells, leading to heal-
ing of the graft and its functioning as expected (5). In case of 
previous sensitization, the recipient will react to the recorded 
alloantigens immediately after reperfusion as a second set re-
action, which is an accelerated response and cannot be halted. 
Modern powerful prophylactic immunosuppression techniques 
can prevent delayed type IV first set immune reactions; howev-
er, these are not effective against the type of immune cells with 
memory functions. Abs against the graft antigens, sooner or 
later, will destroy the allo-organ and return the patient to end-
stage organ failure (11, 12).

Abs initiate all alloreactions against the allograft tissue in the 
recipient body according to the humoral theory. Sensitized 
patients show lower graft survival rates, as indicated in almost 
all multicenter studies, even if they are transplanted upon a 
negative crossmatch test result on a given date (13). Currently, 
crossmatch tests are widely used to evaluate humoral immuni-
ty rather than cellular immunity, and considering the humoral 
theory of rejection, cell-to-cell immunity tests are very rarely 
used (14-20). From this point of view, since sensitization and its 
level are the ultimate predictors during transplantation, cross-
match tests are performed at the beginning to offer an oppor-
tunity for correct matching of the allograft and patient as well 
as to provide information for the potential long-term fate of the 
allograft via humoral immune monitoring. Crossmatching is a 
highly strategic test with a particular meaning, and it can be re-
peated several times according to the indications and implica-
tions for future graft survival.

Pre-transplantation understanding of the true sensitization state 
is essential for achieving a good outcome in transplantation 
practice. Since importance of sensitizations has been histori-
cally demonstrated through bitter experiences, many effective 
and comprehensive crossmatch test have evolved and many re-
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searchers are still working on perfecting and increasing the reli-
ability of these test (4, 6, 7, 12, 13). Theoretically, crossmatch tests 
have primarily been performed by two methods complementing 
each other using different antigen sources (Figure 1).

Patient serum in which the allo-Abs are searched for is cross-
matched using either of the following assays:
1.	 Live donor lymphocytes as target antigens, called “cellular” 

or “cell-based” assays
2.	 A solid surface or ready-to-use microbeads, fitted with 

donor lymphocyte lysates or known MHC antigens, called 
“solid-phase” assays

Cell-based assays serologically demonstrate the comple-
ment-dependent donor lymphocyte lysis under the microscope 
(CDCXM) or using fluorescent-tagged anti-human IgG Abs, fol-
lowed by the detection of allogeneic Abs in the patient serum 
(FCXM) using flow cytometry.

Solid-phase crossmatch test detect donor-specific allo-Abs in pa-
tient serum. It can be performed as a panel study-% PRA-using 
a set of possible HLA antigens in the population to demonstrate 
anti-HLA Abs present in the serum of a patient in the waiting list. 
Solid-phase assays are preferably performed for revealing the al-
logeneic sensitization level. During screening, a large number of 
patients’ serum samples are tested and anti-HLA Abs are charac-
terized (5, 16). Knowledge of patient characteristics, their sensiti-
zation status, and particular antigens they are sensitized to is very 
important before transplantation for proper matching while they 
are still in the national waiting list. This may increase their chance 
to find a donor who presents no HLA antigens the patient is sen-
sitized to. Theoretically, with the aid of this information, the graft 
can be sent to the most matching remote patient in the waiting list 
without the need of performing the final actual pre-transplanta-
tion crossmatch test. The procedure, called “virtual crossmatch,” 
saves time and allows for share and sending the allograft to remote 
areas and transplant it with a short cold ischemia time (3, 15, 18).

Figure 1. a-c. Schematic illustration on the basis of experimental stages, data collection, and results on the (a) CDCXM, (b) FCXM, and (c) Luminex assays. (Modified 
from Montgomery RA et al., Nature Reviews Nephrology 14, 558–570 (2018)).
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In today’s transplantation practice, most cell-based crossmatch 
tests are performed as CDCXM and provide visual evidence of 
sensitization and percent cytotoxicity. Serological crossmatch 
test, in which the complement is used, helps measure cytotox-
icity visually. However, the decision is a subjective opinion since 
the result is read by a specialist in charge on that specific day, 
and the percentage of stained dead cells is calculated by count-
ing them according to their morphology and color in the micro-
scopic area being observed by the specialist. Another popular 
cell-based crossmatch test is performed using flow cytometry 
and fluorescent-tagged anti-human Abs. Flow cytometry is a 
computerized version of fluorescent microscopy in principle. 
It detects the presence and calculates the intensity of allo-Abs 
in the recipient’s serum. However, since the complement is not 
used, it does not reveal cytotoxicity. Because the number of 
fluorescent-tagged lymphocytes is counted electronically, sen-
sitivity of this assay is several times higher than that of the vi-
sual serological CDC method. Therefore, flow cytometric cross-
match is statistically more reliable. These two experiments take 
over 4 h in a laboratory to obtain reliable and detailed results. 
Flow cytometric crossmatch electronically measures the num-
ber of IgG-type allo-Abs attached to the surface of the flowed 
donor lymphocytes when the sample is passed under a laser 
beam using a computer program; therefore, it is highly objec-
tive. The cells with fluorescent Abs counted by the device are 
in thousands; thus, the results of this method are much more 
significant than those of the serological method. Since no com-
plement is used in the flow crossmatch assay, although the Abs 
attached to the surface of the donor lymphocytes are detected, 
percent cytotoxicity and presence of complement-binding Abs 
cannot be determined. In routine practice, many tissue typ-
ing laboratories perform both serological and flow cytometric 
crossmatch tests together to obtain the most necessary infor-

mation (7). A specialist clinician is aware of the existence of al-
lo-Abs but cannot determine the cytotoxicity. Another flow cyto-
metric test combining both methods (CDC+FCXM) was recently 
developed—cytotoxic flow cytometric crossmatch (cFCXM); this 
assay measures the level of allo-Abs and, with complement 
usage, determines their cytotoxicity in the same experiment 
(Figure 2). It is a functional test, resembling a serological cyto-
toxicity test performed using a flow cytometer. The advantage 
of this method is that it provides more information than both 
serological and flow cytometric crossmatch tests alone within a 
single experiment, saves time, and helps reduce the cold isch-
emia time. Moreover, since it is performed using flow cytome-
try, thousands of cells are counted and the data obtained are 
more reliable and significant (8).

These pre-transplant serological and flow cytometric cell-
based crossmatch tests are designed to prevent hyperacute 
humoral injuries and/or possible second set anamnestic reac-
tions against the graft. Availability of information on sensitiza-
tion memory in advance may increase allograft survival through 
proper matching and immunosuppression. Studies on the hu-
moral theory have revealed that second set reactions are not 
rare. Transplant patients with a history of alloimmunization 
and negative pre-transplant crossmatch test results may har-
bor sleeping memory B cells, which may become activated rap-
idly and become plasma cells upon antigen re-encounter after 
reperfusion (second set reaction); this cannot be prevented by 
crossmatch tests alone. In this case, the potential of the recip-
ient’s anamnestic reactions generated through their immune 
memory may lead to severe second set humoral rejection reac-
tions following transplantation. It is almost the same reaction 
principle expected in vaccination reactions. Currently avail-
able methods to detect the presence and activity of recipient 

Figure 2. Schematic illustration on the basis of experimental stages, data collection, and results of the cFCXM assay. (Modified from Montgomery RA et al., Nature 
Reviews Nephrology 14, 558–570 (2018)).
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HLA-specific memory B cells are scarce and insufficient in quan-
tifying the complete donor-specific memory B cell response 
following transplantation. There have been an increasing num-
ber of articles on this topic over the recent years. Studies have 
shown that alloreactive memory B cell profiling provides more 
information on the recipient’s allosensitization in addition to 
the information detected by the serum Ab screenings and cross-
match assays (21). Therefore, we need to gain information on 
the potential of memory B cells for better long-term graft sur-
vival. It is a very useful idea to uncover the possible immune 
memory status and potential of the recipient to prevent second 
set reactions (22).

CONCLUSION
Therefore, to gain a better understanding of the patient’s im-
mune memory status for extending graft survival, research to 
establish better pre-transplant crossmatch tests is an open-end-
ed and ever-improving subject.
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Abstract

The incidence of chronic hepatitis C virus (HCV) infection in kidney transplant recipients is 5%-15%, and HCV is an import-
ant risk factor for posttransplant kidney issues. Novel interferon-free regimens with direct-acting oral antiviral agents have 
extremely high response rates in solid organ transplant patients with HCV; however, drug–drug interactions, particularly 
with immunosuppressive agents, should be considered when deciding the treatment. Here we report a case of severe 
everolimus toxicity in a kidney transplant recipient receiving ombitasvir/paritaprevir/ritonavir and dasabuvir combination 
treatment. 
Keywords: Everolimus, toxicity, chronic hepatitis C, ombitasvir/paritaprevir/ritonavir

INTRODUCTION
The incidence of chronic hepatitis C virus (HCV) infection 
in kidney transplant recipients is 5%-15%; HCV is an im-
portant risk factor for posttransplant kidney issues such 
as glomerulopathy, chronic rejection, and graft loss in 
these patients (1). In the past years, interferon-based 
therapies could not be used for HCV treatment in post-
transplant patients owing to the high risk of allograft 
dysfunction and rejection (2). Novel interferon-free 
regimens with direct-acting oral antiviral agents have 
extremely high response rates in solid organ transplant 
patients with HCV; however, drug-drug interactions, 
particularly with immunosuppressive agents, should 
be considered when deciding the treatment. Here, we 
report a case of severe everolimus toxicity in a kidney 
transplant recipient receiving ombitasvir/paritaprevir/
ritonavir and dasabuvir (OBV/PTV/r+DSV) combination 
treatment.

CASE PRESENTATION
A 34-year-old male patient who underwent kidney 
transplantation from a live donor in 1996 was admitted 
to our clinic for chronic HCV treatment. His medical his-
tory included a diagnosis of chronic HCV in 1994, but he 
did not receive any treatment for the same. Although 
the patient was using tacrolimus following kidney trans-
plantation, the treatment was changed to cyclospo-
rine because of the creatinine elevation on tacrolimus 
therapy. Physical examination findings were normal. 
Following findings were detected on laboratory evalu-
ation: alanine transaminase, 34 U/L; creatinine, 1.2 mg/
dL; estimated glomerular filtration rate, 71 mL/min; to-
tal bilirubin, 1.1 mg/dL; albumin, 4.5 g/dL; internation-
al normalized ratio, 1.09; HCV-RNA, 3.740.000 IU/mL; 
and genotype 1b. Liver parenchyma and contours were 
normal, the portal vein diameter was 9 mm, the spleen 
was 82 mm in size on the longitudinal axis, and asci-
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tes was absent on abdominal ultrasonography. The OBV/PTV/
r+DSV regimen was initiated. The serum cyclosporine level was 
initially 54 ng/mL, and it increased to 457 ng/mL on follow-up. 
Despite cyclosporine dose reduction and intermittent discon-
tinuation, the drug level remained 350-400 ng/mL for 4 weeks 
and could not be appropriately adjusted. The patient had a his-
tory of tacrolimus toxicity; hence, immunosuppressive therapy 
was changed to everolimus by the nephrology transplantation 
unit without our knowledge. The everolimus levels increased 
beyond the target level during the following week despite the 
dose reduction. The everolimus level was 30, 36, and 33 ng/mL 
on day 2, 5, and 7, respectively. At the end of the first week of 
everolimus therapy, the patient was admitted to the transplan-
tation outpatient clinic owing to skin rashes and widespread 
ulcerations in the mouth and throat and was hospitalized with 
the diagnosis of everolimus toxicity. Moreover, the OBV/PTV/
r+DSV regimen was discontinued during this hospitalization pe-
riod along with everolimus, and the patient was re-initiated on 
cyclosporine therapy before being discharged. The patient was 
referred to our clinic 2 weeks after being discharged. Owing to 
the 2-week cessation period of the OBV/PTV/r+DSV regimen, the 
same treatment was not re-initiated. HCV-RNA was negative at 
this point. At 6 weeks after the cessation of the OBV/PTV/r+DSV 
regimen, the HCV-RNA level was detected to be 256,000 IU/mL. 
Thereafter, a combination of sofosbuvir (SOF)/ledipasvir (LDV) 
and ribavirin was administered to the patient for 12 weeks. 
HCV-RNA was negative at week 4, at the end of treatment, and 
at 12 weeks after the treatment. No side effects or changes in 
the cyclosporine drug levels were observed, and no dosage ad-
justments were required during the 12-week treatment period.

DISCUSSION
The calcineurin inhibitors tacrolimus and cyclosporine and 
the mammalian target of rapamycin inhibitors sirolimus and 
everolimus, which are used for immunosuppression following 
transplantation, are substrates for the cytochrome P450 (CYP) 
isoenzyme 3A4 and the drug transporter P-glycoprotein (P-gp), 
respectively. Therefore, the concomitant use of these drugs 
with agents that inhibit the aforementioned pathways may 
lead to increased drug levels, and dose modification might be 
required. SOF is not associated with drug-drug interaction with 
CYP3A4 and P-gp, whereas protease inhibitors (simeprevir and 
ritonavir-boosted paritaprevir) may cause serious drug-drug 
interactions with agents that use these pathways. A significant 
increase in the everolimus levels can be observed due to the in-
hibition of CYP3A4 enzyme, which is responsible for the metab-
olism of everolimus in the intestinal and liver cells by ritonavir. 
There is no recommended dose adjustment for everolimus ad-
ministration in combination with the OBV/PTV/r+DSV regimen 
and is not recommended for concomitant use (3, 4). In the re-
cent European Association for the Study of the Liver guidelines 
as well as in our national guidelines, a fixed dose combination 
of SOF/LDV (for genotypes 1, 4, 5, and 6) or SOF/daclatasvir or 
SOF/velpatasvir (for all genotypes) is the recommended regi-
men for HCV treatment in patients with solid organ transplan-

tations, other than that of the liver, without the requirement for 
immunosuppressive drug dose adjustments (5, 6).

However, only two regimens (SOF/LDV and OBV/PTV/r+DSV 
combination) are available for the treatment of HCV in Tur-
key, and some centers may choose to administer the OBV/PTV/
r+DSV combination to transplant patients.

In our patient, significant cyclosporine level increase during 
treatment and severe everolimus toxicity were observed owing 
to the drug switch performed without considering the potential 
drug-drug interactions.

CONCLUSION
The concomitant use of the OBV/PTV/r+DSV regimen and ever-
olimus is contraindicated and must be avoided. Treatment pro-
cess should be conducted in coordination with a nephrologist 
and gastroenterologist in kidney transplant recipients sched-
uled to receive the OBV/PTV/r+DSV regimen.
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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by multisystem involvement. The renal involve-
ment of SLE may present with hematuria , proteinuria or acute kidney dysfunction. It is well established that pregnancy may 
trigger the disease activation in patients with SLE. Lupus nephritis (LN) may be diagnosed during pregnancy in very few patients. 
Preeclampsia is a pregnancy-related disorder characterized by maternal hypertension, proteinuria, and edema and is some-
times complicated by renal dysfunction, which usually occurs in the last trimester of pregnancy. However preeclampsia rarely 
occurs within 48 h of postpartum. In this report, we present the case of a 20-year-old patient with oliguria, proteinuria, edema, 
and hypertension who was diagnosed with preeclampsia starting at the 35th week of her first pregnancy. Acute kidney failure 
developed in the postpartum period after emergency cesarian delivery. Crescentic and diffuse LN was revealed by renal biopsy. 
While SLE is a risk factor for preeclampsia, LN should be considered in kidney failure in the third trimester or postpartum period. 
Keywords: Pregnancy, preeclampsia, lupus nephritis

INTRODUCTION
Systemic lupus erythematosus (SLE) is an autoimmune 
disease with multisystem involvement. Approximately 
50% of patients with SLE may present with renal involve-
ment. Renal involvement typically manifests as hema-
turia, proteinuria, or sudden onset renal dysfunction. In 
1957, Muehrcke et al. (1) described lupus nephritis (LN) by 
kidney biopsy for the first time. LN is a serious but curable 
disease. Clinically, LN may also present with nephrotic 
syndrome, nephritic syndrome, or crescentic glomeru-
lonephritis. Clinicopathologically, LN is classified into six 
types. The most frequent and the most severe prognosis 
is the form with diffuse proliferative glomerulonephritis 
(type IV) (2). Approximately 15%-25% of patients progress 
to end-stage renal disease within 10 years.

Several studies have demonstrated that pregnancy 
leads to the activation of this disease in women with SLE 
(3-6). Chronic LN, if activated during pregnancy, can lead 

to hypertension and renal failure, which can adversely 
affect the health of the mother and fetus. In rare cases, 
LN can be diagnosed during pregnancy. In particular, 
the clinical findings of patients who have not been previ-
ously diagnosed with LN may become apparent follow-
ing activation during pregnancy. However, it is possible 
that the physiological changes related to pregnancy 
may mask some of the clinical presentations of LN in-
cluding of proteinuria and edema. Otherwise, various 
diseases may cause renal dysfunction during pregnancy 
(4, 5). Among these, there are many possible causes of 
acute renal failure in pregnancy such as preeclampsia, 
hemolytic uremic syndrome, and perioperative compli-
cations (acute tubular necrosis) and rapidly progressive 
glomerulonephritis (2, 6). Preeclampsia is an important 
health problem that causes serious maternal and fetal 
complications in approximately 7%-10% of all pregnan-
cies, mostly during the last trimester and rarely within 
48 h postpartum. It is characterized by systemic vaso-
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spasm, maternal hypertension, proteinuria, edema, increased 
platelet aggregation, and decreased uteroplacental blood flow 
and is observed in the presence of placental tissue and resolves 
within a short time after birth. The pathophysiology of the dis-
ease are still unclear (7-9).

In this case report, we describe the case of a 20-year-old patient 
without a history of any disease who developed proteinuria, 
edema, and hypertension at 35 weeks of her first pregnancy. 
She underwent emergency cesarean section (C/S) due to pre-
eclampsia, developed oliguria and renal dysfunction in the 
postpartum period, and was directed to our clinic. Subsequent-
ly, she was diagnosed with crescentic LN with renal biopsy.

CASE PRESENTATION
A 20-year-old woman without a history of kidney disease pre-
sented to a private hospital with elevated blood pressure and 
swelling of the lower limbs during 35th week of her first preg-
nancy. Emergency C/S was performed due to the diagnosis of 
preeclampsia. Patient’s postoperative urine output decreased 
(200 cc in 12 h) and serum creatinine level increased to 1.8 mg/
dL; so urinary system ultrasound was performed and ectasia 
was not detected in the pelvicalyceal system. Kidney sizes were 
reported within normal range. In the postoperative period, 40 
mg furosemide was administered intravenously (iv) due to oli-
guria. She was transferred to the nephrology department of our 
university hospital in April 2017 with the preliminary diagno-
sis of oliguric acute renal failure. There were no complications 
such as perioperative bleeding, hypovolemia, and hypotension. 
There was no history of nonsteroidal anti-inflammatory drug 
use. Complaints of fatigue and oliguria were noted in the sys-
temic query. On physical examination, her body temperature 
was 37.0°C, pulse rate was 112 beats/min, blood pressure was 
130/80 mmHg, and respiratory rate was 22 breaths/min; de-
creased breathing sounds in the lower lung fields at the bottom 
of the rib cage was detected byauscultation , and significant 
amount of ascites was detected in the abdomen and pretibial 
+++/+++ edema was detected in the examination of distal ex-
tremities. The laboratory test results are shown in Table 1.

Ten grams of proteinuria was detected in the spot urine micro-
protein/creatinine test. Microscopic examination of urinary sed-
iment revealed dysmorphic erythrocytes, leukocyte casts , and 
granular casts. Urinary ultrasonography revealed that both kid-
ney sizes were normal, parenchymal echoes increased to grade 
1 in both kidneys without pelvicalyceal ectasia and stones, and 
intra-abdominal ascites was present. The patient’s renal func-
tion tests deteriorated during the following days in the nephrol-
ogy clinic. There were no abnormal results in the urine gram, 
and no bacteria were detected in urine culture. Diuretic treat-
ment was initiated as the patient had increased pretibial edema, 
oliguric course, and hypervolemia. There was no response to di-
uretic treatment with furosemide. At the follow-up, the patient 
developed anuria and diuretic-resistant hypervolemia and was 
treated with intermittent hemodialysis (HD) and ultrafiltration 
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Table 1. Laboratory parameters of the patient at admission

Parameters Value Normal range

White blood cell (103/µL) 7.1 4.8-10.7

Hemoglobin (g/dL) 8.9 12-16

Platelets (103/µL) 204 130-400

Glucose (mg/dL) 110 74-106

BUN (mg/dL) 32 8-23

Creatinine (mg/dL) 1.82 0.7-1.20

Uric acid (mg/dL) 8.1 2.4-5.7

Calcium (mg/dL) 8.7 8.6-10.2

Phosphorus (mg/dL) 6.5 2.5-4.5

Magnesium (mmol/L) 1.2 0.66-1.77

Sodium (mmol/L) 136 136-145

Potassium (mmol/L) 6.03 3.5-5.1

Clor (mmol/L) 103 98-107

Total bilirubin (mg/dL) 0.15 0.2-1.2

Direct bilirubin (mg/dL) 0.09 0-0.3

GGT (U/L) 11 10-71

LDH (U/L) 411 135-225

AST (U/L) 39 0-40

ALT (U/L) 28 0-41

ALP (U/L) 151 40-130

Total protein (g/dL) 4.3 6.4-8.3

Albumin (g/dL) 2.1 3.5-5.2

PT (s) 10 10.1-14.9

APTT (s) 26 20-36

INR 0.89 0.8-1.2

UDT

Protein (mg/dL) 100 0-10

Blood (ery/μL) 80 0-5

Leu (leu/μL) 29 0-10

Urine microscopy

Erythrocyte (HPF) 80 0-3

Leukocyte (HPF) 29 0-5

Urine microprotein (mg/dL) 2950 28-217

Urine creatinine (mg/dL) 289 0-15

BUN: blood urea nitrogen; GGT: gamma-glutamyl transferase; LDH: lactate dehy-
drogenase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: 
alkaline phosphatase; PT: prothrombin time; APTT: activated partial thromboplas-
tin time; INR: international normalized ratio; UDT: Urine dipstick test



(UF). The patient received intermittent HD+UF treatment in the 
following days. After dialysis, regression was observed in hyper-
volemia findings. Urine output remained oliguric. An autoim-
mune panel was obtained from the patient, who showed signs 
of proteinuria, hypoalbuminemia, edema, oliguric renal failure, 
and active urine sediment. Renal biopsy was performed. After 
the pathological examination of the kidney biopsy revealed cres-
cent formation, the patient was given pulse steroid treatment 
(1 g/day for 3 days), followed by cyclophosphamide + mesna 
iv (750 mg/day) immunosuppressive therapy. Based on the au-
toimmune panel findings, the patient was diagnosed with SLE 
with antinuclear antibody (ANA) positivity, anti-double stranded 
DNA antibody ( anti-dsDNA ) positivity, and lupus anticoagulant 
positivity, and low levels of complement factor 3 (C3) and com-
plement factor 4 (C4) were noted. The patient was evaluated for 
other SLE findings. There was no history of oral aphthae or ar-
thralgia. Mild hyperemia was noted on the face. However, typ-
ical malar rash was not detected. As a result of the pathology, 
type IV diffuse LN+crescentic glomerulonephritis was reported 
(Figure 1). Hydroxychloroquine treatment was initiated after 
the ophthalmology consultation. Simultaneous plasmapheresis 
treatment was planned. The patient underwent plasmapheresis 
for seven sessions. At the follow-up, her urine output increased 
after the 6th session of plasmapheresis (Figure 2). Intermittent 
dialysis was also administered during this period.

The patient’s serum blood urea nitrogen (BUN)/creatinine (Cre) 
level decreased from 61/5.7 mg/dL to 47/2.43 mg/dL. She was 

discharged with a twice weekly intermittent HD program and 
monthly cyclophosphamide treatment plan. She received six 
cycles of cyclophosphamide treatment. Dialysis treatment was 
discontinued in July 2017 when her renal function improved. In 
November 2017, BUN/Cre level of 6.2/0.48 mg/dL and protein-
uria of 6.7 g/day were noted. Maintenance therapy of mycophe-
nolate mofetil was started, and out-patient clinic controls were 
continued in remission.

DISCUSSION
Systemic lupus erythematosus is the most common rheuma-
tologic disease in pregnancy because it is usually observed in 
women in the reproductive age group. Fertility in women with 
SLE is similar to that in the normal population. The exacerbation 
of the disease during pregnancy and in the postpartum period 
is approximately 50%. In patients with lupus and pregnancy, the 
disease is usually exacerbated in the last trimester of pregnancy 
and within a few weeks after birth. Lupus exacerbations during 
pregnancy are frequently associated with renal and hematolog-
ic systems (1-4). Many complications in lupus can occur during 
pregnancy. These complications include exacerbation of the 
disease (leukomotor-hematologic-renal), abortion (especially in 
the presence of antiphospholipid antibodies), premature birth, 
intrauterine growth retardation, hypertension, increased risk of 
preeclampsia (especially in nephritis cases), risk of renal failure 
development, and maternal death. Therefore, the follow-up of 
pregnant women with SLE, which can cause significant maternal 
and fetal complications, should be performed with care. On the 
other hand, patients who become pregnant before the diagno-
sis of SLE may admit to the hospital with lupus complications. In 
the present report, we described a patient diagnosed with pre-
eclampsia and LN due to oliguric acute renal failure after C/S.

Preeclampsia is defined as a combination of proteinuria , ede-
ma and increased blood pressure as >140/90 mmHg or increase 
in systolic blood pressure by 30 mmHg and increase in diastolic 
blood pressure by 15 mmHg in pregnant women at >20th week 
pregnancy, and the definitive treatment of preeclampsia is de-
livery of the fetus. Although preeclampsia and LN may coexist 
during pregnancy, it is very important to establish the differen-
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Figure 1. Patient’s clinical follow-up and treatment schedule.

Biopsy PlasmopheresisStreoid + siklofosfamid: 
Steroid + Cyclophosphamide

	 Date	 21 April	 25 April	 29 April	 3 May	 6 May	 9 May	 12 May	 15 May	 18 May	 21 May
	 BUN	 32	 17	 13	 22	 48	 47	 34	 39	 53	 47
	 Creatinine	 1.89	 2.34	 2.6	 5.2	 5.2	 5.2	 3.2	 3.2	 2.6	 2.4
	 Received 	 1300	 2500	 2200	 3350	 1700	 2600	 3000	 4250	 1350	 2100 
	 (volum-cc)
	 Removed 	 350	 150	 50	 Yok	 50	 200	 750	 4850	 3250	 4250	 (volum-cc)

Figure 2. Presence of crescent formation and mesangial cell increase in 
glomeruli in renal biopsy specimen (H&E, ×40).

Crescent

Mezengial 
Cell Increase



tial diagnosis as their treatments are different. Steroids are used 
to treat LN, which worsens preeclampsia. Therefore, signs and 
symptoms that are more reliable in showing SLE exacerbation 
and diagnosis in pregnancy can be summarized as ANA positiv-
ity, increased anti-dsDNA autoantibody titer (if known before), 
lymphopenia, active urine sediment, erythrocyte casts, direct 
Coombs test positivity, hemolytic anemia, fever, lymphadenop-
athy, typical oral mucosal ulcers, inflammatory arthritis, and 
cutaneous vasculitis. However, findings such as hypertension, 
edema, proteinuria, impaired renal function, and thrombocy-
topenia are common factors in both preeclampsia and exacer-
bation of SLE. In addition, proteinuria that occurs during preg-
nancy may be at physiological limits or may be related to lupus. 
In this context, the presence of hematuria and examination of 
urine sediment may be suggestive of renal involvement due to 
SLE (2, 3, 8). Anti-dsDNA positivity with hypocomplementemia, 
even in the absence of clinical activity, may be a predictor of 
abortion or preterm birth, particularly in the second trimester 
of SLE pregnancies. C3 and C4 levels are typically reduced by 
25% in LN. In contrast, their levels may increase by 10%-15% in 
pregnancy and preeclampsia.

Performing renal biopsy in LN is crucial in determining the 
treatment, identifying patients who need urgent treatment, 
evaluating the response to treatment, and predicting the prog-
nosis (10).

The prognosis is better if SLE is in clinical remission for at least 
6 months before pregnancy. The live birth rate is approximate-
ly 90%. However, the maternal mortality rate of patients with 
active disease in the last 6 months before the conception is ap-
proximately 15%. Approximately 60% of infants born from these 
mothers have morbidity or mortality. If SLE first appeared during 
pregnancy, maternal and fetal prognoses are similar to those 
patients with SLE who have active disease in the last 6 months 
before the conception. Only heart blocks have been reported as 
congenital problems in infants of mothers with SLE (11). Even in 
the case series with best results, some patients with LN develop 
renal failure that requires dialysis. Dialysis support may be dis-
continued in 10%-28% of these patients. These are usually pa-
tients with rapid renal dysfunction, suggesting acute and poten-
tially reversible disease activation. Only 1%-4% of the chronic 
dialysis and transplant population are patients with lupus. The 
clinical and serological activities of lupus usually decrease after 
reaching end-stage renal failure. The majority of deaths in pa-
tients with lupus occurs during the first 3 months of dialysis and 
is usually caused by an infection. After three months mortality 
causes are cardiovascular disease and infection. The prognosis 
of patients surviving during the first 3 months of dialysis is not 
different from that of patients withoutlupus (12).

Our patient was admitted to the hospital with suddenly elevat-
ed blood pressure and swelling of the lower limbs when she was 
in the 35th week of pregnancy. . Emergency C/S was performed 
with a diagnosis of preeclampsia. Urinary system ultrasound 

were reported as normal after the patient’s urine output de-
creased (200 mL in 12 h) and postoperative serum creatinine 
increased to 1.8 mg/dL. She was transferred to our nephrology 
clinic with a preliminary diagnosis of oliguric acute renal fail-
ure. She was diagnosed with LN after autoimmune serology and 
renal biopsy results. The patient underwent dialysis for approx-
imately 1 month, and her renal function improved with immu-
nosuppressive and plasmapheresis therapy.

CONCLUSION
SLE may be the underlying cause of preeclampsia during preg-
nancy with concomitant renal dysfunction. Physicians should 
be aware of SLE as an unusual cause of preeclampsia during 
pregnancy.
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Abstract

Spontaneous allograft rupture (SAR) is very rare in the posttransplant period. It is a life-threatening complication that af-
fects the survival of the graft. It is associated with high rates of graft loss. SAR is most commonly associated with immuno-
logical processes. Acute rejection is the most common cause of SAR. Here we report the case of a child who had SAR with 
life-threatening complications and his treatment and follow-up. 
Keywords: Children, renal transplantation, spontaneous allograft rupture

INTRODUCTION
Renal transplantation is the treatment of choice for end-
stage renal failure. Spontaneous allograft rupture (SAR) 
is rare, and it typically occurs within the first few weeks 
after transplantation. It presents with allograft sensi-
tivity, sudden onset pain, hematoma, shock-causing 
hypotension, and oliguria. It is a potentially life-threat-
ening complication of renal transplantation. It is asso-
ciated with high rates of graft loss. Surgically, the graft 
requires nephrectomy or surgical repair. The first renal 
graft rupture in Turkey was reported by Haberal et al. 
(1). According to the literature, its frequency is 0.8%-6% 
(1). At present, it is a rare complication. However, 53% of 
cases result in graft loss and 6% in death (2). SAR is most 
commonly accompanied by immunological reactions. 
Updated immunosuppressive treatments have led to a 
reduction in the incidence of SAR. Acute rejection is the 
most common cause. Advances in immunosuppressive 
treatments have led to a reduction in the incidence of 
SAR. Acute tubular necrosis, vascular thrombosis (3), hy-
pertension (4), trauma, and infections are other causes 
of SAR. In this report, we present the case of a child with 
SAR, which is rarely observed in all age groups.

CASE PRESENTATION
A 14-year-old boy with neurogenic bladder due to con-
genital anomalies of the kidney and urinary system was 
diagnosed with initial chronic kidney disease at the age 
of 7 months and with end-stage renal disease (ESRD) 
at the age of 8 years. His parents were cousins. He had 
been on peritoneal dialysis for 5 years and hemodialysis 
program for the previous year.

The donor was a 10-year-old boy who was followed up 
in the intensive care unit owing to a fall from a height. 
Empirical piperacillin-tazobactam and teicoplanin were 
started without signs of infection. Although the donor in 
the intensive care unit received noradrenaline infusion 
for 2 days, his blood pressure was 47/37 mmHg and he 
had tachycardia; his serum creatinine level was 1.09 mg/
dL.

On 12 December 2006, renal transplantation with a 
5 HLA mismatch 1DR compliance and blood type-
matched deceased donor with a cold ischemia time of 
19 hours was performed. Panel reactive antibody (PRA) 
Classes 1 and 2, Complement-dependent cytotoxicity 
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(CDC) crossmatch, and flow-lymphocyte crossmatch were all 
negative. Donor-specific antibody (DSA) test, a flow cytometry 
method that detects HLA antibodies against the donor using 
microparticles coated with recombinant or soluble HLA an-
tigens, was performed. DSA was found to be Class 1 negative 
and Class 2 positive (MFI: 122) (normal value<2000). Induction 
therapy was started with 270 mg methylprednisolone according 
to the protocol before surgery and was continued with 270 mg 
methylprednisolone and 3 mg/kg/dose antithymocyte globulin 
(ATG) after transplantation. Enoxaparin sodium was started at 1 
mg/kg/dose.

The patient was taken to the pediatric intensive care unit and 
intubated postoperatively. His blood pressure was 127/84 mm/
Hg, and although he received a total of 1000 mL intravenous (IV) 
fluids during the surgery, he had a urine output of 40 mL. Iso-
tonic saline loading was performed intravenously, and he had 
a urine output of 20 mL. Based on these findings, acute tubular 
necrosis (ATN) causing delayed graft function was considered 
for the patient who did not have sufficient urine output. The 
fluids he received were adjusted to his urine output and daily 
needs. Renal Doppler ultrasonography (USG) findings were un-
remarkable. His urine output was 313, 220, and 210 mL and dai-
ly creatinine values ​​were 5.2, 6.82, and 5.25 mg/dL, for the first 
3 days of transplantation, respectively. The need for hemodial-
ysis (HD) and ultrafiltration (UF) occurred on the 3rd day. Renal 
biopsy was planned on the 3rd posttransplant day but could not 
be performed because the clinical status was not appropriate. 
In addition to induction therapy, 30 mg/kg/dose with a total of 
600 mg pulse methyl prednisolone was added to the treatment 
considering the development of cellular rejection. There was a 
need for intermittent UF and hemodialysis between the 4th and 
8th day posttransplantation. PRA levels were negative for Class 
1-2. His serum creatinine level was 4.4 mg/dL and urine output 
was 800 mL/day on the 8th day posttransplantation. He mobi-

lized on the 9th day posttransplantation, and suddenly, 300 
mL of bloody fluid was drained from his kidney came from his 
drain. He had experienced no previous abdominal pain and no 
sensitivity in the transplant kidney in his daily examination. Flu-
id was given for a possible development of rapid shock due to 
bleeding, and vital signs were followed up. Urgent renal Doppler 
USG showed that the left lower-quadrant transplant kidney size 
was 95 mm, the parenchymal echo increased to Grade 1, intra-
renal systolic acceleration increased, renal arterial resistive in-
dexes increased to above 1 (N: 0.7), parenchymal biphasic flow 
was present, with high-resistance findings (evaluation for rejec-
tion). Diffuse free liquid with a depth of 5 cm was noted in the 
deepest part of the pelvis. The patient was urgently explored. 
Graft rupture was detected, and primary repair was performed. 
Figure 1 shows the ruptured graft. On the 2nd day after primary 
repair, renal artery flow and velocity were measured at 65/15 
cm/sec on renal Doppler USG, and its velocity and form were 
normal. The size of the transplanted kidney was 88 mm, the re-
sistive index was 0.51-0.52, and no lymphocele was observed. 
There was a decrease in free fluid in the abdomen. During pri-
mary repair, a biopsy was taken from the ruptured margin of the 
transplant kidney. At the end of the biopsy, 65 glomeruli were 
noted; there were no glomeruli with global sclerosis, segmen-
tal sclerosis, and necrosis. There was brush border loss in the 
tubules, necrotic findings, and fibrinoid necrosis in the arteries; 
however, since the biopsy was taken from the rupture margin, it 
was reported that it could not be associated with acute humoral 
rejection due to the absence of endotheliitis and fibrin thrombi, 
and although C4D was found to be positive in the peritubular 
capillaries, immunohistochemical staining was reported to be 
unreliable due to tissue trauma.

The patient’s urine output was 863 mL on the 13th day posttrans-
plantation and on the 4th day of primary repair. Immunosup-
pressive therapy comprising steroids, tacrolimus, and myco-
phenolate mofetil was administered. During the follow-up, his 
urine output gradually increased and renal function improved. 
He subsequently did not need hemodialysis. While his serum 
creatinine level was 1 mg/dL and cystatin C level was 1.98 mg/L 
in the first month posttransplantation, at the end of the 18th 
month, his serum creatinine level was 1.12 mg/dL and cystatin 
C level was 1.88 mg/L. His condition was stable.

DISCUSSION
Spontaneous allograft rupture is defined as the laceration of 
the renal capsule and parenchyma in the kidney without any 
injury before and during transplantation (5, 6). Although SAR 
typically occurs within the first 3 weeks after transplantation, 
late ruptures have also been described (7). Previously, SAR 
was reported to occur after the immunosuppressive treatment 
change at the 63rd month posttransplantation (8). It was first re-
ported worldwide by Ray et al. (9). The prevalence of SAR varies 
between 0.3% and 9.6% (9). Among the causes of SAR, acute 
graft rejection has been reported most commonly, with an in-
cidence of 60%-80% (10). Other etiological factors include ATN, 

Figure 1. Appearance of a ruptured kidney during exploration (our case who 
developed SAR at posttransplant Day 9).
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renal vein thrombosis, hydronephrosis due to ureteral obstruc-
tion, lymphocele, local ischemia, septic infarction, and tumors 
developing in the transplanted kidney (10). The condition may 
rarely develop after renal biopsy (11). Although its pathogenic 
mechanism is not fully understood, it is accepted that it results 
in the infiltration of inflammatory cells, ischemia, and rupture 
due to an increase in capsular tension in the transplanted kid-
ney with interstitial edema during the immune-mediated rejec-
tion. However, high-dose intravenous immunoglobulin (IVIG) is 
used in the treatment of antibody-mediated rejection. The use 
of a high-dose IVIG results in platelet activation, which leads 
to thrombosis via increased plasma viscosity and the contam-
ination of Factor 13. It has been reported in a single case that 
vascular thrombosis after IVIG treatment causes SAR (3). Spon-
taneous subcapsular hematomas in the renal allograft cause hy-
poperfused areas due to pressure on the kidney. Hypoperfusion 
and renal microvascular ischemia activate the renin–angioten-
sin–aldosterone (RAA) system. RAA activation causes hyperten-
sion, which in turn causes SAR (4). Articles have reported the 
spontaneous resolution of subcapsular hematoma (12, 13). In 
these articles, a conservative follow-up was performed in terms 
of spontaneous resolution by serial USG examinations. In one 
case, it was reported that subcapsular hematoma maturned 
into SAR during follow-up; which required surgical intervention 
(4). Similarly, lymphocele and urinomas developing after trans-
plantation increase the risk of SAR with the same mechanism 
(14, 15). In particular, obstruction-induced hydronephrosis and 
lymphocele transplantation both prevent drainage of the kid-
ney and increase ischemia on the kidney surface and cause hy-
pertension, as well as associated subcapsular hematoma and 
SAR, by activating the RAA system (4). In our case, the graft was 
rescued via surgical repair. Because of its high morbidity and 
mortality, SAR requires an experienced pediatric nephrology 
and transplant team familiar with treatment management.

Ray et al.  (9) reported that heparin used in hemodialysis during 
the posttransplant period is one of the possible factors of SAR. 
In our case, we demonstrated that the etiologic causes of SAR 
described above, i.e., lymphocele, hydronephrosis, renal vein 
thrombosis, and tumors, were absent, which was demonstrat-
ed using Doppler and renal USG findings. USG has a sensitivity 
of 87% and specificity of 100% in the diagnosis (9). In our case, 
lymphocele, hydronephrosis, and mass-forming cancer find-
ings were also not observed during surgery. Considering the 
donor’s condition in the present case, the patient being hos-
pitalized in the intensive care unit, having a high serum creati-
nine level, and the kidney being transferred from a hypotensive 
cadaver despite receiving inotropic agent suggested a delayed 
graft function after transplantation. During the follow-up, while 
biopsy was planned, the transplanted kidney developed spon-
taneous rupture. The sample taken from the rupture area at the 
time of surgery was suspicious for antibody-mediated rejection, 
and endotheliitis and fibrin thrombi were not detected in the 
histopathological examination, although the C4D staining was 
positive for antibody-mediated rejection markers at biopsy. In 

the diagnosis of antibody-mediated rejection, DSA was planned 
as a serological compliance test. However, because the donor 
blood sample was insufficient, PRA screening was performed. 
Follow-up PRAs of the patient were Class 1 and 2 negative. The 
results did not support our diagnosis, although we considered 
the antibody-mediated rejection in our case.

Renal transplantation is still the best treatment option in pa-
tients with ESRD. Our patient had renal transplantation from 
a marginal donor. We attributed the lack of adequate urine 
output after renal transplantation and the lack of expected im-
provement in renal function to delayed graft function. ATN can 
cause both delayed graft function and SAR.

CONCLUSION
Spontaneous allograft rupture is a clinical entity that requires 
rapid intervention and can affect life and graft survival. Our pa-
tient was a 14-year-old boy who had a renal transplant. Because 
of the limited literature available on children with SAR, we aimed 
to present the case here. Delayed graft function is an expected 
situation in transplantation from marginal donors. However, re-
jection should be kept in mind as we did to determine the etiol-
ogy in our case, and performing rapid laboratory investigations 
including biopsy for diagnosis is an important requirement for 
graft survival. Graft removal is the safest option. In particular, 
because of the long waiting lists for transplantation from cadav-
eric donors and low chance of second transplantation, repair is 
recommended if the patient can be stabilized and the damage 
of the graft can be ignored.
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Abstract

In solid organ transplant recipients, it is recommended that the necessary vaccinations be completed at least 4 weeks 
before transplant. Chickenpox infection in adulthood can lead to serious clinical conditions such as pneumonia, hepatitis, 
and central nervous system infections. Herein, the case of chickenpox in a 36-year-old female patient with renal transplan-
tation for end-stage renal disease due to vesicoureteral reflux 11 years previously and without a history of chickenpox or 
its vaccination before and after transplantation is reported. In this case, because of the development of thrombocytopenia 
associated with intravenous acyclovir, treatment was successfully concluded with oral valacyclovir. 
Keywords: Chickenpox, renal transplant, vaccination

INTRODUCTION
Varicella zoster virus (VZV) is a human herpes virus 
known as human herpes virus-3 (HHV-3). The only 
known carriers of HHV-3 are humans, and it causes two 
clinical scenarios. Chickenpox is a primary disease that 
usually occurs in childhood and is characterized by ve-
sicular eruptions on the erythematous base, starting 
with red papules. Herpes zoster is a recurrent viral in-
fection, which remains latent in the dorsal root ganglia 
after primary infection, and it is common in advanced 
age (1). Although chickenpox usually occurs in children 
aged <15 years, it may cause severe clinical manifesta-
tions in adulthood, such as pneumonia, hepatitis, and 
central nerve system infections. Nowadays, in addition 
to routine childhood vaccination recommendations, it 
is suggested that all individuals who are not immune 
to chickenpox in adulthood should be vaccinated with 
two doses at 1-month intervals. In vaccination recom-
mendations for special adult groups, primary immuni-
zation in solid organ recipients is suggested at least 4 

weeks prior to transplantation. However, if vaccination 
cannot be performed before transplantation, it should 
be performed during the follow-up of post-transplant 
cases (2). Herein, a case of acquired chickenpox in an 
immunocompromised host who had undergone renal 
transplantation for end-stage renal disease due to vesi-
coureteral reflux 11 years before and who had no history 
of chickenpox or its vaccination before and after trans-
plantation is presented.

CASE PRESENTATION
A 36-year-old female patient underwent live renal 
transplantation due to vesicoureteral reflux-induced 
end-stage renal disease in 2007 and received immuno-
suppressive therapy with tacrolimus 1 mg (2×1)/day, 
prednisolone 5 mg (1×1)/day, and azathioprine 50 mg 
(2×1)/day. She presented no history of rejection in the 
post-transplant follow-up. She worked as a primary 
school teacher. Eleven years after renal transplanta-
tion, the patient presented to the external center about 
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1 week before her admission to our clinic primarily because 
of itchy, vesicular-exanthematous rash and oral rash spread-
ing throughout the body starting from the scalp. Two doses of 
cefazolin followed by ampicillin were administered with a pre-
liminary diagnosis of urinary tract infection. However, her com-
plaints did not improve, and she presented to our clinic due to 
chills and shivering and was followed up with a preliminary di-
agnosis of chickenpox. She presented no history of chickenpox 
or vaccination for it before and after renal transplantation. She 
reported that a child in her primary school has developed chick-
enpox a few weeks before the onset of her complaints. On rou-
tine hemogram, leukocyte count was 3.76×103/mL, neutrophil 
count was 40%, lymphocyte count was 48.2%, hemoglobin lev-
el was 10.2 g/dL, and platelet count was 170×103/mL; results of 
liver function tests were normal. Creatinine level was 0.99 mg/
dL; eGFR was >60 mL/min/1.73 m2; proteinuria was <150 mg/
day; and C-reactive protein level was 2 mg/dL (N<0.5 mg/dL). 
Intravenous acyclovir 3×10 mg/kg was initiated, but chicken-
pox zoster immunoglobulin (VZIG) was not administered. Top-
ical treatment was rearranged by a dermatology physician, and 
immunosuppressive treatment was rearranged by nephrology. 
Azathioprine treatment was discontinued and replaced with 
tacrolimus, and prednisolone was recommended. No growth 
was observed in three sets of blood cultures examined during 
the febrile (inflammatory) period. Varicella zoster Immunoglob-
ulin M (IgM) was positive in the blood. Pneumonic infiltration 
was not detected on the chest radiography. After 4 days of acy-
clovir treatment, the platelet count became 20×103/mL. Since 
there was no evidence of active bleeding, platelet replacement 
was not performed. There was no decrease in leukocyte count 
and hemoglobin level.

DISCUSSION
It is essential to prevent the development of infections due to their 
rapid and severe progression following renal transplantation, high 
morbidity and mortality rates, and the fact that some infections 
(e.g., influenza) may trigger graft rejection (3). Pre-transplant se-
rological screening and completion of all necessary vaccinations 
in the early post-transplant period are the primary recommended 
methods for preventing possible infections (4).

Intensive immunosuppressive treatments administered after 
transplantation increase the risk of infection in the post-trans-
plant period and decrease the expected antibody response of 
the body to vaccination (2). When infections develop, as noted 
in our case, immunosuppressive therapy should be reviewed 
and its dose should be reduced during active infection (5). How-
ever, dose reduction during immunosuppressive therapy also 
increases the risk of graft rejection (6). Because our patient had 
undergone transplantation 11 years before and presented no 
history of rejection, the risk of graft rejection as a result of dose 
reduction of immunosuppressive therapy was low. Arrange-
ment of immunosuppressive treatment during active infection 
should be evaluated according to the patient’s clinical condi-
tion and the drugs administered (7, 8).

Solid organ transplant recipients are anticipated to benefit from 
vaccination; thus, vaccination should be performed in such pa-
tients. It is important that primary vaccination be performed 
early before transplantation. However, when vaccination is not 
performed before transplantation, immune response is insuffi-
cient within the first 6 months following transplantation. It is 
recommended that the vaccination scheme be completed after 
the 6th month and that the development of antibody response 
be followed. However, vaccination with live vaccines after sol-
id organ transplantation remains a controversial issue (2). 
Chickenpox vaccination is recommended in all susceptible in-
dividuals in the adult population. However, it is recommended 
primarily for groups at a high risk of contamination or contact 
(teachers of small children, caregivers, medical staff, and family 
members of immunocompromised individuals, among others). 
Our case, who is a primary school teacher, likely contracted the 
virus via droplet infection from a student with chickenpox 11 
years after transplantation. Our patient was not vaccinated be-
fore transplantation; no serological screening was performed; 
and no routine vaccination was recommended during the rou-
tine follow-up.

Bacterial infections are frequent following renal transplanta-
tion and are often followed by viral infections (9). VZV infections 
usually occur in the first 5 years following renal transplantation 
(10). However, since it is the most intense period of immunosup-
pression, between the 1st and 6th months after transplantation, 
majority of the patients develop cytomegalovirus, Epstein–Barr 
virus, VZV, and human herpes virus-6 infections (11). In patients 
with solid organ transplantation, primary VZV is less common 
than VZV reactivation (12). However, as seen in our case, it may 
occur in the very late post-transplant period and as a primary 
infection. In a study by Duchini et al. (3), 1139 patients who un-
derwent renal transplantation were followed up for 38 years in 
terms of the development of VZV infection after transplantation 
and the average time to infection development after transplant 
was found to be 2.13 years (min, 9 days; max, 19 years). This 
indicates the importance of vaccination given the risk of severe 
life-threatening primary VZV infection that may develop in spe-
cial patient groups, such as solid organ transplant receivers, as 
well as of early diagnosis and initiation of antiviral treatment as 
soon as possible when infections develops (14, 15).

For patients undergoing renal transplantation who devel-
op primary VZV infection, intravenous acyclovir or oral va-
laciclovir is recommended until the lesions are completely 
crusted (16). In our case, due to the development of throm-
bocytopenia on the 4th day of intravenous acyclovir treatment 
introduced upon the recommendation, the treatment was 
switched to oral valaciclovir. Thrombocytopenia may also 
develop in the natural course of infection (17). However, no 
additional pathology in peripheral smear and improvement of 
platelet count after drug switching indicated the association 
with acyclovir. One should also be cautious of unforeseen side 
effects of drugs during treatment.
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The latest recommendations of the Centers for Disease Control 
and Prevention in 2013, VZIG may be indicate up to 10 days after 
contact with people that have a proven diagnosis of chickenpox 
(18). Prophylaxis should be administered to individuals who 
have previously been shown to not be immune VZV and who 
are at an increased risk of possible complications of infection 
compared with the general population (immunocompromised 
individuals sensitive to chickenpox or pregnant women, among 
others). In our case, VZIG could not be administered because 10 
days had elapsed since the contact and active infection was al-
ready present.

CONCLUSION
Since immunosuppressive therapy administered to renal trans-
plantation patients may decrease their antibody response, 
chickenpox vaccination prior to transplantation is recommend-
ed. However, when vaccination is not performed, continued 
follow-up after transplantation and cooperation between the 
nephrology and infectious diseases units are important for pre-
venting the clinical scenario in which the acquired infections in 
adulthood progress and result in high morbidity and mortality.
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Abstract

We report severe bone resorption with iliac bone perforation and vascular calcification due to longstanding hyperparathy-
roidism in a 60-year-old male patient who had undergone hemodialysis for 16 years. Computed tomography images were 
obtained following a complicated hemodialysis catheterization of the femoral vein, and unprecedented bone findings were 
observed. Improper management of chronic kidney disease–mineral bone disorder can lead to severe consequences, as 
observed in the present patient. 
Keywords: CKD-MBD, bone perforation, vascular calcification, chronic hemodialysis, computed tomography

INTRODUCTION
Chronic kidney disease–mineral bone disorder (CKD-
MBD) is a complex syndrome that has both skeletal and 
extraskeletal manifestations. The gold standard for the 
diagnosis of renal osteodystrophy is bone biopsy, which 
reveals categorically high bone turnover (osteitis fibrosa 
cystica), low bone turnover (adynamic bone disease), 
abnormal mineralization (osteomalacia), or a mixture 
of these diseases (mixed uremic osteodystrophy) (1). 
However, the issue is not limited to bone disorders, and 
because the disease is invasive and patient follow-up 
using bone biopsy is expensive, detecting alterations 
in biochemical parameters (such as changes in serum 
phosphorus, calcium, parathyroid hormone, vitamin D, 
and fibroblast growth factor 23 levels) has become the 
cornerstone of the current management and diagnosis, 
although this has led to some compromises in the cor-
rect diagnosis and treatment (2). The risk of morbidity 
and mortality that is associated with CKD-MBD is con-
ceivable; however, it may be difficult for an inexperi-

enced eye to identify this risk (3). We herein report the 
case of a patient with exceptionally dramatic skeletal 
and vascular findings due to CKD-MBD.

CASE PRESENTATION
A 60-year-old man who had been undergoing a mainte-
nance hemodialysis program for 16 years was admitted 
to the hospital for left arteriovenous fistula failure. The 
patient had a history of multiple arteriovenous fistulae, 
hemodialysis catheterizations, and a longstanding ter-
tiary hyperparathyroidism (for which he refused any at-
tempt for parathyroidectomy or calcimimetic therapy). A 
tunneled hemodialysis catheter was inserted via his left 
femoral vein without any apparent complication. Howev-
er, painful distention developed on the left inguinal area 1 
day later, and intravenous contrast-enhanced computed 
tomography (CT) revealed bleeding from the left com-
mon iliac vein. A three-dimensional reconstruction of 
the CT images showed widespread severe bone resorp-
tion, which was most prominent within the pelvic bones 

Cite this article as: Sevinç M, Şahutoğlu E, Sakacı T, Şahutoğlu T. Iliac Bone Perforation in a Patient on Hemodialysis. Turk J Nephrol 2020; 
29(1): 96-8.

Presented in: This study was presented at the 11th International Society for Hemodialysis International Congress, 2-5 August 2017, Bangkok, 
Thailand.

This work is licensed under a Creative Commons 
Attribution 4.0 International License.

http://orcid.org/0000-0003-2804-4884
http://orcid.org/0000-0002-8521-3544
http://orcid.org/0000-0001-8083-2541
http://orcid.org/0000-0003-2015-4421


and trabecular areas of the long bones; severe calcifications of 
the arteries; and perforation of both the iliac wings (Figure 1). 
The patient’s predialysis laboratory test results were as follows: 
leukocytes, 4.640/µL; hemoglobin, 12.1 g/dL; platelets, 171.000/
µL; urea, 67 mg/dL; creatinine, 5.1 mg/dL; Na, 135 mEq/L; K, 3.9 
mEq/L; Ca, 9.6 mg/dL; P, 6.4 mg/dL; albumin, 4.2 g/dL; ALP, 620 
U/L; and intact parathyroid hormone (iPTH), 4707 pg/mL.

DISCUSSION
The clinical presentation of CKD-MBD mainly depends on the 
prevailing metabolic abnormalities, and it is characterized by 
laboratory abnormalities, bone abnormalities, and vascular 
calcification (4). Cardiovascular disease, bone fractures, and 
mortality are the hard endpoints in the course of CKD-MBD, and 
unless they occur, explaining the complexity of this disease to a 
patient can be difficult. The findings of excessive bone resorp-
tion and vascular calcification observed in this patient may be 

exceptional in terms of demonstrating the consequences of this 
disease. One of our concerns is that some patients lose compli-
ance to treatment over time, often mentioning that “we have 
been taking all the medications for years (or months), without 
any noticeable benefit.” Although the term “risk” is an abstract 
concept, the images obtained are concrete findings; therefore, 
we speculated whether it would be more effective to discuss 
CKD-MBD with the patient (for example, the present case) using 
such illustrations. To date, CKD-MBD does not appear curable; 
therefore, the prevention of the harmful consequences is piv-
otal, and treatment goals for serum phosphate (3.5-5.5 mg/dL), 
calcium (<9.5 mg/dL), and parathyroid hormone (2-9 times the 
upper limit of normal) levels have been established for patients 
on dialysis (2, 5). The current armamentarium to achieve these 
goals is far from being ideal because of gastrointestinal intoler-
ance, polypharmacy, adverse effects, insufficient potency, and 
patient reluctance to indefinitely ingest the medicines.
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Figure 1. a-d. a) and b) Posterior and anterior views of the 3D reconstruction of computed tomography of the pelvic region shows severe bone resorption 
throughout the pelvic bones, vertebral processes, and femoral trochanters and necks; widening of the sacral foramina; perforation of the alae iliums; and 
excessive calcification of the abdominal aorta and its branches. c) 3D reconstruction of the leg area reveals severe bone resorption at the femoral and tibial 
condyles with an appearance similar to perforations and excessive calcification of the femoral arteries and their branches. d) An X-ray of the body shows dif-
fuse low bone density and left femoral hemodialysis catheter.

a

b

c d



Some patients may develop extremely high serum parathyroid 
hormone levels that are not suppressible with phosphate bind-
ers, vitamin D analogs, and calcimimetic agents; this condition 
is defined as refractory hyperparathyroidism. Hypercalcemia, 
refractory hyperphosphatemia, bone pain, pruritus, myopathy, 
and uremic calcific arteriolopathy may accompany refractory hy-
perparathyroidism. Parathyroidectomy is an effective treatment 
for refractory hyperparathyroidism, and currently, it is suggested 
for patients with symptomatic severe refractory hyperparathy-
roidism (iPTH>800 pg/mL) (5). Although randomized controlled 
trials to assess the outcomes of parathyroidectomy are lacking, 
several observational studies have shown improved survival, 
reduced bone fracture risk, and increased bone mineral density 
after parathyroidectomy (6-10). Nonetheless, immediate post-
operative mortality and morbidity (2% mortality rate and 23.9% 
re-hospitalization rate within postoperative 30 days among 4435 
Medicare patients following parathyroidectomy) are the trade-off 
of surgery; therefore, a thorough assessment and follow-up are 
the critical adjuncts to parathyroidectomy (11).

CONCLUSION
Patient refusal of treatment is an inconvenient truth of medical 
practice; therefore, in addition to the wealth and shortcomings of 
the current knowledge (12), we may have to consider strategies 
to share the results of sophisticated studies with the patients.
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