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I would like to welcome you all to this second edition of the European Medical Journal –  
Nephrology. Whatever stage you are at in your career, this journals aims to benefit all healthcare 
professionals with an interest in nephrology. 

Commenting on the subject of nephrology, Prof Raymond Vanholder, President of the European 
Renal Association – European Dialysis and Transplant Association (ERA-EDTA), said: “Nephrology 
is intellectually very demanding and inspiring.” 

In order for decisions to be made, a wide range of evidence, drawn from clinical studies, is  
needed. While being an interesting and highly important speciality, evidence from these trials  
are often lacking. Therefore, guidelines can prove to be useful in these situations. In our  
‘Congress Review’ section, under ‘Late Breaking Clinical Trials’, we have reported on the new 
transplant guidelines as set out by the European Renal Best Practice group. 

These guidelines hope to improve the outcome of patients with kidney disease. The 112 
statements which were drawn-up not only recommend what the treating physician should do  
in each case, but they have also identified gaps in knowledge where evidence is lacking and 
clinical trials are needed, and also recommended which evidence-based therapy should be used 
and when. 

With regards to recommendations, ‘Autosomic dominant polycystic kidney disease: what do  
we need to know for counselling?’ is a very enlightening paper written by Dr Giorgina Piccoli,  
and is helpful for physicians who have to counsel their patients. One of the conclusions  
suggested in the paper is a diet option, one which consists of low-salt but high-water intake; 
although the diet may be difficult to follow, there are very few side-effects. 

There is a mass shortage of kidneys, one of our most essential organs. A study, reported in our 
‘Whats New’ section, revealed that for those who donate, end-stage renal disease (ESRD) could 
be a problem. However, it concluded that ESRD was still higher in the general population rather 
than this group specifically. 

Talking at the ERA-EDTA Congress a 75-year-old woman from Amsterdam, the Netherlands, 
spoke of her experiences donating a kidney. She immediately improved the patient’s quality of 
life, and she was able to carry on with her life as usual. Her hope is that her story will encourage 
people to be altruistic kidney donors throughout Europe. 

In addition to covering the congress we were also privileged to have a stand and showcase 
the quality of our journals; if you would like more information then please do look at our blog  
page, http://emjreviews.com/blog/addition-era-edta-2014-emj-cow/, where you can read about 
our EMJ Cow. 

We hope that this second edition of the European Medical Journal – Nephrology will provide  
a great insight into the changing landscape of nephrology and will prove to be an invaluable 
source of information, as well as a base of continued education and learning. 

Welcome

European Medical Journal - Nephrology is published annually. 
For subscription details please visit www.emjreviews.com 

All information obtained by European Medical Journal and each of the contributions from various sources is as current and  
accurate as possible. However, due to human or mechanical errors, European Medical Journal and the contributors cannot 
guarantee the accuracy, adequacy or completeness of any information, and cannot be held responsible for any errors or omissions.  
European Medical Journal is completely independent of the review event (ERA-EDTA 2014) and the use of the organisations does  
not constitute endorsement or media partnership in any form whatsoever.

Front cover and contents photograph: Mapics/shutterstock.com

Spencer Gore
Director, European Medical Journal
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Foreword
Prof Norbert Lameire

Emeritus Professor of Medicine and Nephrology,  
Medical Faculty of the Ghent University, Belgium. 

Norbert Lameire
Emeritus Professor of Medicine and Nephrology, Medical Faculty of the Ghent University, 
Ghent, Belgium; Editor-in-Chief of the Acta Clinica Belgica, Journal of the Belgian Society of 
Internal Medicine, Clinical Biology and Clinical Chemistry; Chairman of the European Kidney 
Health Alliance.

This second issue of the European Medical Journal-Nephrology offers a number of interesting 
and informative papers on several aspects of acute and chronic kidney diseases. All papers were 
externally reviewed by an impartial panel, guaranteeing their accurate content.

Dr Schiffl, one of the first to perform a prospective study on dialysis dose in patients with acute 
kidney injury (AKI), correctly and realistically argues that further improvements and adjustments 
of renal replacement therapy in AKI patients may have little impact on overall mortality. 

Pain is a common complaint in autosomal dominant polycystic kidney disease (ADPKD),  
occurring in as much as two-thirds of patients. Dr Niemczyk discusses the most common causes 
of pain, the diagnostic approaches, and their medical and possible surgical management. Dr 
Piccoli and her colleagues review the most recent changes in diagnosis and management of 
ADPKD patients as they have evolved from basic and clinical research over the last 5-10 years. 
Advice on genetic counselling, including prenatal testing and pre-implantation selection,  
dietary regimens (low salt and high water intake), and therapy with vaptans, is comprehensively 
provided in this paper.

Pregnancy in patients suffering from lupus kidney disease is certainly associated with increased 
maternal and foetal/neonatal complications. Drs Pateinakis and Pyrpasopoulou conclude, 
however, that pregnancy is not contraindicated provided that the disease is stable and inactive 
for at least 6 months before conception. Thorough preconception counselling and evaluation, 
close surveillance during gestation, and continued postpartum follow-up by an experienced 
multidisciplinary team, are the most important measures to take.

Between 31st May and 3rd June, 2014, the 51st Congress of the ERA/EDTA took place in Amsterdam, 
the Netherlands. A fascinating scientific and highly international programme was presented  
in the form of invited lectures, symposia, and free communications. For the first time, ERA 
organised  a very successful symposia together with the Chinese Society of Nephrology and the  
International Society of Nephrology. The whole spectrum of kidney diseases was covered, and 
the event was a great success.

Join me on this journey as we venture into this latest edition to stay abreast with the latest news 
in the superb field of nephrology.

Kind regards,
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ERA-EDTA ANNUAL CONGRESS 2014
AMSTERDAM RAI EXHIBITION AND CONVENTION CENTRE
AMSTERDAM, THE NETHERLANDS 
31ST MAY – 3RD JUNE 2014
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Welcome to the European Medical Journal review  
of the European Renal Association – European 
Dialysis and Transplant Association Congress 2014 
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Known for the enthralling beauty of its cityscape, 
historical architecture, and immense cultural 
splendour, Amsterdam, the Netherlands, remains 
the idyllic location for the 51st Annual European 
Renal Association – European Dialysis and 
Transplant Association (ERA-EDTA) Congress, 
which was held this year from 31st May - 3rd June. 

Commenting on the Congress location, Prof  
Pieter ter Wee, Congress President, stated: “Apart 
from the Congress and its interesting programme, 
one has to experience a boat tour through the 
canals. This is the best way to appreciate the flair 
of Amsterdam.”

Dr Willem Johan Kolff, a Dutch pioneer, set the 
benchmark for future nephrology discoveries in 
1943 with the development of the first practical 
human haemodialysis machine, with researchers 
and healthcare professionals today flocking to  
this city harbouring hopes of accomplishing 
similar feats.

Memorable Congress highlights included the 
opening ceremony where the origins of ERA-
EDTA were further reminisced, and its growth, 
from just 82 participants in 1964 to over 8,000 
participants in recent years, documented. 
This fact was particularly emphasised by Prof 
Raymond Vanholder, President of ERA-EDTA 
(2011-2014), who is currently completing his last 
term of presidency. Rapid developments, scientific 
projects, major collaborations, and a stellar  
awards ceremony also took place. Additionally, 
there was a very interesting segment concerning 
the management of water on Earth and an 
overview of water sources found on planets in our 
solar system.  

According to Prof Vanholder, the main aim of this 
society is to disseminate information through 

Welcome to the European Medical Journal review 
of the European Renal Association – European Dialysis 
and Transplant Association Congress 2014

“Networking drives science 
forward. People meet, discuss 
ideas, and allow their scientific 

projects to cross-fertilise.” 

Prof Raymond Vanholder,  
President, ERA-EDTA (2011-2014)

ERA-EDTA ANNUAL CONGRESS 2014
AMSTERDAM RAI EXHIBITION AND CONVENTION CENTRE
AMSTERDAM, THE NETHERLANDS 
31ST MAY – 3RD JUNE 2014
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clinical, scientific, and political channels. All of  
this is carried out to increase the awareness 
of kidney diseases to the medical and general  
public. To achieve this during his presidency, 
networking has remained a major factor in this 
dissemination, about which Prof Vanholder said: 
“Networking drives science forward. People  
meet, discuss ideas, and allow their scientific 
projects to cross-fertilise.”

In the eyes of the participants, the Congress was 
extremely successful. It consisted of 50 symposia 
and 32 free communication sessions. 150 
researchers, whose abstracts received the highest 
score in their respected areas, presented their 
data orally, and 31 experts in the field provided 
state-of-the-art mini-lectures. In the opinion of 
many, it was an opportunity to discuss ideas and 
discover new research. 

Tasked with building on the tremendous success 
of Prof Vanholder, Prof Andrzej Wiecek - the new 
elected president of ERA-EDTA - mentioned: 
“During my term I would like to continue these 
activities started during the recent years but 
I would also like to pay more attention to  
European matters of ERA-EDTA, with special 
focus on Central and Eastern European countries. 
A stricter and more rational system for financial 
expenditures, and new rules for continuing  
medical education (CME) courses in European 
countries and countries surrounding the 
Mediterranean Sea will be introduced.”

In addition to these aforementioned highlights, 
there were also provisions catering for novices 
in the nephrology field. There was a special 
symposium for this target audience that will  
form the basis on which their future career can  
be built. 
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THE VIVIA HD system, a home haemodialysis 
(HD) device, has been unveiled by Baxter 
International Inc., and is designed to deliver 
frequent or extended-duration dialysis.

“Many dialysis patients currently do not  
have access to high-dose HD therapy,” said  
Dr Bruce Culleton, Vice President, Renal 
Therapeutic Area Lead, Baxter Healthcare 
Corporation, Deerfield, Illinois, USA. “This 
research, in combination with the VIVIA HD 
system’s patient-friendly design features, may 
allow a greater number of dialysis patients 
suited for home HD to access high-dose HD 
therapy in the home environment.”

In Europe, it is estimated that approximately 
40 million people are suffering from chronic 
kidney disease (CKD), and this number will 
continue to grow exponentially. On a global 
scale, roughly 2 million people undergo HD  
and a large proportion endures conventional 
HD (CHD) therapy in a centre at a frequency  
of 3 days per week for 3-5 hours per session. 

Fewer than 1% of patients receive high-dose  
HD therapy, which is associated with more 
clinical benefits than CHD. This therapy has 
shorter daily treatments (less than 4 hours) or 
nocturnal treatments (more than 6 hours).  

Understanding this need allows for the 
development of the VIVIA HD system, 
which can be used in the convenience of the  
patient’s home. This ergonomic device features 
an extended use dialyser and blood tubing set, 
animated user interface, and access disconnect 
sensor. Additionally there are key patient-
friendly features that ensure patient safety 

and convenience such as: a sensor to detect  
needle dislodgement and stop the machine 
pumping, one button fluid infusion to minimise 
user error and maximise the use of reagents, 
and automated treatment facilities to tackle 
device maintenance. 

There is also reverse osmosis and 
electrodeionisation technology ensuring the 
production of water is of a higher purity. A key 
feature of the device is the Sharesource web-
based connectivity platform which allows the 
patient’s physician to monitor their treatment.
   
“Bringing the VIVIA HD system with  
Sharesource to market has been a journey  
we have taken with great determination 
because we believe patients deserve access 
to innovative technologies designed to  
deliver high-dose HD in their home,” said  
Ms Jill Schaaf, President and Corporate Vice 
President, Renal Business, Baxter. “We are 
very excited to have the opportunity to begin 
to introduce the system to select European 
dialysis clinics in 2014,” she concluded.

“This research, in combination 
with the VIVIA HD system’s 

patient-friendly design features, 
may allow a greater number of 

dialysis patients suited for home 
HD to access high-dose HD 

therapy in the home environment.”
Dr Bruce Culleton,  

Vice President, Renal Therapeutic Area Lead,  
Baxter Healthcare Corporation 

High-dose haemodialysis  

in the comfort of your own home

ERA-EDTA ANNUAL CONGRESS 2014
AMSTERDAM RAI EXHIBITION AND CONVENTION CENTRE
AMSTERDAM, THE NETHERLANDS 
31ST MAY – 3RD JUNE 2014
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Diabetes causing trouble 
in kidney disease

Associated with other risk  
factors such as hypertension, 
obesity, and significantly pre- 

diabetes, insulin resistance  
could be the engine which 

powers the incidence of  
both diabetes and obesity. 

TYPE 2 diabetes mellitus (T2DM) and obesity  
have been found to cause renal dysfunction  
in patients, which eventually evolves to chronic 
kidney disease (CKD). 

The global increase in CKD has occurred side-
by-side with the growing obesity epidemic, 
with a possible 20-40% of the T2DM/obesity 
population developing renal dysfunction; this  
is a very damning statistic.

In 2012 it was recorded that 371 million and 
200 million people worldwide had T2DM and 
obesity, respectively. Therefore, a huge amount 
of the global population is at risk of renal 
dysfunction, further underscoring diabetes  
and obesity as massive public health threats. 

The likelihood of end-stage renal disease 
and fatal and non-fatal cardiovascular events 

is bolstered by this deterioration of renal  
function; as a result it is clear that early action 
is needed to prevent renal complication 
from developing into more severe and often 
irreversible conditions.
  
Diabetes and obesity are likely connected,  
with the two often occurring together in 
patients. However, the most convincing link 
of all may be insulin resistance, a condition 
where normal insulin concentrations provoke  
a lower than normal biological response; insulin 
resistance is seen as a major pathogenic factor 
in T2DM occurrence. 

Associated with other risk factors such as 
hypertension, obesity, and significantly pre-
diabetes, insulin resistance could be the engine 
which powers the incidence of both diabetes 
and obesity; it represents a potential catalyst  
for the coexistence of the two diseases, 
described as the metabolic syndrome.

These metabolic changes and insulin resistance 
occur in 25% of obese patients, rubber-stamping 
insulin resistance as a significant pre-cursor  
to renal disease. Further research is required  
to determine the potential existence of a  
similar pattern of renal damage between 
obesity/insulin resistance and early T2DM. 
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DIABETIC nephropathy has been targeted by 
a cytokine-blocking drug that has boosted 
the hopes of Type 2 diabetes patients  
with albuminuria.

A pro-inflammatory cytokine involved in 
the recruitment of immune cells to inflamed  
tissues, CCL2/MCP-1, is targeted by a new 
therapy known as emapticap pegol. The 
treatment is a Spiegelmer®, a new class  
of proprietary drugs developed by NOXXON 
Pharma AG, which consist of chemically 
synthesised L-stereoisomer oligonucleotide 
aptamers and act as a non-immunogenic 
alternative to antibodies. 

Emapticap pegol binds and inhibits CCL2/ 
MCP-1. The passage of inflammatory cells into 
the kidney is halted through neutralisation of 
this chemokine, allowing existing inflammation 
to diminish over time; podocyte numbers as  
well as renal structure and function are 
preserved as a result.

The renoprotective and antidiabetic potential 
of emapticap pegol was assessed in NOXXON’s 
randomised, placebo-controlled, Phase IIa 
clinical trial, which evaluated the effect of 
the drug in Type 2 diabetic patients with 
albuminuria. 75 albumineric Type 2 diabetics 
were put on a stable standard of care regimen 
with a compulsory renin angiotensin system 
(RAS) blockade. Emapticap was administered 
subcutaneously at 0.5 mg/kg twice-weekly  

over 12 weeks, followed by a 12-week 
treatment-free observation phase.

The albumin-to-creatinine ratio (ACR), which 
measures protein in the urine, was -15% at  
the end of therapy in the full analysis set/
intent-to-treat (ITT) group; this was followed 
by a 24% decrease at the peak effect point for 
emapticap pegol, recorded after 2 months off 
therapy. Reductions in glycated haemoglobin 
(HbA1c) in the blood were also noted for  
this group.

The novel mechanism of action of emapticap 
pegol, which distinguishes it from approved 
drugs, was underlined by the finding that 
relevant haemodynamic changes did not 
accompany the effect on ACR.

Prof Hermann Haller, principal investigator 
and Director, Department of Nephrology 
and Hypertension, Hannover Medical School, 
Hannover, Germany, said: “The inhibition of  
the CCL2:CCR2 axis with emapticap pegol is  
well tolerated and reduces ACR and HbA1c 
in Type 2 diabetics with albuminuria. The 
maintenance of the effects even after cessation 
of treatment suggests that CCL2 blockade 
interferes with the underlying pathophysiology. 
Emapticap pegol may hence be the first 
disease-modifying drug for this indication.”

Chemokine  
blocked by  
diabetes drug

“The inhibition of the CCL2: 
CCR2 axis with emapticap  
pegol is well tolerated and 
reduces ACR and HbA1c in  

Type 2 diabetics with 
albuminuria.”

Prof Hermann Haller,  
Hannover Medical School,  

Hannover, Germany

ERA-EDTA ANNUAL CONGRESS 2014
AMSTERDAM RAI EXHIBITION AND CONVENTION CENTRE
AMSTERDAM, THE NETHERLANDS 
31ST MAY – 3RD JUNE 2014



 NEPHROLOGY  •  July 2014   EMJ  EUROPEAN MEDICAL JOURNAL  NEPHROLOGY  •  July 2014  EMJ  EUROPEAN MEDICAL JOURNAL 14 15

DEALING with tuberculosis (TB) remains an 
ominous spectre in the post-transplant era, as 
a number of unknown variables continue to 
confound scientists worldwide. 

“Collaboration with experts from many other 
fields is needed to offer the best management 
to our patients. Even more importantly, well-
designed studies in transplant recipients with 
TB are strictly needed,” said Dr Mehmet Şükrü 
Sever, Department of Nephrology, Istanbul 
University, Istanbul School of Medicine, 
Istanbul, Turkey.

Post-transplant TB has been attributed to 
mortality rates of up to 30%. TB incidence is 
27-times higher in transplant patients than in 
the general population, with fears that it could 
extend to 10-15% in developing countries. 

Current treatments face a number of  
obstacles; chemical immunosuppression 
causes a defective immune response, while 
increasing drug resistance also constitutes  
as a major obstruction. Treatment is especially 
problematic in the case of multidrug-resistant 
TB, in which the microorganism is resistant 
to both isoniazid and rifampin, the two most 
powerful anti-TB drugs. 

The interaction between the rifamycins  
and calcineurin inhibitors and/or mammalian 
target of rapamycin inhibitors, which results 
in a significant drop in the serum levels of  
the latter drugs, is seen as the main orchestrator 
of this complication. 

Clinical presentation is different in 
immunocompetent and immunosuppressive 
patients. Despite the usefulness of diagnostic 
methods such as tuberculin skin testing, 
interferon-gamma release assays, and sputum 
examination, staining and culture are beneficial 
in the immunocompetent host, but not so  
much for immunosuppressive cases. 

Combinations of first and second-line drugs 
can be used over longer periods when treating 
active TB, although the routine daily treatment 
of infections constitutes another option.

Due to the controversy surrounding treatment 
duration, the authors of the study are at 
odds as to whether the required length of  
treatment with the rifampicin-containing 
regimen should be 6 or 9 months. “Of course, 
local resistance patterns and epidemiologic as 
well as susceptibility data from the individual 
patient’s isolate should be considered,”  
Dr Sever added.

Isoniazid, supplemented with vitamin B6 for 
at least 9 months, is currently preferred to 
prophylaxis for the treatment of latent TB. 
However, Dr Sever concluded: “The best 
solution would be individualising the treatment 
of latent TB.” 

Therefore TB remains a very difficult disease  
to predict due to the wealth of unknown 
variables, but this individualised approach  
may be the key to illuminating the best path.

The quest to eliminate 
tuberculosis faces a long road
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FUNCTIONAL kidney organs grown in the 
laboratory might be the latest expectation 
to bridge the gap between organ supply  
and demand. 

This brings hope to the many people suffering 
from end-stage renal disease who are greatly 
dependent on dialysis or kidney transplantation.

The cellular complexities of the kidney bring 
major limitations in the engineering of a 
complete organ. Past investigations have  
come close but have resulted in the lack of 
functional glomeruli, which is essential to 
kidney function.
 
“Dealing with this challenge, we attempted 
to generate functional renal tissue from 
suspensions of murine E11.5 kidney cells. In  
the first set of experiments, we employed  
a new protocol of organoid construction, 
starting from a large cell aggregate culture  
that appeared to be of utmost methodological 
importance to achieve the formation  
of viable nephrons in vivo,” explained Dr 
Christodoulos Xinaris, Mario Negri Institute  
for Pharmacological Research, Bergamo, Italy.

Despite successful transplantation of the  
kidney organoid back into the host, which  
further developed into recognisable kidney 
structures, there was still no complete 
glomerulogenesis in this case.

To overcome this issue, Dr Xinaris’s team  
infused vascular endothelial growth factor 
(VEGF) with the organoids in culture to 
encourage the development of blood 
vessels, and it was also injected into the 

transplanted site. The positive results that 
were demonstrated by the implanted organoid 
included: specialised physiologic functions, 
presence of erythropoietin-producing cells, 
and manifestation of functional podocytes. 

The team further investigated the filtration 
capabilities of podocytes by injecting 
fluorescent dextrans of varying sizes into the 
host’s blood stream, which were tracked by 
fluorescence microscopy. The dextrans were 
efficiently filtered, proving that they could 
perform the main function of kidneys.

Future work will continue, especially in the  
area of creating chimeras from human 
embryonic-like stem cells based on the mouse 
self-forming organoids. Fundamentally, this 
new direction might comprise the future of 
organ replacements. 

Bridging the gap: growing 
kidneys from cell suspensions

“We employed a new protocol  
of organoid construction,  
starting from a large cell 
aggregate culture that  

appeared to be of utmost 
methodological importance  
to achieve the formation of  

viable nephrons in vivo.” 

Dr Christodoulos Xinaris,  
Mario Negri Institute  

for Pharmacological Research,  
Bergamo, Italy
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The 51st Annual Congress of the European 
Renal Association-European Dialysis and 
Transplant Association (ERA-EDTA) was held 
from 31st May-3rd June 2014 in the alluring  
city of Amsterdam, the Netherlands. This 
city with its historical atmosphere combined 
with a modern metropolis creating a tranquil 
environment is the perfect backdrop for this 
prestigious Congress.

The Congress has had over 8,000 delegates 
registered from different sections of the 
globe. Its reputation is continuing to grow 
and is gathering the interest of delegates from 
Asia (20%), Africa (8%), and North and South 
America (7%). There is a significant increase 
in ERA-EDTA members making it nearly 7,000 
members, cementing its international status.

“We want to set the highest possible standards,” 
said Prof Raymond Vanholder, President of the 
ERA-EDTA (2011-2014). “We believe that a 
successful congress is not only about quantity, 
but mainly about quality of the presentations. 
We want to encourage all delegates, especially 
the young ones, to be ambitious and, thus, 
to promote nephrology as one of the leading 
subjects of internal medicine.”

The scientific programme covered all fields 
within nephrology, including renal physiology, 
hypertension, chronic kidney disease (CKD), 
dialysis, and transplantation, all of which 
were presented in stimulating formats of  
symposia, presentations, and late-breaking 
clinical trials. There was particular emphasis 
on CKD where the Congress aims to unite 
all healthcare professionals and to increase  
public and medical awareness of this life-
changing condition.

There were three pioneering plenary lectures 
to pique the attention of any individual 
with an interest in nephrology. Dr Bruce 
Molitos presented his latest research on 
‘pathophysiology of ischaemic acute kidney 
injury’ highlighting the predicament of this 
condition. Prof Hans Clevers focused mainly 
on his latest research on ‘adult stem cells 
and regenerative medicine’ which pushes 
the boundaries in the field of nephrology, 
and finally the ‘mammalian circadian timing  
system: the daily rhythms of genes, cells, and 
organs’ which was presented by Prof Ueli 
Schibler, who dived into the significance of  
this physiological process.

Another highlight of the Congress was the 
joint ERA-EDTA Lancet Symposium, which 
proved to be a successful collaboration,  
further cementing the Congress’s reputation. 
Prof Vanholder commented: “The fact  
that The Lancet journals were interested in  
working with us is a clear indication of 
the growing importance of the European  
nephrology within the scientific community. 
For the ERA-EDTA, this media partnership is a  
supreme accolade.” 

ERA-EDTA Congress 2014- 
Europe’s premier conference

“We want to encourage all 
delegates, especially the young 
ones, to be ambitious and, thus, 
to promote nephrology as one  

of the leading subjects of internal 
medicine.”

Prof Raymond Vanholder,  
President of ERA-EDTA (2011-2014)
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THE INITIATIVE of the European Renal 
Best Practice (ERBP) group is to improve 
the outcomes of patients with kidney 
disease, which is why they have drafted new  
guidelines to benefit clinicians and healthcare 
providers alike. 

Caring for kidney transplant recipients requires 
a multi-disciplinary outlook in the areas of 
nephrology, immunology, pharmacology, 
endocrinology, infectious disease, and 
cardiology. As a result, clinical guidelines were 
drawn up to deliver evidence-based medicine 
and therapy, improve patient outcomes, and 

expose gaps in knowledge to illuminate where 
additional research is needed. 

The work group issued a total of 112  
statements, 51 (45%) of which were graded 
as ‘1’ – what the group recommends. 18 
(16%) statements were graded as ‘2’ – what is 
suggested, and 43 (38%) were ungraded. 

If evidence is weak or non-existing, guidance 
still needs to be given to allow clinicians 
to make informed decisions in their daily  
practice; in the case of nephrology, evidence is 
often lacking. 

PERIODONTITIS and other forms of poor dental 
indicators can lead to severe consequences in 
chronic kidney disease (CKD) patients. 

Dental health seems to be an overlooked 
concern and may even provide a worse 
overall prognosis; periodontitis is a severe 
gum infection that can further develop into  
systemic disease. 

This association between dental health and  
CKD patients was established in past research;  
it was observed that uraemic patients have more 
dental issues than their healthy counterparts. 

A new study involving more than 4,000 dialysis 
patients has revealed that poor dental health 
is an independent risk factor that leads to a 
detrimental prognosis.

Good dental health such as regular brushing 
of teeth, flossing, and periodically changing 
the toothbrush every 3 months was linked to 
a better outcome, but there was no significant 
influence based on the starting age of these 
beneficial dental practices. 

This study has the potential to greatly improve 
dental health among CKD patients. 

LATE-BREAKING CLINICAL TRIALS
New transplantation guidelines released 

The gap between oral health and CKD patients
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INHIBITION of CCL2 may prevent the need for 
renal replacement therapies in Type 2 diabetic 
patients with albuminuria, leading to the 
development of chronic kidney disease (CKD).
 
In this group, CKD is accompanied by  
chronic, systemic inflammatory condition, 
followed by oxidative stress and development 
of renal failure.

A Phase II study involved the inhibition of  
the pro-inflammatory chemokine CCL2  
(MCP-1) brought about through the specific 
binding of emapticap pegol (NOX-E36), 
potentially reducing CKD progression. The 

drug also has good safety profile and is  
well tolerated. 

“The inhibition of the CCL2:CCR2 axis with 
emapticap pegol is well tolerated and reduces 
albumin to creatinine ratio and HbA1c in type 
2 diabetics with albuminuria. The maintenance 
of the effects even after cessation of treatment 
suggests that CCL2 blockade interferes with 
the underlying pathophysiology. Emapticap 
pegol may hence be the first disease-modifying 
drug for this indication,” said Prof Hermann 
Haller, Director, Department of Nephrology 
and Hypertension, Hannover Medical School, 
Hannover, Germany.

MORTALITY rates in patients with chronic 
kidney disease (CKD) increase with  
vascular calcification. 

Highly prevalent in renal transplant recipients 
(RTR), vascular calcification is a strong 
indicator of all-cause mortality, and is brought 
about by the kidney’s loss of ability to remove 
excess phosphate in CKD patients. The rising 
phosphate levels combine with increased  
serum calcium to form protein-mineral 
complexes called calciprotein particles (CPPs). 

Monitoring the maturation time (T50) of  
CCPs allowed a recent blood test to provide  

an overall measure of calcification propensity. 
The hypothesis that serum T50 is linked to 
mortality and graft failure in stable RTR was 
thereby investigated.  

Risk of all-cause mortality and graft failure  
was found to be heavily attributed to  
a raised serum calcification propensity, 
i.e. reduced serum T50. Furthermore, T50  
boosted mortality prognostication among 
stable RTR. However, more research is needed 
to determine whether targeting of serum  
T50 improves long-term outcomes after  
kidney transplantation.

CCL2 inhibition may hinder CKD progression

Serum calcification fuels death risk
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COMBINATIONS of associated anaemia and 
heart failure (HF) with chronic kidney disease 
(CKD) can be a very complicated situation 
whereby treating one condition can indirectly 
hinder the effect of another. 

Anaemia associated with CKD often 
occurs when there is lack of production of 
sufficient erythropoietin from the kidneys.  
Erythropoiesis-stimulating compounds often 
take a relatively long time for a pharmacological 
effect to occur, while the faster route involves 
the transfusion of red blood cells (RBCs). 

‘Cardiorenal syndrome’ perfectly describes the 
mutual interaction of impaired renal function 
and chronic HF. This signifies that when the 
function of one organ declines/improves, the 
other is subsequently affected, e.g. severe HF 
improves after compliance to dialysis therapy 
while glomerular filtration rate can increase 
after therapeutic interventions, resulting in 
cardiac recovery.

The combination of all three heath conditions 
can result in a complicated situation, e.g. 
myocardial hypoxia caused by the lack of  
RBCs which aggravates HF, while correction  
of the anaemia via a transfusion can put 
pressure on the heart. 

This issue was investigated to clarify if the 
volume expansion, as a result from the blood  

 
 
 
 
 
 
 
 
 
 
 
transfusion, can cause damage to patients 
with CKD and HF and if there is any benefit in 
correcting the anaemia. 

This retrospective study utilised the 
Optumlnsight medical claims database to 
analyse 7,829 non-dialysis patients (aged 
18-64 years old) with Stage 4 or 5 CKD for a 
4-year duration. The outcome of interest is the  
hospital visitation based on HF diagnosis, 
enrolment termination, or the occurrence  
of death.

The findings of the study revealed that a 
significant number of patients were diagnosed 
with HF, with mainly older patients and  
those with comorbidities affected. The results 
from this study reveal that transfusions  
may contribute to the hospitalisation of  
CKD patients, and medical provision for  
these high-risk patients should be taken into 
further consideration. 

Comorbidities cancelling out  
treatments in CKD patients
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The results from this study  
reveal that transfusions may 

contribute to the hospitalisation 
of CKD patients, and medical 
provision for these high-risk 
patients should be taken into 

further consideration.
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BARDOXOLONE, an oral anti-oxidative 
inflammatory mediator similar to prostaglandin 
and a derivative of plant-based oleanolic 
acid, may have a future in the treatment of 
nephropathy despite being possibly responsible 
for the deaths of almost 30 patients in a high-
profile study. 

An effective nephroprotective agent in patients 
with Stage 4 chronic kidney disease (CKD) and 
Type 2 diabetes mellitus (T2DM), bardoxolone 
methyl reduces pro-inflammatory signalling 
by activating Nrf2 (nuclear 1 factor related 
factor 2), a cellular messenger compound that 
switches on anti-inflammatory signals and 
cytoprotective genes. 

A common cause of kidney failure, nephropathy 
associated with T2DM is almost exclusively 
linked with the high mortality of Type 2 diabetic 
patients. Micro-inflammation and oxidative 
stress are important factors as interstitial renal 
fibrosis occurs.    

Bardoxolone’s inhibitory effect on progression 
to end-stage renal disease (ESRD) was 
examined in the 52-week Phase III BEACON 
trial, which exclusively tested severe kidney 
disease patients.

1,088 subjects were included in the 
bardoxolone group; despite a very encouraging  
effect, 43 subjects developed ESRD and 27 
subjects died due to cardiovascular events. 
In comparison, 51 subjects developed ESRD 
and 19 cardiovascular fatalities were recorded 
in the 1,097-subject placebo group. The trial 
was consequently terminated, although the 
mechanisms behind the surprising increase 
in heart failure or mortality, which also led 
to an improved glomerular filtration rate, 
remained unexplained. The most common 
side-effects recorded were muscle spasms and 
hypomagnesaemia.

However, a platform of knowledge has been 
established using data from a separate ongoing 
analysis, which has explained the serious 
adverse events that caused the termination of 
the BEACON trial. Through modulation of the 
endothelin pathway, bardoxolone methyl could 
pharmacologically promote acute sodium 
and volume retention in patients with more 
advanced CKD and other recognised factors 
associated with heart failure at baseline. 

Ray of hope for risky 
nephropathy therapy

Nephropathy associated with 
T2DM is almost exclusively  

linked with the high mortality  
of Type 2 diabetic patients. 
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A KIDNEY, donated selflessly, has given an 
entire family a new lease of life. 

Ms Petra Laseur, aged 75, donated a kidney 
when she was 70-years-old. She experienced 
no serious side-effects, her wound healed well, 
and her health was not compromised in any 
way; any problems which she did experience 
were temporary and faded after a few days.  

This enormous gesture meant that she  
allowed a young father to lead a ‘normal life’. 

He was able to play with his children and go 
on holiday, something which he was unable 
to do for the previous 9 years because he was  
on dialysis. 

Ms Laseur said: “You have two kidneys – one for 
yourself and one for giving it away as a present.” 
Her hope is that people will feel encouraged  
to help those in need. In the Netherlands  
many people are altruistic kidney donors  
and Ms Laseur hopes this will be repeated 
throughout Europe. 

PREDICTIVE value of cystatin C compared  
with C-reactive protein (CrP) was investigated 
in a recent study to investigate all-cause 
mortality in over 25,000 patients. 

A connection between the pathogenesis of a 
variety of chronic diseases (atherosclerosis, 
chronic kidney disease (CKD), diabetes, etc.) 
and chronic micro-inflammatory processes  
was established in relation to mortality. The 
serum markers for latent inflammation are  
CrP and cystatin C. 

Cystatin C, an endogenous protein, along 
with creatinine can be used to determine the 
glomerular filtration rate (GFR) i.e. the flow rate 

of filtered fluid through the kidney. Both can 
produce a better estimation of GFR (GFRCrea 
and GFRCys, respectively). In the evaluation 
of all-cause mortality, GFRCys was better  
than GFRCrea, but in the case of complications 
associated with CKD, GFRCrea was the  
better option. 

The study revealed that serum CrP exhibits a 
stronger association with premature deaths 
and had outperformed cystatin C in predicting 
all-cause mortality rates. 

Life is the greatest gift 

Accessing all-cause mortality: 
battle of the serum markers
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A TWO-IN-ONE compound, ferric citrate, 
has been found to both treat iron deficiency 
anaemia and reduce serum phosphate in 
patients with non-dialysis-dependent chronic 
kidney disease (CKD).

Common in CKD patients, anaemia is caused 
by the inability of the kidneys to continue to 
synthesise sufficient erythropoietin. Frequently 
left untreated, anaemia is aggravated by iron 
deficiency in more than 60% of CKD patients. 

Impairment of renal function in CKD 
patients causes hyperphosphataemia, when  
progressive serum phosphate levels rise above 

4.0 mg/dl. This triggers loss of kidney  
function, cardiovascular events, and mortality.

Ferric citrate coordination complex was found 
to safely and effectively treat non-dialysis-
dependent CKD in a randomised clinical 
trial. The compound replenished iron stores, 
increased haemoglobin without the need for 
intravenous iron or erythropoiesis stimulating 
agents (ESAs), and lowered serum phosphate 
and urinary phosphate excretion. 

A drop in costs and pill burden may therefore 
be just around the corner. 

TAKING the lead in the diagnosis of chronic 
kidney disease (CKD) is urinary proteome 
analysis, competing against the standard 
analysis of the serum creatinine concentrations.
 
Statistically, 10% of the general population 
may suffer from CKD and be unaware of their 
condition, so early detection is paramount.

The end product of muscle metabolism, 
creatinine, is easily removed from the blood  
via the kidneys in healthy individuals. If  
there is an elevated increase in serum levels, 
this indicates that there is approximately  
50% damage to the renal system, and as  

such, it is an unacceptable indicator for  
early detection. 

Another indicator of poor kidney function is 
elevated urinary protein. The urinary proteome 
test analysed the total number of peptides 
and identifies specific biomarkers, making 
it a more sensitive test. In a study involving 
1,990 subjects, including 552 participants  
with follow-up data, a marker - CKD273 - 
was successfully used in the detection and 
prediction of CKD.
 
Protein detection may be the future diagnostic 
test for early detection of CKD. 

Life is the greatest gift Iron-clad solution to anaemia control

Urinary proteome analysis  
for use in early CKD detection 
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MEDICINE has seemingly taken the lead for the 
treatment of secondary hyperparathyroidism 
(sHPT) according to a recent study. 

Parathyroidectomy - the surgical removal of  
at least one parathyroid gland - and therapy 
with active vitamin D (VDRA) have, for  
many years, been the only treatment options 
for sHPT. However, Cinacalcet, an allosteric 
modulator of the calcium-sensing receptor 
(CaSR), has emerged as a genuinely effective 
alternative therapy.

sHPT is a common complication of chronic 
kidney disease leading to increased risk for 
cardiovascular (CV) and all-cause mortality. 
It does not incur devastating clinical 
manifestations, although it can result in severe 
CV complications. 

Over 90% of dialysis patients are believed to 
develop sHPT over the course of their severe 
renal insufficiency, although to various extents. 
A raised serum level of parathyroid hormone 
(PTH) is typical of the condition, which 
can result in vascular complications and an 
increased risk of CV events, thus, creating a 
higher risk of mortality.

With an inhibitory effect on the production 
of PTH, VDRA therapy has been the most 
commonly used method for treating sHPT,  
while calcitriol or alfacalcidol therapy cause 
PTH levels to return to normal. However, 
vascular calcification can be triggered  
through this kind of therapy, as it causes 
a notable rise in serum calcium and serum 
phosphorus levels.

Step forward Cinacalcet: belonging to the group 
of PTH antagonists, the treatment enhances 
the sensitivity of the calcium receptors in the 
parathyroid glands, successfully inhibiting 
excessive PTH production. 

6,251 chronic haemodialysis patients took  
part in the 3-year COSMOS study, which 
assessed the effects of parathyroidectomy  
and Cinacalcet therapy on subject survival.  
The latter was found to be associated  
with superior survival, boosted further with  
additions of VDRAs.  

However, randomised controlled trials are  
still required to answer the burning question; 
which treatment option has the better  
outcome: surgical or medical?  

Is surgery or medicine better 
for hyperparathyroidism? 
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CHRONIC impairment of renal function is 
significantly reduced in Type 2 diabetics,  
which is attributed to a novel antidiabetic  
drug, canagliflozin. 

Belonging to the gliflozin family, canagliflozin 
is a sodium glucose co-transporter 2 (SGLT2) 
inhibitor, and is the first of its kind to be 
approved in the USA and EU in 2013, and later 
in Switzerland in 2014. 

Gliflozin selectively inhibits the SGLT2 in the 
proximal renal tubule, which lowers the re-
absorption of glucose in the kidney. Blocking 
this transporter causes blood glucose to be 
eliminated through the urine. Favourable 
effects of this drug include the reduction of 
body weight, glycated haemoglobin (HbA1c), 
blood pressure, and notably, in estimated 
glomerular filtration rate (eGFR). 

Treatment with this therapy is not  
recommended for those who do not produce 
any urine, which includes patients with  
terminal chronic kidney disease and those 
undergoing dialysis. 

The evaluation of canagliflozin in diabetics  
was investigated in six randomised, double-
blind, placebo-controlled trials, which 

had included 4,158 Type 2 diabetics for a  
duration of 18 or 26 weeks. Another analysis (8 
randomised, double-blind placebo and active-
control trials) evaluating the drug’s safety 
profile involved 9,439 participants and lasted 
for 26 or 52 weeks.
  
This subset evaluated the safety profile in 
patients who experienced baseline eGFR  
from ≥60 mL/min/1.73 m2, which fell to <60  
but not <45. The subsets had 262 and 664 
patients, respectively, in the safety analyses. 

The mean eGFR at baseline was ≥60 mL/
min/1.73 m2, and after treatment with 
canagliflozin at 100 and 300 mg this  
was reduced to 54.6 and 54.8 mL/min/1.73 
m2, respectively; for placebo it was 55.9 mL/
min/1.73 m2. 

Urge to frequently urinate, urinary tract 
infections, and vaginal mycosis are the  
potential side-effects of the drug.

“The transient decrease in eGFR that was 
observed in Phase III studies [of canagliflozin] 
was further investigated in the current  
study,” said Dr Ronan Roussel, Hôpital Bichat, 
Paris, France.

Canagliflozin treatment for  
Type 2 diabetics can lower eGFR
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MEETING SUMMARY

The Alexion Satellite Symposium provided an introduction to thrombotic microangiopathies (TMA) by  
Prof Dirk Kuypers, who described atypical haemolytic uraemic syndrome (aHUS) as a rare but severe 
disease that causes TMA and can result in organ failure. Prof Josep Campistol presented two patient cases 
to illustrate the need to make a differential diagnosis between aHUS, thrombotic thrombocytopaenic  
purpura (TTP), and Shiga toxin-related-HUS (STEC-HUS). Prof Christophe Legendre then described aHUS 
clinical management, introduced eculizumab as the only approved treatment for aHUS, and provided an 
overview of the efficacy and safety data from recent clinical trials.

An Introduction to TMAs

Professor Dirk Kuypers

TMA is mostly caused by three separate conditions, 
summarised in Figure 1 and described here:

1. The disease can be directly triggered by 
uncontrolled complement activation1,2 as with aHUS. 
There are currently six important CF mutations 
described that are responsible for dysregulated 
complement activation in patients with aHUS.3,4 
Although recent reports have identified the genetic 
underlying condition for aHUS in around 60–68%  
of patients,5,6 the remaining patients do not  
currently have any identifiable genetic mutation  
and are a target for future research. A low  

percentage of patients can develop antibodies  
against factor H, which also results in uncontrolled 
complement activation. 

2. TMA can also be associated with reduced 
activity of a disintegrin and metalloproteinase with 
thrombospondin Type 1 motif, 13, (ADAMTS13). 
ADAMTS13 is a cleavage molecule that acts upon 
ultra-large von Willebrand factors (vWF) and is 
related to the development of TTP. 

3. The third major cause of TMA is Shiga toxin-
related-HUS, which is caused following a Shiga  
toxin producing Escherichia coli infection (STEC-
HUS).7 Of all haemolytic uraemic syndromes, 90% 
are STEC-HUS and 10% are aHUS. 
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Additional conditions that can be associated 
with the development of TMA - but where TMA 
is not an integral part of the disease - are TMA 
due to calcineurin inhibitors, vascular endothelial 
growth factor antibodies, and chemotherapy along  
with malignancies, catastrophic antiphospholipid 
syndrome, pregnancy, malignant hypertension, 
infection, HIV, and trauma such as surgery or 
transplants.8 As these conditions can amplify 
complement and endothelial damage; they may 
in addition precipitate TMA in patients with a 
predisposition to aHUS.

Although the causes of TMA can differ, there are 
similarities in regards to clinical symptoms.9 The 
Shiga toxins produced by STEC result in damage 
to the endothelium, thereby activating complement 
and platelets.10 Genetic mutations in complement 
regulatory proteins lead to chronic uncontrolled 
complement activation, which damages the 
endothelium and activates platelets,11 whilst TTP  
from defective activity of ADAMTS13 allows the 
formation of ultra-large vWF multimers binding 

platelets and formation of blood clots. Across all 
three types of TMA the endothelial damage and 
occlusion with micro-inflammation and increased 
permeability cause thrombosis in potentially any 
organ, which is shown through evidence of platelet 
consumption, haemolysis, ischaemia, and eventually 
target organ failure.12

Although it is established that aHUS has  
a significant effect on renal function and  
development of end-stage renal disease (ESRD), 
aHUS is a systemic disease that can involve 
many systems and organs3,13–16 including the 
cardiovascular,11 gastrointestinal,17 skin,18 and central 
nervous system (CNS).19 The outcome of aHUS 
is poor: 56% of adult patients either die or have  
ESRD within the first year after diagnosis, despite 
plasma exchange (PE) or plasma infusion (PI).6 
Regarding patients with aHUS who have had renal 
transplants,20 TMA generally presents again rapidly 
after transplantation, associated with a mortality 
rate of 7%, and 50% graft failure within 5 years  
post transplant.14

Condition directly causes TMA

• Uncontrolled complement activation (aHUS)
• Abnormal cleavage of vWF, ADAMTS13  

deficiency (TTP)
• Shiga toxin E.coli  

(STEC-HUS)

Complement amplifying conditions
or conditions associated with TMA

• Medication (calcineurin inhibitors, VEGF-AB, 
chemotherapy)

• Malignancy
• Immune complexes, phospholipids, catastrophic 

antiphospholipid syndrome
• Pregnancy
• Malignant hypertension
• Infection, HIV
• Trauma (surgery/transplant)

Endothelial damage and occlusion
Micro-inflammation, increased permeability, thrombosis, mechanical haemolysis

Clinical and laboratory signs
Evidence of platelet consumption, haemolysis, and ischaemia/organ failure  

(renal, CNS, GI, skin, cardiac)

Figure 1: Pathogenesis of TMA.1–5

ADAMTS13: a disintegrin and metalloproteinase with thrombospondin Type 1 motif 13; aHUS: atypical 
haemolytic uraemic syndrome; STEC-HUS: Shiga toxin-producing E. coli haemolytic uraemic syndrome; 
TMA: thrombotic microangiopathy; TTP: thrombocytopaenic purpura; vWF: von Willebrand factor.
From Dirk Kuypers, presentation at the Alexion Satellite Symposium. 
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In summary, TMA is a serious rapidly progressing 
condition that can lead to severe, irreversible 
organ damage with considerable morbidity and  
mortality. TMA can be caused by several conditions 
that should be managed differently for best  
patient outcomes. Differential diagnosis of TMA 
can be very difficult as symptoms are overlapping 
between conditions, thus it is important to  
rapidly identify cause of TMA and initiate  
appropriate treatment. 

 

Clinical Cases: Differential Diagnosis  
of TMA

Professor Josep Campistol

Prof Josep Campistol presented the differential 
diagnosis of two clinical cases in order to illustrate 
the interesting but difficult aspects of identifying 
the cause of TMA. The first case was a 31-year-
old female with no relevant medical background 
who consulted a community hospital for severe  
frontal headache that had lasted 1 week.  She was 
admitted to the emergency room and found to  
be severely hypertensive, approximately 220/120 
mmHg. The patient had severe and acute renal 
failure (ARF), with a serum creatinine of 3.9 mg/dL; 
severe anaemia, 9.5 g/L haemoglobin; haematocrit 
around 27%; increased lactate dehydrogenase  
(LDH: 1200 UI/ml); and also low platelets 
(~65x109/L). The patient was initially diagnosed  
with probable TMA and then transferred to the 
university hospital.

At the university hospital the hypertension 
had raised to 230/120 mmHg, with a Grade 3 
hypertensive retinopathy. She was oliguric at that 
time, with a serum creatinine around 4 mg/dL and 
proteinuria on the dipstick. The haemoglobin and 
haematocrit levels were low, along with increased 
LDH, platelets around 60x109/L and importantly, 
negative Coombs with schistocytes in the peripheral 
blood. Transaminases were normal at that time, 
with normal aspartate aminotransferase (AST) 
test and alanine aminotransferase (ALT) test, so 
the finding was typical of a Grade 3 hypertensive 
retinopathy with some small haemorrhages. As the 
young female had severe ARF, haemolytic anaemia, 
and thrombocytopaenia, along with severe frontal 
headache and retinopathy, this presented the  
typical triad of TMA. 

Rapid differential diagnosis of TMA needs to 
be performed as the therapeutic options differ 

depending on the cause.21 For the patient case 
described, the three important differential diagnoses 
were TTP, aHUS, and a malignant hypertension-
associated TMA.  ADAMTS13 would be the initial  
test advised for the differential diagnosis of the 
patient, especially to define between TTP and 
aHUS that can be problematic in adult patients 
with TMA. As the ADAMTS13 test is sometimes  
not rapidly available, it has been suggested that 
a serum creatinine level and platelet count at 
presentation might help distinguish between aHUS 
and TTP. In general, TTP patients demonstrate  
serum creatinine lower than 2.2 mg/dL, a platelet 
count lower than 30x109/L, and antinuclear 
antibodies <2.26 mg/L.22,23

A renal biopsy was performed, and is generally 
recommended at a later stage in order to confirm  
the disease and define the prognosis, reversibility,  
and severity of the disease. However, there is 
often a high risk of performing the procedure in 
thrombocytopaenic patients, and the usefulness 
of the procedure is debatable at the diagnosis 
stage. The biopsy demonstrated typical TMA  
with a severe glomerular thrombin, severe 
endothelial proliferation, and severe kidney 
involvement with acute tubular necrosis (ATN) and 
vascular involvement. Inflammation, hypoxia, and 
ischaemia with the development of ATN were also 
apparent. Regarding the diagnostic merit of organ  
involvement, aHUS often affects kidneys (also 10-
15% of TTP patients) but can involve other organs. 
So whilst there is generally an organ privilege, 
differential diagnosis of various forms of TMA  
cannot be based solely upon organ involvement. 

The patient’s ADAMTS13 test showed normal activity 
of 55%. As an ADAMTS13 activity value of <5% 
indicates TTP combined with the patient’s creatinine 
value of 3.9 mg/dL and platelets >30x109/L, it was 
determined that the patient was at high risk of 
having aHUS. Whilst genetic analysis can be useful, 
treatment has to be initiated before the results are 
determined due to the time required for the analysis. 
The C3, C4, and factor H complement levels were 
shown to be normal, along with the factor H related 
proteins and the remaining genetic factors. A lower 
activity of factor I (60%) was identified and a 
mutation was later identified in factor I. 

The patient was initially managed with PE over 6 
months and showed a transient recovery of renal 
function, demonstrated by a serum creatinine 
concentration of 2.5 mg/dL. 2 months after cessation 
of dialysis the patient developed another episode  
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of TMA with ARF, with a serum creatinine of 6 
mg/dL, haemoglobin of 8 g/L, and platelets at  
65x109/L. At that point the patient was started 
on eculizumab. 1 year after eculizumab initiation 
the patient was in good condition: renal function 
and haemoglobin were within normal values of 1.2  
and 12.5 g/L, respectively, there was very mild 
proteinuria of 250 mg/24 hour, and a fairly normal 
platelet count of 175x109/L. Eculizumab was  
effective in reversing the second TMA with ARF as 
well as preventing further TMA in a patient with 
factor I mutation. 

The second clinical case was a common but difficult 
situation; a 41-year-old female with post-partum 
TMA and no prior familial or personal relevant 
medical records. 4 days after her first uneventful 
birth in June 2012, the patient was admitted to the 
emergency room for asthenia, generalised oedema, 
and hypertension. ARF was indicated by high serum 
creatinine of 3.3 mg/dL that had been normal  
before delivery. Severe anaemia with haemoglobin 
lower than 5 g/L was also present, along with 

elevated LDH of around 3,000 UI/mL and severe 
thrombocytopenia as indicated by a platelet count 
of 35x109/L. The Coombs test was negative. There 
was presence of schistocytes in the peripheral 
blood and also normal AST/ALT, so the patient 
was initially diagnosed with TMA. A recent study 
has shown that in pregnant women who develop a  
TMA during pregnancy most will be affected  
with severe ADAMTS13 deficiency (TTP), whilst  
aHUS is the most prevalent form of TMA that 
presents after birth.24

After transfer to the university hospital the patient 
was still hypertensive (175/100 mmHg), with a  
serum creatinine of 6 mg/dL that indicated quite 
severe ARF, anaemia, and severe increase of LDH. 
Platelet count at presentation was >30x109/L  
and serum creatinine was above 2.2 mg/dL thus 
strongly indicating low risk of TTP. Results were 
negative for Shiga toxin and demonstrated a  
normal ADAMTS13 activity of 45%. A diagnosis of 
postpartum aHUS was given and the patient was 
started on eculizumab 48 hours after admission.  

Thrombocytopenia
Platelet count <150,00 Or

>25% Decrease from baseline

Microangiopathic haemolysis
Schistocytes and/or 
Elevated LDH and/or 

Decreased haptoglobin and/or
Decreased haemoglobin

AND

Plus One or More of the Following:

Neurological symptoms
Confusion and/or
Seizures and/or

Other cerebral abnormalities

Renal impairments
Elevated sCr and/or

Decreased eGFR and/or
Elevated BP pressure and/or 

Abnormal urinalysis

Gastrointestinal symptoms
Diarrhoea ± blood and/or 
Nausea/vomiting and/or
abdominal pain and/or

Gastroenteritis

Evaluate ADAMTS13 activity and Shiga-toxin/EHEC test

While waiting for ADAMTS13 results, a platelet count >30 x 109/L or serum  
creatinine >150-200 µmoI/L (>1.7-2.3 mg/dL) almost eliminates a diagnosis of severe  

ADAMTS13 deficiency (TTP)

≤5% ADAMTS13 Activity >5% ADAMTS13 Activity Shiga-toxin/EHEC Positive

aHUS STEC-HUSTTP

Figure 2: Differential diagnosis for TMAs: aHUS, TTP, and STEC-HUS.2,17,34

ADAMTS13: a disintegrin and metalloproteinase with thrombospondin Type 1 motif 13; aHUS: atypical 
haemolytic uraemic syndrome; BP: blood pressure; LDH: lactate dehydrogenase; sCR: serum creatinine; 
eGFR: estimated glomerular filtration rate; STEC-HUS: Shiga toxin-producing E. coli haemolytic uraemic 
syndrome; TTP: thrombocytopaenic purpura; EHEC: enterohaemorrhagic E. coli.
From Josep Campistol presentation at the Alexion Satellite Symposium.



 NEPHROLOGY  •  July 2014   EMJ  EUROPEAN MEDICAL JOURNAL  NEPHROLOGY  •  July 2014  EMJ  EUROPEAN MEDICAL JOURNAL 32 33

1 year later the patient was in good condition with 
a normal health status; normal blood function, 
haemoglobin, and platelets with negative 
proteinuria, which demonstrated the effectiveness 
of early initiation of eculizumab in a female patient 
affected with aHUS.

In summary, the algorithm of the differential  
diagnosis of TMAs, as shown in Figure 2,  
suggest that if there is thrombocytopaenia and 
microangiopathic anaemia, and evidence of 
organ damage like renal impairment, neurological 
symptoms, and/or gastrointestinal symptoms, 
the Shiga toxin test should be used to exclude 
the presence of STEC-HUS, whilst the ADAMTS13 
test can differentiate between TTP (≤5% activity) 
and aHUS (>5% activity). If it takes a while for the 
results of the ADAMTS13 activity, consider that very  
severe thrombocytopaenia along with moderate  
renal failure can be indicative of TTP, whilst severe 
renal failure with platelets above 30x109/L would 
indicate aHUS.

 

Management of aHUS in 2014 

Professor Christophe Legendre 

Previous treatment management guidelines for 
aHUS published in 2009 recommended PE or PI  
at presentation and during the first month of 
aHUS, for both children and adults.25,26 After 5 
days of daily PE, aHUS was considered resistant 
if the platelet counts were still below 150x109,3  
or if serum creatinine had not decreased by 
>25% or the haemolysis was persisting. A French  
cohort study6 reported a mortality rate of 8% in 
children (n=89) and 2% in adults (n=125) during  
the first year after aHUS diagnosis, of whom 39%  
and 80% received PE or PI at the first episode, 
respectively. However, incidence of end-stage  
renal failure or death at 5 years was 36% in  
children and 64% for adults, clearly indicating 
that the current treatment options were not  
very effective.

In 2011 eculizumab was the first approved treatment 
for aHUS in paediatric and adult patients.27 
Eculizumab is a monoclonal humanised anti-C5 
antibody that selectively targets the terminal 
complement activation, C5, blocking the cleavage  
to C5a and C5b but leaving the proximal functions  
of the complement active27–29 so that there is still 
weak anaphylatoxin action,30 immune complex 
clearance, and microbial opsonisation.29,31

The eculizumab clinical development programme  
is extensive for an orphan disease, with 100  
patients enrolled in prospective clinical trials.32–39 
Two prospective 26-week clinical trials enrolled  
adult and adolescent patients ≥12 years of age  
(study C08-003 enrolled 20 patients, study C08-
002 enrolled 17 patients32).36,37 Two additional  
prospective trials were in children (study C10-003,  
22 patients)33 and adults (study C10-004, 41 
patients),34 whilst study C09-001 generated 
retrospective data from 15 paediatric patients <12 
years of age.35 Patients from all the trials described 
could enlist on to the long-term follow-up study 
C11-003 for at least 5 years,38 or will be monitored 
through the aHUS registry that is running at least 
until 2023.36 

According to the inclusion criteria for the two 
pivotal prospective studies (C08-003 and C08-002) 
patients needed to receive prior PE/PI. Patients  
had either a long duration of aHUS and chronic  
kidney disease (CKD) as in study C08-003, or aHUS 
with progressing TMA as in study C08-002.32,34 The 
third adult (≥18 years) prospective trial (C10-004) 
enrolled patients with a broad disease presentation, 
severe renal failure with no specification for PE/
PI prior to enrolment. None of the three adult 
prospective trials required genetic mutations, 
polymorphism or presence of autoantibodies for 
inclusion, but the tests were performed during the 
trial by one central laboratory.

Eculizumab dosage regimen were 900 mg per  
week during the first month and then 1,200 mg 
fortnightly, whereas eculizumab dosages for  
patients <18 years of age are based upon body 
weight.35 Administration is through an intravenous 
(IV) infusion over 35 minutes, with prophylaxis 
against meningococcal infection through prior 
vaccination and antibiotic treatment for 2 weeks  
after the vaccination if given alongside eculizumab. 
Dose adjustment every 12 days is permitted,  
with TMA complications seen in five patients 
(n=18) following a missed dose (four of whom were 
reinitiated with eculizumab).35

After 26 weeks of eculizumab treatment across 
the prospective C08 trials in adult and adolescent 
patients, there was overall normalisation of 
platelets, no need for new PE in any patient,  
and haematological normalisation in ≥88% of 
the population. Additionally, patients within the 
C08-003 trial who had a longer duration of aHUS 
along with CKD and had previously been managed 
with PE/PI still demonstrated improved estimated 
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glomerular filtration rate (eGFR), increasing by 
6.1 and 7.2 mL/min/1.73 m2 from baseline after 26  
weeks and 2 years (median treatment duration 114 
weeks), respectively.32 Patients who had progressive 
TMA in the C08-002 trial also demonstrated 
improvements over 2 years, with an increased 
eGFR from baseline of 35.2 mL/min/1.73 m2 after 
2 years.32 Patients treated within 1 month of 
clinical manifestation of TMA with eculizumab saw 
greater improvement in renal function compared  
with those treated between 1–4 months after TMA 
manifestation, whilst safety data demonstrated  
that the number of adverse events remained  
steady or declined with longer duration of 
eculizumab, along with no infection-related serious 
AEs. There was one death at 1.9 years of  
treatment, which was considered to be unrelated  
to eculizumab treatment.32

The most recent prospective study of a broad  
adult aHUS population (C10-004) also led to 
improvements in eGFR, including 83% (20/24) of 
patients on dialysis at baseline who discontinued 
dialysis during the 26 week period of eculizumab 
treatment (Figure 3).34 Eculizumab was again 
well tolerated with mostly mild-to-moderate AEs,  
apart from two patients who had meningococcal 
infections, both of whom recovered (one patient 
continued in the trial without interrupting 

eculizumab). The primary and secondary endpoints 
were met by most patients, including 73% (30/41) 
of patients who had a complete TMA response 
(platelet count >150x109/L and LDH within the 
upper limit of normal, together with preserved 
renal function demonstrated by <25% increase from 
baseline in serum creatinine) after a median of 56 
days, whilst 88% (36/41) of patients demonstrated 
haematological normalisation (platelet count and 
LDH normalisation) after a median of 55 days and 
98% (40/41) of patients showed platelet count 
normalisation after 8 days (median).34 As well as the 
proven efficacy of eculizumab for restoring renal 
function and preventing further TMA,32–40  numerous 
case reports have shown that eculizumab also  
seems to play a role in the rescue of CNS  
involvement (Table 1), as patients who reported 
seizures among other symptoms were reported to 
show full recovery after 1–56 days.41–47

Recommended management for the first episode 
of aHUS in paediatric patients is to use eculizumab 
as a first-line treatment in order to avoid PE and 
central catheterisation and maximise outcomes.35 

As differential diagnosis of aHUS may be more 
complex in adults presenting for the first time PE 
is recommended whilst TTP is ruled out. It is 
recommended to switch to eculizumab if there 
is plasma resistance (either no constant trend  
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Figure 3: eGFR change from baseline (mL/min/1.73 m2) in patients on sustained eculizumab treatment.36

†p<0.05, #p<0.001, *p<0.0001.
eGFR: estimated glomerular filtration rate.
From Christophe Legendre, presentation at the Alexion Satellite Symposium.
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upwards of platelet count, no constant trend 
downwards of LDH, or no decrease of serum 
creatinine by ≥25% after five daily PE) or if there 
is TMA during tapering of treatment. When the 
diagnosis of aHUS is unequivocal, such as in  
patients with familial history, TMA in a previously 
diagnosed patient, eculizumab can be used as  
first-line within 24 hours or as soon as possible  
after diagnosis. It is not necessary to confirm  
and define a complement anomaly before starting 
eculizumab as it can be administered for any type  

of complement mutation including those without  
any yet identified mutations. However, it is still  
advised to obtain the anti-factor H antibody  
results rapidly and use genetic screening to inform 
further decisions.35

In conclusion, eculizumab is licensed as first-line 
therapy for aHUS and allows normalisation of 
haematological outcomes, renal function recovery, 
and improvement of extra-renal TMA such  
as that described in Table 1.18,32,34,35,42,44,46–49  Earlier  
treatment has also been shown to improve renal 

Author
Age 

(years)
Neurological 

manifestations MRI

Time to 
eculizumab 

initiation (days) Outcome
Pu  
2013

85 Seizures, mental 
disturbances

ND 18 Improvement over 2 
weeks 
Full recovery

Salem
2012

66 Seizures, mental 
disturbances, 
coma

Focal Lesions 3 Awoke and verbal after 
8 weeks
Nearly complete 
recovery

Beye
2013

64 Status epilepticus, 
focal defects, 
nystagmus, 
confusion

Normal CTS 9 Improvement within 24 
hours
Full recovery

Ohanian
2011

50 Seizures, 
unresponsiveness

Right parietal 
infarction

3 Improvement after 1 
week
Full recovery

Chaudhary
2014

20 Seizures, lethargy ND 42 Slow initial 
improvement (sub-
therapeutic doses)
Full recovery after 
increase of dose

Gulleroglu
2013

11 Seizures, visual 
loss, confusion

Bilateral 
occipital and 
posterior parietal 
hyperdensities/
oedema

<1 Improvement after 4 
days
Full recovery after 1 
month

Gulleroglu
2013

6 Seizures, visual 
loss

Bilateral 
occipital and 
posterior parietal 
hyperdensities

<1 Normal vision within 24 
hours
Full recovery after 5 
weeks

Hu
2013

1.7 Seizures, 
haemiparesis, 
lethargy,
unresponsiveness

Subtle bilateral 
anomalies

<1 Improvement over 3 
weeks
Full recovery with 
residual weakness of 
right thumb/index

ND: no data; CTS: computerised tomography scan.
From Christophe Legendre, presentation at the Alexion Satellite Symposium. 

Table 1: Results of eculizumab use in patients with aHUS and central nervous system involvement.43–49
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Dialysis Inadequacy: Understanding 
the Limitations of Conventional 

Haemodialysis

Professor Chris McIntyre

Haemodialysis (HD) is a haemodynamically  
traumatic practice that is known to cause ischaemic 
insult to a variety of organs. Reductions in perfusion 
pressure as well as the stress of ultrafiltration are 
thought to give rise to these ischaemic insults. 
In turn, these stresses are associated with an  
increased risk of mortality.1  

Investigations have been assessing the 
haemodynamic stress of dialysis and its effects 
on a number of organs, specifically the heart, gut,  
and brain. As HD patients exhibit a high incidence 
of heart failure and cardiovascular death, two 
studies were conducted to determine whether 
HD was capable of driving recurrent myocardial  
ischaemia.2,3 Four patients had measurements of 
myocardial perfusion using a positron emission 
tomography (PET) scanner during dialysis.

Myocardial blood flow (MBF) was acutely reduced 
during dialysis and became progressively worse 
over time.2 Two-dimensional (2D) echocardiography 
was performed to evaluate regional wall motion 
abnormalities (myocardial stunning) before, during, 
and after dialysis.2 In a second study, approximately 
two-thirds of the 70 patients analysed had  
significant regional wall motion abnormalities  
during and after dialysis.3

Factors associated with the development of 
myocardial stunning were ultrafiltration volume 
and blood pressure (BP) levels during dialysis.3  
At 12-month follow-up there was a marked reduction 
in contractile function in the regions of the heart  
that stunned upon dialysis with almost half the 
contractile function lost.3,4 In contrast, heart  
regions that did not stun showed no reduction 
in contractile function. Patients with myocardial 
stunning also displayed significantly lower left 
ventricular ejection fraction at rest and on HD 
(Figure 1). Myocardial stunning also has an impact 
on survival, with decreased survival in the patient 
group that exhibited stunning. Other studies have 
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shown a gradation between myocardial stunning 
and death; a greater number of stunned segments 
being associated with higher mortality.5 

To assess uraemia and dialysis in a patient  
population where diabetes, smoking, and epicardial 
large vessel disease are not factors, a paediatric 
sample was used. Using the same echo-based 
methods, all 12 children tested exhibited significant 
myocardial stunning.6  A link between stunning and 
post-dialysis fatigue has also been shown where 
patients who experience increased myocardial 
stunning are more likely to feel exhausted in 
between treatments.7 Serum endotoxin levels were 
assessed in 250 patients including those with 
chronic kidney disease (CKD) Stage 3, Stage 4, 
Stage 5, those receiving peritoneal dialysis (PD),  
HD, and a comparison group of non-CKD patients. 
Significantly high endotoxin levels were observed 
in the HD and PD groups (p<0.001), in comparison 
to CKD patients not receiving dialysis. These  
effects were also associated with mortality.8 Dialysis 
has also been shown to have effects on the brain. 

Specifically, HD patients exhibit an increase in 
generalised cerebral atrophy, silent cerebral infarcts, 
effects on cerebral blood flow, and leukoaraiosis.   

To measure white matter ultra-structural injury,  
a cohort of 55 HD-naïve patients underwent  
diffusion tensor imaging, matched with 25 normal 
volunteers for age, BP, and arterial stiffness 
(McIntyre personal comm.). The scans of all patients 
were merged to generate a 3D organisational map 
of the brains and similarly for the volunteers, and 
both data sets were analysed for areas that were 
significantly more disrupted. The patients’ cohort 
displayed widespread white matter ultrastructural 
injury (Figure 2). Functional significance was tested 
by subjecting patients to cognitive function testing, 
specifically the Montreal Cognitive Assessment 
Test and trail-making tests. Dialysis patients were 
markedly worse, with the biggest difference seen 
in the subcortical white matter tests, showing  
that it was functionally significant and correlated to 
the level of brain injury (McIntyre personal comm.).  

Figure 1: The consequences of haemodialysis (HD)-induced myocardial stunning.
BL: baseline; LVEF: left ventricular ejection fraction; SF: systolic function; RWMA: regional wall motion 
abnormality.
Modified from Burton et al.3 and Burton et al.4
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A systematic analysis revealed that cooling the 
dialysate may be an effective and safe way to resolve 
ischaemic insults to the heart, gut, and brain. In  
initial studies, individuals were cooled to 35 ºC; 
however, it is difficult for patients to experience  
this temperature in the long term,9 and in further 
studies patients were cooled sequentially. The 
tympanic temperature appears to be the ideal 
temperature. A randomised controlled trial was then 

conducted in 72 HD-naïve patients randomised to 
conventional temperature or individualised cooling. 
At 12-month follow-up, brains of patients who 
were not cooled had evidence of progressive brain 
injury, whereas patients who were cooled had no 
evidence of brain injury (McIntyre personal comm.). 
Cardio-protection was evidenced by ventricular  
size, preservation of systolic function, and protection 
of diastolic dysfunction.9 

Figure 2: Brain - protection against progressive white matter ultrastructural injury.
McIntyre, personal communication.
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The effect of dialysis on weight gain was  
assessed in patients receiving treatment in-centre 
three times a week (CHD3), in-centre five times 
a week (CSD), short daily (SDHD), and nocturnal 
(NHD) at home.10 The SDHD and NHD groups 
showed a much lower weight gain and less change 
in BP during dialysis. Echocardiography revealed 
that all the patients in the CHD3 group displayed 
myocardial stunning. In addition, intensive dialysis 
resulted in normalised serum endotoxin levels  
(as shown by the endotoxin levels in the short daily 
and nocturnal groups). Dialysis results in recurrent 
ischaemic injury with the heart and brain being 
particularly vulnerable. It is possible to protect 
against this stress and thus increase survival.  

 

Improving Clinical Endpoints and 
Health-Related Quality of Life with 

High-Dose HD

Doctor Tom Cornelis
 
Studies have shown that high-dose HD  
has several clinical benefits such as optimised 
anaemia control, left ventricular systolic function,  
arterial compliance, sleep apnoea, autonomic 
nervous system functioning, and improvements in 
phosphate control.11 

Using conventional dialysis modalities such as HD 
and PD, patients at CKD Stage 5 remain at this stage 
with clearances of 15 mL/minute, which results in 
suboptimal volume and phosphate control. Upon 
kidney transplantation, CKD Stage 3 or even 2 can 
be achieved, resulting in optimised phosphate and 
volume control. In between conventional HD and 
transplantation, high-dose HD modalities such as 
SDHD, NHD can result in a decrease of CKD Stage 
from 5 to 3. Observational studies conducted in 
the USA, Australia, and New Zealand comparing 
intensive HD to conventional HD show significantly 
reduced mortality ratios in intensive cohorts.12-16  

It is assumed that patients on high-dose HD have 
an improved quality of life (QoL) as they are not 
dependent on HD schedules within a dialysis 
unit, enabling them to have increased autonomy/
independence.17 Furthermore, such patients also 
experience the clinical benefits of high-dose HD, 
have a reduced pill burden as they require fewer 
hypertensive pills and phosphate binders,18,19 and 
have a more liberal diet and fluid intake.20 Travel 
to and from the hospital is eliminated; instead they 
experience the convenience of dialysing at home, 

allowing them to alter the treatment schedule 
as they wish. When dialysis is conducted in a 
nocturnal fashion it enables them to continue with 
employment.21 High-dose HD also decreases the 
incidence of sleep apnoea, resulting in improved 
sleep quality and consequently reduced daytime 
sleepiness.22 Furthermore, there is evidence to 
support that high-dose HD produces a reduction  
in uraemic symptoms and inflammation.23,24 All of 
these factors contribute to an improvement in QoL 
in high-dose HD. 

Multiple studies have shown that high-dose HD  
has resulted in improvements in kidney-specific  
QoL and burden of kidney disease.25-28 Moreover, 
the FREEDOM study showed a reduction in 
depression score (Beck Depression Inventory [BDI]) 
after 12 months of SDHD.29 The Daily FHN trial  
showed no significant change in BDI but an 
improvement in mental health composite (p=0.007) 
and emotional subscale (p=0.01) scores.30 

A meta-analysis conducted by Susantitaphong et 
al.31 included studies on frequent HD and extended 
HD on left ventricular hypertrophy, and showed a 
significant reduction in left ventricular mass index 
to -31 g/m2 and an improvement in left ventricular 
ejection fraction with high-dose HD.

Gene expression in rat cardiomyocytes showed a 
significant downregulation of genes involved in 
cardiac apoptosis and fibrosis and a significant 
upregulation of S100a, a gene involved in cardiac 
contractility when exposed to plasma from patients 
converted from conventional to nocturnal HD.32 
Another study showed a significant improvement 
in endothelial function;33 microvascular perfusion 
of ischaemic rat hindlimb tissue was improved 
after injection of endothelial progenitor-like cells 
from nocturnal HD patients and healthy controls 
compared with saline (negative control), whereas 
cells derived from conventional HD patients had no 
beneficial effect when compared with saline.

A randomised cross-over trial was conducted in 
HD patients who underwent a single session of 
4-hourly HD, 4-hourly haemodiafiltration, 8-hourly 
HD, and 8-hourly haemodiafiltration with a 2-week 
interval when they underwent conventional HD.34 
The results showed a reduction in the change of 
peripheral and central systolic BP, also a decrease 
in the change of cardiac output and relative blood 
volume. These results provide further evidence  
of the cardioprotective effects of high-dose HD  
(Table 1). Uraemic toxin studies showed that  
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extending dialysis optimised the reduction in β2 
microglobulin and fibroblast growth factor (FGF)-
23,34 providing further evidence of the improved 
cardiovascular outcomes in extended dialysis. 
However, longer-term studies are required to  
confirm this.

The benefits of high-dose HD, such as reduction  
of uraemic toxin levels, peripheral vascular  
resistance, hypervolaemia, BP, and endothelial 
dysfunction, were thought to result in improved 
pregnancy outcomes such as optimisation of 
placental development, reduction of pre-eclampsia, 
prevention of polyhydramnios, and better 
fetomaternal outcomes. A recent study investigated 
pregnancy outcomes in a nocturnal home HD  
cohort in Toronto and compared these with 
conventional HD pregnancy outcomes in the 
American Registry of Pregnancy in Dialysis.35 
A significant dose-response relationship was 
established between hours of HD and live birth 
rate. This was further confirmed in a time-to-event 
analysis where the higher dose showed a greater 
cumulative survival compared to the lower-dose  
HD group. There is also evidence from a single  
study that sex hormones may be better regulated in 
high-dose HD.36

Despite the many beneficial effects of high-dose 
HD, there are some adverse events. The Frequent 
Haemodialysis Network (FHN) trial showed an 
increased loss of residual renal function after 12 
months in nocturnal patients in comparison to 
conventional patients,37 and not in the short daily 
trial. Furthermore, an in-depth review showed  

that patients in the high-dose or intensive group 
exhibited an increase in vascular access events in 
comparison to the conventional group, which may 
be related to cannulation.38

A Canadian study, investigating adverse events in  
the home setting, found that although adverse  
events are minimal, human errors do occur such 
as lapses in protocol adherence.39 This points to 
the need for a quality assurance framework where 
programmes and cases are discussed as well as 
techniques of patients, among other issues.  

In conclusion, there appears to be much evidence  
to support high-dose HD as an option for patients 
with end-stage renal disease; however, this method 
is still underutilised. Potential adverse events of 
high-dose HD still require further study. However, 
randomised controlled trials are difficult to perform 
and this raises the question of whether we should 
be relying on observational studies and day-to-
day clinical experience. The option of incremental  
home HD should also be considered, where patients 
are started conventionally and up-titrated in the 
intensity of the dose while monitoring residual 
kidney function as well as other clinical parameters.  

 

Overcoming Barriers to the Growth of 
Home HD through Device Innovation

Doctor Bruce Culleton
 
High-dose HD is associated with numerous clinical 
benefits, and a better QoL.13,18,27 However, it has 

Table 1: Acute haemodynamic (HD) effects in extended dialysis.

Parameter 4h HD 4h HDF 8h HD 8h HDF
Peripheral SBP, mmHg -21.7 -23.3 -6.7* -0.5*†

Peripheral DBP, mmHg -5.0 -11.5 -1.1† -1.2†
Central SBP, mmHg -19.2 -24.2 -7.1 -3.8

Central DBP, mmHg -5.0 -12.1* -2.6 +3.5†
CO, L/minute -1.4 -1.6 -0.4† -0.5†
RBV, % -1.8 -9.1 -4.4† -3.3*†
ET rate, W -13.1 -16.2 -14.2 -14.5

*p<0.05 vs 4h HD; †p<0.05 vs 4h HDF
CO: cardiac output; DBP: diastolic blood pressure; ET: energy transfer; RBV: relative blood volume; SBP: 
systolic blood pressure; HDF: haemodiafiltration.
Cornelis et al.34
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also been established that high-dose and home HD  
have associated risks to the patient.40 It is important 
to remember that some of these risks are inherent  
to the HD procedure itself. Similarly, there are  
inherent risks to the user-device interaction, which 
could be reduced or prevented with improved 
innovation in HD devices.       

A survey conducted by Dr Sandip Mitra along with 
the European Renal Association found that 70% 
of nephrologists believed that there was sufficient 
evidence in the literature in favour of longer, 
more frequent HD schedules. Of the respondents,  
75% believed that the HD modality that offers the 
best patient outcome in any setting was either 
frequent nocturnal, alternate nightly, or short 
daily HD.41 Only 6% opted for three times per 
week haemodiafiltration. Using data published in  
registries and internal data, a wide variance in the 
prevalence of home HD was observed, with 10%  
use in Australia, 3% in the Netherlands, and <1% in 
France and Germany.      

There are several reasons why home HD is not  
more widespread, including lack of education 
of the patient and carer to be able to make an 
informed choice of the different types of treatment 
modality, and patients may not feel motivated or 
confident enough to perform the therapy in the 
home/themselves.42-44 There is also a general fear 
surrounding cannulation, and ‘learned helplessness’, 
where patients feel helpless as they are well looked 
after within the dialysis unit. Increased comorbidity 
plays a role as patients get older and sicker. On 
the organisational side, healthcare practitioners 
are in need of more education on the different 
dialysis modalities and also how to perform these 
procedures.44 Misaligned economic incentives is 
another contributing factor as is operation and 
infrastructure demands, and uncertainties such as 
questions around how to actually initiate/grow a 
programme determine how many nurses/technicians 
are needed, etc.44 These factors make it difficult to 
send patients to the home environment for HD.

When Baxter Healthcare came to designing an  
HD device for the home, three main goals were 
set: 1) deliver superior clinical and health-related  
QoL outcomes through device design and services; 
2) deliver best-in-class safety, simplicity, and support 
services; and 3) deliver favourable economics for  
all stakeholders. 

Baxter, in partnership with other key companies, 
developed a HD device named Vivia™. One of the 

key features of the device is a tablet/screen that  
plays animated clips to help guide the patient  
through set-up and resolving alarms. In an effort 
to limit the fear associated with venous access 
disconnection, the device includes a built-in access-
disconnect sensor. Wires are embedded within the 
arterial and venous tubing, meaning that if a needle 
should fall from the venous or arterial access then 
the blood pump will stop automatically, resulting 
in minimal blood loss in the patient. The device 
also includes an extended-use dialyser, allowing 
short daily treatments at least 5 days per week for  
sessions that typically run for fewer than 4 hours, 
or as nocturnal treatments where sessions are 
conducted for >6 hours while the patient sleeps, 
thereby reducing the burden of home treatment. 
Multiple uses of the blood treatment-set combined 
with hot water disinfection mean the device is 
environmentally friendly. Furthermore, Vivia comes 
with a web-based connectivity platform called 
Sharesource™ which allows communication to and 
from the clinic, enabling healthcare professionals  
to monitor their patient’s treatment data and 
remotely edit device settings as required. As well 
as keeping the clinic informed, the aim is also to 
give the patient confidence in performing dialysis  
in the home. It is hoped that these features will  
tackle some of the barriers for patients to conduct 
HD in the home.    

A first-in-human clinical study using the Vivia  
system was conducted in the USA with 22 subjects 
who were dialysed four times per week for 10 
weeks. The standard weekly Kt/V urea was above 
the values stated by the guidelines, blood flow  
on average was 316 mL/minute, and the dialysate 
flow was 395 mL/minute.45,46 The feasibility of 
extending use of the dialyser and blood set was  
also studied. Approximately 40% of the treatments 
(269) were delivered on dialysers that were  
used ten or more times, and about 25% of the  
treatments with dialysers were used five-to-nine 
times (Figure 3).  

Over the course of extending the use of the dialyser, 
there was only a minimal change in small molecule 
clearance as assessed using urea clearance, 
even after more than ten uses. Middle molecule  
clearance declined after several uses of the dialyser; 
however, the baseline mean β2 clearance was  
77 mL/minute, which is considered very good, 
meaning that a 10% reduction in this value over  
time is not a significant decline, especially if 
patients receive longer treatments. None of the 
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ABSTRACT

Autosomal dominant polycystic kidney disease (ADPKD) is an inherited disorder affecting 1 in 1,000  
people and is responsible for 10% of cases of end-stage renal disease. Apart from renal manifestations, 
changes in other organs may be present, including arterial hypertension, intracranial aneurysms, liver  
cysts, and others. Pain is a common complaint in ADPKD, afflicting as many as two-thirds of patients.  
It begins relatively early in the course of the disease, and may be associated with polycystic kidneys, 
extrarenal manifestations of the disease, or may be of the origin which is unspecific for ADPKD. The aim 
of the paper is to review the subject of pain in ADPKD patients, with its possible sources, diagnostics,  
and management.

Keywords: Autosomal dominant polycystic kidney disease, complications, pain, polycystic liver disease.   

INTRODUCTION

Autosomal dominant polycystic kidney disease 
(ADPKD) is an inherited disorder affecting 1 in 
1,000 people and responsible for 10% of cases of 
the end-stage renal disease (ESRD). Apart from 
renal manifestations, changes in other organs 
may be present, including arterial hypertension 
(AH), intracranial aneurysms (ICANs), liver cysts, 
and others. In 85% of cases, ADPKD is caused by 
a mutation in the PKD1 gene, encoding polycystin 
1 (Type 1 ADPKD), and the remaining 15% are  
connected to the mutated PKD2 gene, encoding 
polycystin 2 (Type 2 ADPKD). The type of the 
mutation has a prognostic significance, as the 
average age of ESRD amounts to 53 years in Type 1, 
and 69 years in Type 2.1 

Pain is commonly observed in ADPKD, afflicting as 
many as two-thirds of patients.2 It begins relatively 
early in the course of the disease,3,4 and may be 
associated with polycystic kidneys, extrarenal 
manifestations of the disease, and, of course, may  
be of the origin which is unspecific for ADPKD. 
The aim of the paper is to review the subject of 

pain in ADPKD patients, with its possible sources, 
diagnostics, and management.

LUMBALGIA AND ABDOMINAL PAIN

Lower back pain is observed in 71-77%, and  
abdominal pain in 61-66% of ADPKD cases.2,3 The 
pain related to the polycystic kidney may be both 
acute or chronic. The most common reasons of 
acute pain include cyst infection, cyst rupture,  
and nephrolithiasis.

The cyst infection may lead to acute pain with 
accompanying elevated body temperature. The 
pain may be unilateral or bilateral. If there is no 
communication between the lumen of the infected 
cyst and the urinary tract, the result of urinalysis  
is normal and the urine culture is negative. Thus,  
the diagnosis may be difficult.5 In 2012, Suwabe 
et al.6 proposed the diagnostic criteria for kidney 
or liver cyst infection. According to them, for the 
diagnosis of infection, the patient must have: A) no 
other source of fever detectable and no evidence  
for acute cyst haemorrhage; B) at least 2 items  
from: maximum body temperature >38oC, maximum 
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white blood cell (WBC) count >10,000/µl, or 
maximum serum C-reactive protein (CRP) >15 mg/
dl; C) at least 1 item from: gas inside the cyst,  
high density of the cyst on magnetic resonance 
imaging (MRI) (diffusion-weighted imaging 
[DWI]), fluid-fluid level in the cyst on MRI, or cyst 
wall thickening on MRI or computed tomography  
(CT); and D): at least 1 item from: abdominal 
pain or tenderness, or sequential changes of 
the cyst on imaging. In diagnostic difficulties, 
18fluorodeoxyglucose (18FDG) positron-emission 
computed tomography (PET/CT) may help to  
confirm and locate the infection of the cyst.7,8 
Escherichia coli accounts for almost three-quarters 
of cases.8 In the therapy of cyst infection, the 
antibiotics of good penetration to the cyst lumen 
are recommended, including fluoroquinolones, 
co-trimoxazole, clindamycin, metronidazole, 
vancomycin, and chloramphenicol.5,8 Combination 
of antibiotics seems superior compared to 
monotherapy.8 A 6-week course of antibiotics is 
recommended.9 However, invasive approach with 
drainage of the infected cysts may be required, 
especially when their diameter exceeds 5 cm.5,8,10

The cyst rupture accompanied by haemorrhage 
causes acute pain, with gross haematuria (when 
there is a communication between the involved 
cyst and the urinary tract) or without haematuria 
(when there is no such communication).5 Except for 
intracystic bleeding, retroperitoneal haematoma, 
or, in extremely rare cases, haemoperitoneum, may 
complicate the cyst rupture in the latter case.11 If 
haematuria is present, it is usually self-limited after  
a few days. In more serious cases, the bleeding 
may be complicated with formation of clots that 
may cause the obstruction of the urinary tract.5 In  
patients with persistent or recurrent symptoms, 
imaging with CT or MRI is indicated.12 According  
to the criteria of Suwabe et al.,6 acute cystic  
haemorrhage may be diagnosed when: A) there 
is abdominal pain and/or gross haematuria; B) 
the maximum body temperature does not exceed  
38oC, the maximum WBC count does not exceed 
10,000/µl, and the maximum serum CRP is <15 
mg/dl; and C) CT reveals irregular high-density 
mass inside the cyst, or the cyst density on CT 
exceeds 25 Hounsfield units (HU). In most cases, 
conservative management with bedrest, hydration, 
and analgesics, is sufficient. In severe haematuria, 
transfusion may be required, and, in the most  
severe cases, nephrectomy or embolisation of the 
renal artery should be considered.5

It is also possible that the ADPKD patient suffers 
from combined cyst haemorrhage and infection.  
It may be diagnosed when the patient: A) is  
pyrexial, and complains of abdominal pain and/
or gross haematuria; B) the patient has at least  
two items from: maximum body temperature >38oC, 
maximum WBC count >10,000/µl, or maximum  
serum CRP >15 mg/dl; and C) the CT scans  
correspond to cyst haemorrhage.6

The incidence of nephrolithiasis is higher in  
ADPKD compared to the general population. It 
is complicated with renal colic in 20% of ADPKD 
patients. In such cases, the use of non-steroidal  
anti-inflammatory drugs (NSAIDs) for up to 3 days 
seems reasonable. Opioids may be also required.  
The impaired anatomy in ADPKD may cause 
difficulties in diagnostics and treatment of 
renal stones.5 CT, preferably with contrast 
administration, seems to be the most informative.12 
The invasive procedures including ureteroscopy, 
extracorporeal shock wave lithotripsy (ESWL), and  
nephrolithotomy are challenging.5 However, the 
safety and efficacy of flexible ureteroscopy with 
holmium laser lithotripsy,13 and percutaneous 
nephrolithotomy,14 were proven.

Rarely, the enlarged kidney may cause the occlusion  
of the mesenteric vein leading to strangulation 
necrosis of the intestine.15 A very rare case of 
sudden-onset pain localised in hypogastrium was 
also reported, in which the compression of enlarged 
kidneys and liver on the bony pelvis led to the 
insufficiency-type fracture of the pelvis.16

Compression of cysts on the surrounding 
tissues, traction on the pedicle of the kidney, and  
distention of the renal capsule may cause chronic 
pain,5 defined as daily pain lasting more than 4 
weeks.12 The cyst-related pain is described as a 
steady discomfort, exacerbated in vertical position 
and during walking.5 In general, pain correlates with 
the kidney size;4,5,17 however, there are numerous 
exceptions from this rule. In effect, patients with  
mild or moderate cystic changes may complain of 
severe pain.5,12,17 Additionally, the pain is unrelated  
with renal function. Early satiety may be the 
additional complaint.5 A rare case of intestinal 
obstruction caused by compression of cystic kidney, 
successfully treated with percutaneous aspiration 
of the largest cysts, was also reported.18 In general, 
in patients with chronic kidney pain, the goal of 
treatment is adaptation of the patient to the pain, 
because curing the pain is not always achievable.5 
Bajwa et al.5 proposed a sequential approach 
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to the pain management in ADPKD, in which, at  
the beginning, non-invasive methods are used,  
with slow progress towards more complex and 
invasive measures. 

Non-pharmacologic therapy with physical  
measures should be sequentially followed by 
acetaminophen, NSAIDs, tramadol, adjuvant 
analgesics (clonidine, gabapentin, or pregabalin), 
and opioids. Transcutaneous electrical nerve 
stimulation (TENS), acupuncture, and autonomic 
plexus blockade may be used. Invasive procedures 
include spinal cord stimulation, neuraxial opioids,  
and local anaesthetics. A case was reported19 in  
which satisfactory analgaesia was achieved with 
sequential celiac plexus blockade, and intercostal 
nerve radiofrequency ablations, followed by dorsal 
column neurostimulation. Surgical approaches 
include cyst aspiration in cases of only one or a 
few large cysts, and surgical cyst decompression. 
While cyst aspiration relieves pain only temporarily,5 
cyst ablation may be used for long-lasting effect 
using absolute ethanol20 or a mixture of N-butyl 
cyanoacrylate (NBCA) and iodised oil.21 Surgical 
cyst decortication, including laparoscopic cyst 
decortication, is effective in the management of 
chronic pain associated with ADPKD.22-25 Also, 
renal denervation, both via a laparoscopic26 or 
thoracoscopic27 approach, may be considered.  
A new method is the catheter-based renal 
denervation; successful treatment with this method  
in an ADPKD patient was recently reported.28 
Ultimately, nephrectomy may be the last 
option. In patients with chronic pain, ESRD, and 
contraindications for nephrectomy, transcathether 
arterial embolisation (TAE) may be considered.5,12 
TAE may be performed using either intravascular 
coils or ethanol.29,30

The common extrarenal manifestation of ADPKD  
is polycystic liver disease (PLD), which affects up  
to 94% of ADPKD subjects.12 PLD is more common 
in females,5 due to the fact that oestrogen  
stimulates the growth of liver cysts.31 PLD is usually 
of low clinical significance; however, in some cases 
it may manifest with a pain which is often more 
severe than the pain caused by renal cysts. The pain 
connected to PLD is exacerbated by the standing 
position, and is accompanied by early satiety.5  
In patients with pain associated with PLD, invasive 
procedures may be considered when medical  
therapy is ineffective, including cyst drainage 
or fenestration, liver resection with fenestration,  
or TAE.5,12,32-34 

The rupture of a hepatic cyst may present as an 
acute abdomen.35-37 Additionally, acute episodes  
of pain may be caused by cyst haemorrhage,  
torsion, or infection.12 In the analysis of Suwabe et al.,6 
liver cyst infections were more common compared 
to renal cyst infections; however, in another  
report8 the prevalence of renal cyst infections was 
higher. In case of abdominal pain combined with 
a fever in an ADPKD patient, liver cyst infection 
should be included into the differential diagnosis. It 
is a potentially lethal condition in which antibiotics 
may be ineffective.38 In such infections, antibiotics 
combined with drainage are superior to antibiotics 
alone. Additionally, when the diameter of the  
infected cyst is >5 cm, drainage is mandatory.8,12

Pancreatic cysts are observed in almost 20% of 
ADPKD patients. In very rare cases, they cause 
pancreatitis due to obstruction of the pancreatic 
duct.12 An anatomical defect may lead to the 
recurrence of pancreatitis.39 Additionally, Naitoh 
et al.40 reported a case of adenocarcinoma of 
the pancreas leading to acute pancreatitis, and 
suggested a possible association between ADPKD 
and pancreatic carcinogenesis.

Colonic diverticula were thought to be associated 
with ADPKD, especially in the fifth stage of the 
chronic kidney disease. However, data on the 
frequency of diverticular disease and diverticulitis 
in ADPKD remain conflicting. An additional problem 
connected to ADPKD is increased frequency of 
hernias. Therefore, complications of abdominal 
hernias should be considered in patients with  
ADPKD and acute abdomen.41

As described below, vascular manifestations  
belong to the clinical picture of ADPKD. A rare 
case of acute abdominal pain with concomitant 
haemorrhagic shock, due to the rupture of a 
gastroepiploic artery aneurysm, was reported.42 It 
should not be forgotten that there are also other 
possible sources of lower back pain in ADPKD.  
The most severe cases of chronic lumbalgia in 
my practice were due to the spine disease. The  
disorders of the spine in ADPKD are presented below.

CHEST PAIN

The prevalence of chest pain in ADPKD is estimated 
at 4-30%.2,3 Vascular manifestations of the disease 
are due to the fact that both polycystins are 
expressed within arterial smooth muscle cells.43-45 
A systemic vascular defect was observed already 
at the oligosymptomatic stage of the disease.46-47 
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As a consequence, the most common extrarenal 
manifestation of the disease is AH, which often 
precedes impairment of kidney function,48,49 and 
is complicated with left ventricular hypertrophy 
(LVH).50 Both AH and LVH are well-known risk 
factors for ischaemic heart disease (IHD).51  
Therefore, patients with ADPKD and chest pain 
should be diagnosed for IHD.

Additionally, there are some disease-specific 
sources of chest pain in ADPKD, which should 
be included into the differential diagnosis. A rare 
cause of myocardial ischaemia and infarction may 
be spontaneous coronary artery dissection.52,53 
Furthermore, an association between ADPKD 
and non-atherosclerotic coronary aneurysm was 
suggested, and the latter may be - in very rare 
cases - connected to myocardial infarction.54  
Also, several case reports on the coexistence of  
ADPKD with aortic dissection, both acute55-58 and 
chronic,59 were published. They may manifest with 
pain localised either in the front of the chest, or  
in the interscapular region.55,56

Another disease-specific source of chest pain may 
be the polycystic liver. A case of ADPKD patient 
with chest pain caused by infected liver cyst with 
compression of the right atrium was reported.60 
Then, accurate imaging of the thorax is of a  
great value in ADPKD patients suffering from the 
chest pain.

HEADACHE

Headache is observed in 15-49% of ADPKD  
patients.2,3 The two most common ADPKD-specific 
reasons of it are AH and ICAN. It is believed that 
up to 60% of young ADPKD patients with normal  
renal function have AH,48 and its overall prevalence 
may exceed 80%.49 Therefore, at the beginning, 
patients with headache should be examined for 
elevated blood pressure and treated when it is 
observed. Due to the fact that the non-dipping 
pattern is associated with ADPKD,48,61 the special 
role of ambulatory blood pressure monitoring 
(ABPM) in the diagnosis of AH in ADPKD needs  
to be underlined. 

ADPKD is connected to increased frequency of  
ICANs compared to the general population.62 
According to the literature data, the overall 
prevalence of ICANs in the ADPKD population 
ranges from 4%63 to 22.5%.64 In our recent study,65  
the prevalence of ICANs in ADPKD patients was 
16.9%, and the only risk factor for ICANs was age; 

after 45 years-of-age the frequency of ICANs  
reached 22.4%. However, the subarachnoid 
haemorrhage (SAH) due to a rupture of an ICAN 
in ADPKD patients often occurs in relatively  
young subjects, with mean age below 40 years. 
Additionally, SAH is often observed in normotensive 
patients with preserved renal function.66 Despite 
these facts, the universal screening for ICANs  
remains controversial, and only selected indications 
for screening are widely accepted in the clinical 
practice.67 According to my unpublished, 
retrospective analysis of a series of ADPKD  
patients with nonfatal rupture of an ICAN in 
their medical history, more than half of them 
had neurological symptoms for at least a few 
months preceding SAH, with headache as the 
most common one. Therefore, in my opinion, each 
normotensive ADPKD patient with a new onset 
or chronic headache should be examined for an  
ICAN. Some other authors share my point of view.41 
On the other hand, according to Bajwa et al.,3 the 
only indication for screening for ICANs in ADPKD  
is a family history of aneurysm formation, and 
patients with a negative family history for an ICAN 
should not be screened, even in case of chronic 
headache.3 Due to safety reasons, MR-angiography 
is a method of choice in detecting ICANs in ADPKD 
patients, as there is no X-ray exposure or need for 
contrast media administration. The positive result 
of MR-angiography should be verified with CT-
angiography, and when confirmed, the patient 
should be referred to the specialist in neurosurgery.65

Additionally to arachnoid haemorrhage, carotid 
artery dissection may occur in an ADPKD 
subject.68 In very rare cases, headache may be a  
manifestation of an arachnoid cyst. Arachnoid 
cysts are found in fewer than 10% of ADPKD 
patients, compared to fewer than 1% in the general  
population, and are usually asymptomatic. They 
may be found on MRI scans performed as a  
screening for ICANs.69

OTHER LOCALISATIONS OF PAIN

Radicular pain, defined as a back pain radiating  
to the hips or lower extremities, is observed in  
27% of patients with ADPKD.3 Enlargement of  
cysts causes increased abdominal girth and  
leads to increased lumbar lordosis. In effect, 
degenerative changes of the spine appear, which 
manifest with pain. Bajwa et al.5 suggested 
hypertrophy of the lumbodorsal muscle group in 
ADPKD patients as a basis of the spine ‘imbalance’. 
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Additionally, asymmetry in renal cyst enlargement 
leads to chronic postural alteration, and results 
in the disc disease in the lumbosacral region.  
The diagnostic method of choice is MRI of the  
spine and postural muscles. Additionally, the 
sacroiliac joint is thought to be a common  
source of pain in ADPKD. Physical therapy  
techniques, together with local anaesthesia, can  
be used in such situations.5

CONCLUSIONS

In summary, ADPKD is a common and multi-
organ disease. Therefore, the awareness of its 

manifestations, and possible sources of pain in 
ADPKD, is important not only for nephrologists  
but also for general practitioners and specialists 
in other areas of medicine. The proper and quick 
diagnosis may improve not only the patients’  
health and quality of life, but, in some cases, may 
save their life. Additionally, current treatment 
modalities enable the provision of optimal therapy 
for a substantial group of patients.
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ABSTRACT

In the new millennium, few kidney diseases changed their perspectives as much as autosomal dominant 
polycystic kidney disease (ADPKD). New diagnostic approaches, including the evaluation of renal or liver 
volume by computerised tomography (CT) scan, the detection of cyst infections by positron emission 
tomography (PET) scan, and new therapeutic approaches (including vaptans, mTOR inhibitors, and 
somatostatin analogues) pose new clinical and ethical dilemmas. Therefore, the analysis of the recent 
advances offers an occasion for reviewing our counselling policy. The aim of this narrative review is to  
discuss a few crucial points concerning counselling in ADPKD: should all ADPKD patients undergo genetic 
testing for characterisation of the involved gene? What is the role of prenatal counselling and preimplantation 
selection? Should all ADPKD patients be followed in a nephrology clinic? Which imaging to use in which 
patients? Whom should we treat, when, and by which drugs, and how to communicate the treatment  
options? The working conclusions highlight the trends towards earlier referral of ADPKD patients, the 
importance of offering the diet options, including low-salt, high-water intake, difficult to follow, but devoid 
of side-effects, and the expectancy for the new therapeutic options, alone or in combination, aimed at 
reduction of cyst volume and/or control of cyst growth. 

Keywords: Polycystic kidney disease, genetic and prenatal diagnosis, complications, infection, dialysis, 
vaptans, mTOR inhibitors, liver cysts, somatostatin analogues, imaging. 

INTRODUCTION

In the last few years the panorama faced by  
patients affected by autosomal dominant polycystic 
kidney disease (ADPKD), and by their treating 
physicians, has remarkably changed.1,2 As usual, 
the progress brings more than new diagnostic 
techniques or therapeutic tools; it poses also new 
clinical and ethical problems and, in the era of  
patient empowerment, the analysis of the recent 
advances offers an occasion for reviewing our 
counselling policy.3-5

In this context, the present narrative, non-
systematic review, has been focused on some ‘hot’ 
points in ADPKD, which the authors considered  
as fundamental for the clinicians. In keeping with  
the complexity of the disease, we have tried to 
highlight different opinions and uncertainties.6

Hence, we addressed our discussion at the  
following questions: should all ADPKD patients 
undergo genetic testing for characterisation of 
the involved gene? What is the role of prenatal 
counselling and preimplantation selection? Should 
all ADPKD patients be followed in a nephrology 
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clinic? Which imaging in which patients? Whom 
should we treat, when, and by which drugs, and  
how to communicate the treatment options?

SHOULD ALL ADPKD PATIENTS 
UNDERGO GENETIC TESTING?

ADPKD is the most common monogenic severe 
kidney disease, with an average incidence of 1 in 
500-1,000 live births.1,2,7,8  Mutations in the two 
major genes (polycystic kidney disease 1 [PKD1] 
on chromosome 16 and polycystic kidney disease 2 
[PKD2] on chromosome 4) account for about 90%  
of cases, while, thus far, in the remaining 
approximately 10%, the genetic diagnosis is elusive 
and no mutation has been identified.8-11 

While penetrance is complete, and virtually all 
patients with PKD1 or PKD2 mutations develop 
kidney cysts, the expressivity is highly variable,  
and the reasons for this wide variability are only 
partially understood.12,13 

On average, PKD1 mutations correlate with a  
poorer renal prognosis and a younger age at start 
of renal replacement therapy (RRT); the peak  
of RRT start is presently in the late fifties in  
PKD1, and in the late seventies in PKD2 patients.8-10  
The difference is strong enough to suggest 
that the family history may predict the gene 
involved.12 However, within-family variability is well  
documented, suggesting the presence of modifier 
effects of other genes, or from not yet defined 
environmental factors. In this regard, the clinical 
evolution of ADPKD may represent a challenging 
field for epigenetic analysis.13 

Hence, the question on the clinical relevance for 
genetic testing is not easily answered. Indeed, several 
authors hold that the genetic tests are of use only 
in selected situations, such as non-typical ADPKD, 
absence of family history, or in view of a living kidney 
donation.14,15 Other authors, however, consider that 
the genetic analysis will influence, if not now then in 
the near future, the therapeutic choices.16 

There are pragmatic limits to a universal extension 
of the genetic tests: the first one is obviously 
economical, the second one is linked to the tests 
used. While the new generation of genetic tests 
allow a specific definition of the involved mutation, 
the older tests, based upon a linkage analysis, are 
not able to provide such information and should 
probably be considered obsolete.17

The opinion of our group is that genetic analysis 
will be needed in all patients in the near future. As 
the genetic tests are undergoing profound changes, 
leading to simplification (and lower costs), our 
present attitude is to perform genetic testing in 
cases with treatment indications, severe disease, 
or unclear family history, and in patients who wish 
to have a child. We usually test one individual per 
family, being ready to extend genetic analysis as 
soon as the availability of the tests will increase and 
their cost will decrease. 

WHAT IS THE ROLE FOR PRENATAL 
COUNSELLING AND PREIMPLANTATION 
SELECTION?

The prenatal counselling of ADPKD may be seen 
as very easy or exceedingly difficult. It is easy 
since ADPKD is an autosomal dominant disease 
with complete penetration.1-3 It is difficult since  
ADPKD has different expressivity and the clinical  
manifestation may occur as late as the sixth-to- 
seventh decade of life.7-11 If we consider that the  
history of RRT is only in its fifth decade of life, we 
appreciate that forecasting life with end-stage kidney 
disease in the next 50 years is almost impossible.18-20 

Hence, in the face of the clinical uncertainty, 
several approaches are possible: a negative 
one underlines that 50% of the children inherit  
the gene, counselling the patients not to have 
children, also taking into account the possibility of  
pregnancy-related complications in the mother, or 
supporting pregnancy interruption in the presence 
of the affected gene in the foetus.21-24

Preimplantation selection is considered by some 
authors an alternative, because it avoids the  
physical and emotional trauma of a pregnancy 
termination in the case of an affected foetus.25 
The value of such a statement is different in the 
case of recessive polycystic disease, with its  
grim prognosis, and of ADPKD. Preimplantation 
diagnosis is synonymous with in vitro fertilisation; 
hence the clinical and ethical problems of in 
vitro fertilisation - including also a higher rate of 
malformation and prematurity - cannot be avoided, 
as well as the physical and emotional stress of the 
assisted fertilisation procedure.26-31

On the other hand, the continuous therapeutic 
advances may lead to a more optimistic view, 
underlying also that early (in utero) diagnosis may 
be of help in planning preventive interventions  
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(such as control of urinary tract infections 
[UTIs], dietary habits, and prompt treatment of  
hypertension) and is potentially effective in 
postponing overt kidney disease.1-3

In a setting where the uncertainties largely  
overcome the certitudes, the policy adopted in  
our outpatient clinic dedicated to pregnancy 
in chronic kidney disease (CKD), is to underline 
that we are not able to forecast the future of an  
affected baby. If a woman over 35 years and/or 
with impaired kidney function considers pregnancy 
termination in the case of an affected foetus, we 
remind that the chances of a further pregnancy 
are not 100% and that increasing maternal age 
is associated with a steep rise in chromosome 
derangements, leading to diseases whose severity is 
way above that of ADPKD.32

A detailed discussion on pregnancy in ADPKD is 
beyond the scope of this review; however, two open 
problems may be cited: the need for strict blood 
pressure (BP) control as, for unknown reasons, pre-
eclampsia has been reported as more frequent in 
ADPKD, also with normal BP and kidney function 
at the start of pregnancy.23,33,34 The second one is 
the risk of intracystic bleeding at delivery, linked 
to the increase in intra-abdominal pressure during 
parturition.33-35 The old tenet that women with 
ADPKD should deliver with Caesarean section is no 
longer shared, as the risks of a surgical intervention 
and of catheter-associated UTI may exceed  
those of intracystic bleeding. However, the risk of 
intracystic bleeding has to be borne in mind and, 
at least in our centre, we suggest close ultrasound 
(US) monitoring of the largest cysts, also in  
non-symptomatic patients, at least in the proximity 
of delivery and immediately after.36,37 

SHOULD ALL ADPKD PATIENTS BE 
FOLLOWED IN A NEPHROLOGY CLINIC? 

The pattern of the ADPKD patients referred to 
outpatient nephrology units has been changing over 
time, with an overall earlier referral of the patients.38 

There are at least three reasons for this: the wider 
availability of US leading to preclinical diagnosis, the 
higher awareness, and the increasing therapeutic 
options.1-3,7 Once more, the indications are not 
uniform and reflect both the sanitary system and 
the opinions of the physicians. As pointed out by a 
brilliant recent editorial in the New England Journal 
of Medicine, entitled: ‘From sick care to health care 
— reengineering prevention into the U.S. system’,39 

disease prevention encompasses all efforts to 
anticipate the genesis of disease and forestall its 
progression to clinical manifestations. Hence, focus 
on prevention is not synonymous of elimination 
of the disease, but of ‘morbidity compression,’ 
extending the symptom-free lifespan.39 

The chronic lack of resources of the healthcare 
systems often leads to a minimalist attitude, 
limiting the care to the patients with overt  
disease, with the idea that the present therapeutic 
tools contrast only the macro-effects of the  
disease, such as hypertension, and the metabolic 
cascade of maladaptive changes characteristic of 
advanced CKD.40,41 

There is a wide agreement on the importance of  
timely treatment of the UTIs and on the full 
normalisation of hypertension, although opinions  
on the diet are mixed.40-43 Some authors maintain 
that low protein diets are of minor efficacy in 
ADPKD patients, while on the contrary, animal 
studies suggest that an early start of moderate 
protein restriction may slow the progression of the  
disease.44 Furthermore, the dietary approaches 
include also a very high water intake, and a drastic 
reduction of salt intake.45-48 The potentials of this 
‘difficult’ diet are underlined also by the promising 
and likewise ‘difficult’ results obtained with  
Tolvaptan, through the pharmacologic inhibition 
of the action of vasopressin on its receptors.45,46 
Promising results have occasionally been reported 
with the use of statins at the highest tolerated doses, 
and the recent studies on glucose metabolism 
may suggest an early approach to glycaemic 
intolerance.49-52 Consequently, the start of follow-
up is directly related to the therapeutic options  
(the more, the earlier) and to the indications for the 
new therapies.53,54

In our unit, ADPKD patients represent about 10% 
of cases who performed at least one nephrology 
consultation. In 2012, we started a baseline nuclear 
magnetic resonance assessment in all the patients 
with large kidney, symptomatic disease, or advanced 
CKD, leading to the selection for octreotide therapy, 
of a first group of cases with relevant symptoms  
and liver involvement. The availability of this 
option had a strong effect in recruiting more family 
members, often at earlier stages of the disease.

Our unit follows a policy of the wide use of low 
protein diets.55,56 So far, ten ADPKD patients have 
been enrolled in a moderate protein restriction  
(0.6 g/kg/day) with a vegan schema, with the  
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addition of alpha keto-analogues.55,56 Within the 
limitations of small numbers, and of the nonlinear 
glomerular filtration rate decrease, long-term 
stabilisation and prolongation of dialysis-free 
interval were attained at least in a few cases (Figure 
1). The indications for a high-water, low-sodium 
diet are contextually given to all patients. We 
suggest following all ADPKD patents in pregnancy, 
considering them ‘at risk pregnancies’, paying 
particular attention to infectious complications 
and to the development of pregnancy-induced 
hypertension and pre-eclampsia.36,37

WHICH IMAGING IN WHICH PATIENTS? 

Imaging is the basis not only of diagnosis, but  
also of the assessment of prognosis, since cyst  
growth correlates with the progression of renal 
function impairment.57,58 However, the best way 
to assess progression is not yet established, 
and the same holds true for the detection of 
the complications. Each imaging method has 
advantages and drawbacks. US are the mainstay 
for family screening, and are the basis for diagnosis  
and follow-up in children and in pregnancy.59 Their 
role is limited mainly by the operator dependence.59 

Hence, CT and magnetic resonance imaging (MRI) 
scans, each with advantages and drawbacks, are 
now becoming the gold standard for the three-
dimensional analysis of the involved kidneys or liver, 
allowing comparison over time.59 Some problems 
remain open; for instance, it is not clear if the 
evolution of a few large cysts is superimposable to 
the effect of numerous small cysts (Figure 2).

In this regard, more sophisticated approaches,  
aimed at assessing the fibrous kidney tissue, 
have been attempted.60 The limits of this clever 
strategy, showing a strong correlation with 
renal functional impairment and the need for 
computerised tomography (CT) scan with contrast 
media, raise obvious issues of radioprotection  
and nephrotoxicity.60

Further problems arise in the presence of 
complications. CT scan is the gold standard for stone 
disease, of particular importance in these cases 
in which the altered kidney structure impairs the 
detection of stones.61,62 CT angiography scan is the 
technique of choice for massive bleeding (Figure 3). 
The detection of infected cysts is more challenging 
because of the various, often non-specific, clinical 
manifestations ranging from mild abdominal 
discomfort to a severe life-threatening disease.63-65 

MRI and CT are both valuable in discriminating 
between non-complicated and complicated cysts, 
but are usually unable to discriminate between 
bleeding, infection, or neoplasia.65,66 Furthermore,  
the presence of several ‘complicated’ cysts is  
common in severely enlarged liver or kidneys, 
further impairing the localisation of the infectious 
process.63-66 Hence, scintigraphy with leukocytes 
labelled with indium or gallium was employed, 
with the limits being the lack of prompt  
availability, the high costs, and the relatively poor 
spatial discrimination.67,68 

Consequently, fludeoxyglucose-PET  (FDG-PET),  
able to identify metabolically active tissues, is 
becoming the gold diagnostic standard in this 
setting.65,66,69 Among the advantages of this 
sophisticated technique is also that the tracer, 
a glucose analogue, is non-nephrotoxic also in 
advanced CKD stages (Figure 4). 

WHOM SHOULD WE TREAT, WHEN, AND
BY WHICH DRUGS, AND WHAT SHOULD
WE ADVISE?

Finally, the great open question for the clinical 
nephrologist: is it already time for treating our 
patients with any, or a combination of new drugs? 
Indeed, in the new millennium, almost suddenly  
a rapidly growing number of drugs potentially 
slowing the progression of renal cysts has been 
tested in animals and in humans.1-3,7,21,41-54 A detailed 
insight into the basic mechanisms and into the  
results is not in the scope of this clinical review. 
However, in a rapidly evolving world and in the 
presence of an increased involvement of the 
patients in their medical choices, often through 
long and perilous sailing on the vast seas of the 
Internet, every clinical nephrologist is increasingly  
questioned on the ‘new therapies’. When we typed 
‘ADPKD therapy’ into Google we found minimalist 
opinions such as: ‘The only available treatment 
for kidney failure from ADPKD is dialysis. The 
only available cure is kidney transplantation.’  
Together with the crosslink to the paper: ‘Therapy 
for polycystic kidney disease? It’s water, stupid!’45 

Wikipedia extensively cites Tolvaptan, the PKD 
foundation offers a detailed list of the on-going  
trials, while the PKD Charity UK dedicates a 
webpage to complementary therapies and includes 
data on diet, Tolvaptan, everolimus, somatostatin, 
and lanreotide. The latter represents the three  
major therapeutic approaches aimed at interfering 
at different levels with cyst formation and growth. 
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Figure 2: NMR in two cases, exemplificative of the spectrum of ADPKD: a few large renal cysts versus 
complete structural derangement, mainly linked to a myriad of small cysts. 
NMR: nuclear magnetic resonance; ADPKD: autosomal dominant polycystic kidney disease. 
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Figure 3: Massive intracystic bleeding, mimicking kidney rupture in the first computerised tomography 
scan, and evolution of the lesion over time. On the account of the residual chronic pain, and of the large 
polycystic kidneys and liver, the patient was started on once-monthly therapy with octreotide LAR. 

All trials opened new questions and provoked 
further issues, such as the best compromise 
between toxicity, long-term risk and advantages - 
in particular in the case of rapamycin and the other 
mTOR inhibitors - and of the effect on quality of 

life in the case of Tolvaptan and other vaptans. The  
high costs of therapies, and of vaptans in particular, 
adds to the difficulty in widening the experience out 
of the research setting.70-75 
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Figure 4: Fludeoxyglucose-positron emission tomography scan of infected liver and kidney cysts, and 
evolution after long-term antibiotic therapy.
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ABSTRACT

Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited nephropathy. 
Initially, it is characterised by the growth of renal cysts. Later, progressive deterioration of renal function 
determines the prognosis of ADPKD, depending on the main factors of progression (genetic, renal volume, 
and hypertension). Ultrasonography is the diagnostic technique of choice in the screening for relatives of 
ADPKD patients. Due to the absence of specific treatment it is necessary, in many cases, to start with renal 
replacement therapy. ADPKD can also be associated with extrarenal manifestations, mainly polycystic liver 
disease and cerebral aneurysms, which contribute to increased morbidity and mortality of these patients.

Keywords: Autosomal dominant polycystic kidney disease (ADPKD), diagnosis, cysts complications, renal 
disease progression, extrarenal manifestations.

INTRODUCTION

Autosomal dominant polycystic kidney disease 
(ADPKD) is the most frequent inherited renal disease 
with an estimated prevalence of approximately 1 in 
800 live births. It is caused by mutations in two genes: 
PKD1 in 85% and PKD2 in 15% of cases.1 Offspring 
have a 50% risk of inheriting the mutated gene; 
however, there are sporadic mutations in 10-15% of 
patients. ADPKD is the cause of 6-10% of patients 
undergoing renal replacement therapy (RRT).2

The PKD1 and PKD2 genes encode for proteins 
polycystin 1 and polycystin 2, respectively, which  
are an associated complex in the cell membrane, 
acting as a receptor and non-selective cation 
channel.3 The polycystin complex is localised mainly 
in the primary cilium of the tubular epithelium, but 
also in focal adhesions between cells and cell-matrix. 
Its functions are receptor-sensor of the urinary  
flow, orientation of the cell, and regulation of the  
cell cycle.

In ADPKD, these alterations in cilia function cause 
a cascade of biochemical signals with the increase 
of intracellular cyclic adenosine monophosphate 
(cAMP)4 that stimulate cell proliferation and 

transverse growth instead of longitudinal tubule. 
The cell loses its orientation,5 initiating the formation 
of renal cysts. The Na-K-ATPase pumps translocate 
from the basolateral membrane to the luminal 
membrane, whereby promoting sodium and water 
secretion into the cyst, stimulating its growth.6

With reference to the two-hit hypothesis, the  
second hit could explain the variable phenotypic 
expression of the disease in families with the same 
mutation and all renal cysts are forming only from  
1% of tubular cells. Although a mutated allele is 
inherited, cyst genesis begins when a somatic 
mutation in the normal allele (second hit) appears.7 
The severity of ADPKD in the individual depends on 
the precocity of this mutation occurring, as has been 
observed in experiments with mice.8 Environmental 
factors (chronic inflammation, cytokines, renal 
ischaemia) may accelerate this process.9

The progressive growth of renal cysts can cause 
tubular obstruction and renal ischaemia, which 
increase activity of the renin-angiotensin system 
(RAS) with arterial hypertension.10 Deterioration of 
renal function is not observed until the destruction 
of at least 50% of the parenchyma. Histological 
lesions are hyperplasia of the cystic epithelium, 
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vascular sclerosis, and interstitial fibrosis. The 
kidneys increase their volume greatly.

DIAGNOSIS

Screening diagnosis should be performed in all  
first-degree adult relatives (>18 years) of patients 
with ADPKD.11 Ultrasonography is the technique of 
choice to diagnose and follow-up ADPKD patients, 
detecting cysts >1 cm and abdominal extrarenal 
features such as hepatic cysts. Ultrasonography 
is cheap and safe, and its sensitivity for PKD1 is 
significantly higher than for PKD2.12 Computed 
tomography (CT) and magnetic resonance imaging 
(MRI) can detect cysts as small as 0.5 cm but are 
reserved for limited cases (suspicion of kidney 
stones or renal tumours) as they are more expensive 
and expose patients to radiation. MRI is the best 
imaging modality to monitor renal volume as used  
in research studies but not in clinical practice.13

Ultrasonographic diagnostic criteria14 are applied  
to patients with unknown genotype and a family 
history of ADPKD (Table 1). In the case of a 
negative family history, the presence of renal cysts 
with increased kidney size, deterioration of renal  
function, and liver cysts may suggest the diagnosis 
of ADPKD;15 however, it must be differentiated from 
other cystic acquired disorders (multiple simple 
cysts, acquired renal cystic disease, medullary 
sponge kidney) or genetic disorders (autosomal 
recessive PKD, tuberous sclerosis, orofaciodigital 
syndrome Type 1, medullary cystic disease).16

Genetic testing should not be used as a screening 
tool when imaging diagnosis is clear. It is only 
indicated in specific situations: diagnosis of exclusion 
in younger at-risk individuals with a family history 
of ADPKD (such as a potential living-related kidney 
donor), patients with cystic disease but without 
affected relatives, individuals with early onset of 
PKD in families with ADPKD, and couples who wish 
a prenatal or preimplantation genetic diagnosis.17 

There are two methods to perform genetic testing: 
genetic linkage analysis (indirect study that requires 
several affected family members) or mutation 
analysis by Sanger sequencing (direct study, useful 
in sporadic mutations).18

Urinary Findings 

The urinary concentration defect is one of the  
earliest findings and may be associated with 
symptoms of thirst and polyuria.19 It has been 
demonstrated that urinary osmolality is less in  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
ADPKD after water restriction test.20 Proteinuria 
is usually minimal and is associated with more 
advanced renal dysfunciton.21 Urolithiasis occurs 
in 20-36% of cases, mainly because of the cystic 
collector compression system.22 In addition, the 
stones are favoured by other alterations in the urine 
which may be present: low urine pH, hypocitraturia, 
hyperoxaluria, or hypercalciuria.

Cyst Compilations

Cystic infection causes sudden acute pain, localised 
in the flank, and fever with elevated markers of 
inflammation. Imaging tests should be performed 
for diagnosis since blood or urine cultures are 
often negative.23 The treatment of choice is soluble 
antibiotics (quinolones) that penetrate the walls 
of the cyst for several weeks. Depending on the 
severity of infection, other treatment options to 
consider are percutaneous or surgical drainage, or 
even nephrectomy in recurrent infections. 

In symptomatic cystic bleeding, the management 
is typically conservative with rest, hydration, and 
analgesia. In persistent bleeding, the following 
may be necessary: transfusion, desmopressin, 
percutaneous embolisation, or nephrectomy.24 When 
haematuria persists for more than 1 week or when 
the first episode occurs in over 50 years, screening 
for kidney cancer with MRI or CT with contrast is 
recommended. The prevalence of kidney cancer is 
not increased in patients with ADPKD.25

RENAL DISEASE PROGRESSION 

Although during the first decades of life the 
renal function remains normal, the growth and 
development of renal cysts continues. After 
starting the deterioration, the annual reduction 
of glomerular filtration rate (GFR) is 4.4-5.9 ml/
minute.26 Depending on the GFR, the patients  

Years Number Of Cysts 

15-39 ≥3 cysts (unilateral or bilateral)

40-59 ≥2 cysts in each kidney

>60 ≥4 cysts in each kidney

>40 <2 cysts for diagnosis of exclusion

Table 1: Ultrasonographic criteria diagnosis for 
patients with a positive family history of autosomal 
dominant polycystic kidney disease.
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should be regularly monitored by the nephrologist, 
although there are no established protocols. ADPKD 
is considered by some authors the prototype of 
cardiorenal syndrome Type 4,27 associated with 
lower prevalence of cardiovascular disease. The 
main factors that determine progression of chronic 
kidney disease (CKD) are: genetic, renal volume, and 
hypertension (Table 2).

The mutation in PKD1 has a worse prognosis, 
beginning the RRT several years before PKD2 (53 
years versus 69 years). A recent study in patients 
with PKD1 observed that individuals with truncating 
mutations progress faster to RRT than patients 
without this mutation (55 years versus 67 years).28

Total renal volume is the best predictor of  
progression of CKD.29 The increase of renal volume 
rate is 1-10% per year. Data from CRISP (Consortium 
for Radiologic Imaging Studies of polycystic kidney 
disease) of kidney volume, measured by MRI, 
demonstrated that the growth in renal volume is 
associated with deterioration of renal function,30 
reduction of blood flow renal,31 and hypertension.32

The control of blood pressure slows the progression 
of CKD and usually precedes the decline of  
GFR.33 Initial treatment option is the use of RAS 
inhibitors to achieve blood pressure of <130/80 
mmHg;34 however, these have not demonstrated 
superiority in the progression of CKD versus  
beta-blockers35 or calcium channel blockers,36 only 
with diuretics.37 45% of ADPKD patients have a 
non-dipping circadian rhythm on ambulatory blood 
pressure monitoring.38

Others relevant factors include: early age of onset  
of symptoms,39 low high-density lipoprotein 
cholesterol levels, proteinuria, haematuria, left 
ventricular hypertrophy, and defect in urinary 
concentration (Table 2).40 Although traditionally 
the male sex has been considered a risk factor 
for progression, in many articles there are no 
differences.41 Normotensive pregnant women with 
normal renal function usually have uncomplicated 
pregnancies without reduction of GFR; however, 
several pregnancies may accelerate progression  
to CKD.42

TREATMENT 

Experimental studies with vasopressin V2 receptor 
antagonist (tolvaptan) in mice with PKD found lower 
renal cAMP levels and inhibition of cystogenesis.43  
The TEMPO study included 1,445 ADPKD patients 
with GFR >60 ml/minute and renal volume >750 
ml, who received treatment with tolvaptan or 
placebo (double-blind) for 3 years. In the results of 
the tolvaptan group, a slowing of the deterioration 
in renal function was observed and there was a 
smaller increase in renal volume, although adverse 
effects were higher (hypernatraemia, polyuria, 
or hyperuricaemia).44 Other treatments, such as 
somatostatin analogues45 and the mammalian target 
of rapamycin (mTOR) inhibitor46 have shown no 
beneficial effect in these patients.

RRT is required in 50% of patients older than 60 
years. In recent years, it has been observed that the 
age at initiation of RRT has increased, attributable 
to therapeutic advances. However, one study found 
no difference in the last 25 years in ADPKD patients 
who started RRT, despite a delay of 9 years in the 
age of onset of RRT in patients without ADPKD.47

Kidney transplantation is the best therapeutic 
choice for ADPKD patients in RRT.48 Nephrectomy is 
indicated previously in presence of repeated cystic 
infections or bleeding and when an enormous renal 
size may complicate a correct placement of the graft. 
Peritoneal dialysis is a technique of first choice49 
which gives a better prognosis than haemodialysis 
for some authors;50 however, in patients with 
massive polycystic liver disease, very large kidneys, 
abdominal hernias, or recurrent diverticulitis it is  
not recommended.

In most articles, the survival of the ADPKD patients 
in RRT was higher than non-ADPKD patients, may 
be in relation to: starting RRT at younger age, 
lower prevalence of cardiovascular risk factors, 

Major Minor
Genotype

PKD1 > PKD2

Early onset of symptoms

Proteinuria

TRV HDL cholesterol

TRC Defect in urinary concentration

Hypertension LVH

Table 2: Factors that determine progression of CKD 
in ADPKD patients.

CKD: chronic kidney disease; ADPKD: autosomal 
dominant polycystic kidney disease; TRV: total renal 
volume; TRC: total renal cyst; HDL: high-density 
lipoprotein; LVH: left ventricular hypertrophy. 
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and higher haemoglobin levels.51 In another study, 
ADPKD patients showed a higher survival rate than  
diabetes-free non-ADPKD patiens.52 The primary 
cause of death in these patients was cardiovascular 
disease, followed by infections.53,54

EXTRARENAL MANIFESTATIONS

Polycystic liver disease is the most common 
extrarenal manifestation and is associated with 
increased renal volume, older age, and female 
sex55 (several pregnancies or oestrogen intake),56 
as oestrogen can stimulate cyst hepatic growth. 
Liver cysts are usually asymptomatic and the liver 
function is normal, so follow-up of these patients 
is not necessary. The diagnosis is performed by 
ultrasonography; however, MRI is more sensitive for 
the detection of small cysts.57 

The increased liver volume may cause symptoms  
of extrinsic compression:  abdominal pain, early  
satiety, and obstruction of the hepatic veins or 
biliar duct.57 Partial hepatic resection or even liver 
transplantation may be necessary in the case  
of massive polycystic liver.58 Treatment with 
somatostatin analogues for 2 years has shown 
decreased liver volume but more studies are 
needed. The mTOR inhibitors have not obtained any  
results.59  Liver cyst infection causes fever, right  
upper abdominal pain, and possible elevated 
CA19.9 and alkaline phosphatase levels. Treatment 
consists of antibiotics that penetrate the cyst  
wall, and the response to percutaneous drainage is 
better than in cysts kidney.60

The prevalence of cerebral aneurysms (CA) is 5-times 
higher in the general population and is increased 
with a positive family history of CA.61 A rupture of 
a CA, resulting in an intracerebral or subarachnoid 
haemorrhage, is the most severe complication of 
ADPKD,62 and depends on size of the CA and other 
factors such as age, uncontrolled hypertension, 
tobacco, cocaine, or anticoagulants.63 Patients with 
CA are usually asymptomatic.

Magnetic resonance angiography (MRA) or 
CT angiography are the procedures of choice 
for diagnosis of CA.64 Screening is indicated in  
ADPKD patients with previous family history 
of aneurysm or cerebral bleeding, previous 
rupture, or neurological symptoms.65 In high-risk 
patients, when the diagnostic test detects no 
aneurysms, it should be repeated every 5 years. 
When an aneurysm is diagnosed, the therapeutic 
options are:66 conservative management with 

radiological monitoring in CA <7 mm, and surgical  
intervention or endovascular repair67 in AC  >7-11 mm 
or rapidly growing.

With regards to cysts in other organs, heart 
or abdominal manifestations are less common 
and usually asymptomatic so screening is not 
recommended. The cysts in the epididymis and 
seminal vesicles are a rare cause of infertility,68 
arachnoid cysts are usually asymptomatic, although 
they may increase the risk of subdural haematoma, 
and there does not appear to be an increased risk  
of ovarian cysts.69

Left ventricular hypertrophy is the most frequent 
cardiac manifestation, usually associated with 
hypertension, but it has also been observed in 
normotensive patients.70 The mitral valve prolapse 
is the most common valve disease;71 others that 
are less common are tricuspid valve prolapse and 
aortic regurgitation due to aortic root dilatation, 
which increases the risk of aortic dissection. Studies 
suggest an increased incidence of coronary and 
aortic abdominal aneurysms.72 The increased risk of 
colonic diverticula and abdominal hernias in ADPKD 
patients may contraindicate the peritoneal dialysis.73

CONCLUSIONS AND 
RECOMMENDATIONS

ADPKD is a hereditary systemic disorder 
characterised by the growth of renal cysts. The 
first symptoms appear from adulthood, such as 
hypertension, haematuria, nephrolithiasis, or cyst 
complications (infection and bleeding) that usually 
are due to the number and size of renal cysts. Total 
renal volume is the best predictor of prognostics for 
ADPKD, and factors of progression of CKD should 
be controlled.

ADPKD patients should be regularly followed-
up by the nephrologist with renal function and 
ultrasonograhy, and screening diagnosis should  
be performed in all first-degree adult relatives  
with ultrasonograhy. A diet low in salt (<6 g/day)  
and protein (<1 g/day) is recommended. Blood 
pressure should be maintained at <130/80 mmHg  
since the treatment of choice is RAS inhibitors.  
In addition, ADPKD patients should drink 2-3 litres  
of water per day and avoiding caffeine, which 
may stimulate cAMP levels and cystogenesis. It  
is recommended to normalise cholesterol levels with 
diet or treatment. A ruptured cerebral aneurysm 
is the most severe complication, so screening  
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with MRA should be performed in high-risk  
ADPKD patients.  

Despite the absence of a specific treatment for 
ADPKD as yet, the initial results of treatment 
with tolvaptan showed a slowing reduction in 

deterioration of renal function and a smaller increase 
in renal volume; however, comparisons with more 
long-term studies are necessary in the search for 
a definitive treatment. Therefore, we should follow 
the recommendations in this review to slow the 
progression of CKD in ADPKD patients.
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ABSTRACT

With the introduction of the National Kidney Foundation Kidney Disease Outcomes Quality Initiative 
chronic kidney disease (CKD) guidelines, CKD has been identified as common, particularly in the 
elderly. The outcomes for those with CKD can be poor: mortality, initiation of renal replacement therapy, 
and progressive deterioration in kidney function, with its associated complications. In young people 
with CKD, the risk of poor outcome is high and the social cost substantial, but the actual number of  
patients affected is relatively small. In the elderly, the risk of poor outcome is substantially lower, but 
due to the high prevalence of CKD the actual number of poor outcomes attributable to CKD is higher. 
Predicting which patients are at greatest risk, and being able to tailor care appropriately, has significant 
potential benefits. Risk prediction models in CKD are being developed and show promise but thus far have  
limitations. In this review we describe the pathway for developing and evaluating risk prediction tools, and 
consider what models we have for CKD prediction and where next.

Keywords: Chronic kidney disease, outcome, risk prediction.  

CHRONIC KIDNEY DISEASE: THE 
BURDEN OF CARE

The recognition of chronic kidney disease (CKD) 
prior to 2002  was inconsistent, with no standard 
definition and, in some cases, led to late referral 
of patients to specialised renal services.1,2 This 
was associated with poor outcomes on renal 
replacement therapy (RRT)1-3 and missed clinical 
opportunity to improve disease course.1 The 
introduction of the National Kidney Foundation 
Kidney Disease Outcomes Quality Initiative 
(KDOQI) CKD definitions,4 international acceptance  
of these definitions, and instigation of CKD  
guidelines5-9 has led to a recognition that the 
prevalence and incidence of CKD is far in excess of 

earlier estimates.10-12 Reports based on data from  
the National Health and Nutrition Examination 
Survey (NHANES) suggested 13.1% (26 million) of 
the US adult population in 2000 had CKD.13 The 
prevalence of CKD increases with age; in NHANES 
approximately 50% of those aged 70 years and 
older were reported to have CKD.13 This is set to 
grow as the global population ages.14 A recent study 
estimated that the lifetime risk of developing CKD 
Stage 3-5 was approximately 60%; three out of five 
babies born today are destined to develop CKD in 
their lifetime.15

The natural history of CKD is perceived to be one 
of loss of renal function over time with associated 
complications, leading ultimately to the need for 
RRT and finally death. With declining estimated 
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glomerular filtration rate  (eGFR) the risk of reaching  
end-stage renal disease (ESRD) increases,  
estimates vary. A Chronic Kidney Disease Prognosis 
Consortium (CKD-PC) patient-level meta-analysis 
reported increasing hazard ratios (HRs) with 
declining eGFR up to an adjusted ESRD HR of 51 
(32-83) 95% confidence interval (CI) for eGFR<15 
(versus 45-74 ml/min/1.73 m2).16 Worsening 
proteinuria is also associated with increasing risk 
of ESRD; CKD-PC report a HR of 9 (2-50) for ACR 
≥1000 (versus <30) mg/g.16 All-cause mortality also 
increased with worsening eGFR and worsening 
proteinuria.17 Other outcomes for those with CKD 
include a high cardiovascular morbidity and 
mortality.18 Progressive deterioration in kidney 
function, short of the requirement for RRT, carries 
the risk of developing anaemia, acidosis, bone 
disease, a need to prepare for RRT, or instigation  
of conservative care. Recent CKD cohort reports 
confirm that, although many initiate RRT or die, a 
significant number may still be alive after several 
years. Our own data on Stage 3b-5 CKD suggest 
that approximately one-third are still alive and not 
requiring RRT at 5 years.19

CKD and the associated increased use of hospital 
services20 come with a significant financial  
cost – estimated for England’s NHS during 2009-10  
to be at £1.45 billion (~1.3% of NHS spending), of  
which just over half was due to RRT costs.21  
Instigation of RRT also involves other costs; these 
include personal loss of earnings, health, and 
personal-social costs both for patients and their 
carers. Thus, in the general population there is a  
high burden of CKD both in terms of volume of 
disease and cost of treatment and management.

INDIVIDUAL RISK VERSUS POPULATION
BURDEN: AGE MATTERS

The burden from CKD is high, but the risk is  
not constant for all patients, and age is a major 
influence on risk and outcome. In the young, 
the risk of poor outcome is high in those with  
CKD compared to those of similar age without  
CKD. The actual numbers of patients affected  
is, however, relatively small because CKD prevalence 
is low and the outcomes are uncommon in the 
‘unexposed’ non-CKD population. In the elderly,  
the relative risk of poor outcome is substantially  
lower as compared to those of similar age without 
CKD, but due to the high prevalence of CKD the  
actual number of poor outcomes attributable to 
CKD is high.19

The effect of this difference in risk is illustrated 
in Figure 1. Relative risk defines the strength of 
the association between the outcome and the  
exposure (in this case CKD and RRT or death). 
Absolute measures of risk estimate the impact of 
a disease (here, CKD) on an individual, or indeed 
population. For an individual this would be the 
difference in risk of a given outcome depending 
on whether a person has the disease (CKD) or not 
– the excess risk associated with having CKD.22 
For populations, the population attributable 
risk describes how much of an outcome can be 
accounted for by exposure to a particular disease  
in the population, and therefore takes into account 
the disease prevalence.22

Figure 1a illustrates the prevalence of CKD for a 
population. The mortality in those without and  
with CKD are illustrated in Figure 1b; this uses  
figures from the CKD-PC meta-analysis reported 
by Hallan et al.23 using the mean mortality rates 
for those with eGFRs of 80 and 45 ml/min/1.73 
m2, respectively to represent an average individual  
with ‘no CKD’ and ‘CKD’, respectively. For those 
aged 18-54 years the mean mortality rates were  
4.0 and 13.0 per 1000 patient-years (py) for  
‘no CKD’ and ‘CKD’ individuals, respectively, thus, 
individuals with CKD had an excess mortality risk  
of 9 per 1000 py, and a mortality HR or relative risk 
of ~3 as a result of CKD. Given that the prevalence  
of CKD is low in those aged 18-54, this excess 
personal risk translates into a relatively small  
excess number of deaths (the numbers shown in  
Figure 1d are purely illustrative since they are  
estimated using outcomes for those with an eGFR 
of 45 ml/min/1.73 m2 to represent those with CKD, 
whereas the majority of those with CKD will have a 
far better eGFR than this). As shown in Figure 1b, 
for those aged ≥75 years, mean mortality rates for 
‘no CKD’ and ‘CKD’ were 57.8 and 85.0 per 1,000 
py, an excess individual risk of 27.2 per 1,000 py and  
a much lower relative risk of  ~1.3. However, as  
illustrated in Figure 1d the far higher prevalence of 
CKD means that the excess deaths are far higher 
despite this lower relative risk. 

The equivalent mean rates for achieving ESRD 
reported by Hallan et al.23 in those with ‘no CKD’ 
and ‘CKD’ (eGFRs of 80 and 45 ml/min/1.73 m2, 
respectively) by age are shown in Figure 1c. The 
rates were higher in the youngest groups, the 
relative risk was higher in the young also. The excess 
individual risks were 45.1 and 8.0 per 1,000 py for  
the youngest and oldest group, respectively. 
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However, since the numbers at risk are so small 
in the young, and large in the elderly, the excess  
cases of ESRD in the illustration are actually a  
little higher for those over 65 years of age. Thus, 
amongst the population there are two distinct 
groups – a group where CKD is uncommon but,  
for those with CKD the personal risk of poor  
outcomes are high, and a group where CKD is 
common but personal risk of poor outcomes is low. 
However, as a result of the number of individuals 
in this second group, they contribute a significant 
number of poor outcomes.

 For care planning, although in terms of personal risk 
there are certain groups at high-risk, the majority 
of those that actually contribute to the highest 
volume of care requirements are generally older 
and have a lower personal risk. Although to have 
a specialist review of the younger high-risk group 
is not challenging, identifying those at risk in the 
low relative-risk elderly group might be, but it is 
important for care-planning. An ability to accurately 
determine which of the high volume group with low 
personal risk are at more risk than their peers would 
allow directed care for RRT planning, pre-dialysis 
care, specialist nephrology input, and mortality 
risk reduction steps. Also, very importantly, it 
would identify those who will not suffer these poor 
outcomes, for whom nephrology care is unlikely 
to be necessary. In other medical fields with high 

volume disease, such as ischaemic heart disease,25,26 
prediction models for the assessment of risk  
have been introduced and are commonly used in 
clinical practice.

CKD OUTCOME PREDICTION AND CARE 
PATHWAY DEVELOPMENT

Developing safe and effective prediction models 
takes time and is a complex process.27-32 Models 
are developed using previous experience and work 
of others to inform and check likely prognosis and 
prognostic variables in a development cohort. 
Regression models are often then used to relate 
these variables and the outcome; importantly,  
indices of model performance are measured to 
decide on the ‘best’ model. A description of how  
well the model performs demonstrates internal 
validity. To demonstrate that the model performs 
well in another similar situation, external validation 
in another population is needed. Once good 
performance has been demonstrated, ideally 
a randomised controlled trial (with economic 
evaluation) would be used to demonstrate the 
implications of introducing the model into clinical 
practice. Then finally, if the model improved care 
or outcomes and had acceptable utility, it would be 
implemented in clinical practice. However, many of 
these steps are often not done and many developed 
models remain untested in clinical practice. 
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Figure 1: Population chronic kidney disease (CKD) prevalence, personal risk, relative risk, and population 
attributable risk. 
1a shows the prevalence of CKD in an illustrative adult population (based on unpublished data from 
Grampian Laboratory Outcomes Morbidity and Mortality 2 Study24); in the darker colour for both males and 
females are the number with an eGFR of <60 ml/min/1.73 m2, percentage values shown refer to the age-
bands as are demonstrated in b, c, d, and e. ** 1b, 1c, 1d, and 1e are based on rates published in Hallan et al.23 

with those with ‘not CKD’ and ‘CKD’ are based on figures for those with eGFR 80 and 45 ml/min/1.73 m2, 
respectively, although it should be kept in mind that the majority of those with CKD will have an eGFR>45 
so this will overestimate CKD excess risk dramatically, but it is used here for illustration purposes only and 
applied to the population in 1a. 1b shows in light grey the death rates by age for those with an eGFR of 80 
ml/min/1.73 m2 as representative of ‘Not CKD’, in dark grey is shown the additional risk in those with an 
eGFR of 45 ml/min/1.73 m2 as representing ‘CKD’, the * crude death rate ratio (based on the ratio of these 
two death rates) is shown in brackets. 1c shows similar for the occurrence of ESRD. 1d shows the excess 
number of deaths that could be expected in this population based on the difference between the death 
rates in those with and without CKD and the numbers with ‘CKD’ in the population. 1e shows the same for 
ESRD. Both are overestimates as the result of using the rates for 80 and 45 ml/min/1.73 m2 as estimates for 
those with ‘not CKD’ and ‘CKD’. 

In the field of renal medicine there are no prediction 
models for CKD outcomes that are in common use 
in clinical practice. But early work33 has been done 
that suggests prediction models could offer ways  
to plan and tailor care for people with CKD based  
on their risk of poor outcomes. Potential models  
have been developed to predict CKD outcome 
including mortality, cardiovascular disease, and 
kidney failure; the studies identified in two recent 
reviews34,35 are summarised in Table 1.

The identified prediction studies have shown that  
it is possible to develop models to predict outcome  
in those with CKD, using a wide range of data  
sources. The majority of these studies and models 
sought to predict ‘renal failure’ (most but not 
all defined by the initiation of RRT). Five of the  
identified studies report on models to predict 
mortality in those with CKD,34 sometimes as 
a composite end-point ‘death or renal failure’.  
Just three report cardiovascular event prediction  
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models, including a comparison with the 
performance of the Framingham risk equation. 
These death and cardiovascular models rarely  
report most performance metrics, except 
discrimination which were usually reasonable 
(C-statistics of 0.60 to 0.82).34

Of the ten studies developing prediction models  
for renal failure, two studies were in individuals  
with IgA nephropathy alone, and two in people with 
diabetic nephropathy, limiting generalisability for 
those with CKD of other or unknown cause. Only  
two studies were in community populations not 

identified through referral to specialist nephrology 
care. The variables in the models were important 
in terms of application to current clinical practice: 
those that are routinely performed such as 
creatinine (and eGFR) are easily translated into  
care; using variables that are only measured if 
clinically indicated potentially limits utility as does  
the use of biological measures that are not in  
common use in routine clinical practice such as 
cystatin C and NT-pro-BNP. No studies used the 
pattern or rate of eGFR or creatinine change as a 
predictor variable.

Study Setting, included 
individuals

Size Routine plus special 
measures

Stage in development

Dimitrov36 Clinic, RCT,
Nondiabetic CKD

344 Routine, calcium 
phosphate product

P. metrics (D+ C+)
Internal validation

Keane37 Clinic, RCT,
Diabetic 
nephropathy

1,513 Routine P. metrics (D- C-)
Internal validation

Wakai38 Clinic, cohort,
IgA nephropathy

2,269 Routine, BP, haematuria

Histological grade

P. metrics (D+ C-) 
Internal validation

Kent39 Clinic, RCTs,
Nondiabetic CKD

1,860 Routine, BP P. metrics (D+ C+) 
Internal validation

Johnson40 HMO cohort
CKD

9,782 Routine, BP, history of DM P. metrics (D+ C+) 
Internal validation

Goto41 Clinic, cohort,
IgA nephropathy 
only with eGFR 
>60 ml/min/1.73m2

790 Routine, BP, haematuria

Histological grade

P. metrics (D+ C+) 
Internal validation

Hallan42 Population,
cohort
CKD and no CKD

65,589 
(not all 
CKD)

Routine, BP, meds, DM, chol

Physical activity

P. metrics (D+ C-) 
Internal validation Explores 
potential clinical impact

Landray43 Clinic, cohort,
CKD

382 Routine, phosphate P. metrics (D+ C+) 
Internal validation, External 
validation (213)

Desai44 Clinic, RCT
Diabetics with 
CKD and anaemia

995 Routine, race, BMI, meds, Hx PAD/stroke/
HF/arrhythmia/AKI, ferritin, CRP

TnT, NT-pro-BNP

P. metrics (D+ C-) 
Internal validation

Tangri33 Clinic, cohort,
CKD

3,449 Routine, (8 variable model) phosphate, 
bicarbonate, calcium

P. metrics (D+ C+) 
Internal validation, External 
validation (4942)

Cardivascular events

Shlipak45 Population, cohort,  
CKD

1,249 Routine, race, education, meds, Hx of 
DM/ CVD, education, BP, BMI

P. metrics (D+ C-)

Weiner46 Population, cohort,
CKD

934 Routine, BP, chol, DM, smoking, race External validation of 
Framingham risk equation
P. metrics (D+ C+) of 
recalibrated model

McMurray47 Clinic, RCT,
Diabetics with 
CKD and anaemia

955 Routine, race, BMI, meds, Hx PAD/stroke/
HF/arrhythmia/ AKI, ferritin, CRP, ECG

TnT, NT-pro-BNP

P. metrics (D+ C-)

Table 1: Studies that report CKD outcome prediction models.
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Routine might include: age, sex, some creatinine based measure of excretory renal function, some  
measure of albuminuria, some measure of serum protein, some measure of anaemia; CKD: chronic kidney 
disease; ESRD: end-stage renal disease; RRT: renal replacement therapy; HMO: health maintenance 
organisation; RCT: randomised controlled trial; BP: blood pressure or hypertension; DM: diabetes  
mellitus; CVD: cardiovascular disease; Hx: history of; PAD: peripheral arterial disease; HF: heart failure;  
BMI: body mass index; AKI: acute kidney injury; CRP: C reactive protein; TnT: troponin T; NT-pro-BNP: 
N terminal prohormone brain natriuretic peptide. P. metrics: performance metrics; D+/D-: discrimination 
reported/not reported (usually as ROC or C statistic); C+/C-: calibration reported/not reported (usually 
as Hosmer-Lemeshow statistic or plot); Chol: cholesterol; ECG; electrocardiogram; BMI: body mass index.

Study Setting, included 
individuals

Size Routine plus special 
measures

Stage in development

All-cause mortality

Keane37 Clinic, RCT,
Diabetic 
nephropathy

1,513 Routine, HbA1c
All-cause mortality + ESRD

P. metrics (D- C-) 
Internal validation

Johnson48 HMO cohort,
CKD

6,541 Routine, BP, history of DM P. metrics (D+ C-) 

Landray43 Clinic, cohort,
CKD

382 Routine, smoking

NT-pro-BNP, TnT

P. metrics (D+ C+)
Internal validation External 
validation (213

Berthoux49 Clinic, cohort,
IgA nephropathy

332 Routine, BP
All-cause mortality + ESRD
Histological grade

P. metrics (D- C+)
Internal validation

Desai44 Diabetes type 2, 
CKD and anaemia

995 Routine, race, BMI, meds, Hx PAD/stroke/
HF/arrhythmia/AKI, ferritin, CRP

TnT, NT-pro-BNP

P. metrics (D+ C-) 
Internal validation

Reporting of the metrics considered of 
importance in the development of a prediction 
model (discrimination, calibration, model fit, 
and reclassification), summarised in Table 2 
and previously34,50 was variable. Discrimination 
was reported in the majority and was excellent; 
c-statistics of 0.79-0.94 (compared to the widely 
accepted Framingham model performance of  
0.75-0.81).25 Calibration was not consistently 
reported. The clinical implications were explored 
and reported in only one study,42 although model 
application to clinical care was discussed by  
two authors33,40 and useable interfaces presented 
by three.33,40,43 Only two authors demonstrated  
external validity.33,43 Both studies’ models were 
developed and externally validated in individuals 
referred to renal services and, as such, their 
performance in individuals from less specialised 
settings (e.g. community or non-specialist care) 
have not been demonstrated.33,43 

The best reported of these models were by Tangri 
et al.,33 who recounted model calibration, and for 
the several models developed report the relative 
performance of one model over another.33 The 

original study included external validation and  
they have since been externally validated by  
others.51 The performance of the Tangri 3 and 4 
variable models are illustrated in Figure 2 applying 
the models to an example CKD population cohort 
generated from our routine clinical practice in the 
North East of Scotland.19 The 3 variable model 
could be applied to the whole cohort; however, 
all 1,246 with Stage 4 CKD were labelled as  
high-risk when in fact only 89 had started RRT  
by 5 years (very sensitive, very poor specificity).  
Of the 4,951 with Stage 3b CKD (41 inititating RRT  
by 5 years) 2,053 were defined as high-risk 
(sensitivity 0.95, but specificity of only 0.59). The  
4 variable model restricted the number for whom 
there was appropriate data available as part of  
routine care, so that only 13% of those with Stage 
3b CKD could have a risk calculated. However,  
performance was a little better. Nevertheless, even 
the best performing of the Tangri models showed 
better discrimination amongst those with Stage 
4 CKD than Stage 3 CKD where the main clinical  
challenge remains.52

Table 1 continued.
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WHERE NEXT?

Thus, the models currently available, although 
demonstrated to be useable, are limited by a 
number of issues and flaws and so need further 
work. Reporting and testing of model performance 
was inconsistent, and while standard, basic tests 
of internal validity of the models tended to show 
promise, more transparent testing on external 
validation cohorts reporting sensitivity, specificity, 
false-positives, and false-negatives would be  

helpful in assessment of clinical utility, particularly 
using the suggested thresholds for identifying  
high-risk individuals.

Models that are practical to use in ‘real-life’ with 
real-life data such as the Tangri model should be 
given priority, and model refinement should ensure 
practical real-life useability. Models need to be 
judged in terms of the added value for care and 
service planning over the current use of referral 
guidelines based on eGFR and proteinuria.53 The 
addition of novel biological markers has, thus  

In our local cohort with CKD, using an RRT risk of >5% at 5 years as high-risk, the Tangri 3 and 4 
variable models performed as below:

CKD stage 
Number of patients with CKD
Number start RRT at 5 years
Missed RRT cases
Number high-risk
Sensitivity
Specificity 

3 variable model

3b
4,951

41
2 (5%)
2053
0.95
0.59

4
1,246

89
0 (0%)
1246
1.00
0.00

3b
650
14

2 (15%)
15

0.86
0.83

4
153
16

0 (0%)
125
1.00
0.20

4 variable model

Figure 2: Practical example of prediction model performance not illustrated using discrimination, 
calibration, and model fit indices.  
CKD: chronic kidney disease; RRT: renal replacement therapy.

Description How usually measured/reported
Discrimination Whether the model assigns a higher 

probability to individuals who have 
the outcome of interest versus 
those who do not.

Area under the receiver operating charac-
teristic (ROC) curve, or c-statistic.
0.50 is no better than chance.
0.70-0.80 good.
>0.80 excellent.

Calibration How well the predictions equate to 
actual outcome.

Calibration plots; variants on the Hosmer-
Lemeshow χ2 statistic, rank into deciles of 
predicted risk, then compare the expected 
and observed frequency of the outcome in 
each decile. If very different then not good 
calibration.

Goodness of fit How well the model fits the data 
concerned.

Akaike or Bayes information criterion, the 
lower the value the better fit of the model.

Reclassification How a newer (or more complex) 
model improves the reclassification 
of individuals – those with the event 
to a higher predicted risk and those 
without the event to a lower pre-
dicted risk.

Net reclassification improvement or inte-
grated discrimination improvement. If the 
direction of the reclassification is correct – 
those with events to higher risk, those with 
no events to lower risk, then the newer (or 
more complex) model is better.

Table 2: Common and expected indices for the reporting of prediction model performance.
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far, provided limited improvement in model 
performace and has restricted immediate clinical 
implications if testing for such markers is not in 
widespread clinical use. Greater gains for model 
refinement  might come from taking into account 
the type of information used in clinical practice to 
assess long term risks: rate and pattern of kidney 
function decline, comorbidity, and underlying renal 
pathology, for example.

Model performance has not been explored in 
depth in older age populations. Experience from 
the cardiovascular literature suggests that model 
performance may not be as good in the elderly.25,26 
In this age group, issues of competing risks from 
other morbidities and death become increasingly 
important. Further external validation of refined 
models in community settings such as primary care  
is required prior to any use in this context. Once  
these models have been refined, good quality 
randomised controlled trials of their introduction 
should be run to demonstrate any improvement in 
care and outcome delivery and absence of harm.  
This would then facilitate the introduction of 
stratified renal medicine appropriate to the risk 
profile of individuals concerned. Referral and 
intensive management with optimal implementation 
of current treatment guidelines could then be 
focused to those with the greatest opportunity 
to benefit. Health economic evaluation of the 
cost-effectiveness of different models of care 
delivery, based on stratification using prediction 
models, will be needed to support service 
planning, but the opportunity to reduce the need  
for referral to specialist services and frequency 

of follow-up has significant potential benefits for 
patients and health services.54

CONCLUSION

With the introduction of the KDOQI CKD  
guidelines, CKD is being identified more commonly, 
particularly in the elderly where milder renal 
impairment is predominant. The outcomes for those 
with CKD are poor – mortality, initiation of RRT, and 
progressive deterioration in kidney function, with its 
associated complications. In young CKD patients, 
the risk of poor outcome is high and the social  
cost substantial, but the actual numbers of  
patients affected is relatively small. In the elderly, 
the risk of a poor outcome is substantially lower, 
but due to the high prevalence of CKD the actual 
number of poor outcomes attributable to CKD  
is higher. Since >50% of those over the age of  
70 years have CKD, prediction models to stratify  
care by risk group, focusing on intervention, and  
delivering different models of care based on risk,  
have great potential particularly at a population  
level. Risk prediction models in CKD have been 
developed and show promise but, thus far, have 
limitations – clinical performance is not fully  
reported and external validation is rare. The 
clinical utility of these models lies, for example, 
in the ability to explore timing of dialysis access 
placement, but also requires further research. The 
introduction of such models has great potential to 
deliver appropriate stratified medical care, but this  
should be after appropriate randomised controlled 
trials of effect.
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ABSTRACT

Hospital-acquired acute kidney injury (AKI), a common and harmful renal disorder, is an independent risk 
factor for short-term and long-term mortality particularly in critically ill patients. The management of this 
patient subpopulation remains supportive, with renal replacement therapy (RRT) indicated in severe renal 
failure. RRT prevents immediate death from lethal complications of advanced AKI, and - undoubtedly 
- reduces the mortality in AKI patients. The field of RRT has undergone remarkable changes to further 
improve the dismal short-term outcome. However, trials have failed to demonstrate an additional survival 
benefit of choice of modality or increased dose, or timing of RRT initiation if RRT is adequately performed. 
Clearly, AKI is not an isolated event but results in multiple negative effects on inflammation or coagulation 
and in multiple organ dysfunction. The underlying mechanisms are not amenable to current RRT. Thus, we 
should be realistic in our expectations of what dialysis and haemofiltration could accomplish; they are not 
renal replacement therapies in the true sense of the word, but only supportive systems. Prevention of AKI by 
better care, earlier anticipation of AKI by use of novel biomarkers and pharmacologic therapy of emergent 
AKI, and the introduction of bioreactor systems into clinical treatment of AKI may be future strategies to 
further improve the poor outcome of these patients.

Keywords: Acute kidney injury, renal replacement therapy, outcome. 

INTRODUCTION

Acute kidney injury (AKI) is common in hospitalised 
patients, in particular in those admitted to the 
intensive care unit (ICU). AKI complicates the clinical 
course of approximately 40% of critically ill patients 
with higher rates in septic ICU patients compared to 
patients undergoing elective surgery. 

Undoubtedly, hospitalised patients affected by AKI 
have a poor short and long-term prognosis. AKI is 
associated with significantly increased in-hospital 
mortality, prolonged length of ICU or hospital stay, 
longer dependence on mechanical ventilation, 
or non-recovery of renal function at discharge. 
Survivors may experience de novo development 
and progression of chronic kidney disease (CKD); 
they require frequent re-hospitalisations, experience 
impaired quality of life, need re-institution of  

dialysis for end-stage renal disease (ESRD), and 
show dismal long-term survival. Outcomes of 
hospital-acquired AKI are related directly to the 
severity of AKI (Risk, Injury, Failure, Loss of function, 
and End-stage renal disease [RIFLE] staging criteria). 

In the absence of causative therapies for established 
AKI, its management remains supportive. Renal 
replacement therapy (RRT), using one or more of the 
modalities of dialysis or haemofiltration, is required 
in approximately 5% of all patients affected by AKI.1,2 

MORTALITY OF CRITICALLY ILL 
PATIENTS WITH SEVERE AKI

The mortality of AKI due to acute tubular necrosis 
approached 100% during World War II. The 
introduction of haemodialysis during the Korean War 
improved mortality from about 90% to 50%. This 
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remains the best evidence to date that haemodialysis 
improves short-term outcome of critically ill patients 
with AKI.3

AKI-associated mortality is decreasing4,5 but the 
outcome remains poor. In the literature, the mortality 
rate of patients with AKI plus three failing organs, 
and a sequential organ failure assessment (SOFA) 
cardiovascular score of 3 or 4 is 50% at 90 days, 
whereas 10 years ago it was 65%. Regarding non-
septic AKI requiring RRT, the overall mortality can be 
as low as 40% at 90 days.

Patients die of AKI, not just simply with AKI. Even 
small changes in serum creatinine concentrations 
(<0.5 mg/dl) after cardiothoracic surgery are 
associated with a substantial increase in the risk 
of death.6 A prospective multicentre cohort study7 
found that ICU patients with AKI requiring RRT, 
matched with ICU subjects for age and severity of 
illness, had a significantly higher hospital mortality. 
These results provide further evidence that AKI 
presents a specific and independent risk factor  
even under conditions of RRT. 

Well-known complications of AKI are fluid overload, 
retention of uraemic toxins, and electrolyte 
abnormalities which need at least partial correction. 
New concepts argue that the development of  
AKI is the consequence of complex interactions 
between the actual insult and the subsequent 
activation of inflammation and coagulation 
cascades. Experimental models of AKI show that  
AKI instigates and multiplies cardio-pulmonary, 
hepatic, and neurologic dysfunction. Further  
studies provide evidence that AKI is associated  
with higher infection rates.8-10

CURRENT APPROACHES TO RRT 

The aims of RRT for AKI are to maintain metabolic 
and volume homeostasis, and to prevent uraemic 
complications and dysfunction of vital organs  
during the acute illness until renal function recovers. 
These benefits must be balanced by potential 
harms, such as central venous access complications, 
infection, anticoagulation with heparin and its  
multiple untoward side-effects, depletion of 
electrolytes and micronutrients, incorrect dosing of 
antimicrobial drugs, hypotension, and aggravation 
of renal and systemic inflammatory effects by 
the components of the extracorporeal circuit.11 
The introduction of citrate has revolutionised 
anticoagulation for continuous renal replacement 
therapy (CRRT). Compared to heparin, citrate 

anticoagulation reduces the risk of bleeding 
and requirement for blood products in patients 
with or without coagulopathy. Regional citrate 
anticoagulation effectively prevents extracorporeal 
thrombosis and improves the delivery of RRT. The 
use of citrate may also be associated with less 
systemic inflammation.12 In critically ill patients, 
different factors modify the elimination of drugs, 
particularly antibiotics, when CRRT or sustained 
low-efficiency dialysis (SLED) is performed. Altered 
pharmacokinetics of many antibiotics must be  
taken into account, and a modification of dosages is 
usually necessary to prevent underdosing.13

Choice of RRT Modality

RRT is increasingly performed as CRRT,  
as conventional intermittent haemodialysis  
(IHD), hybrid techniques (slow extended daily 
dialysis [SLEDD]), or prolonged intermittent renal 
replacement therapy (PIRRT), and rarely acute high 
volume peritoneal dialysis (PD). 

CRRT is perceived to offer greater cardiovascular 
stability. However, IHD interventions, such as  
daily frequency, augmented duration, volumetric 
control of ultrafiltration, bicarbonate based  
dialysate, sodium modelling, ultrafiltration profiles, 
cooled dialysate, increased dialysate calcium, and 
biocompatible dialyser membranes, may lead to a 
reduction in intradialytic hypotensive episodes, and, 
thus, enable the safe treatment of almost all critically 
ill patients with AKI.14 

Based on systematic reviews, there is no convincing 
evidence that CRRT is superior to IHD in terms of 
mortality.15-19 These meta-analyses did not include 
the recently published monocentric Continuous 
Versus Intermittent Renal Replacement Therapy 
on the outcome of critically ill patients with acute 
renal failure (CONVINT) trial.20 The authors of 
these randomised controlled trials (RCTs) observed 
no significant differences between daily IHD and 
continuous veno-venous haemofiltration (CVVHF); 
they concluded that IHD and CRRTs may be 
considered equivalent. The rate of comparison of 
CRRT and hybrid techniques (SLED) is low; very 
few prospective RCTs are done on SLED. In a 
randomised trial of 60 patients, continuous veno-
venous haemodiafiltration (CVVHDF) was compared 
to 6-8 hours of SLED. There was no difference in 
ICU or 30-day mortality among treatment arms.21 
The RRT Study in ICU patients (a monocentric RCT) 
compared SLED with CVVH and observed similar 
outcome (90-day mortality) between 12-hour SLED 
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or 24-hour CVVH.22 However, more data are needed 
to state that SLED is equivalent to CRRT. Moreover, 
both published RCTs have significant drawbacks 
such as a small number of participating patients 
and an insufficient statistical power to discriminate 
differences among treatment groups.21,22

Data comparing high volume PD to IHD or CRRT 
are scarce. One RCT compared daily IHD and high 
volume PD in 120 patients. High-dose continuous 
PD provided appropriate metabolic control and 
survival, while recovery of renal function is similar 
to daily IHD.23 Another RCT compared high volume 
PD and extended daily haemodialysis, and found no 
evidence of a survival benefit.24

The recent Kidney Disease: Improving Global 
Outcomes (KDIGO) Clinical Practice Guidelines for 
AKI, recommend that CRRT and IHD are used as 
complementary therapies, with the suggestion that 
CRRT be used preferentially for haemodynamically 
instable patients and exclusively in AKI patients 
with brain injury or increased intracranial pressure 
resulting from intracranial haemorrhage or fulminate 
liver failure. The modality chosen should be guided 
by the individual patient’s clinical status, medical 
and nursing expertise, and the availability of RRT 
modes. However, both the frequency and duration 
of IHD should be adjusted to minimise episodes 
of intradialytic hypotension by avoiding high 
ultrafiltration rates.25

Choice of RRT Modality and Dialysis Dependence 
after AKI

Development of de novo progressive CKD, 
acceleration of pre-existing CKD, non-recovery of 
renal function, or ESRD requiring chronic dialysis 
are associated with higher long-term mortality. 
Multiple observational studies, including a recently 
published retrospective cohort study,26 but none of 
several prospective RCTs, indicated that ICU AKI 
patients initially treated with intermittent rather  
than continuous RRT are more likely to become 
dialysis dependent. A retrospective analysis of 145 
septic AKI patients who received RRT with CVVHF 
or extended daily haemofiltration (EDHF) found that 
patients who underwent CVVHF had significantly 
improved renal recovery independent of clinically 
relevant variables, but had similar 60-day all-cause 
mortality rates.27 Also, the pooled database and 
subsequent analysis of the Randomised Evaluation 
of Normal Versus Augmented Level Replacement 
Therapy (RENAL) and the Veterans Affairs/
National Institutes of Health (VA/NIH) trials showed  

impressive results regarding renal recovery 
when CRRT was started first (instead of IHD) in 
haemodynamically unstable patients.28

A Cochrane systematic review comparing IHD 
with CRRT found similar hospital mortality, ICU 
mortality, length of hospital stay, and renal recovery 
in critically ill patients. It is important to keep in 
mind that only three small RCTs, but none of the 
observational studies, were included in this part 
of the analysis.15 A recently published systematic 
review and meta-analysis included 23 studies  
(7 RCTs, 16 observational studies). Pooled analyses 
of the RCTs demonstrated no significant difference 
in dialysis dependence rates between the modalities, 
but pooled analyses of the observational studies 
showed that patients who initially received IRRT 
had a 2-fold increased risk of dialysis dependence 
compared with CRRT. However, the latest meta-
analyses have important limitations. The adjusted 
analyses found a higher rate of dialysis dependence 
in five observational studies and no difference  
in two observational studies. There were severe 
limitations in the observational studies (study 
design, lack of baseline renal function, cause and 
severity of AKI, unknown distribution of non-
renal comorbid disease and CKD at baseline, days  
on RRT and prescription of IHD, and number 
of hypotensive episodes). The investigators 
acknowledged that their findings rely exclusively 
on data from observational studies, which might  
be associated with allocation bias.29 Given the  
human and public health implications of better  
AKI outcomes, large RCTs, focusing on renal  
recovery after AKI, are needed to fully understand  
the potential effects of initial modality choice  
on subsequent dialysis dependence and long- 
term mortality.

TIMING OF RRT IN CRITICALLY ILL 
PATIENTS WITH AKI

Classical indications for RRT initiation in ICU  
patients include uraemic symptoms and signs, 
hyperkalaemia refractory to medical management, 
volume overload unresponsive to fluid restriction 
and diuretics, as well as metabolic acidosis that 
is severe or accompanied by volume overload, 
precluding adequate bicarbonate therapy. In  
this situation, RRT is the rescue therapy of 
immediately lethal complications of severe AKI. 
Current practice, however, is to initiate RRT early, 
although RCTs have not been able to document 
significant benefits of prophylactic dialysis.16  
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In the absence of robust predictive markers of  
renal functional recovery, there is no commonly 
accepted definition for the optimal timing of 
initiating RRT, and indications remain controversial. 

Numerous studies have compared early and 
late initiation of RRT in critically ill patients 
with AKI (RIFLE Stage 3 or Acute Kidney Injury 
Network [AKIN] Stage 3). The majority have been  
retrospective cohort analyses or prospective 
observational studies and have used a variety of 
definitions for ‘early’ or ‘late’. To explore the optimal 
timing for initiation of RRT different parameters 
were used, including arbitrary cut-offs for serum 
creatinine, serum urea, urine output, fluid balance, 
hyperkalaemia, and time from ICU admission or 
time after onset of AKI. The data obtained are  
conflicting. One small RCT indicated that of the  
28 CRRT patients treated per protocol, 12 patients  
in the early group (86%) were alive at 2 weeks 
compared with only 2 patients (14%) in the late 
group.30 The two other RCTs found no significant 
differences between early or late therapy.31,32 208 
patients with progressively worsening community-
acquired AKI participated in a recently published 
RCT. Early IHD was initiated when serum urea 
nitrogen and/or creatinine levels increased to 70  
and 7 mg/dl, respectively. Usual start patients 
received IHD when clinically indicated. 27 (13%) 
patients recovered kidney function before even 
receiving RRT. Primary outcome data (in-hospital 
mortality and dialysis dependence at 3 months) did 
not support early initiation of IHD in community-
acquired AKI.32 

Three meta-analyses concluded that earlier 
institution of CRRT or IHD in critically ill patients  
may be associated with a survival benefit.33-35 
However, the studies were heterogeneous and 
of variable quality and size with few RCTs. The 
majority of retrospective analyses used conventional 
parameters of renal function. However, serum 
levels of creatinine or urea, as well as urine output,  
depend on multiple non-renal factors as well. The 
criterion ‘duration of admission to ICU to start of 
RRT’ can only be determined retrospectively; the 
exact duration of AKI remains often speculative, 
and the diagnosis of AKI is often delayed or even 
early AKI is missed when the current gold standard 
‘serum creatinine’ is used. Furthermore, the vast 
majority of primary studies restricted their analyses 
to patients who received RRT. However, patients 
who do not receive early RRT can follow different 
paths. They may need late initiation of RRT, they 

may die before initiation of dialysis, or they may 
recover kidney function. It cannot be excluded  
that more patients with less severe AKI (less than 
RIFLE Stage 3) received early RRT and it may be 
possible that the severity of the underlying illness 
and patient characteristics were different from  
those of patients in whom RRT was delayed. Also, 
earlier initiation of RRT may have been prompted 
by volume overload or life-threatening electrolyte 
disturbances, whereas progressive uraemia and 
distant organ dysfunctions may trigger a late start 
of RRT. 

A recent multicentre retrospective study enrolled 
648 ICU patients with post-surgical AKI. The 
initiation of RRT was categorised according to 
the time between ICU admission and start of RRT 
as early (less than 1 day), intermediate (2-3 days), 
and late (4 or more days). Estimated probability of  
death and in-hospital mortality rates followed ‘U 
curves’, suggesting that very early and late initiation 
of RRT may equally increase mortality.36

Taken together, the additional effect of timing the 
initiation of RRT on survival of patients with severe 
AKI is yet to be investigated in large RCTs. There 
is an urgent need to clarify whether subgroups of 
critically ill patients with septic AKI or cardiogenic 
shock benefit from an earlier commencement of  
RRT. Future trials should use a panel of novel 
biomarkers to define early and late initiation of RRT. 

The KDIGO Clinical Practice Guidelines recommend25 
the decision to initiate RRT should be based on  
the clinical context, the presence of conditions 
that can be modified with RRT, and trends of 
laboratory tests rather than single blood urea 
nitrogen or creatinine levels. The initiation of RRT 
may be deferred if the underlying clinical condition 
is improving. There may be patients with a futile 
prognosis in whom RRT would not be appropriate.

INTENSITY OF RRT

Clinical trials of the intensity of RRT for AKI have 
produced conflicting results. There is no consensus 
regarding the optimal intensity of RRT to address 
the high mortality of critically ill patients with AKI 
requiring RRT. Traditionally, in studies with ICU 
patients, the dosage of RRT has been assessed by 
variants of Kt/V urea in dialysis based modalities, 
all of which have limitations. Due to the difficulty 
in assessing the volume of distribution of urea, the 
delivered dosage of IHD can be markedly lower than 
that prescribed and is not routinely measured in 
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clinical practice. The weight-adjusted effluent flow 
rate is used as surrogate for convective therapies. 
However, any assessment of RRT adequacy based 
solely on small solute clearance remains incomplete 
and neglects fluid balance and removal of middle 
and large-sized molecules. 

Although studies assessing the effect of RRT 
intensity on mortality of AKI patients have been 
conducted since 1975, there is a paucity of data 
regarding adequate dosage of RRT to be delivered 
for AKI, particularly for IHD or SLED. The majority 
of trials published before 2008 clearly favoured 
more intensive therapy, whereas trials published 
after 2008 showed more intensive RRT not to be 
more effective than less intensive regimens. This  
difference is probably due to study design (single 
centre versus multicentre), patient characteristics, 
and the actual RRT dosages delivered. 

Two large-scale multicentre trials of higher versus 
standard dose RRT in critically ill patients with AKI, 
the VA/NIH trial,37 and the RENAL trial,38 found no 
improvement in clinical outcomes with the delivery 
of a higher intensity dose, including endpoints such 
as survival or renal recovery. Recent meta-analyses 
are similarly negative, showing no improvement 
in overall outcome or in patient subsets (septic 
versus non-septic) with higher doses of RRT.39,40 A  
minimum delivered dose of at least 20-25 ml/
kg/hour for CRRT and a single pool Kt/V urea of  
1.2-1.4 for IHD thrice-weekly appears adequate for 
many critically ill AKI patients.25 It is accepted that 
hypercatabolic or volume overloaded patients may 
require higher doses or frequencies of RRT. Given 
the well-known discrepancies between prescribed 
and delivered doses in RRT in the acute setting, 
prescribing a modestly higher dose of therapy may 
be necessary to achieve target doses.

HIGH VOLUME HAEMOFILTRATION 
FOR SEPTIC AKI

High volume haemofiltration effluent rates >50 
ml/kg/hour were believed to improve outcomes 
in critically ill patients with sepsis or septic shock. 
However, two recent meta-analyses including 
three or four RCTs, respectively, did not show any 
meaningful difference in early mortality between  
high volume and standard volume haemofiltration. 

There is insufficient evidence for a therapeutic  
benefit for the routine use of high volume 
haemofiltration in septic AKI.41,42

Biocompatibility of Haemodialysis Membranes 
and Outcome of AKI

The effect of bio-incompatibility of haemodialysis 
membranes on mortality in AKI has been the subject 
of intense and industry-driven debate, with some - but 
not all - studies reporting a lower risk of death among 
patients dialysed with biocompatible membranes 
compared to bio-incompatible membranes. Two 
meta-analyses suggested a survival advantage for 
synthetic membranes over unsubstituted cellulose 
(cuprophane) membranes.43,44 As cuprophane 
membranes have been phased out over time and 
the price difference between synthetic and modified 
cellulose membranes is negligible, the impact of 
membrane choice on patient outcome has become 
somewhat passé. 

CONCLUSIONS

Mortality associated with severe AKI remains 
unacceptably high, in spite of a number of new 
advances in RRT technology and approaches to 
RRT. Although it has been argued that RRT is not 
yet fully optimised, further adjustments of RRT in 
ICU AKI may have little impact on overall mortality. 
In the setting of multi-organ failure, we should be 
realistic in our expectations of what dialysis and 
haemofiltration can accomplish. Cell therapy devices 
are currently developed to replace the filtrative, 
metabolic, and endocrinologic functions of the 
human kidneys lost in AKI.45 The bioartificial kidney, 
which incorporates a haemofilter with tubular cell 
lines, may be particularly promising in this regard.

The National Confidential Enquiry into Patient 
Outcome and Death (NCEPOD) 2009 report on AKI, 
‘adding insult to injury’, identified deficiencies in 
care in 50% of hospitalised cases, including failures 
in AKI prevention, recognition, therapy, and timely 
access to specialised services. 30% of cases of AKI 
were judged to be preventable.46 Early identification 
of AKI with novel candidate biomarkers may be 
an important step in improving outcome. These 
biomarkers help not only in the early detection of 
AKI before the onset of a rise in serum creatinine, but 
also in the differential diagnosis of the condition.47
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ABSTRACT

Renal denervation (RD) is a new clinical procedure which aims to treat resistant hypertensive patients. As 
with every new technology introduced into the clinical setting, many aspects were not explored sufficiently 
in order to be implemented into routine clinical practice. Advances in clinical technology require different 
steps of development, which start from preliminary in vitro experiments and finally arrive in the market, 
available for physicians when they have been proven to produce benefits for patients. Each stage usually 
takes many years before acquiring consensus from specialists involved in specific fields. In our opinion, this 
is a long and blind way and is a disadvantage to patients who need rapid, specific, and effective treatments. 
Otherwise, a multidisciplinary approach can provide the right evaluation of RD position and its potential for 
clinical application and research development. Therefore, we decided to draw a well-structured literature 
review from different specialists’ points of view in order to cover the subject in a translational manner. We 
reported animal models and experimental trials, in chronological order, and their evidences which have 
created the basis for human research. Technologies and devices were compared to underlined advantages 
and disadvantages. An update of clinical data was considered to define clinical needs in order to build 
focused trials. Furthermore, we evaluate the feasibility of routine RD clinical use by means of an economic 
analysis. Finally, we tried to settle the main unresolved questions and then assessed future RD perspectives, 
including non-hypertension indications.

Keywords: Resistant hypertension, sympathetic hyperactivity, catheter, radiofrequency, heart failure, 
incremental cost effectiveness ratio.

INTRODUCTION

Renal denervation (RD) is a newcomer in the field 
of antihypertensive therapies. Since its arrival 
a lot of trials and reviews have been published, 
dividing the scientific community between those 
for and those against this procedure. In the last few  
months, several published reviews have focused 
on epidemiology of resistant hypertension and 
clinical aspects of RD. Arterial hypertension is 
a diffuse and complex disease which involves 

severe complications in different organs and 
apparatuses, so as a result hypertensive patients 
are referred to general practitioners as well as to 
different specialists (cardiologists, nephrologists, 
internists). In this setting, RD could be defined as a  
‘translational procedure’ which involves different 
medical specialists but also different professionals, 
such as engineers and biologists. Nowadays, 
hypertension treatment has a heavy economic 
impact on the healthcare system compared to 
the past, due to technological improvements.  
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Figure 1: Short and long-term consequences associated with sympathetic activation.
The long-term control of BP has been attributed to the kidney by the mechanisms of pressure natriuresis 
and diuresis, in which it couples the regulation of blood volume to the maintenance of sodium and water 
balance. The activation of renal afferent fibres by decreased renal blood flow and by variation of ultrafiltrate 
composition increases the sympathetic tone. An increased sympathetic tone to the heart increases 
contractility, heart rate, and central venous pressure; to the peripheral vessels it increases vascular resistance; 
and to the kidneys it either decreases renal blood flow (effect mediated by α-adrenergic receptors), increases 
renin release out of the granular cells in the walls of afferent arterioles (effect mediated by β-adrenergic 
receptors), or increases proximal tubular sodium reabsorption (by means of Na-H antiporters and Na-K 
pumps). Angiotensin II increases peripheral vascular resistance and, to the kidneys, it increases proximal 
tubular sodium reabsorption, GFR, prostaglandin, and aldosterone release. Aldosterone increases distal 
tubular sodium reabsorption (by means of epithelial sodium channel). An increased sympathetic tone is 
also involved in several pathological conditions such as left ventricular hypertrophy, cardiac arrhythmias, 
and heart failure, as well as in obstructive sleep apnoea syndrome, hyperinsulinaemia, and chronic kidney 
disease (thin arrows). In hypertensive patients the increased sympathetic tone, which has been displayed 
to the kidney and other organs, leads to increased peripheral vascular resistance and hydrosaline retention, 
which both definitively cause heart stress (thick arrows).
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Therefore, it is fundamental to assess the economic  
sustainability of these new, relatively expensive, 
procedures through economic analysis. Literature 
partially covers these issues, so the aim of this 
paper is to provide a multifaceted review about 
interdisciplinary techniques for the treatment of a 
systemic disease. 

RD 

Kidney and Sympathetic Hyperactivity: the 
Background for RD  

The role of the sympathetic nervous system  
(SNS) and the involvement of kidneys in  
the development of sympathetic hyperactivity 
supporting hypertension has been known since 
the 1930s, leading to the early practice of surgical 
sympathectomy.1,2 Related complications guided  
the development of a chemical sympathectomy,  
later displaced by the introduction of  
new antihypertensive drugs. Progressively, the  
therapeutic RD has been explored by preclinical 
experiments that included multiple animal 
species and different primary diseases.3 These 
studies contributed to revealing the role of renal  
sympathetic efferent and sensory afferent nerves 
to renal and systemic organ function in normal 
and pathological conditions (hypertension,4 heart  
failure [HF],5-8 or chronic kidney disease [CKD]),9 
as well as to investigate the potential therapeutic 
implications of RD.10 Marked effects of RD on blood 
pressure (BP) were demonstrated in multiple  
animal models of hypertension, including salt-
sensitive swines11 and genetically hypertensive  
rats:12 two-kidney one-clip Goldblatt hypertension13 
and one-kidney renal hypertension.14 

In healthy humans, there is a fine physiological 
balance aimed at maintaining homeostasis between 
parasympathetic and sympathetic activity.15 In a 
pathological condition, the increased sympathetic 
tone increases sodium reabsorption, acting  
directly on renal tubules proportionally to the 
density of the innervation. The association of 
hydrosaline retention with high peripheral vascular 
resistance definitively causes hypertension and 
heart stress (Figure 1). As a proof of this, an 
increase of renal sympathetic nerve activity (RSNA) 
is found both in animal models of hypertension 
and in hypertensive humans.16 The sympathetic 
overactivity is the hallmark of CKD and renal 
failure. Campese17 found that afferent impulses 
from the kidney to central integrative structures in 

the brain are supposed to be responsible for the 
rise in BP in CKD, in 5/6 nephrectomised rats. This 
discovery might justify the uncommon practice of 
bilateral nephrectomy in patients with end-stage 
renal disease and uncontrollable hypertension. The 
ligation of renal nerves has been shown to improve 
the responsiveness to atrial natriuretic peptide 
in rats with cirrhosis and HF,5 and to reduce the 
ventricular filling pressure, improving ventricular 
function in dogs with high-output HF compared  
with nondenervated controls.7

Resistant Hypertension  

The BP reduction through pharmacological 
intervention is one of the most powerful and 
successful ways to reduce complications and  
improve outcomes.18,19 Although several appropriate 
and integrated pharmacological strategies 
are available, BP control still remains largely 
unsatisfactory;20 indeed >40% of patients with 
hypertension are not controlled.21 In 2007, the 
European Society of Hypertension/European  
Society of Cardiology (ESH/ESC) guidelines 
discriminated among the hypertensive population 
and those patients with other comorbidities (e.g. 
diabetes, nephropathies). In December 2013, the  
ESH/ESC guidelines were revised. Resistant 
hypertension is now defined as a condition where: 
“Therapeutic strategy includes appropriate 
lifestyle measures plus a diuretic, and two other 
antihypertensive drugs belonging to different 
classes at adequate doses fail to lower systolic BP 
and diastolic BP values to <140 and 90 mmHg, 
respectively.”22 The ESH/ESC guidelines do not 
discern patients on the basis of BP values: the 
definition of resistant hypertension includes 
indistinctly both patients with extreme BP levels  
and patients with BP levels just above the  
threshold. For this reason, it is difficult to identify  
those patients affected by resistant hypertension 
who may benefit from RD procedure. Furthermore,  
trials published to date have not adequately  
divided the hypertensive population into groups 
defined by BP levels. In the clinical practice, 
resistant hypertension has to be distinguished  
from arterial secondary hypertension due to  
treatable diseases (renal artery stenosis, 
pheochromocytoma, aldosterone-secreting adrenal 
adenoma) and pseudo-resistant hypertension  
caused by inaccurate measurement technique. 
Furthermore, it is necessary to differentiate  
between resistant and uncontrolled hypertension 
related to drug interactions, inadequate therapy,  
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and/or poor compliance. In this setting the  
prevalence of resistant hypertension is not well 
established. However, literature data suggest 
a widespread value from 5-30% of the overall 
hypertensive population, indicating that resistant 
hypertension is relatively common.23-27

Technical Aspects of RD  

In the case where the patient presents with 
resistant hypertension, if the anatomy of the renal 
artery appears suitable for the procedure (artery 
length >20 mm; artery diameter >4 mm), RD might 

Symplicity™ 
Renal  

Denervation 
System

St. Jude 
Medical’s 

EnligHTN™ 
System

Vessix’s V2™ 
Renal  

Denervation 
System

Covidien’s 
OneShot™ 

System

Terumo’s 
Iberis™  
System

Recor’s 
Paradise™ 

System

Power source RF RF RF RF RF US

Catheter size 6F 8F 8F 7-8F 4F 6F

Catheter 
length 90 cm 115 cm 90 cm 74 cm 155 cm 100 cm

Type of power 
source

Single tip 
electrode

4 electrodes 
at a  nitinol 
basket-like

Array of 
bipolar  

electrodes

Balloon with  
continuous 

spiral  
electrode

Single tip 
electrode

One US 
transducer 
inside an 
inflatable 

low-pressure 
over-the-

wire balloon

Max  
temperature 75 °C 75 °C 68 °C 60 °C 70 °C 68 °C

Max power 5-8 Watt 6 Watt 1 Watt 25 Watt 8 Watt 12 Watt

Time 2 min/ 
ablation

90 sec/ 
ablation

30 sec/ 
ablation

2 min/ 
ablation

2 min/ 
ablation

30 sec/ 
ablation

Number of 
recommended 
ablations 

4 APA 8 APA ½ APA 1 APA 4-6 APA 2 APA

Access Femoral Femoral Femoral Femoral Radial Femoral

CE mark February, 
2008

December, 
2011

February, 
2012

April,  
2012

April,  
2013 2012

Studies Symplicity 
HTN1

Symplicity 
HTN1 Registry

Symplicity 
HTN2

Symplicity 
HTN3

EnligHTN I

EnligHTN II

EnligHTN III

EnligHT-
Nment

Reduce HTN RHAS

RAPID

IBERIS-HTN REDUCE

REALISE

ACHIEVE

 

Table 1: Specifications for renal denervation on-the-market devices.

RF: radio frequency; APA: ablation(s) per artery; US: ultrasound.
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represent a novel solution. Catheter-based RD is a 
minimally invasive procedure, involving the delivery 
of radiofrequency (RF) energy along 1-2 cm in 
the main renal arteries, to ablate the renal nerves 
located in the adventitia. The procedure is generally 
performed exploiting a standard femoral vascular 
access. A contrast angiography can be performed 
to localise and evaluate the accessibility of the 
renal arteries. The catheter is advanced near the 
bifurcation of the renal artery under fluoroscopic 
guidance, and the electrodes at the distal tip are 
brought into contact with the endothelium. When 
the impedance is stable, a RF-wave generator  
locally provides a signal of controlled energy. The 
applied frequencies range between 1 MHz and 10  
GHz. When the produced current reaches the 
electrodes, heat is locally generated because 
biological tissues act like resistors, enhancing 
the temperature to around 65-70 °C and causing 
thermal ablation of the renal nerves. Since the 
relationship between the RF generator output and 
the tip temperature depends on parameters that 
widely vary, then impedance, temperature, power, 
and time intervals are continuously monitored. In 
the case in which one of these quantities differs 
from the desired/predicted values, the treatment 
is automatically stopped by the embedded/ 
control algorithm.

At present, RF ablation is the main technology 
applied for RD; on the other hand, the first  
promising results of RD have led to the development 
of other techniques. Devices exploiting ultrasound 
(US) waves seem to be a promising alternative; 
sound waves with a frequency higher than 1 MHz, 
passing through fluids, generate frictional heating  
in soft tissues, without direct contact with the 
intimate endothelium, causing thermal ablation. A 
very interesting implementation of this technique 
seems to be the use of externally focused US and  
low intensity US (frequency=800 kHz and 
irradiance=2 mW/cm2),28 with the potential benefit  
of a reduced invasive clinical procedure. Moreover,  
other technologies are under development: 
cryoablation (at present with reports in animal  
models only), β-radiations (experimental studies 
in swine only), and injection of neurotoxins 
(guanethidine,29 ethanol,29 Botox B or vincristine30). 
On-the-market devices and some of their major 
characteristics are summarised in Table 1.

Current Evidences from Clinical Trials 

Since the first proof-to-concept trial performed  
with the Symplicity RF catheter,31 several trials 

performed with different devices have been 
designed in order to evaluate the efficacy and 
safety of RD, as summarised in Table 2. Symplicity 
HTN-1 investigators have recently published the 
positive results of a 36-month follow-up.32 While the  
6-month follow-up Symplicity HTN-3 data 
have confirmed a BP reduction from baseline,  
investigators have found no significant differences 
between treated and control groups.33 Symplicity 
HTN-3 trial remains the only single-blinded 
randomised controlled trial (RCT), with a sham-
control group, designed to evaluate the safety and 
effectiveness of RD. The study design might explain 
the different results obtained in the previous clinical 
trials. Indeed, the presence of a sham procedure  
can delete the placebo effect, but it does not  
remove bias due to the Hawthorne effect. Even if 
Symplicity HTN-3 does not achieve the efficacy 
primary outcome, it will be followed up for 5 years in 
order to evaluate potential long-term RD benefits.33

At the same time, the perspectives of RD in the 
treatment of some other diseases associated 
with sympathetic hyperactivity are still  
under investigation. The first small clinical trials 
suggest promising effects of RD in improving 
glucose metabolism and insulin sensitivity,34 
decreasing sleep apnoea severity,35 and reducing 
left ventricular mass,36 thus, providing protection 
in patients at high cardiovascular risk. At present, 
two studies - DIASTOLE37 and Symplicity HF trial - 
are ongoing to assess the effectiveness and safety 
of RD in the treatment of normal and impaired 
left ventricular ejection fraction HF, respectively. 
Presently, according to evaluated RCTs, RD does not 
significantly affect renal functioning as measured  
by estimated glomerular filtration rate or Cystatin 
C.38,39 Moreover, RD needs future RCTs to evaluate 
renal function for a longer period of follow-up as 
well as its effectiveness and safety in moderate-to-
severe CKD. 

Economic Analysis 

An economic analysis, through comparisons 
among technology costs and all relevant long-term  
benefits, allows us to understand whether RD  
might replace the current standard of care  
(SoC).40 Geisler et al.41 have made an economic 
evaluation of RD, which shows that it can be cost-
effective when compared to well-accepted medical 
treatments. Exploiting a Markov state-transition 
model, they simulated the RD treatment on a  
cohort of patients to assess its cost-effectiveness 
and long-term clinical benefits (cardiovascular 
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Clinical trial Trial status Study design N° pts Follow-up Results
Symplicity 
HTN131

Concluded Multicentre 
proof-on- 
concept

45 12 months Office BP reduction 
(-27/-17 mmHg)* acute procedural 
and long-term safety (2 adverse 

events)

Symplicity HTN1 
Registry32

Active Multicentre 
prospective

153 36-month follow-up: office BP 
reduction (-32/-14 mmHg)**, acute 
procedural, and long-term safety (8 

adverse events)

Symplicity 
HTN246

Concluded Multicentre 
randomised

106 6 months Office BP reduction in RD group 
(-32/-12 mmHg, p<0.0001) compared 

with control group (+7/+1 mmHg)

Symplic-
ity HTN2 with 
cross-over 
group39

Concluded Multicentre 
randomised

106 12 months Office BP reduction in initial RD 
group (-28/-10 mmHg, p=0.16) and 
in cross-over group (-24/-8 mmHg, 

p<0.001)

Symplicity 
HTN347

Active, not 
recruiting

Multicentre 
single-blinded

RCT

535 5 years 6-month follow-up: not significantly 
office BP reduction, safety through 6 

months

EnligHTN I48 Active, not 
recruiting

Multicentre 
prospective

46 24 months 18-months follow-up: office BP  
reduction (-24/-10 mmHg, 

p<0.0001), acute procedural safety, 
and long-term safety (4 adverse 

events)

EnligHTN II Recruiting Multicentre 
prospective

500 5 years N.A.

EnligHTN III Active, not 
recruiting

Multicentre 
prospective

50 24 months N.A.

EnligHTNment Recruiting Multicentre 
RCT

4,000 5 years N.A.

Reduce HTN Active, not 
recruiting

Multicentre
prospective

146 12 months Office BP reduction 
(-28/-11 mmHg)*** acute  

procedural and long-term safety  
(adverse events in 5.5% of patients)

RHAS49 Concluded First-in-man
prospective

8 6 months Office SBP reduction (30.6±22.0)**** 
acute procedural and long-term 
safety (minor adverse events)

RAPID Recruiting Multicentre
prospective

50 6 months N.A.

REDUCE Active, not 
recruiting

First-in-Man
prospective

15 6 months 60-days follow-up: office SBP  
reduction (31 mmHg) 

REALISE Recruiting Prospective 20 12 months N.A.

ACHIEVE Recruiting Multicentre 
prospective

50 24 months N.A.

 

Table 2: RD clinical trials in resistant hypertension.

RD: renal denervation; BP: blood pressure; SBP: systolic blood pressure.
*At all time points after procedure (1, 3, 6, 9, and 12 months), both systolic and diastolic BP were significantly 
(p<0.01) lower than baseline BP, with the exception of the 12-month diastolic BP (p=0.02).
**At all time points after procedure (1, 6, 12, 24, and 36 months), both systolic and diastolic BP were 
significantly (p<0.01) lower than baseline BP. 88 patients had complete data at 36 months.
***At all time points after procedure (1, 3, 6, and 12 months), both systolic and diastolic BP were significantly 
(p<0.0001) lower than baseline BP. 41 patients had complete data at 12 months.
****At all time points after procedure (1, 3, 6, and 12 months) SBP was significantly lower than baseline.
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ABSTRACT

This paper reviews the most important studies on chronic antibody-mediated rejection (cABMR),  
which is an important cause of late graft dysfunction after renal transplantation. Several antibodies  
seem to be responsible for chronic rejection; new techniques have allowed us to identify these antibodies 
in circulation. The pathogenetic role of the antibodies generally includes the complement pathway, but 
may also be complement-independent. This paper also examines the pathogenesis of chronic endothelial 
lesions, as well as the histopathological aspects. Antibodies responsible for chronic rejection may preexist 
before transplantation or may develop after transplantation. The possible therapeutic approaches are  
poor and principally based on early identification and desensitisation techniques. New B cell targeting  
drugs are aimed at an improved control of the relevant condition.

Keywords: Chronic rejection, antibodies, complement, donor-specific antibodies, renal transplantation. 

INTRODUCTION

Despite improvements in outcomes of renal 
transplantation, kidney allograft loss remains 
substantial and is associated with increased  
morbidity, mortality, and costs.1,2 Clearly, the 
identification of critical pathologic pathways 
responsible for the allograft loss and the  
development of therapeutic intervention to 
improve the duration and the quality of allograft 
function are among the most important targets  
of transplant medicine. One of the most important 
advances in the past decade has been the realisation 
that the insufficient control of the humoral  
arm of a recipient’s immune system by the  
current immunosuppressive regimens3 is the factor  
primarily responsible for allograft dysfunction 
and loss.4-6 This notion is now superseding the 
historical dogma that allograft losses were caused 
by the calcineurin inhibitors’ (CNIs) toxicity and by 
the chronic allograft nephropathy (CAN). Indeed 
nephrotoxicity and CAN as causes of late graft  
failure are being challenged by the findings of 
the Long-Term Deterioration of Kidney Allograft 
Function (DeKAF)6-8 and by other studies.9,10

The emergence of sensitive techniques to detect 
donor-specific anti-human leukocyte antigen 
antibodies (HLA-DSAs) and other HLA and non-
HLA antibodies, together with the advances in 
assessment of graft pathology, have expanded the 
spectrum of what constitutes as antibody-mediated 
rejection (ABMR). The different technologies used 
by researches and the significance of alloantibody 
found by such technologies recently led to a 
consensus conference with the elaboration of 
consensus guidelines on the testing and clinical 
management issues associated with HLA and non-
HLA antibodies in transplant recipients.11

As a consequence of such knowledge increment, 
since the Banff 2005 meeting report, the term CAN 
has been deleted,12 and in Banff 2007 and Banff 
2009 Conferences13,14 the concept of chronic ABMR 
(cABMR) had been further evaluated and cABMR 
was definitively included in the Banff classification. 
The Banff 2011 meeting report15 and the more  
recent Banff 2013 Conference16 further confirmed 
these data. 
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Epidemiology

Due to the continuous evolution of techniques, it 
is difficult to evaluate incidence and prevalence of 
cABMR as a cause of graft failure. In a prospective 
study by Einecke,4 63% of late kidney failures were 
attributable to cABMR, whereas glomerulunephritis, 
T cell rejection, and drug toxicity were uncommon. 
Similar data reported by Sellares5 found that in 
315 allograft recipients, who underwent indication 
biopsies, a large prevalence of cABMR was a cause 
of graft failure. 

Histopathology

Transplant glomerulopathy (TG) and peritubular 
capillary (PTC) basement multilayering represent 
the histological hallmark of cABMR. TG is a 
morphological pattern of chronic kidney injury that 
lacks detectable immune-complex deposits and is 
associated with poor kidney transplant outcomes. 
It primarily is an endothelial pathology affecting 
kidney microcirculation endothelium, which is 
seen as duplication (double contours) and/or 
multilamination of capillary basement membranes, 
along with substantial replacement of endothelial 
fenestrations with a continuous endothelial 
lining.17 The combination of alloantibody, PTC 
multilamination, C4d, and TG has been called the 
‘ABCD tetrad’ by Halloran and colleagues.18

cABMR is characterised by specific and gradually 
irreversible immune-mediated graft damages that 
need to be clearly differentiated from isolated 
interstitial fibrosis/tubular, atrophy, and/or CNI 
nephrotoxicity, and chronic T cell-mediated rejection 
(TCMR). To this purpose, a consensus meeting at the 
National Institutes of Health proposed criteria for 
cABMR.19 These elements include:

1) Histological evidence of chronic injury

• Arterial intimal fibrosis without elastosis

• Duplication of glomerular basement membrane

• Multilaminated PTC basement membrane

• Interstitial fibrosis with tubular atrophy

2) Evidence for antibody action/deposition in tissue

3) Serologic evidence of anti-HLA or other anti-
donor antibody

If only two of the numbered criteria are present, then 
the diagnosis is considered ‘suspicious’ for cABMR.20

PATHOPHYSIOLOGY 

There is an increased body of evidence suggesting 
that patients with high quantity anti-HLA  
antibodies (particularly if they are donor–specific) 
developed either pre or post-transplant, show a 
worse outcome. At any given time, approximately 
25% of transplant recipients have antibodies 
against HLA antigens as evaluated with the newest, 
highly sensitive, and specific techniques for  
DSA monitoring.21,22 Moreover, antibodies against 
non-HLA have also been implicated in ABMR.23,24 
Antibodies can mediate endothelial injury  
through complement-dependent and independent 
mechanisms by transducing signals that are pro-
inflammatory and proliferative.20  It is clear that 
preformed, or de novo, HLA-DSAs cause cABMR,  
but it is less certain what the role and scope of  
non-HLA antibodies are in mediating graft injury  
and loss.25

One hypothesis is that alloantigen sensitisation  
occurs from non-HLA polymorphic differences 
between the donor and recipient (e.g. major 
histocompatibility complex [MHC] Class I-related 
chains A and B [MICA, MICB]). Unfortunately the 
progress in this area has been limited by the lack of 
validated clinical assays for non-HLA alloantibodies, 
the confounding presence of HLA-DSAs, and - in 
the case of MICA antibodies - the lack of proof  
of specificity.26 A second hypothesis is that 
autoantigen sensitisation occurs from the exposure 
of cryptic epitopes after tissue injury or inflammation 
(vimentin, K-α I tubulin, collagen V, agrin, etc.).

The pathophysiology of cABMR is still not 
completely understood. Studies suggest that in  
renal transplantation de novo HLA-DSAs develop 
post-transplant in up to 25% of non-sensitised 
patients, often without overt clinical evidence 
of concurrent rejection. In addition, around 30% 
of patients on the waiting list have detectable 
HLA antibodies.27 In both groups of patients, the  
presence of these antibodies increases the risk 
of subsequent cABMR.9 The development of a 
histological test to identify antibody-mediated 
complement activation on transplant biopsies (C4d 
staining) has provided a way of flagging up potential 
deleterious interactions between antibody and graft 
endothelium. In addition, molecular techniques, 
such as gene expression profiling, have allowed 
the identification of subclinical endothelial cell 
damage that can be present even in the absence  
of complement activation or detectable DSA.28 
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More recently, a study by Lynch and colleagues29 
described a technique that may allow a more  
global assessment of B cell reactivity to the  
allograft. Their results suggest that a humoral 
response to the allograft may be more frequent  
than previously appreciated. Antibodies reactive 
to donor HLA molecules, minor histocompatibility 
antigens, endothelial cells, red blood cells, or 
autoantigens can trigger or contribute to rejection 
even late after transplantation.30 Often the immune 
system provides an integrated response to achieve 
allograft rejection with T cell-mediated rejection  
and ABMR being either linked through time or 
coexisting.31 Antibody-mediated injury to allograft 
is initiated by DSAs binding to HLA antigens or 
to other targets on the allograft endothelium. If  
DSAs are complement activating, the classic 
complement pathway is rapidly activated through 
IgG binding and activation of C1q.32 Alternatively, 
DSAs can bind endothelial cell targets and stimulate 
cell proliferation or induce antibody-dependent 
cell-mediated cytotoxicity (ADCC) with interferon 
γ release.20 These processes seem to be more 
important for the development of a type of chronic 
antibody-mediated injury that is more dependent 
on natural killer cells than on complement.33 

Antibodies can also bind to HLA and other targets, 
and incompletely activate the complement system 

without causing apparent injury. This process is 
referred to as accommodation.34

The clinical significance of cABMR has been 
increasingly documented in recent years, with 
some data suggesting that it may represent the 
leading cause of late allograft loss.4 cABMR is a 
long-term process that develops in sequential steps 
over months to years.35 cABMR has been proposed 
to arise through a series of stages or states.36 The  
first common event is alloantibody production, 
followed by antibody interaction with alloantigen 
resulting in the deposition of C4d in PTC and  
possibly glomeruli, followed by pathologic changes 
and graft dysfunction.37 

DSAs, particularly HLA antigen Class II antibodies, 
can cause insidious graft injury, and therefore 
constitute a central causal factor for TG (Figure 
1). The pathogenicity of Class II antibodies has 
been documented in outstanding papers that 
demonstrated a significant association between 
Class II antibodies and risk of developing TG.38,39  

The international Banff consensus criteria classify 
TG as cABMR, if the pattern is accompanied by 
detectable DSAs and diffuse or focal linear C4d 
positivity in PTCs; 4-6 Mauiyyedi et al.40 detected 
deposition of C4d in PTCs in 61% of chronic  

Figure 1: Proposed pathogenetic mechanisms for transplant glomerulopathy. 
HLA: human leukocyte antigen. 

Anti-HLA (Class II) antibodies bind to
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rejection biopsy of patients with TG. In addition, a 
study by Regele et al.41 reported the presence of  
C4d in PTCs in 34% of patients with TG, and this 
staining presages later TG development.

Pathologic patterns of cABMR are seen in  
renal biopsies performed either for clinical 
indications or for protocol, even a long time after 
kidney transplantation.5,42 In addition to reduced 
immunosuppression and non-adherence, early 
acute rejection seems to have a relevant role on  
late cABMR. Several years ago Cosio et al.43  
documented that in 1-year surveillance biopsies  
the degree of inflammation at 1-year post- 
transplant predicts loss of graft function and  
graft failure independently of function and other 
variables (Figure 2).

Recently, El Ters et al.44 found that early acute 
rejection, even in the absence of pre-transplant 
DSAs, increases the risk for alloimmune allograft  
loss late after transplantation, and the phenotype  
of this late loss is cABMR. The author hypothesised 
that the formation of new DSAs, particularly Class 
II DSAs, can be a consequence of early acute 
rejection.45 El Ters et al.44 also found that cABMR 
was responsible for 43% of allograft loss. Willicombe 

et al.,46 in surveillance biopsies performed at 3  
years after transplantation, found that, despite 
excellent serum creatinine values, only one-third  
of the biopsies were normal and the lesions seemed 
to correlate with risks for immunological injury.

As mentioned above, the cause of late graft 
dysfunction and failure seems increasingly linked to 
the presence of antibodies or antibody-mediated 
injury. This has been recently documented by the 
5-year follow-up data of the patient cohort from the 
DeKAF study.47,48

Hill et al.49 described a new insight on the 
pathogenesis of cABMR. DSA positive patients 
show a striking acceleration of arteriosclerosis. 
Pathologic examination reveals that the inner 
intima is hypercellular, with actively proliferating 
myofibroblasts laying down collagen, often overlying 
older, condensed collagen of pre-transplantation 
donor origin.

DIAGNOSIS 

The diagnosis of cABMR is principally based upon 
the association of deteriorating graft function 
associated with the pathologic features found 
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Figure 2: 5-year post-transplant graft survival according to 1-year post-transplant surveillance biopsy. 
Fibr: fibrosis. 
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on renal biopsies. Search of circulating DSAs 
with adequate techniques is also useful. Protocol  
biopsies may be useful as well-documented by the 
paper of Wiebe.42

Finding of biomarkers associated with cABMR  
could be extremely useful. Einecke50 was able  
to realise a molecular classifier for predicting 
future graft loss. Sis et al.28 found that several 
endothelial transcripts (ENDATs) correlated 
with histopathological lesions of cABMR. 
Immunoproteasome beta subunit 10 was found 
to be increased in the graft and in blood samples 
during cABMR.51 Finally, recent studies52,53 looking  
at B cell-activating factor (BAFF), a B cell  
stimulating molecule, showed that the appearance 
of soluble BAFF levels, early after transplantation, 
correlates with de novo development of DSAs  
and, ultimately, progression to chronic active  
ABMR in paediatric and adult first kidney  
transplant recipients who were highly desensitised 
before transplantation.

THERAPY

We have clearly documented that cABMR develops 
in patients with alloantibodies - principally, but 
not only, DSAs - detectable in the serum. Such 
antibodies may be present in the recipient before 
transplantation or may develop after transplantation.

Patients with DSAs Preformed Before 
Transplantation

Patients waiting for a transplant may be highly 
immunised and many show detectable DSAs in  
their serum. Sensitised patients who are DSA-
negative with negative complement-dependent 
cytotoxicity (CDC-XM) may be transplanted safely. 
They will likely require more immunosuppressive 
therapy and an induction therapy.54-56

Treatment of cABMR may be distinguished in:

a) Prevention of acute ABMR as main cause of 
cABMR

b) Treatment of established cABMR

Prevention

The different desensitisation protocols apply 
primarily to DSA-positive patients who are CDC-XM 
positive. The desensitisation protocols can prevent 
both acute and cABMR. The majority of the current 
protocols are modified versions of the high-dose 

intravenous immunoglobulins (IVIG) initiated at  
the Cedars-Sinai Medical Center or of the 
plasmapheresis PP with low dose IVIG initiated 
at John Hopkins Hospital.57 Jordan et al.58 initially 
provided high-dose IVIGs (2 g/kg) to cross-match 
positive recipients, and the patients received a 
kidney transplant when their CDC T cell XM became 
negative. Subsequently to improve the results, Vo 
et al.59,60 decided to use alemtuzumab induction 
treatment and added rituximab to the protocol.

The other approach to desensitisation comprises  
the use of PP and low-dose anti-cytomegalovirus  
IVIG (CMV-IVIG). With such an approach61 

Montgomery et al.62 successfully desensitised 211 
DSA-positive recipients of living donor kidneys with 
PP and low-dose IVIG.

Stegall et al.63 added eculizumab during the pre 
and post-transplant period in DSA positive patients 
and obtained 7.7% post-transplant acute ABMR, 
compared with 41.2% in the control group. However, 
at 2 years after transplantation the incidence 
of cABMR was similar between the two groups. 
cABMR remains a major issue when transplanting 
hyperimmune patients.

In addition to desensitisation, when applicable - in 
theory - every option available to treat acute ABMR 
could also be applied to cABMR. However there  
are no controlled trials for treatment of cABMR 
reported in literature. The only treatment option 
with some reported benefit is the combination of 
rituximab and IVIG.64 To prevent cABMR, patients  
with preformed DSAs, when treated immediately 
post-transplantation with a more intensive 
prophylactic regimen (PP, IVIGs, and anti-CD20), 
demonstrated a significant decrease in DSA and a 
decrease in cABMR rate at 1 year.65

For the treatment of established cABMR there  
are only three case series treated with such 
combination therapy.66,67 DSAs went down in only 
some patients and therapy had limited effects in  
cases with massive proteinuria, more severe 
peritubular capillaritis, and previous acute rejection.  
In a recent paper by Ashimine et al.68 it was 
reported that in 320 patients neither pre-
transplant splenectomy nor rituximab treatment 
had an inhibitory effect on de novo HLA antibody  
production after renal transplantation during 
medium term follow-up. 

Smaller studies by Billing et al.69 and Smith et 
al.70 documented a partial response to rituximab  
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treatment in patients affected by cABMR. Billing et  
al.69 documented in 20 paediatric patients that 
treatment with IVIG and rituximab significantly 
reduced or stabilised the progressive loss 
of transplant function with cABMR over an 
observation period of 2 years, apparently by  
lowering circulating DSA. Smith et al.,70 in 31  
patients affected by cABMR, reported that 
rituximab followed by standard maintenance 
immunosuppression showed a therapeutic effect 
in the treatment of cABMR, which is confined to  
a subset of treated subjects that cannot be  
identified as a priori. Very few patients received 
bortezomib as a rescue treatment for cABMR and 
proteinuria with mixed results.71,72 An interim analysis 
of a very recent study73 with eculizumab therapy of 
cABMR documented an apparent stabilisation of 
renal function. Taken together these results indicate 
that any treatment for cABMR using drugs with  
potential high toxicity should only be performed  
in the context of a randomised controlled trial.

Patients with de novo DSAs after Transplantation

Several authors reviewed the incidence and impact 
of de novo DSAs, both in adult74 and paediatric 
recipients.75 The actual 5-year post-transplantation 
cumulative incidence of de novo DSAs in a low- 
risk population is 20% (Figure 3). Once DSAs  

appear, the probability of graft loss within 3 years 
after DSA appearance is 24% (Figure 4), and 
respective to patients without DSAs, the relative 
risk of graft loss is 9-times higher at 1 year after 
DSA appearance. In a multivariate analysis, the 
main causes of de novo DSAs were deterioration 
quotient (DQ) locus mismatches, younger age at 
transplantation, and transplantation from deceased 
donors.74 Others claim for prior non-adherence 
or history of a clinical acute cellular rejection as  
causes of de novo DSAs.76

If the appearance of DSAs is associated with  
clinical signs of acute ABMR, the treatment is that  
of acute ABMR. The main problem is what to do 
when the appearance of DSAs is not coupled with 
acute or chronic rejection. Indeed, detection of  
de novo DSAs in a routine test in patients with 
stable allograft function represents a step back in 
the continuum of the natural history of acute and 
cABMR; it is largely unknown how to treat these 
patients.77 To date, prophylactic treatment such as 
rituximab and splenectomy68 or eculizumab63 does 
not seem to have any effect on DSA appearance.

Monitoring DSAs after transplantation seems to 
be essential, considering that DSA appearance 
has a poor prognosis. As procedures including 
antibody removal by PP, IA, antibody production 
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Figure 3: The actual 5-year post-transplantation cumulative incidence of de novo DSAs. 
DSA: donor specific antibodies. 
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de novo DSA

downregulation by B cell, or plasma cell targeting, 
or complement cascade inhibition have had a very 
limited success when employed in an advanced 
phase of cABMR,56,78,79 the prompt removal of de 
novo DSAs seems to be essential. Notwithstanding, 
no standard of care on this issue currently exists.  
To date, only a multicentre antibody removal 
trial (ART) is ongoing in Italy in a randomised,  
prospective fashion PP and low-dose CMV-IVIG.80

CONCLUSIONS

The lack of improvement in long-term outcomes 
of kidney transplants has been ascribed to the 
CNI nephrotoxicity. Indeed, CNIs represent the 
cornerstone of maintenance immunosuppression 
in organ transplantation. In the last decade, 
several studies have challenged this approach; 
indeed, chronic allograft rejection and death of 
transplanted patients are now the main causes of 

long-term graft loss. Chronic rejection has, for a  
long time, been identified with a lack of adequate  
T cell control with immunosuppressant. New 
techniques able to identify circulating antibodies  
and to reveal their presence and pathogenic 
role have now allowed us to recognise that in 
many cases a deficiency in humoral arm control 
may be the cause of long-term deterioration 
of graft function. Now both acute and cABMR 
have been well identified and included in the 
Banff classification. The early identification and 
therapeutic approaches to treat cABMR are still 
limited, and a successful prophylaxis seems the  
best approach to limit both acute and cABMR.  
Several studies suggest that monitoring circulating 
DSAs, protocol, or per cause biopsies and  
discovering new drugs targeting B cells and 
complement are the best options for the early 
identification and control of cABMR.
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Figure 4: Probability of graft loss within 3 years after de novo DSAs appearance. 
DSA: donor specific antibodies.
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ABSTRACT

Pregnancy in patients with lupus nephritis is a challenging clinical situation. Although not absolutely 
contraindicated, it is associated with increased risk for foetal and maternal complications, including foetal 
loss, preterm delivery, intrauterine growth retardation, hypertension, pre-eclampsia, nephritis flare, and, 
rarely, maternal death. The complication rate is further increased in the presence of antiphospholipid 
antibodies or the antiphospholipid syndrome. Proliferative classes of nephritis (III and IV) also appear to 
confer excess risk for complications. Immunosuppressives such as cyclophosphamide and mycophenolate, 
and antihypertensives such as angiotensin-converting-enzyme (ACE) inhibitors and angiotensin receptor 
blockers need to be stopped due to teratogenic effects. Agents like corticosteroids, azathioprine, and 
probably calcineurin inhibitors are considered compatible with gestation. Lupus activity needs to be 
assessed and carefully monitored. Thrombotic risk due to antiphospholipid antibodies, thrombotic events, 
or nephrosis needs to be evaluated and managed accordingly, with the use of aspirin and/or unfractioned or 
low molecular weight heparin. Differentiating between severe pre-eclampsia and lupus nephritis flare might 
require a renal biopsy, which might not always be feasible, for example after the 32nd gestational week or in 
a setting of uncontrolled hypertension or thrombocytopaenia. A 6-month history of quiescent disease on 
non-teratogenic agents seems to be associated with best chance for favourable outcomes. Pregnancy is 
optimally managed by a multidisciplinary team of experienced specialists, and close monitoring for disease 
activity during gestation; additionally, follow-up for maternal flare postpartum is also advised.

Keywords: Nephritis, outcome, pre-eclampsia, pregnancy, systemic lupus erythematosus.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a  
potentially fatal, chronic autoimmune disorder 
with a prevalence that ranges from approximately 
20-150 cases per 100,000 population.1  
Its pathogenesis involves aberrant apoptotic 
mechanisms combined with dysregulated immune 
responses leading to loss of self-tolerance against 
nuclear antigens and to autoantibody production. 
The result is an immune complex disease with 
inflammation of various organs and tissues.2 
Up to 75% of SLE patients display evidence of  
renal involvement.3 Lupus nephritis (LN) manifests 
clinically with haematuria, proteinuria, and varying 

degrees of renal impairment, and is associated with 
increased morbidity and mortality.4 The histological 
classification of LN describes the severity of renal 
lesions.5 Active, proliferative lesions (Classes 3 
and 4) require aggressive immunosuppression  
to prevent progression to end-stage kidney 
disease (ESKD),5 with response rates ranging  
between 30-80%.6  

Since 90% of SLE patients are female,7 and 
predominantly of childbearing age, pregnancy is 
not unusual in this clinical setting. Chronic kidney 
disease (CKD) of all stages has been associated 
with increased risk of maternal and foetal 
complications,8,9 being higher in later stages of 
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renal insufficiency10 and with the lowest pregnancy 
success rates being observed in ESKD.11 Early  
studies implied an association between SLE and  
poor pregnancy outcomes.12 However, more recent 
data report live birth rates higher than 85%.13,14  
Besides hypertension and the antiphospholipid 
syndrome (APS), renal involvement in SLE has 
been identified as a risk factor for poor pregnancy 
outcomes3,15,16 in addition to increasing morbidity and 
mortality both of the mother and the foetus. This 
review will discuss current evidence regarding the 
association of SLE and LN with foetal and maternal 
complications, as well as recommendations and 
treatment options for pregnant women with LN.

COMPLICATIONS

Foetal/Neonatal 

Although a recent single-centre experience 
comparing 60 pregnancies in women without LN 
with 35 pregnancies in patients with previous LN 
reported similar foetal prognosis,17 pregnant SLE 
patients show substantially lower live birth rates 
than the general population,18 and active SLE during 
pregnancy has been associated with poor foetal 
outcomes.14,19,20 A recent meta-analysis included 
37 studies with 2,751 pregnancies in 1,842 patients 
with SLE and LN.15 Excluding induced abortions 
(5.9%), 23.4% of pregnancies were unsuccessful. 

Foetal complications included spontaneous 
abortion (16%), intrauterine growth retardation 
(12.7%), and stillbirth (3.6%). Among all live births 
the premature birth rate reached 39.4%. Neonatal 
deaths were reported at 2.5% (Table 1). In random-
effects meta-regression analysis, active LN was 
significantly associated with premature birth, even 
after controlling for maternal hypertension.15 Other 
studies have also demonstrated that only active 
LN is associated with poorer pregnancy outcomes,  
such as preterm delivery and foetal loss, compared to 
a history of LN or SLE without renal involvement.16,21 
In the aforementioned meta-analysis the cases with 
biopsy proven LN showed no association between 
histological classification (proliferative lesions 
[Classes 3 and 4] versus non-proliferative lesions 
[Classes 2 and 5]) and unsuccessful pregnancy 
rates.15 This may be attributed to scarcity of data,  
as well as the elapsed time between renal biopsies 
and relevant pregnancies, limiting the effect of 
histology on outcome. In these biopsy-proven cases, 
both active LN and a history of LN approached,  
but failed to reach, significant association with 
premature birth rate.15 

The presence of antiphospholipid antibodies 
(APAs) has been associated with poor foetal  
outcomes.13,22 The aforementioned meta-analysis 
reported about one-quarter of pregnancies being 
positive for APAs.15 Their presence, although not 

Foetal complication Rate %*

Induced abortion 5.9

Spontaneous abortion 16.0

Stillbirth 3.6

Neonatal death 2.5

Unsuccessful pregnancy 23.4

Intrauterine growth retardation 12.7

Premature birth rate 39.4

Maternal Complication
Severe (stroke, eclampsia, death) 1.0

Hypertension 16.3

Pre-eclampsia 7.6

Active nephritis 16.1

Flare 25.6

Table 1: Foetal and maternal complications associated with systemic lupus erythematosus.

*Estimated event rate from random effect analysis.
Modified from Smyth et al.11
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associated with the rate of active LN, did correlate 
significantly with premature birth rate and increased 
induced abortion rate.15 

Neonatal SLE may be caused by trans-placental 
passage of maternal anti-SSA/Ro anti-SSB/
La antibodies, causing dermatological, hepatic, 
haematological, or cardiac manifestations,23 
including potentially fatal congenital heart block.24 

Maternal

The maternal complications of SLE patients  
during pregnancy include hypertension, lupus 
flare, LN, and pre-eclampsia, as well as more 
severe complications including eclampsia/
HELLP (haemolysis, elevated liver enzymes, low 
platelets) syndrome, stroke, and maternal death. 
The SLE subjects included in the aforementioned 
meta-analysis15 experienced lupus flare (25.6%), 
hypertension (16.3%), LN (16.1%), and pre-eclampsia 
(7.6%), with severe complications amounting to 
~1%.15 Deaths mainly result from sepsis, opportunistic 
infections, and pulmonary embolism, in the 
setting of renal failure, pre-eclampsia/HELLP or 
aggressive immunosuppression.12,14-16,20,22,25-27 One 
case of pregnancy associated cardiomyopathy 
and one of adrenal failure after abrupt steroid 
withdrawal, both resulting in maternal death, have 
also been reported.28 All three reported fatalities 
with biopsy proven LN had proliferative lesions.16,25,27 

Single-centre studies have shown an association 
of active LN, defined by the presence of an active 
urine sediment and/or proteinuria >0.5 g per 24  
hours with or without elevated creatinine, with  
higher incidence of maternal complications, while 
renal quiescence at the start of the pregnancy 
has been associated with favourable maternal 
outcome.16,22 However, a recent meta-analysis 
demonstrated both active LN and a history of LN  
to be associated with maternal hypertension and  
pre-eclampsia.15 The same study reported an 
association between positive APAs and maternal 
hypertension, potentially increasing the risk of  
pre-eclampsia, which is a known complication of  
the APS.15 

IMPACT OF PREGNANCY ON LN

During pregnancy there is an increase in the 
levels of progesterone and estradiol, and although 
a link between oestrogen and progesterone  
administration in postmenopausal women and  
lupus flare has been suggested,7 the impact of those 
hormones on aggravating lupus during pregnancy 

is still unclear.1  Maternal tolerance to the foetus 
during normal pregnancy requires immunological 
alterations, including increased numbers of 
regulatory T cells (Tregs) and a shift to a Th2 
antibody-mediated immune response.3,21 Since SLE  
is an antibody mediated disease also characterised  
by dysregulated Treg responses, pregnancy might 
theoretically affect disease activity. Lupus flares  
can occur from any time during pregnancy to 
several months after delivery.29 Although the results 
of studies comparing flare rates between pregnant 
and non-pregnant SLE patients appear inconclusive, 
similar studies referring to the patients’ own course 
during and without pregnancy showed an increase  
of LN flares during pregnancy.3 In a recent meta-
analysis the frequencies of SLE and LN flares were 
reported at 25.6% and 16.1%, accordingly.15 Although 
few women will reach ESKD, about 25% of LN 
flare cases during pregnancy will prove resistant 
to treatment, showing progressive renal function 
decline after delivery.29  Given the high risk of adverse 
foetal and maternal adverse events associated with 
active LN during pregnancy, including maternal 
death,28 the importance of close monitoring for 
disease activity cannot be overemphasised.3 

Assessing SLE activity during pregnancy is 
challenging.29 The utility of complement levels, 
erythrocyte sedimentation rate, and C-reactive 
protein for monitoring lupus activity has not been 
established during pregnancy, and even higher 
levels of anti-double stranded-DNA (anti-dsDNA) 
antibodies alone did not predict pregnancy 
outcomes in SLE patients.29 On the other hand,  
a doubling of proteinuria may be indicative of LN  
flare, while haemolytic anaemia and/or a platelet  
count of 100,000 may result from both increased 
SLE activity and severe pre-eclampsia/HELLP 
syndrome. Apart from possibly occurring 
simultaneously, both severe pre-eclampsia and LN 
flare share many clinical and laboratory findings, 
such as hypertension, proteinuria, oedema, and 
increasing creatinine.3 Distinguishing between the 
pre-eclampsia and LN flare (Table 2), especially  
after the 20th week of gestation, may prove difficult, 
if not impossible, without a renal biopsy,30 which  
may not be feasible after the 32nd week of 
gestation.3,31 A renal biopsy will differentiate a  
LN flare with the need for immunosuppression  
from pre-eclampsia requiring delivery,3 but it may  
be of extremely high risk in the setting of  
uncontrolled hypertension, anaemia, and 
thrombocytopaenia, leaving delivery as the main 
treatment option.30
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PHARMACOLOGICAL TREATMENT 

Cyclophosphamide and mycophenolate mofetil 
(MMF) are the standard immunosuppressive 
agents for the treatment of proliferative LN 
(active Classes 3 and 4). Angiotensin converting 
enzyme inhibitors and angiotensin II receptor 
blockers, commonly utilised as antiproteinuric 
agents in LN.32 All, however, are teratogenic and 
therefore their use is contraindicated during 
pregnancy, although cyclophosphamide has been  
administered as rescue treatment during the 
third trimester. Azathioprine and corticosteroids 
may be safely administered, with the caveat 
that dexamethasone and betamethasone cross 
the placenta and have been associated with  
hypertension and cognitive deficits in the 
offspring, limiting their use for obstetric 
indications only.29 Corticosteroids are the only 
immunosuppressive agents compatible with 
breastfeeding.3 Switching from MMF to azathioprine 
has been reported not to increase risk of renal  
flares in patients with quiescent LN planning 
to become pregnant.33 The administration of 
cyclosporine and tacrolimus also presents a 
rather safe alternative for immunosuppression 
during pregnancy, with safety data being more  
robust regarding cyclosporine. Dosing should 
be guided by trough levels and may have to be  
increased due to the expanded volume of  
distribution during advanced pregnancy.3 
Hydroxychloroquine should be administered to all 

patients with LN, according to the latest guidelines, 
as its use is considered safe during pregnancy.32 
Lymphopaenia has been reported at birth after in 
utero exposure of rituximab,34 and there are still 
insufficient data supporting its safe administration  
during pregnancy.3 

RECOMMENDATIONS 

In order to decrease the risk for foetal and  
maternal complications, including LN flare,  
pregnancy should at best be planned in patients 
with stable inactive lupus for at least 6 months  
on a treatment regimen that can be safely 
continued throughout gestation. Baseline testing 
for proteinuria/urinalysis, serum creatinine, full 
blood count, APAs and serum levels of anti-ds 
DNA antibodies, complement (C3 and C4) and  
liver function tests should be repeated regularly  
during pregnancy. Presence of anti-SSA/Ro 
and anti-SSM/La antibodies should prompt 
frequent evaluations of foetal heart rhythm 
especially from gestational weeks 16-32. A 
history of proliferative LN (Class 3 or 4) should 
receive special attention because of the  
increased risk for flare and complications. 
Thromboembolic risk should be assessed and  
treated accordingly. Postpartum regular follow-
up is essential, due to the increased risk for LN  
flare.3 Pregnancies are best managed by  
experienced multidisciplinary teams.3,29

Pre-eclampsia Lupus nephritis flare
Gestational age After week 20 Throughout

Hypertension Present May be present

Increased creatinine Usually absent May be present

Increased serum uric acid Increased Normal (unless CKD)

Anti-dsDNA antibodies Absent Present

Low C3, C4 Absent May be present

Leukopaenia Absent Present

Thrombocytopaenia Absent (unless HELLP) Present

Active urine sediment Absent Present

Table 2: Clinical and laboratory features aiding the discrimination between pre-eclampsia and lupus 
nephritis flare.

CKD: chronic kidney disease; HELLP: haemolysis, elevated liver enzymes, low platelets; anti-dsDNA: anti-
double stranded DNA; C3: complement 3.
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SUMMARY

Although at increased risk of complications, 
pregnancy is not contraindicated in patients 
with LN. A stable inactive disease with optimal 
treatment for at least 6 months before conception 
presents the best clinical setting for a successful 

pregnancy. Thorough preconception counselling  
and evaluation, close surveillance during gestation, 
and continued postpartum follow-up by an 
experienced multidisciplinary team may be able 
to favourably manage the risk of foetal/neonatal  
and maternal complications.
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ABSTRACT

Hyponatraemia is the most common electrolyte disorder in clinical practice. It is associated with increased 
morbidity, mortality, and length of hospital stay, and therefore represents a clinical, economic, and social 
burden for healthcare costs and caregivers. Acute and severe hyponatraemia is associated with severe 
neurological alterations that may lead to cerebral oedema and death. Even mild chronic hyponatraemia 
has been associated with neurological and extraneurological disorders, such as gait disturbances,  
attention deficit, increased risk of bone loss, falls, and fractures. These aspects appear relevant  
particularly in the elderly. Furthermore, an overly rapid correction of hyponatraemia may cause osmotic 
demyelination, thus making it necessary to define safe treatment strategies. In the last few years, the 
availability of new drugs, i.e. the vasopressin receptor antagonists or vaptans, has improved the therapeutic 
choices for the treatment of hyponatraemia. This review summarises the main aspects regarding the use  
of these drugs, in particular tolvaptan and conivaptan, which are the only vaptans currently available in 
clinical practice. 

Keywords: Hyponatraemia, vasopressin receptor antagonists, vaptans, tolvaptan, conivaptan. 

INTRODUCTION

Hyponatraemia is an electrolyte disorder defined 
as a serum sodium concentration ([Na+]) <136 
mmol/L and represents a very important clinical  
and economic issue. Firstly because it is a very 
frequent alteration; in fact, it is the most common 
electrolyte imbalance in hospitalised patients,  
with a prevalence of mild forms ([Na+] 130-
135 mmol/L) in about 20% of patients, and of  
moderate-to-severe forms ([Na+] <130 mmol/L) in 
about 7% of  patients.1,2 It is well known that acute 
severe hyponatraemia represents a life-threatening 
condition, causing brain oedema and severe 
neurological signs and symptoms.3 However, in the 
last few years, new evidence has demonstrated 
that mild and chronic hyponatraemia, traditionally 
defined as an asymptomatic condition, may also 
have important clinical consequences such as 
attention deficits, gait instability, falls, osteoporosis, 
and increased risk of fractures.4-8

The association between hyponatraemia and 
increased mortality has been demonstrated in 
numerous conditions, such as myocardial infarction 
(MI),9 heart failure (HF),10 cirrhosis,11 pulmonary 
diseases,12 cancer,9 in the elderly13 and in intensive 
care patients.14 Recently, in a comprehensive meta-
analysis, we confirmed that hyponatraemia is a 
negative prognostic factor across a large series of 
hospitalised patients affected by multiple clinical 
conditions such as MI, HF, cirrhosis, and pulmonary 
infections.15 We have also shown, for the first time, 
that even a moderate serum [Na+] decrease (i.e. 
4.8 mmol/L) is associated with an increased risk 
of mortality.15 Although these data both confirm 
and reinforce the strong association between 
hyponatraemia and poor outcomes such as inpatient 
mortality, it cannot prove a cause and effect 
relationship between these variables. Further studies 
are necessary to establish whether hyponatraemia 
has a direct effect on adverse outcomes, or is simply 
a marker for severity of underlying diseases.
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Hyponatraemia also represents an economic and 
social burden. In fact, increased length of hospital 
stay and also hospital readmission rates have 
been demonstrated in hyponatraemic patients. 
Furthermore, economic models have estimated 
direct costs associated with effective correction of 
hyponatraemia in hospitalised patients in the US 
at $1.6-3.6 billion/year.16 Therefore, hyponatraemia 
directly causes an increase in total healthcare costs. 

Taken together, these data suggest the importance 
of using the most appropriate therapeutic strategies 
to correct this electrolyte disorder. The essential 
requirement to properly manage hyponatraemia 
is a correct diagnosis because the therapy 
depends strictly on the subtype and aetiology of 
hyponatraemia.17 Hyponatraemia can be classified 
in hypotonic or non-hypotonic forms, based on 
plasma osmolality, which can be increased, normal, 
or reduced. Hypotonic hyponatraemia is the most 
frequent condition and can be further divided 
according to the extracellular volume status into 
hypovolaemic, euvolaemic, and hypervolaemic  
forms (Table 1). Another important aspect to be 
considered is the potential of risks associated 
with inappropriate treatment of hyponatraemia. 
In particular, an overly rapid correction of 
hyponatraemia may result in osmotic demyelination 
syndrome (ODS), a severe and potentially lethal 
complication.18 The risk of ODS is particularly high 
when hyponatraemia is chronic because when the 
correction rate is too rapid, the cells may not be  
able to recapture the osmolytes lost through the 
chronic adaption mechanisms that counteract 

cellular swelling and brain oedema. The result is 
an excessive movement of water out of the cells 
with consequent cellular shrinkage and osmotic 
demyelination. Several conditions can increase 
the risk of developing ODS such as hypokalaemia, 
hypophosphataemia, alcoholism, malnutrition, 
advanced liver diseases, or a serum level of  
[Na+]  ≤105 mmol/L.16-18

CONVENTIONAL TREATMENT OF 
HYPONATRAEMIA

The treatment of hypotonic hyponatraemia, which  
is the most common form, depends on the  
presence of signs and symptoms related to the 
severity and rapidity of onset of the disorder (i.e. 
acute versus chronic) as well as on the status of the 
extracellular volume.17

The first-choice treatment of hypovolaemic 
hyponatraemia is isotonic (0.9% sodium chloride 
[NaCl]) saline infusion. Symptomatic euvolaemic  
and hypervolaemic hyponatraemia are effectively 
treated with hypertonic (3% NaCl) saline infusion  
and loop diuretics.19,20 An important point to  
consider is the correction rate of hyponatraemia, 
which should not exceed a serum [Na+] correction 
of 8-12 mmol/L/day or 18-24 mmol/L in the first 48 
hours, in order to avoid the occurrence of ODS.16,18 
Recently published expert panel recommendations16 
have suggested that a 6 mmol/L increase in  
serum [Na+] appears to be sufficient to reverse  
the most severe signs and symptoms of acute 
hyponatraemia. This more prudent approach can 

Table 1: Classification of hyponatraemia.

SIADH: syndrome of inappropriate secretion of antidiuretic hormone.

Non-Hypotonic Hyponatraemia
Hypertonic hyponatraemia Isotonic hyponatraemia  Pseudohyponatraemia

Causes Hyperglycaemia, retention of 
mannitol, radiographic contrast.

Retention in the extracellular 
space of osmotically active 
solutes other than sodium.

Severe hypertriglyceridaemia or 
hyperparaproteinaemia.

Hypotonic Hyponatraemia
Hypervolaemic hyponatraemia Euvolaemic hyponatraemia Hypovolaemic hyponatraemia

Causes Heart failure, nephrotic 
syndrome, acute or chronic 
renal failure, cirrhosis.

SIADH, hypocortisolism, 
hypothyroidism.

Renal solute loss: Diuretic 
therapy, cerebral salt wasting 
syndrome, salt wasting 
nephropathy, Addison’s disease.
Extrarenal solute loss: Vomiting, 
diarrhoea, pancreatitis.
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be considered, especially when risk factors for the 
development of ODS are present. 

The traditional therapeutic approach in  
asymptomatic euvolaemic or hypervolaemic 
hyponatraemia is represented by fluid restriction. 
This treatment has some limits in that it is usually 
poorly tolerated by patients because of an  
increased perception of thirst and the improvement 
of serum [Na+] is often insufficient, especially if  
the kidneys are not able to excrete free water.19-21  
Other possible options for the treatment of  
these forms of hyponatraemia include lithium, 
demeclocycline, and urea. However, these  
molecules do not have a specific indication for the 
treatment of hyponatraemia, their efficacy can 
vary, and there may be potentially severe adverse 
effects.16,19 Hence, there is a need to develop new 
specific drugs to improve the treatment of this 
electrolyte disorder.

Vasopressin Receptor Antagonists: A New 
Therapeutic Option

In the early 1990s, the first non-peptide  
vasopressin receptor antagonists were identified 

and successfully used for the correction of 
hyponatraemia.22,23 The vasopressin receptor 
antagonists, or vaptans, act by blocking the 
binding of vasopressin to Type 2 (V2) receptors 
on the principal cells of the renal-collecting ducts, 
thus causing the inhibition of the synthesis and  
transport of aquaporin-2 into the apical membrane, 
which prevents water reabsorption (Figure 1). The 
main characteristic of vaptans is that they produce 
solute-sparing water excretion, as opposed to 
traditional diuretics that produce simultaneous 
electrolyte loss.23 This particular effect of vaptans, 
known as aquaresis, causes a decrease in urine 
osmolality and an increase in serum [Na+], thus 
opening up the potential use of these drugs in 
hypervolaemic and euvolaemic hyponatraemia. 
Due to this mechanism of action, it is evident that 
vaptans are not indicated for the treatment of 
hypovolaemic hyponatraemia. Four non-peptide 
vasopressin receptor antagonists have been tested 
in clinical trials: tolvaptan, conivaptan, lixivaptan, 
and satavaptan.16,24 The main properties of these 
compounds are shown in Table 2. However, only 
tolvaptan and conivaptan are currently available  
for clinical use and therefore the remaining part of 
this review will be focused on these agents. 
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Figure 1: Vaptans mechanism of actions: binding of vaptans to V2R inhibits the activation of the Gs-
coupled adenylyl cyclase cascade, thus inhibitng the synthesis, phosphorylation, and insertion of the 
AQP2 channels into the cell membrane. The final result is a reduction in water permeability of the renal 
collecting duct. 
AVP: arginine vasopressin; V2R: Type 2 vasopressin receptor; AC: adenylate cyclase; ATP: adenosine 
triphosphate; cAMP: cyclic adenosine monophosphate; PKA: protein kinase A; AQP2: aquaporin-2;  
P: phosphate.
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CONIVAPTAN AND TOLVAPTAN IN 
CLINICAL PRACTICE

Indications

Conivaptan, the only combined vasopressin V1a/
V2 receptor antagonist available, was approved 
by the FDA in 2005, and can be used in the US for 
the treatment of euvolaemic and hypervolaemic 
hyponatraemia in hospitalised patients. Tolvaptan 
was approved by the FDA and the European 
Medicines Agency (EMA) in 2009 and is sold in 
the US for the treatment of hypervolaemic and 
euvolaemic hyponatraemia, whereas in Europe, its 
use is limited to hyponatraemia secondary to the 
syndrome of inappropriate antidiuretic hormone 
secretion (SIADH). As already highlighted, vaptans 
are not indicated in hypovolaemic hyponatraemia; 
therefore, an accurate clinical and biochemical 
evaluation should always precede the use of  
these drugs.

Vaptans can be used to correct mildly symptomatic 
or asymptomatic hyponatraemia as an alternative 
to fluid restriction (if the latter is not tolerated or 
does not work effectively), or to treat moderately 
symptomatic hyponatraemia as an alternative to 
hypertonic saline solution.25 The use of vaptans in 
apparently asymptomatic hyponatraemia appears 
to be appropriate because of the potential adverse 
effects on bone, nervous system, and on mortality 
also observed in this condition.4-8,15 Severely 
symptomatic hyponatraemia presenting - for 
instance - with seizures, respiratory distress, or 
coma should still be treated with hypertonic saline 
solution infusion.16 In some specific clinical settings, 
the use of vaptans appears particularly useful;  

i.e. in patients with paraneoplastic SIADH who  
have to start chemotherapy with drugs that could 
cause or worsen hyponatraemia,26 or in patients in  
surgical or intensive care units, who require a 
readily effective treatment strategy. In Figure 2 the 
suggested indications for the use of tolvaptan in 
Europe are summarised.

It is important to highlight that vaptans should  
not be used together with or immediately  
after hypertonic saline because of the risk of 
overcorrection, and for that same reason, patients 
should be encouraged to maintain a normal fluid 
intake and drink in response to thirst.16

Pharmacological Properties

Conivaptan is the only vaptan available for 
intravenous use (an oral formulation has been 
evaluated in clinical studies but is not available 
for clinical use) and is restricted to the short-
term treatment (of up to 4 days) for hospitalised  
patients. The loading dose is 20 mg over 30 
minutes, followed by a continuous infusion of 20 
mg/day. The dosage may be increased to 40 mg/
day if the correction of hyponatraemia appears  
to be inadequate.27 

Tolvaptan is available in tablet formulation.  
Although the treatment must be started in the 
hospital, it can be continued after being discharged 
once the optimal dose has been established.  
Tolvaptan use is also indicated for long-term 
treatment when needed to maintain serum [Na+] 
within the normal range. The starting dose of 
tolvaptan is 15 mg once daily; the dosage can be 
increased to 30-60 mg at intervals ≥24 hours if  
the correction of the serum [Na+] is insufficient.28 

Table 2: Main properties of the vasopressin receptor antagonists evaluated in clinical trials.

V1a: vasopressin Type 1a; V2: vasopressin Type 2; IV: intravenous.

Tolvaptan Conivaptan Lixivaptan Satavaptan

Receptor specificity V2 V1a /V2 V2 V2

Route of 
administration

Oral IV Oral Oral

Half-life (hours) 6-8 3-8 7-10 14-17

Metabolism Hepatic Hepatic Hepatic Hepatic

Dosage   
(mg/day)     

15-60 20-40 10-400 5-50
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During the active phase of correction of 
hyponatraemia with conivaptan or tolvaptan, it is 
essential to strictly monitor the serum [Na+], which 
should be measured every 6 hours or more frequently 
in patients with ODS risk factors.17,29 In the case of 
tolvaptan, which can be used for a prolonged time, 
as already mentioned, a close measurement of the 
serum [Na+] is no longer necessary once the optimal 
dosage has been established.

The metabolism of all vaptans is hepatic, through 
the cytochrome CYP3A4 isoenzyme, and therefore, 
the potential interaction with CYP3A4 inhibitors 
(i.e. macrolide antibiotics, diltiazem, ketoconazole, 
but also grapefruit) that could increase the effect 
of vaptans or CYP3A4 inducers (i.e. rifampicin, 
barbiturates), which could reduce their effect, 
should be considered.30,31 In contrast, tolvaptan 
treatment does not interfere with the serum 
concentrations of other CYP3A4 substrates, such 
as warfarin or amiodarone.32,33 High and continued 
doses of tolvaptan (i.e. 60 mg/daily) could increase 
serum digoxin concentrations (mean maximal 
concentration: 1.27-fold increase); therefore patients 
treated with both tolvaptan and digoxin should  
be monitored for excessive digoxin effects.33

Efficacy 

The efficacy and safety of conivaptan and 
tolvaptan have been demonstrated in several 

clinical trials involving patients affected mostly by  
hyponatraemia secondary to HF, cirrhosis, and 
SIADH. In two placebo-controlled, randomised, 
double-blind studies, oral conivaptan appeared to 
be safe and effective in increasing and maintaining 
serum [Na+] in patients with euvolaemic and 
hypervolaemic hyponatraemia. Similar results 
were obtained with intravenous use.27,34 SALT-1 and 
SALT-2 (Study of Ascending Levels of Tolvaptan 
in Hyponatraemia 1 and 2) were two multicentre, 
randomised, double-blind, placebo-controlled  
trials, which evaluated the efficacy of oral tolvaptan 
in patients with hyponatraemia secondary to HF, 
liver failure, and SIADH.28 These studies showed 
a higher, progressive increase in serum [Na+] in 
patients who received tolvaptan versus placebo, 
without significant side-effects. Similar results were 
obtained in a subsequent analysis of the SIADH 
subgroup.35 Furthermore, a combined analysis of 
the two trials highlighted a significant improvement 
in the mean score of the SF-12 Mental Component 
Summary Scale from the baseline to day 30 in the 
tolvaptan group, suggesting that the increase in 
serum [Na+] secondary to tolvaptan therapy was 
clinically beneficial.  

The subsequent extension of the SALT-1 and SALT-2 
trials, the Safety and sodium Assessment of Long-
term Tolvaptan With hyponatraemia: A year-long, 
open-label Trial to gain Experience under Real-
world conditions (SALTWATER) trial, showed similar 

Figure 2: Indications for the use of tolvaptan in the treatment of euvolaemic hyponatraemia, according to 
the European indication, which restricts its use in patients with hyponatraemia secondary to syndrome of 
inappropriate secretion of antidiuretic hormone (SIADH).

Indications for the use of tolvaptan in                                                            
euvolaemic hyponatraemia

   Presence of moderate symptoms
(e.g. nausea, gait instability, confusion,   

disorientation)

Presence of mild symptoms or  
asymptomatic

(e.g. mild neurocognitive symptoms, 
depression)

As an alternative to   
hypertonic saline

solution

• As an alternative to fluid 
restriction

• As a first choice in some 
specific clinical settings  
(see text)
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results in terms of efficacy and safety.36 Another 
interesting study37 demonstrated that tolvaptan  
was better than fluid restriction in improving serum 
[Na+] (+6 nmol/L versus ≤1 nmol/L in patients  
treated with fluid restriction) in a cohort of 
hyponatraemic hospitalised patients. 

Two trials conducted specifically on patients 
affected by HF, the ACTIV in CHF (Acute and Chronic 
Therapeutic Impact of a Vasopressin antagonist 
in Chronic Heart Failure) and the EVEREST   
(Efficacy of Vasopressin Antagonism in Heart 
Failure Outcome Study With Tolvaptan), evaluated 
the impact of tolvaptan on survival as a secondary  
end-point.38,39 In a post-hoc analysis of the 
ACTIV trial, a link between an improvement in 
hyponatraemia and in survival was observed. In the 
EVEREST trial, tolvaptan did not show any effects 
on mortality during the long-term follow-up, but in 
patients with moderate-to-severe hyponatraemia 
(<130 mEq/L) tolvaptan was associated with 
reduced cardiovascular morbidity and mortality 
after discharge.40,41 However, it has to be specified 
that the EVEREST trial was not targeted to study  
the effects of tolvaptan on hyponatraemia, and 
it was not specified if the therapy was effectively 
associated with the normalisation of serum 
[Na+]. Together with the beneficial effect of not 
causing electrolyte depletion, these qualities make  
vaptans particularly useful in the treatment of 
hyponatraemia secondary to HF, alone or in 
association with traditional diuretics.16 

The use of vaptans in patients affected by cirrhosis 
and renal failure appears more controversial. 
Furthermore, after a recent alert regarding liver 
toxicity due to high doses of tolvaptan (see adverse 
events section), the FDA has contraindicated the 
use of tolvaptan in patients with underlying liver 
diseases. In patients with hyponatraemia secondary 
to nephrotic syndrome and concomitant renal failure, 
vaptans are not expected to cause a significant 
aquaretic effect, in particular if the glomerular 
filtration rate is <50 ml/min or the serum creatinine 
is >3 mg/dl and its use is not recommended.16

Safety and Adverse Events 

Conivaptan and tolvaptan are generally well  
tolerated. The most frequent side-effects  
are headache, orthostatic hypotension, nausea, 
increased urinary frequency, and hypokalaemia. 
Thirst and dry mouth are two common and  
expected consequences of the aquaretic effect of 
these drugs.27,42 

The safety of tolvaptan was confirmed in the  
SALT-1, SALT-2, and SALTWATER trials, in which 
an overly rapid correction of serum [Na+] or 
hypernatraemia were rarely observed (<2% of 
treated cases).28,35,36 Nevertheless, both the FDA  
and EMA have remarked on the necessity of  
monitoring the fluid and electrolytic balances in 
patients treated with tolvaptan or conivaptan, 
following the occurrence of a few ODS cases in 
patients treated with tolvaptan. However, only 
one case of ODS occurring after correction of 
hyponatraemia with tolvaptan alone has been 
reported very recently.43 Even though a causal 
relationship to drug exposure has not been clearly 
established, a strict monitoring of serum [Na+] in 
the active phase of correction of hyponatraemia  
is recommended, especially in patients with serum 
[Na+] ≤120 mmol/L, in which greater responses  
have been documented. 

Active therapy should be stopped if the rate of 
correction exceeds 8-12 mmol/L in the first 24 hours 
(or 18 mmol/L within 48 hours), in agreement with 
the general recommendations for the correction  
rate of hyponatraemia. The possible overly rapid 
increase in serum [Na+] can be limited by stopping 
the drugs (which both have a half-life <12 hours). 
Serum [Na+] re-lowering may be optional in  
patients at low-to-moderate risk of ODS, but is 
recommended in patients at high risk. This objective 
can be achieved by infusing or orally administering 
hypotonic fluids. The use of desmopressin can also 
be considered to obtain serum [Na+] re-lowering.16,25  

Recently, the FDA issued an additional warning 
relating to the potential hepatotoxicity associated 
with tolvaptan treatment, following the report of 
a few cases of liver toxicity in patients enrolled in 
a 3-year trial examining the effects of tolvaptan 
for a different indication, i.e. for the treatment  
of autosomal dominant polycystic kidney disease 
(ADPKD) (TEMPO trial, for Tolvaptan Efficacy  
and Safety in Management of Autosomal  
Dominant Polycystic Kidney Disease and its 
Outcomes).44 A reversible increase in serum alanine 
aminotransferase and total bilirubin was observed 
in three patients treated with tolvaptan, and this 
effect was related to the administration of this  
drug. In October 2013 the FDA determined that 
tolvaptan should not be used for longer than 30 
days nor in patients with underlying liver diseases 
because it can cause an increased risk of liver  
injury. However, it has to be said that the dosage 
used in the TEMPO trial was much higher than 
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ABSTRACT

Left ventricular (LV) structure and function abnormalities are frequent in patients with chronic uraemia;  
these disorders increase the risk of cardiovascular (CV) and overall morbidity and mortality in the  
predialysed population, during dialysis treatment, and in renal transplant recipients. Since the first  
description of the association between chronic kidney disease (CKD) and heart disease, many epidemiological 
studies have confirmed and extended this finding. The risk of cardiovascular disease (CVD) is notably 
increased in patients with CKD. When adjusted for traditional CV risk factors, impaired kidney function 
increases the risk of CVD 2 to 4-fold. CVD is frequently underdiagnosed and undertreated in patients with 
CKD. This review will attempt to summarise current knowledge of the prevalence and pathophysiological 
mechanisms of LV disease in chronic uraemia, and to discuss useful medical strategies in this population.

Keywords: Chronic kidney disease, cardiovascular remodelling, risk factors.  

INTRODUCTION

Left ventricular hypertrophy (LVH) is the most 
frequent cardiac complication in patients with 
chronic kidney disease (CKD), and carries a poor 
prognosis.1 Nearly 75% of adult patients have LVH 
at the time of initiation of dialysis therapy. The 
development of LVH is associated with decreased 
survival in patients with CKD. The reason for 
this is that LVH may cause cardiac arrhythmias, 
diastolic dysfunction, ischaemic heart disease, and 
progression to overt heart failure (HF). The high 
risk of cardiovascular disease (CVD) results from 
multiple factors, including haemodynamic overload 
and metabolic and endocrine abnormalities.2 

PATHOLOGICAL CARDIAC 
REMODELLING

Cardiac remodelling is frequently identified in 
patients with CKD. Remodelling can be defined  
as molecular, cellular, interstitial, and genomic 

expression changes that manifest as myocyte 
hypertrophy, intramyocardial cell fibrosis, and 
decreased capillary density.3 Cardiac remodelling 
is clinically manifested by changes in cardiac size, 
shape, and function in response to cardiac injury or 
increased cardiac load. The cardiac cells involved 
in the remodelling process are cardiomyocytes  
and fibroblasts. Fibroblast stimulation increases 
collagen synthesis and causes fibrosis of both 
the infarcted and non-infarcted regions of the  
ventricle.3 This leads to a loss of cardiomyocytes 
by apoptosis or necrosis. Eventually these 
cardiomyocytes are replaced by fibroblasts and 
extracellular collagen. Marked remodelling of the 
heart has also been observed in CKD patients.3 

There is a high rate of both eccentric (ventricular 
dilatation owing to volume overload) and 
concentric (increased ventricular wall thickness 
secondary to pressure overload) hypertrophy 
in patients with CKD. Additionally, in the setting  
of renal insufficiency there are many non- 
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haemodynamic factors that promote both 
hypertrophy and fibrosis. Cardiac remodelling 
can be both adaptive and destructive.4 Pathologic 
remodelling develops as a response to prolonged 
stress on the heart from chronic volume overload, 
pressure overload, and non-haemodynamic  
factors. This pathologic remodelling involves diffuse 
fibrosis and hypertrophy, which lead to increased  
myocardial stiffness and impaired diastolic 
relaxation. Remodelling under these conditions is 
associated with HF progression and poor prognosis.5

The prevalence of LVH is strikingly increased in 
patients with early or advancing CKD. When the 
estimated glomerular filtration rate (GFR) is <30 
mL/min per 1.73 m², around 50% of patients develop 
LVH, of which most is concentric hypertrophy.6 
Both preload and afterload-related processes 
affect the heart simultaneously and likely affect 
both patterns of hypertrophy. There appears 
to be an additive or even synergistic effect in  
promoting LVH. Additionally, many present in CKD  
have direct hypertrophic effects that are  
independent from their haemodynamic effects 
(e.g. renin-angiotensin-aldosterone system [RAAS] 
activation, increased sympathetic output, oxidative  
stress, inflammation, increased endothelin activity, 
hyperparathyroidism, and fibroblast growth  
factor 23 [FGF-23]). 

Increased CV risk in individuals with CKD is  
due partly to the high prevalence of traditional  
risk factors. Also, non-traditional kidney-specific 
mechanisms make notable contributions to 
cardiovascular (CV) risk. Clarification of these 
mechanisms could reveal ways to lessen the CV risk 
in patients with CKD.7

Hypertension is a well-known and strong risk factor 
for development of CKD. Nevertheless, the cause-
effect association can also be in the opposite 
direction. Even in the early phases CKD can cause 
hypertension, which is likely to increase CV risk in 
affected patients. A target blood pressure (BP) of 
<140/90 mmHg is deemed appropriate to prevent 
CV events in patients with CKD; a lower target  
BP of <130/80 mmHg is recommended only in 
patients with increased albuminuria (>30 mg/g).8

The primary structural component of the 
extracellular matrix (ECM) is fibrillar collagen. 
There are five types of fibrillar collagen; Type 1 
and Type 3 are the predominant isoforms in the 
heart, accounting for approximately 80% of the  
myocardial collagen.9 Collagen forms a structural 

scaffold that provides both strength and 
elasticity. This scaffold is important in maintaining  
structural integrity of the myocardium and actively 
participates in force generation and transmission 
across the LV wall. Taken in whole, the ECM is the 
primary determinant of ventricular stiffness and 
passive relaxation during diastole. An imbalance 
between collagen production by myofibroblasts 
results in a net accumulation of fibrillar collagen and 
myocardial fibrosis. Oxidative stress, inflammation, 
and excess hypertrophic growth factors are involved 
early-on in the course of CKD haemodynamic 
overload. At the same time, with progressive CKD, 
chronic anaemia, hyperphosphataemia, and uraemic 
toxins also play a role in promoting fibrosis.

In a recent study, Martin et al.10 demonstrated  
early myocardial fibrosis with impaired diastolic 
function in an experimental model of mild renal 
insufficiency produced by unilateral nephrectomy. 
Nephrectomy rats in the investigational group 
showed a significant increase in myocardial fibrosis 
compared to the control group after 4 weeks. 
These findings were independent of any change 
in BP, sodium retention, activation of aldosterone, 
GFR, proteinuria, or plasma B-type natriuretic 
peptide (BNP) level. After 16 weeks these changes  
progressed to more global remodelling and 
dysfunction with increases in LV mass, LV end 
diastolic diameter, and plasma BNP, with a modest 
decrease in LV ejection fraction (LVEF).

FUNCTIONAL CONSEQUENCES

Diastolic dysfunction is the predominate  
physiology seen in patients with CKD and is 
associated with a higher mortality rate than 
systolic dysfunction.11 CKD can lead to adverse 
cardiac remodelling and fibrosis (LV dysfunction, 
HF, etc.). At this stage, the clinical syndrome is 
typically progression and is a common cause of 
hospitalisation and suddenly death. All of the 
features and complications manifested by low  
LVEF have been described and found to be  
increased with progressively lower levels of GFR 
including increased symptoms, decreased exercise 
tolerance, reduced peak oxygen consumption, 
higher risks of arrhythmias, thromboembolism, 
device failure, and death.12

Over the last two decades, with the development 
of highly sensitive and cost-effective assays, 
serum biomarkers have become integral tools in all 
phases of diagnosis, management, and prognosis 
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of HF.13 Many commonly used biomarkers are 
substances released upon damage to or stress on 
the myocardium (including troponin and BNP); 
these can be considered to be bystander biomarkers 
as they are not actively involved in promoting 
disease progression. It is considered that there are 
other biomarkers that appear to be helpful in risk 
stratification of patients with HF, particularly after 
an acute myocardial infarction (e.g. serum levels  
of soluble ST2 receptor and interleukin-33 [IL-33]).14

Except hypertension, renal anaemia and 
increased vascular stiffness might play key roles 
in the development of LVH that leads to reduced  
coronary reserve.15 The latter could be aggravated 
by reduced cardiac capillary density in CKD and 
impaired coronary dilatory responses, as has been 
shown in animal studies. Expression of endothelial 
nitric-oxide (NO) synthase is down-regulated, 
which suggests a possible mechanism for coronary 
endothelial dysfunction in the early stages of CKD.7 
The high prevalence of LVH, with its associated 
risk of cardiac rhythm disturbances, could at least 
partly explain why the prevalence of sudden  
cardiac death is increased in people with CKD. In  
the general population, sudden cardiac death 
accounts for roughly one death per 1,000 person-
years and for 6–13% of all deaths, whereas among 
individuals with kidney failure, the rates are 59  
deaths per 1,000 person-years and 26% of total 
mortality.16 Besides the high prevalence of LVH, 
abnormal electrolyte concentrations and increased  
prevalence of coronary artery disease (CAD) are 
predisposing factors for sudden cardiac death 
in patients with CKD. Electrolyte disturbance,  
especially hyperkalaemia, may cause severe 
arrhythmias, including ventricular fibrillation and 
asystole. Dyslipidaemia and inflammation are 
also caused by CKD.17 In patients with impaired 
kidney function and high albuminuria, lipid profiles 
become atherogenic. Mechanisms of increased 
systemic inflammation in CKD are unclear, but the 
increased production of inflammatory mediators 
has been attributed to raised oxidative stress and 
the accumulation of post-synthetically modified 
proteins and toxins that are cleared with normal 
renal function.18

Other factors that raise CV risk in patients with 
CKD include increased activity of the renin–
angiotensin system and sympathetic nerve activity 
in CKD. Bioavailability of NO, which is involved in 
vascular smooth-muscle contraction and growth, 
platelet aggregation, and leukocyte adhesion to 

the endothelium, becomes decreased. Albuminuria 
can be interpreted as a sign of, but also as a 
consequence/marker of, endothelial dysfunction.18 
Another key factor for endothelial function seems 
to be asymmetric dimethylarginine (ADMA), the 
concentration of which is a predictor of mortality  
and CV complications in patients with CKD.18  
ADMA is an endogenic inhibitor of NO; it reduces 
cardiac output and raises systemic vascular 
resistance and BP. Increased concentrations of 
ADMA and sympathetic overactivity are associated 
with concentric LVH, which fits with the hypothesis 
that these factors may be associated with cardiac 
abnormalities in CKD.19

Vascular calcification is increasingly recognised to 
be a frequent complication in patients with CKD.20 
In the general population electron beam computed 
tomography evidence of vascular calcification is  
a useful index of atherosclerotic burden. It not  
only predicts adverse coronary events, but it is also 
associated with a lower event-free survival.21 The 
significant correlation observed between valvular 
calcification and aortic atheroma22 suggests that 
valvular calcification may be a manifestation of 
generalised atherosclerosis.23 The calcified regions  
of the cardiac valves not only share common  
features with arterial atherosclerotic plaque with 
infiltration of inflammatory cells, lipoproteins, and 
calcium deposits, but also express ‘bone’ matrix 
proteins,24 suggesting that the process of valvular 
calcification simulates bone formation. Interstitial 
cells with osteoblastic characteristics identified 
in cardiac valves were suggested to be partly 
responsible for the increased expression of ‘bone’ 
matrix proteins. The protein deposition ‘bone’ 
matrix in vascular calcification in uraemic patients25 
suggests that valvular and vascular calcification 
are likely associated syndromes, both involving an 
active cell-mediated process and not just passive 
accumulation of minerals.

Atherosclerosis is frequently seen in patients with 
kidney failure but also occurs in those with early 
CKD. The key modulators in this field have not been 
elucidated in intervention trials, but might include 
calcification inhibitors (e.g. fetuin-A and matrix Gla 
protein), promotors (e.g. hyperphosphataemia), 
calcium-phosphate product, parathyroid hormone 
(PTH), and leptin.26

FGF-23 is a recently discovered regulator of 
phosphate and mineral metabolism.27 FGF induces 
phosphaturia by reducing the number of Na-P 
co-transporters on renal tubular cells, as well as  
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mitigating the effects of calcitriol on intestinal 
absorption.28 The biological effects of FGF-23 
are exerted through activation of FGF receptors  
(FGF-R). Klotho is a transmembrane protein  
originally described in mice with a phenotype 
of accelerated aging and atherosclerosis. Klotho  
directly interacts with FGF-R, allowing it to bind  
FGF-23 with a higher affinity and increased 
specificity. The activation of FGF-23 therefore 
occurs in a Klotho-dependent manner.29 The main 
known physiological role of FGF-23 is to regulate 
urinary phosphate excretion and maintain a stable 
serum phosphate. An important secondary role is 
the counter-regulation (against PTH) of vitamin 
D biosynthesis. The main stimuli for increased 
expression of FGF-23 are high dietary phosphate, 
calcitriol, and persistent hyperphosphataemia. In 
CKD, recently reported clinical studies support a 
phosphate-centric, FGF-23 mediated pathogenesis 
of secondary hyperparathyroidism, and findings 
suggest that FGF-23 plays an active role in CKD. 
There is also growing evidence of the association 
between CVD and FGF-23 levels. In an observational 
study of 833 patients with early CKD and  
stable CAD, elevated FGF-23 was independently  
associated with mortality and CV events.30 
Association between arterial stiffness and FGF-23 
has also been demonstrated once in a cohort of  
967 patients with early CKD, where arterial  
stiffness was measured with ShygmoCor.31

Patients with impaired kidney function frequently 
develop a deficiency of active vitamin D because 
of a lack of its precursor, impaired activity of the  
kidney enzyme 1-α-hydroxylase, which converts 
this precursor to the active hormone, or both.33 

Observational studies in patients with CKD have 
shown associations between vitamin D deficiency 
and increased risk of CV events, and experimental 
data suggest that the vitamin D pathway is involved 
in modifying cardiac structure and function.33

The complex interaction between the kidneys and 
the heart has been termed the cardiorenal syndrome 
(CRS), in which five types have been defined.34 
Type IV CRS is classified as CKD contributing to  
decreased cardiac function, cardiac hypertrophy, 
and increased risk of adverse CV events, and is 
referred to as chronic reno-cardiac syndrome. As 
CKD progresses and kidney-specific risk factors 
become more and more relevant the risk of CVD is 
amplified. However, traditional risk factors remain 
the major determinants of CV remodelling in CKD.

PREVENTION 

CVD can be prevented by lifestyle and  
pharmacological interventions. In view of the 
progressive increase in CV risk as kidney function 
declines, however, prevention of loss of kidney 
 function should be viewed as a target by itself. 
Treatment strategies that slow or even halt the 
progressive loss of kidney function might not 
only postpone the need for dialysis or kidney 
transplantation, but also attenuate CV risk. 
Thus, the assignment of strength and grade 
to recommendations balances CV and renal  
protective effects.

PHARMACOLOGICAL INTERVENTIONS

Treatment of high BP in patients with any stage 
of CKD is of paramount importance to slow or  
prevent disease progression, and is the mainstay of 
CV protection.35 In such patients, drugs to control  
BP, especially RAAS inhibitors, should be titrated  
until the target BP is reached and baseline 
albuminuria is reduced by at least 50%.35 Lipid-
lowering therapies have undoubtedly contributed 
to a reduced incidence of CV events in the general 
population.36 A meta-analysis of all statin trials in 
individuals with CKD showed that the CV protective 
effect of these drugs is attenuated in those with 
low estimated GFR values and limited in patients 
undergoing dialysis.37

Diabetes is an important cause of CKD and 
significantly increases CV risk in these patients. 
Optimum glycaemic control slows the progression  
of microvascular complications, but the evidence for 
CV or mortality outcomes is of much lower quality.38 
New oral glucose-lowering drugs have become 
available for clinical use (e.g. GLP-1 analogues), but 
their long-term effects on CV and kidney outcomes 
are not yet established so they are not approved 
for use in dialysis patients or advanced CKD. 
Targeting future therapies at the underlying cellular  
mechanisms of CV remodelling, such as the insulin 
resistance (IR) pathway, may begin to reduce the 
burden of this disease. Thioglitazones, some of 
which are currently used to treat diabetes, are 
thought to be able to manipulate the IR pathway 
and to have the potential to be an effective therapy 
for cardiomyopathy in CKD. It should be noted, 
however, that some thioglitazones have been 
associated with increased risk of congestive HF, 
which might complicate their role in the treatment 
of this disease.39
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CV protection with antiplatelet and anticoagulant 
therapy has been documented in secondary 
prevention trials. Because patients with CKD 
are at increased CV risk they might benefit  
from antiplatelet therapy, but they also have  
abnormal platelet function that raises the risk 
of haemorrhagic events when treated with 
anticoagulants, including antiplatelet therapies.40

Much attention has been paid to the targeted 
treatment of specific kidney-related CV risk factors  
to improve renal and CV health, but  
results have been mixed. For instance, on the  
basis of the observation that low haemoglobin 
concentrations were associated with CV outcomes, 
erythropoiesis stimulating agents were assessed. 
Unfortunately, no benefit was seen with the  
correction of haemoglobin concentrations to  
>120 g/L, and an increased risk of stroke has  
been proven.41

Vitamin D deficiency can activate the intracardiac 
renin-angiotensin system (RAS), and active vitamin 
D supplementation can cause regression of LVH  
and/or cardiac fibrosis. Lowering greatly elevated 
PTH levels seen in experimental uraemia by 
calcimimetics (cinacalcet) decreases cardiac fibrosis 
but does not affect LV mass. Calcitriol also reduces 
cardiac fibrosis and microvascular remodelling in 
experimental models of renal failure.42

The identification of clinical manifestations of CVD 
is challenging in patients with CKD, especially 
identification of ischaemic heart disease. Some 
patients with CKD present with classic symptoms, 
but many are asymptomatic, with no pain or 
adrenergic manifestations, or develop atypical 
manifestations despite a major acute ischaemic 
event.43 People with diabetes might be particularly 
prone to asymptomatic ischaemic heart disease 
because of visceral neuropathy.

Clinicians must be fully aware of the atypical 
presentations of acute coronary syndromes in 
patients with CKD to avoid under-diagnosis 
of potentially life-threatening CV events. This 
consideration is particularly relevant because 
patients with Stage 3–5 CKD have notably higher 
rates of and worse prognoses from comorbidities, 
conduction abnormalities, and anterior infarctions 
than do individuals without CKD.44

In our opinion there are at least two approaches 
to prevent CV events in patients with CKD. First, 
treatment should be started in early stages of 

CKD. Screening for albuminuria and treatment 
with angiotensin-converting enzyme inhibitors in 
patients who have increased albuminuria might 
be a cost-effective approach to prevent CV events 
and renal failure, especially in patients at high risk 
of developing CKD, such as those with diabetes, 
hypertension, or old age.45 Such an approach  
should be formally investigated. Second, in late-
stage CKD, intensified, multifactorial interventions 
may be mandatory. Gaede and colleagues46  
showed benefits with multimodal treatment that 
included strict glucose management, statins, 
angiotensin-converting enzyme inhibitors, etc. 

Antihypertensive agents and lifestyle interventions 
(smoking cessation, increased physical activity, 
and dietary changes) compared with standard 
care according to national guidelines. The rate of 
macrovascular complications was halved after 8  
years of follow-up, as was CV mortality after 
13 years. A similar multimodal strategy was  
safely and effectively applied to normalise 
albuminuria and prevent loss of kidney function in 
patients otherwise predicted to rapidly progress  
to renal failure.47 

Rapamycin, targeting mammalian target of 
rapamycin (mTOR) downstream of protein kinase B 
(Akt), has been shown to reduce LVH and fibrosis in 
uraemic mice. It has the potential to be an effective 
and simple therapy for uraemic cardiomyopathy.48

CONCLUSIONS

Identification of the pathophysiological mechanisms 
underlying CV remodelling will allow for a better 
understanding of the clinical consequences of these 
diseases. Mechanisms specific to CKD promote 
vascular disease and, therefore, substantially 
increase the burden of CVD in patients with CKD. 
Experimental and interventional studies designed  
to test whether biomarkers are not only markers but 
also aetiological risk factors may provide further 
information that could lead to novel treatment 
options. Patients with CKD have a high risk of CVD 
that requires special attention and monitoring.

Finally, further research into the specific 
derangements will open the door for development 
of novel therapeutic targets aimed at treating the 
underlying disease aetiology and, thus, preventing 
initiation of the disease. Targeting future therapies  
at the underlying cellular mechanisms of CV 
remodelling may finally start to reduce the burden 
of CV changes in the CKD population.
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ICED kidneys were transplanted into the  
chilled abdomens of 50 frail patients using 
minimally invasive robotic surgery. 

Since kidney dysfunction occurs when blood 
flow to the organ is disrupted for longer than  
30 minutes during transplant, a team of 
surgeons from two institutes, the Henry Ford 
Hospital, Detroit, Michigan, USA, and Medanta 
Hospital, Gurgaon, India, have introduced 
a method of minimally invasive robotic 
surgery, which involves chilling the organ and  
transplant site with ice slush prior to surgery. 

“To our knowledge, ours is the first study  
to use renal cooling during robotic kidney 
transplant,” stated Dr Mani Menon, co-
author of the study and Chair of Henry Ford’s  
Vattikuti Urology Institute. “It had already 
proved useful during minimally invasive 
prostate surgeries.”

The experienced surgeons, who have  
collectively carried out over 10,000 robotic 
procedures and 2,500 standard kidney 
transplants, simulated the procedure for  

3 years before carrying out 50 robotic  
kidney transplants. 

Their method involved chilling the patients’ 
abdomen, held open with gauze, and 
subsequently filling the kidney cavity with 
sterile ice slush before transplanting the donor 
kidney, which had blood vessels attached using 
standard suturing. 

Post-surgery, all grafted kidneys functioned 
normally, and creatinine levels - an indicator of 
function - were normal. Patients reported no 
complications from surgical wounds, neither 
did they have any blood or urine leakage, nor 
did they need dialysis after surgery. 

At 6-month follow-up, 3 out of 28 patients 
developed complications, while the 25 
remaining patients were well. 

“The benefits of minimally invasive surgery 
in removing donor kidneys has been well 
established in earlier studies, but the use of 
robot-assisted surgery in transplanting those 
kidneys is comparatively a frontier,” explained 
Dr Menon. 

The researchers attribute their success to 
excellent collaboration and preparation, and 
hope to expand their research in order for the 
procedure to be accepted as an alternative to 
traditional open surgery. 

WHAT’S NEW

Icy frontiers explored in 
kidney transplantation 

“The benefits of minimally invasive 
surgery in removing donor kidneys 
has been well established in earlier 

studies, but the use of robot-
assisted surgery in transplanting 
those kidneys is comparatively a 

frontier.” 

Dr Mani Menon, 
 Henry Ford’s Vattikuti Urology Institute, 

Detroit, USA
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DEATH, hazard of graft loss, and odds of 
delayed or primary non-function are among 
the outcomes that have been substantially 
improved in paediatric kidney transplantation 
over the last 25 years.
 
Dr Dorry L. Segev, Associate Professor of 
Surgery and Epidemiology, Johns Hopkins 
School of Medicine, Baltimore, Maryland, 
USA, and colleagues gathered data from the 
Scientific Registry of Transplant Recipients 
on 17,446 children who received kidney  
transplants from 1987 to 2012. 10 years post-
transplant the patient survival rates were  
90.5% (2001) versus 77.6% (1987). Graft  
survival rates showed a similar increase of 
nearly 15%. 

The results revealed that outcomes after 
paediatric kidney transplantation have greatly 
improved over time for all recipient subgroups. 
Subgroups with fewer robust improvements 
included adolescent and female patients,  
as well as those receiving pre-transplant  
dialysis or suffering from focal segmental 
glomerular sclerosis. 

“Strategies to improve paediatric kidney 
transplant outcomes today include greater 
attention to the detection of elevated blood 
pressure, and the institution of aggressive 
therapy when it is detected, along with 
continued efforts to address medication non-
adherence in the adolescent population,” 

described Dr Brad Warady, Division Director  
of Paediatric Nephrology and Director of 
Dialysis and Transplantation, Children’s Mercy 
Hospital, Kansas City, Kansas, USA.

Emphasis has been placed on the need 
to magnify the current progress as some 
suggest this analysis may have other avenues  
of interpretation. 

Long-term graft survival rates did not reflect 
the same increases as the short-term graft  
survival over time, “meaning most paediatric 
recipients will eventually face either re-
transplantation or a return to dialysis,” wrote 
Dr Segev and colleagues.

“Continued progress in outcomes after 
paediatric [kidney transplant] ... is therefore 
needed to reach the goal in which a child 
with [end-stage renal disease] may receive a  
single kidney transplant that will last a lifetime,” 
the authors added.

NEPHROLOGY

“Strategies to improve paediatric 
kidney transplant outcomes 

today include greater attention to 
the detection of elevated blood 
pressure, and the institution of 
aggressive therapy when it is 

detected, along with continued 
efforts to address medication 

non-adherence in the adolescent 
population.” 

Dr Brad Warady,  
Children’s Mercy Hospital,  

Kansas City, USA

25 years of improvement 
for child kidney recipients
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MIGRATION of nuclear speckle-type POZ 
protein (SPOP) to the cytoplasm of kidney 
cells, as a result of hypoxia, is found to lead 
to the inhibition of pathways which protect  
against cancer. 

SPOP, ordinarily found in the nucleus as a 
tumour-suppressor protein, is induced into 
overexpression when rapidly metastasising 
tumour growths become starved of oxygen 
due to their growing mass. Notably, while 
SPOP does not mutate, it becomes targeted 
by hypoxia-inducible factors and is redirected 
outside of the nucleus. There, its function 
is changed and it shuts down protective  
pathways that restrict tumour growth. 

Among the tumour-suppressor proteins 
degraded by the accumulation of cytoplasmic 
SPOP was phosphatase and tensin homolog 
(PTEN), a gene lost or damaged in many types 
of cancer. Cancerous cell samples showed 
consistently high levels of SPOP and low levels 
of PTEN, while normal cells had the reverse.

“These results clearly demonstrate that SPOP 
is acting as a critical hub in a network involving 

multiple cancer-related pathways,” the study 
authors wrote. “In doing so, SPOP appears  
to be both necessary and sufficient for  
tumorigenic phenotypes.”

Often detected late, and highly resistant 
to chemotherapy, kidney cancer has a high 
mortality rate. Unfortunately, for most patients 
urine in the blood is the first indicator as there 
are currently no reliable screening tests. 

“We found that this normal protein, found in  
the wrong place and acting in the wrong 
way, was sufficient to drive the formation 
of tumours,” said Dr Kevin White, Professor, 
Human Genetics and Ecology and 
Evolution, Director, Institute for Genomics  
and Systems Biology, University of Chicago, 
Chicago, Illinois, USA. “Just by putting 
SPOP into the cytoplasm, we got great big  
tumours, but we also saw that the cells get 
addicted to it. When we knock it down, they 
die. Our hope is that cytoplasmic SPOP might 
turn out to be a good drug target.”

Oxygen starved cells 
promote kidney cancer 

“Just by putting SPOP into the 
cytoplasm, we got great big 

tumours, but we also saw that the 
cells get addicted to it. When we 
knock it down, they die. Our hope  

is that cytoplasmic SPOP might  
turn out to be a good drug target.”

Dr Kevin White,  
University of Chicago,  

Chicago, USA 

WHAT’S NEW
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Battle of the bulge
BELLY fat of rats has been unveiled as a novel 
feature in the treatment for chronic kidney 
disease (CKD). Stem cells from the omentum 
(an organ in the abdomen naturally enriched 
with them) of a CKD patient could be used  
to ameliorate their kidney function. 

Dr Ashok Singh, study author, John H. Stroger 
Jr. Hospital of Cook County, Chicago, Illinois, 
USA, and colleagues linked the omentum, a 
fatty fold of tissue, to the kidney, which lies in 
close proximity. After 3 months, continuous 
migration of stem cells from the abdomen to 
the diseased kidney had the power to slow 
CKD, indicating that there could be further 
healing - and perhaps reversion of CKD - if  
the stem cells sustained contact with the 
diseased kidney over time. 

“Attaching the omentum, a supposedly useless 
organ lying close to the kidney, to the diseased 
kidney could be put into practice after some 
more developmental work,” said Dr Singh. 
“By this technique, patients would be using  
their own stem cells lying in the omentum 
to cure their kidneys without depending on 
outside sources of stem cells.”

Due to the short lifespan of stem cells after 
removal from the body, it is unclear whether 
this treatment can be applied to clinical cases; 
the treatment would involve repeated stem  
cell injections over the course of many  
months, or potentially years. As a result, the 
technique has received mixed reviews. 

Dr Christof Westenfelder, Professor of  
Medicine, University of Utah Health Sciences 
Center, Salt Lake City, Utah, USA, posited 
that the research is: “Novel and scientifically 
interesting,” but that “further studies are 
needed to fully define the complex nature of 
the omentum’s ability to heal injured organs 
and to establish its potential utility in patients 
with renal diseases.”

NEPHROLOGY

“Patients would be using  
their own stem cells lying in the 

omentum to cure their kidneys...”

Dr Ashok Singh,  
Hospital of Cook County, 

Chicago, USA
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LIFETIME risk of developing end-stage renal 
disease (ESRD) is real for kidney donors, though 
still lower than in the general population.

The current study entitled: Understanding 
rare adverse outcomes following living 
kidney donation, aimed to evaluate the risk 
of developing ESRD in donors versus healthy  
non-donors. The analysis involved close to 
100,000 kidney donors, and found that 15  
years after donation, the cumulative incidence 
of ESRD was 30.8 per 10,000 in donors against 
3.9 per 10,000 in healthy non-donors. This  
does, however, represent a lower risk for live 
donors than seen in the general population: 
326 per 10,000.

“This makes biological sense, of course, 
because kidney disease is a progressive, 
chronic deterioration of kidney function, so 
if you start with less, you’ll get failure faster,” 
Dr Dorry Segev, Associate Professor of 
Surgery, Johns Hopkins University School of 
Medicine, Baltimore, Maryland, USA, explained. 

“However, this study reassures us that the  
risk of this happening in healthy, screened 
donors is extremely low.”

Every year in the USA, nearly 6,000 healthy 
adults donate kidneys to help those in need. 
Though presenting minimal risk to these  
donors, the study does bring to light the 
necessity for discussions on informed consent. 

The opinion of Dr Segev and colleagues  
is that: “It is imperative that the transplant 
community, in due diligence to donors, 
understands the risk of donation to the fullest 
extent possible, and communicates known  
risks to those considering donation.” 

However, Dr John S. Gill, Assistant Professor, 
University of British Columbia, Vancouver, 
Canada, states that: “It would be easy to 
misinterpret the findings of Muzaale et al. 
as suggesting that kidney donation is a risky 
procedure. In reality, the authors have shown 
that the absolute risk of ESRD among living 
donors is extremely low; this is their key  
finding and does not imply the need to alter 
existing clinical practice.”

Increased risk of kidney 
disease to kidney donors

“It would be easy to misinterpret 
the findings of Muzaale et al. as 
suggesting that kidney donation 

is a risky procedure. In reality, 
the authors have shown that the 

absolute risk of ESRD among living 
donors is extremely low; this is their 

key finding and does not imply 
the need to alter existing clinical 

practice.”

Dr John S. Gill,  
University of British Columbia,  

Vancouver, Canada

WHAT’S NEW
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PIONEERING bilateral simultaneous 
ureteroscopy procedure allows surgeons 
to remove stones from both kidneys of 
nephrolithiasis sufferers at once, and sees 
patients sent home the same day.  

Mr Bhaskar Somani, Consultant Urological 
Surgeon, Southampton General Hospital, 
Hampshire, UK, has been the lead in this 
new technique, which uses a ureteroscope to 
visualise and reposition kidney stones that are 
then destroyed by a laser. The technique is 
usually attempted separately on each kidney.

“Performing them separately means they  
have more hassle, more time off work and, 
logically, if both stones can be removed at the 
same time then why do it at different times 
and prolong discomfort for these patients,” 
explained Mr Somani.

Kidney stones are deposits of salt which 
crystallise into solid masses that the body 
cannot easily rid itself of. They commonly 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

affect men over 30 but are also seen  
less commonly in women (10-15% versus  
2-7%). Though small stones may go undetected 
as they pass through the urine, larger stones  
can block the urethra leading to pain in  
the groin or abdomen, urinary tract infection, 
or sepsis. 

Mr Somani noted: “In particular, for patients 
with urinary tract infections who have stones 
in both kidneys, it is sensible to try and clear 
everything at once as you can’t be sure which 
side is causing the infection.”

A related study has already seen the  
procedure achieve a colossal success rate of 
92% in a trial of 22 patients with nephrolithiasis. 
Of these patients, over 75% were released  
from the hospital on the same day, while  
others experienced minimal complications.

Mr Somani added: “Many surgeons may be 
fearful of attempting both sides due to the risk 
and worry of causing trauma to the kidneys. 

“But, with the right expertise, confidence, and 
experience, the benefits of a single procedure 
far outweigh the risks of performing more work 
in a single session.”

“The benefits of a single procedure 
far outweigh the risks of performing 

more work in a single session.”

Mr Bhaskar Somani,  
Southampton General Hospital,  

Southampton, UK

No stone left unturned in 
single operation to treat 
double nephrolithiasis
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NEGATIVE results were revealed in an 
assessment of the benefit of dialysis for acute 
kidney injury (AKI) sufferers. 

There is an increasing prevalence of AKI  
(the unexpected, short-term loss of kidney 
function); this complication is estimated to 
arise in around 10% of critically ill hospital 
patients. However, an unfortunately high rate 
of mortality, 50-80%, accompanies figures of 
those who receive dialysis for its treatment. 

The current data support a lack of robust 
evidence used to determine which patients 
would benefit from acute dialysis initiation. 

In a comparison of nearly 600 AKI patient 
records, from those who received dialysis 
immediately following the incident and those 
who did not, Dr F. Perry Wilson, lead study 
author and Instructor of Medicine, Renal, 
Electrolyte, and Hypertension Division, 
University of Pennsylvania, Philadelphia, 
Pennsylvania, USA, and his team, found that 

AKI patients with lower levels of creatinine 
(<2.8 mg/dl) – a sign of reduced muscle mass 
and weakness - had increased mortality after 
dialysis (64% did not receive dialysis and died, 
versus 78% who received dialysis and died).

The initiation of dialysis is already known to  
be a multifactorial decision, ordinarily based  
on patient choice and the practitioner’s  
analysis. However, it was of interest that 
males, people of black ethnicity, those who 
gave orders not to resuscitate, and those 
who were scheduled for dialysis on a Sunday,  
had negative associations with initiation  
of dialysis. 

“Many clinicians feel that, although acute 
dialysis may not help a critically ill patient, it  
is unlikely to cause any harm. Through this 
study, we have been able to show for the first 
time among an equally matched group of 
patients that dialysis for AKI may cause more 
harm than good in the subgroup of people  
who are frail and have lower muscle mass, 
and more benefit than harm in more robust 
patients,” said Dr Wilson.

Acute kidney injury 
sufferers on dialysis face 
higher mortality rates

“Dialysis for AKI may cause more 
harm than good in the subgroup  
of people who are frail and have 

lower muscle mass, and more 
benefit than harm in more  

robust patients.” 

Dr F. Perry Wilson,
 University of Pennsylvania, 

Philadelphia, USA
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Featured Suppliers
Nephrology

With its headquarters in Connecticut, USA, Alexion is a global company 
with more than 1,800 employees worldwide helping patients in nearly 
50 countries. Since 1992, Alexion has developed from a biotech start-
up into one of the world’s largest biopharmaceutical companies. The 
company is focused on developing life-altering therapies for patients 
with extremely rare, severe, and life-threatening diseases. Alexion’s 
first commercial product was Soliris (eculizumab); the only approved 
terminal complement inhibitor currently available worldwide. Soliris is 
approved in USA, EU, and Japan, among others, as a treatment for 
patients with atypical haemolytic ureamic syndrome.

As one of the largest companies on the global healthcare stage, Baxter 
aims to fuel the treatment of a range of complex medical conditions 
by assisting healthcare professionals and their patients. Baxter exhibits 
impressive knowledge in medical devices, pharmaceuticals, and 
biotechnology, creating medical products that help patients globally. 
Some of these include haemophilia, immune disorders, infectious 
diseases, kidney disease, trauma, and a range of other chronic and 
acute conditions. Baxter employs hundreds of scientists who focus 
heavily on recombinant and plasma-based therapeutics, vaccines, 
biosurgery, kidney dialysis, and parenteral nutrition.

Dedicated to unearthing and distributing game-changing therapies 
to patients with exceptional medical requirements, Genzyme has 
been fulfilling these targets for over 30 years to become one of the 
world’s leading biotech companies, with more than 40 global locations 
serving patients in over 100 countries. The Boston-based firm was 
further boosted by the 2011 acquisition by global pharmaceutical 
giant Sanofi, adding clout to its reach and resources. Genzyme’s 
main clinical investigative focus is on rare genetic diseases, including  
lysosomal storage disorders, and has pushed the boundaries into other 
disease areas such as thyroid cancer and multiple sclerosis.

Novartis has one outstanding mission: to discover, design, and deliver 
state-of-the-art healthcare to patients worldwide. Founded in 1996 
and based in Basel, Switzerland, this world-leading pharmaceutical 
company has consistently produced medical breakthroughs,  
developing innovative products for patients and consumers. A host of 
ground-breaking pharmaceuticals, generics, vaccines, and consumer 
health products have provided pain relief and boosted patient quality 
of life since the company’s inception. Operating in 140 countries, 
the seismic ambitions of Novartis have attracted a total of 135,000 
associates, including top experts in research and development.

Vifor Pharma is a global pharmaceutical company that researches, 
develops, and markets its own brand of pharmaceutical products 
worldwide with a focus on iron replacement. Vifor has managed to 
generate sales from approximately 100 countries in 4 key franchises: 
iron, Vifor Fresenius Medical Care Renal Pharma Ltd., infectious 
diseases/OTX, and consumer healthcare. The company has always 
strived to make a positive impact on the lives of its customers by 
continuously building on its expertise in the fields of iron deficiency, 
infectious diseases, and consumer healthcare. The company has an 
increasing global presence, with manufacturing sites in Switzerland, 
the UK, and Portugal.



The European Renal Associati on – European 
Dialysis and Transplant Associati on 
(ERA-EDTA) is one of the fastest growing 
medical associati ons in Europe and - with 
nearly 7,000 members - one of the biggest 
nephrology associati ons worldwide. It 
supports basic and clinical research in the  elds of clinical nephrology, dialysis, renal 
transplantati on and related subjects. Many studies and research groups are funded by 
the ERA-EDTA and it sti mulates research by awarding prizes and scholarships, some 
are for research achievements in nephrology, while others foster young talents. The 
associati on’s journals, NDT (Nephrology, Dialysis, Transplantati on) and CKJ (Clinical 
Kidney Journal), are currently the leading nephrology journals in Europe.

The ERA-EDTA also has an established Registry, a large epidemiologic database comparing 
countries by assessing nephrology practi ce throughout Europe, has been established. 
Besides, ERA-EDTA is member of the European Kidney Health Alliance (EKHA), a 
consorti um of renal societi es that acti vely interacts with the European Parliament. 

ERA-EDTA’s educati onal program is extremely comprehensive: there are several series of 
CME-courses, an electronic Journal (NDT-Educati onal) and the annual congress off ers an 
att racti ve scienti  c programme that is att ended by more than 8,000 delegates. Besides, 
the ERA-EDTA has established various Working Groups to promote the collaborati on of 
nephrologists with other medical disciplines. Finally ERA-EDTA has an extensive program 
for young members including the YNP (Young Nephrologists’ Platf orm) one of its most 
acti ve committ ees.

Promoti ng Kidney Health 
and Increasing
the Standard of Care
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World Transplant Congress (WTC) 2014     
26th–31st July 2014 
San Francisco, USA  

The WTC Congress will provide a forum for the exchange of new scientific and clinical  
information relevant to solid organ and tissue transplantation. It will bring together transplant 
physicians, nurses, organ procurement personnel, and other transplant professionals.  
Attendees have the opportunity to learn about cutting-edge advances in research, and  
the exchange of ideas and practice in the field of solid organ and tissue transplantation.

Federation of American Societies for Experimental Biology 
(FASEB)-Polycystic Kidney Disease (PKD)  
3rd-8th August 2014 
Barga, Italy

This ‘From Molecular Mechanism to Therapy’ Conference will focus on recent advances in  
the understanding of the pathogenic mechanisms underlying the cystic renal diseases, and  
the development of therapies to slow down their progression. PKD research is presently one 
of the most exciting areas of renal research. It attracts a wide range of healthcare specialists, 
including basic scientists and clinical researchers who are at the forefront of PKD research.

15th Congress of the International Society of Peritoneal Dialysis 
(ISPD) 2014  
7th-10th September 2014 
Madrid, Spain 

This Congress will be an opportunity to realise the changes in the field, and to envision new 
perspectives for basic and clinical research. The translational programme aims to draw  
experts from all over the world, and will encompass innovations in diagnosis, advances in  
clinical practice, novel therapeutic approaches, and new insights into cellular and animal  
models. It also aims to provide a strong networking opportunity for its attendees.    

47th Annual Scientific Meeting of the European Society for  
Paediatric Nephrology (ESPN) 2014   
18th-20th September 2014
Porto, Portugal

This annual meeting aims to provide a high quality and diverse programme, which will include 
the latest developments and ideas in basic science, transitional, and clinical science. These will 
be presented in the form of lectures, mini-lectures, symposia, and courses. There will also be 
industry-sponsored symposia. Topics to be covered include transplantation, chronic kidney 
disease, kidney injury, and nephrotic syndrome.  

UPCOMING EVENTS
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Primary Care: Nephrology Essentials and Case Studies -  
Mediterranean Cruise Conference   
20th September–2nd October 2014 
Barcelona, Spain 

This event will aim to provide a clear understanding of the different stages of chronic kidney 
disease. Upon completion, participants should be able to enumerate the common disease 
entities that result in chronic disease, as well as recognise common complications of chronic 
kidney disease along with their pathophysiology and management. The programme is aimed  
at urologists, nephrologists, renal specialists, and internists. 

American Society of Nephrology (ASN) Kidney Week 2014   
11th–16th November 2014 
Philadelphia, USA 

This event will focus on late-breaking information relating to basic, translational, and clinical 
research discoveries in the field of nephrology. The scientific programme, aimed at practicing 
nephrologists and delivered by internationally recognised scientists, will include a wide range  
of clinical conferences, symposia, presentations, and state-of-the-art lectures. The event will  
also provide ample scientific networking.  

Nephrologisches Jahresgespräch (Nephrology Annual Meeting) 
2014
21st–23rd November 2014  
Mannheim, Germany

This annual meeting will allow practicing nephrologists to exchange information concerning a 
variety of topics relating to kidney disease. The total spectrum of nephrology includes basic 
research on the causes of kidney disease, its prevention and treatment, the introduction of 
renal replacement therapy in end-stage renal disease, and kidney transplant. There will also be 
discussions on the latest policy developments to improve patient care.

International Society of Nephrology (ISN) World Congress of 
Nephrology 2015 
13th–17th March 2015
Cape Town, South Africa

The scientific programme at this Congress will include topics addressing the practical, social, 
and economic challenges across the world. Key scientific themes to be discussed throughout  
the Congress include communicable (HIV, etc.), non-communicable (Hypertension, etc.) and 
other renal risk factors. Further material will cover acute kidney injury (AKI), translational and 
clinical nephrology, dialysis, and transplantation.
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