
A July Capitol Hill visit from an ASN delegation 
highlighted the need to fast-track passage of 
legislation to reform and modernize the U.S. 
transplant system. The visit was the latest in 

years of advocacy by patient and clinician organizations 
seeking to improve the nation’s transplant system and make 
transplantation more accessible.

The Securing the U.S. Organ Procurement and 
Transplantation Network (SUS OPTN) Act passed the 
U.S. House of Representatives and the Senate with bipar-
tisan support in late July (1, 2), 1 week after ASN advo-
cates visited their members of Congress asking for swift 
enactment of the legislation. ASN and 29 other organiza-
tions representing patients with kidney diseases and their 
clinicians supported the legislation (3). The passage of the 
SUS OPTN Act provides the Health Resources & Services 
Administration (HRSA) the ability to fully implement its 
“OPTN Modernization Initiative,” which aims to increase 
transparency, accountability, competition, and efficiency in 
the OPTN. 

“It just gives HRSA the green light to go ahead with the 

Modernization Initiative,” said ASN President Michelle 
Josephson, MD, FASN, professor of medicine and surgery 
at The University of Chicago Pritzker School of Medicine, 
IL. “This is step one.” 

Need for modernization
Roslyn Mannon, MD, chair of ASN’s Policy and Advocacy 
Committee and professor of medicine in the Division of 
Nephrology and vice chair of research in the Department 
of Medicine at the University of Nebraska Medical Center 
in Omaha, remembers that early in her career, many trans-
plant programs were small “mom and pop” operations driv-
en by trailblazers at local hospitals. The National Organ 
Transplant Act of 1984 established the first national organ 
recovery and allocation system, and the United Network 
for Organ Sharing (UNOS) received the first federal con-
tract to operate the OPTN and has operated it ever since 
(4). Mannon noted the remarkable accomplishments in 
the field of transplant since then. There are now 56 organ 
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A complex mix of factors, including extreme heat 
exposure, consumption of processed foods, 
and antibiotic use, may contribute to rising 
kidney stone rates in children and adolescents.  

A study in CJASN identified a 26% increase in kid-
ney stones per 5-year period among 15- to 19-year-olds 
in South Carolina between 1997 and 2012 (1). This find-
ing was the “canary in the coal mine,” alerting scientists 
to the alarming trend of rising pediatric kidney stones, 
said Gregory Tasian, MD, MSc, MSCE, a pediatric ne-
phrologist at the Children’s Hospital of Philadelphia, PA. 
The data showed that girls, Black children, and adoles-
cents were disproportionately affected. Since then, data 
from children’s hospitals indicate a nationwide increase of 

approximately 6% to 10% per year over the past several 
decades, according to a recent review of the data by Tasian 
and colleagues (2).

“There is convincing evidence it is still happening,” 
Tasian said. “If we can understand what is driving these 
trends, then you can develop interventions that can work 
on the causal pathway.” The cause is likely multifactorial, 
he continued. About half of an individual’s vulnerabil-
ity to developing kidney stones is genetic, Tasian noted. 
Additionally, diet and hydration play a role, as do envi-
ronmental factors, such as heat exposure or other expo-
sures like antibiotics that may alter mineral metabolism 
by altering the gut microbiome.
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procurement organizations and 250 transplant centers in the United States, and by 2022, the 
system had completed 1 million organ transplants. But Mannon acknowledged room to con-
tinue to progress and address shortcomings in the system. 

“I recognize the incredible work our field has done,” she said. “But it also feels like our field 
is lagging.” 

 Mannon shared that concerns from transplant teams and patients have not been addressed 
in some cases. For example, archaic technology and hardships for transplant centers not located 
near a major transportation hub can lead to delays in receiving organs. Additionally, it has been 
difficult to track organs in transit. That has been incredibly frustrating considering how easy it 
is to track far less valuable online purchases from retail sites, she noted. 

“These are precious commodities,” Mannon said. “These are people’s organs helping other 
people.” 

A 2022 Senate hearing outlined the results of a Senate investigation into the U.S. trans-
plant system and its contractors (5). Investigators alleged inadequate system oversight, a lack 
of technical expertise, and mismanagement leading to excessive numbers of unused organs. 
Additionally, the White House Digital Service recommended breaking up UNOS’ “monop-
oly” on the transplant system to help address problems with outdated software, system failures, 
and overreliance on manual data entry (6). 

Vineeta Kumar, MD, a transplant nephrologist at The University of Alabama at 
Birmingham, said the system is not necessarily working poorly now, but she noted that much 
has changed in the last four decades. For example, the complexity and volume of patients have 
increased.

“We’ve learned over decades of experience that we want to be able to do more better,” she 
said. “We need a new set of tools that are different than [what] we needed four decades ago.”

The U.S. transplant system is the largest in the world but also has the highest rate of dis-
carded organs, said Sumit Mohan, MD, MPH, professor of medicine and epidemiology at 
Columbia University and medical director of the kidney transplant program at Columbia 
University Irving Medical Center in New York. The system discards one in four donated kid-
neys, and most are transplantable, said Mohan, who also serves on ASN’s Quality Committee. 
The number of discards is also growing, he noted. 

“That is simply unacceptable,” he said. “The majority of those kidneys would have been 
used in another system.” 

The exact reasons for the high discard rate are unclear, partly because there are inadequate 
data to understand what caused a kidney discard, Mohan explained. But there are likely mul-
tiple contributing factors. Some possible contributors are previous performance measures that 
rewarded centers for the transplanted organ’s performance, which incentivized cherry-picking 
the best organs available and putting patients on the waiting list most likely to have a successful 
transplant, he said. Kumar agreed that the current quality metrics for transplant centers, which 
are used by payors like Medicare, may inadvertently incentivize centers to keep their local 
waitlist small.

“In that process, you can really limit access,” Kumar said. She noted that having more 
granular data might allow more meaningful quality metrics. But doing that requires both more 
sophisticated data systems and appropriate resources for good data entry into the system—
both stated goals of the OPTN Modernization Initiative. 

Kidney allocation procedures may also lead to kidney discards, Mohan noted. For example, 
if multiple transplant centers are offered and turn down an organ, the organ may spend too 
much time on ice to be transplanted. 

“Transplant is a team sport,” Kumar said. “Every cog in the wheel has to function in rhythm 
with the other wheel to turn, but not everything in transplant is aligned for that.” 

There are about 100,000 people on the kidney waiting list and about 25,000 kidney trans-
plants each year, a disparity that discarded kidneys may exacerbate, Mannon noted. About 
6000 patients on the waiting list die each year. Additionally, about half a million people are on 
dialysis, but it is not clear why more of them are not on the transplant waiting list, Mohan said. 
He said nephrologists believe most would be good transplant candidates. There have also been 
persistent racial, ethnic, and socioeconomic disparities in which patients receive transplants, 
Mohan highlighted. 

“We need a more patient-centered, more transparent system,” he said. “As a system, we are 
not doing well from an access-to-care standpoint.” 

Policy fixes
HRSA’s OPTN Modernization Initiative aims to address some of the shortcomings of the 
current system, focusing on upgrading information technology systems and making trans-
plant more transparent, opening competition for contracts, and increasing accountability 
(7). Specifically, the initiative is focused on five key tasks: technology, data transparency, 
governance, operations, and quality improvement and innovation. HRSA has also created a 
dashboard highlighting de-identified information on organ donors, procurement, transplant 
waitlists, and wait time (8). 

 “At HRSA, our stewardship and oversight of this vital work [are] a top priority,” said HRSA 
Administrator Carole Johnson in a statement from the agency (9). “That is why we are taking 
action to both bring greater transparency to the system and to reform and modernize the 
OPTN. The individuals and families that depend on this life-saving work deserve no less.”

Statutory restrictions on HRSA’s administration of the transplant system needed to be lift-
ed to fully implement the Modernization Initiative. Mohan explained that the previous law 
required the OPTN contractor to be a nonprofit and have experience overseeing the OPTN. 
Since UNOS has run the OPTN for 40 years, it was effectively the only contractor eligible to 
apply. 

“It [the SUS OPTN Act] gives HRSA a lot more flexibility to do the things we think it 
needs to do,” Mohan said. 	

“The notion of modernization is something to embrace,” Mannon said. “This is a great 
opportunity to move the field forward.” 

The SUS OPTN Act lifts the restriction that the contractor be a nonprofit with experience 
and opens the possibility of creating multiple contracts for individual tasks such as govern-
ance or technology. Mohan said this would allow HRSA to award contracts to vendors with 
the right technology, logistics, or governance expertise. It also requires separate contracts for 
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OPTN’s Board of Directors and its operations. Currently, the OPTN and UNOS are so closely 
aligned that many of the same people serve on the two organizations’ Boards of Directors and 
as officers in the organizations. But HRSA wishes to separate the two organizations, create 
independent governance boards, and spread some of the tasks of the OPTN among multiple 
contractors. 

The SUS OPTN Act and Modernization Initiative open a national conversation on how to 
improve the transplant system and a discussion about new ways to achieve the system’s goals, 
said Kumar. She noted that, currently, many dialogues about how to improve the system are oc-
curring in silos—the modernization process can bring people together to develop meaningful 
improvements and help break down those silos that hinder communication and patient care. 

“It’s a step forward to making things better for our patients and the transplant enterprise in 
general,” she said. 

Josephson emphasized that greater investment in the transplant system is needed to help 
upgrade its information technology and ensure independent oversight of the system. The 
Biden administration's fiscal year 2024 budget proposed doubling federal investment in organ 
transplantation and procurement, from $36 million to $67 million. Securing the additional 
funding will require Congressional approval of the budget request. 

“It puts into place the opportunity to make structural improvements,” Josephson said. 
“That is an exciting thing.”

Mohan said that upgrading the system’s information technology and increasing the amount 
of data it tracks is essential. The entire system relies on technology and accurate data to support 
the allocation of organs and monitor the transplant system’s performance. 

“We need a lot more data than we currently collect to be able to do all those tasks in a mean-
ingful, robust, and accurate way,” he said.  

Mannon noted that having a competitive contracting process brings the U.S. transplant 
system more in line with other U.S. government functions and that the prospect of losing a 
contract for poor performance may incentivize contractors to perform better. “Competition 
has always been an important aspect of how this country has moved forward,” she said. 

Mohan noted that HRSA’s OPTN Modernization Initiative includes a preference for a 
nonprofit organization to be the contractor for the governance tasks, which he says makes 
sense. The key to success will be strong oversight from HRSA, he said. 

“The onus falls to HRSA to do a better job of managing the contracts,” he said. “They must 
do a much better job of ensuring the contractors are delivering. If HRSA does that well, it won’t 

matter whether the contractor is for-profit or nonprofit.”  
Ongoing advocacy from ASN and other organizations dedicated to the needs of patients 

with kidney diseases and their caregivers is also essential. 
“What we all have to do is to help HRSA succeed,” Josephson said. “If they succeed, we 

succeed. We have to be honest with them about what’s good and bad [in the system] and focus 
on improving areas that need improvement and keeping things that work.” 

Disclaimer: The views of Drs. Kumar, Mannon, and Mohan are their own and do not repre-
sent the official views of their institutions or ASN.
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Effect moderator
There is growing recognition that climate change and more 
frequent extreme heat episodes are driving increasing rates 
of kidney diseases in some populations. Emerging evidence 
demonstrates increased rates of admission for kidney diseases 
during heat waves (3) and elevated rates of kidney stones (4).

Additionally, scientists have implicated chronic heat ex-
posure in rising rates of kidney disease of unknown origin 
in young agricultural workers in Central America and other 
parts of the world (5). Some studies suggest that the roots of 
the condition may be traced back to childhood (6). Nathan 
Raines, MD, MPH, an instructor of medicine at Beth Israel 
Deaconess Medical Center and Harvard Medical School 
in Boston, MA, and a researcher studying the trend, said 
that heat is an “effect moderator” in kidney diseases. He de-
scribed that it likely interacts with genetic factors, agricultur-
al chemical exposures, infections, or other not-yet-identified 
contributors.

“Heat exposure drives dehydration,” Raines explained. 
He said dehydration may lead to reduced urine output, 
which could contribute to stone formation in children, but 
it is unlikely to cause the condition on its own. Instead, 
he added, it likely makes the body less able to compensate 
for other factors that may contribute to stone formation. 
Rising temperatures may also contribute to drought, re-
ducing water access, said Kari Nadeau, MD, PhD, interim 
director of the Center for Climate, Health, and the Global 
Environment and professor and chair of the Department of 
Environmental Health at the Harvard T.H. Chan School of 
Public Health, Boston.

Children are especially vulnerable to dehydration, 
Nadeau said. She explained that children have a faster me-
tabolism than adults and need more water per unit of weight 
than adults. Their kidneys are also more vulnerable to injury 
because they are still developing and do not have as much 
buffer against damage as adult kidneys do. Children also 
may be less aware of the importance of hydration or the dan-
gers of high temperatures, Nadeau added. “Kids don’t neces-
sarily know to go under a tree right away or go into a cooling 
room, and they will keep exercising unless someone stops 
them,” she said.

In addition to driving dehydration, heat stress can cause 
proteins in the body to degrade, Nadeau explained. Filtering 
out large amounts of degraded proteins can tax kidneys al-
ready struggling with limited water. “It becomes hard for 
[the kidneys] to function, and you can get kidney stones,” 
she said. That kind of stress on kidneys early in life may con-
tribute to chronic kidney disease later in life.

Multiplicative effects
Other trends, such as growing consumption of highly pro-
cessed foods and greater exposure to antibiotics, may interact 
with factors like heat exposure to propel kidney stone risk in 
children.

Consuming foods or beverages with very high concen-
trations of sugar or salt, which is common in many read-
ily available, processed foods, is associated with a higher risk 
of developing kidney stones, said Kamyar Kalantar-Zadeh, 
MD, MPH, PhD, professor of medicine at the University 
of California, Los Angeles (UCLA), and chief of nephrology 
and hypertension at Harbor-UCLA Medical Center. He ex-
plained that diets high in protein, especially processed meats; 
low in calcium; or high in sugary drinks, may also contribute 
to kidney stone risk.   

Nadeau noted that communities disproportionately af-
fected by food insecurity or scarcity might have less access 
to affordable, nutritious foods that can help buffer the body 

against heat stress. For example, she described that some in-
expensive foods, such as potato chips and cookies, might be 
widely available in stores in California’s Central Valley com-
munities, but the fresh produce grown by workers in the 
Central Valley may be less accessible. “We need to enable 
communities to have good, healthy choices,” she said.

The same communities may also be disproportionately 
affected by climate change-related heat exposure, pollution, 
and conditions, such as diabetes, that also affect kidney 
health, she noted. As a result, improving equitable access to 
social determinants of health is essential. “Climate change is 
like an X-ray that exposes health inequity,” she added.

Antibiotics may be another potential contributor to pedi-
atric kidney stones. Studies have found that five commonly 
prescribed antibiotics are associated with an increased risk 
of kidney stones (7) and that individuals with stones are 
missing gut bacteria key to human health (8). “Things that 
change the composition of the microbiome increase the like-
lihood of forming stones because your gut handles minerals 
in a different way,” Tasian said.

Diagnosis and treatment
One of the challenges of treating kidney stones in children 
is that they may often go undiagnosed. Physicians may not 
be expecting to see kidney stones in children or adolescents, 
Tasian said. Pre-adolescent children may also present with 
diffuse belly pain instead of the excruciating flank pain, nau-
sea, and vomiting, as experienced by adults during an acute 
kidney stone event, he explained. “Stones are something you 
often don’t recognize until you have one of these incredibly 
painful events; it could be going on for months or years be-
fore it’s recognized,” he added.

Physicians typically use computed tomography (CT) 
scans to diagnose kidney stones in adults. But ultrasound is 
first used for diagnosing children with kidney stones because 
it does not expose them to radiation, Tasian said. Ultrasound 
is not as good at detecting stones as CT, so sometimes a fol-
low-up CT is needed, he expressed.

Two medications—one diuretic and another drug that 
raises urine pH—have been the frontline therapies for kid-
ney stones for decades, Tasian explained. Both focus on treat-
ing the incredibly painful incidence of stones. If a blockage is 
detected, and surgery is required, a pediatric urologist or sur-
geon who specializes in treating stones in children is needed 
because there are unique considerations for treating stones in 
children, Tasian said.

New therapies are needed to treat stone disease as an on-
going disorder of mineral metabolism, Tasian said. He noted 
that in children and adolescents, the recurrence rate of kid-
ney stones is 50% (2), and individuals who develop kidney 
stones also have lower bone density and a higher risk of frac-
ture, hypertension, and heart disease. “We need to shift the 
paradigm from [the] stone as something that causes episodic 
events to something that has a continuous and long-term 
impact on human health,” he continued.

Prevention and policy
Kalantar-Zadeh emphasized the importance of children 
drinking water and eating fresh fruits and vegetables in re-
ducing the risks of kidney stones. He stressed avoiding pro-
cessed foods or meats high in salt or other additives. Tasian 
agreed: “A well-balanced diet high in vegetables and low in 
sodium—a heart-healthy diet—is helpful for preventing 
kidney stones and is good for you in general. The more wa-
ter you drink, the more the urine is dilute, and the less likely 
stones can form.” Nadeau also recommends rehydrating 
drinks with electrolytes, such as Gatorade or even milk, to 
help children who have become dehydrated recover.

Individuals with a history of kidney stones should also 
seek evaluation and treatment from a urologist or nephrolo-
gist to prevent future stones and to help decrease the risk of 
kidney stones becoming a chronic problem, Tasian said. 

Public health measures may also help reverse the trend 
of rising kidney stones in children and adolescents. Tasian 
noted that some European countries limit the amount of so-
dium in processed foods (9). Kalantar-Zadeh recommended 
that schools restrict access to salty or processed foods or sug-
ary drinks in cafeterias and school vending machines. Raines 
said schools might also need to implement heat protections 
for students, for example, ensuring adequate hydration 
and time for rest, similar to heat protections for workers. 
Education to help parents understand how heat exposure 
may contribute to disease mechanisms and how they can 
prevent it is also essential, Raines continued. Nadeau also 
recommended more education for physicians and health 
care professionals on climate change mitigation and adapta-
tion to help them guide patients toward protective measures.

Policies that mitigate rising global temperatures are also 
urgently needed, Tasian said. “The risk is going to increase as 
the climate warms,” he added. “More people will be exposed 
to extreme heat, which we know dramatically increases the 
risk of presenting with a stone.” 

Disclaimer: Dr. Raines’ views do not represent the official 
views of Beth Israel Deaconess Medical Center or Harvard 
Medical School or of the La Isla Network, a nonprofit or-
ganization for which Dr. Raines serves as an advisor.
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The best treatment for chronic kidney disease (CKD) is early intervention. However, 
90% of Americans with kidney diseases are unaware (1). For nearly a decade, ASN 
along with the broader kidney care community, has advocated for federal support 
of routine screening to identify kidney diseases and intervene earlier to stop or slow 

progression. One of the main goals of these advocacy efforts has been for the U.S. Preventive 
Services Task Force (USPSTF) to release official screening guidelines for CKD. 

An independent, volunteer panel of physicians that offers evidence-based recommenda-
tions about clinical preventive guidelines, USPSTF first proposed a research plan for CKD 
screening in 2012 but ultimately recommended against the formation of official guidelines (2). 
But advocacy efforts continued, and, in 2022, USPSTF decided to reconsider its 2012 decision 
with the release of a new proposed evidence review for CKD screening with an open public 
comment period (3). 

Following a rigorous development process including public comment, USPSTF released its 
Final Research Plan for Chronic Kidney Disease Screening (4) on June 12, 2023. Among the 
changes made to the final plan were clarifications of the targeted screening population and the 
addition of a sub-key question on the effectiveness of repeat screening for CKD. 

Evidence shows that the greatest opportunity for CKD screening comes from targeting 
those with CKD risk factors such as hypertension and diabetes. Despite this evidence, US-
PSTF insisted on the exclusion of studies in which patients were selected due to preexisting 
conditions in both the Draft and Final Research Plans. ASN maintains 
that the exclusion of such studies would lead to an incomplete and mis-
leading assessment of CKD. 

Shortly after its release of the Final Research Plan, ASN and the Na-
tional Kidney Foundation (NKF) released a joint statement acknowl-
edging the plan as a step in the right direction while reiterating concern 
that the proposed research plan continues to focus on the screening of 
asymptomatic, low-risk individuals (5). ASN and NKF expressed con-
cern that USPSTF overstates current clinical practice guidelines for 
screening in hypertensive populations, which list albuminuria testing 
as optional. In the case of individuals with diabetes, the statement also 
documents that only 40% of those individuals receive annual albu- 
minuria screening (6). 

While ASN is confident that the evidence will ultimately demon-
strate the value of CKD screening, ASN continues to urge USPSTF to 
expand its approach and ultimately increase the diagnosis of those with 
or at most risk of CKD.

Recommendation development process
USPSTF follows a multistep process to develop its recommendations, 
starting with a research plan that guides the review of existing evidence, 
resulting in a recommendation based on that evidence. Throughout the 
process, USPSTF solicits and considers public and expert input to im-
prove its work. The 2023 plan released for public comment included 
a proposed analytic framework, key and contextual questions, an ap-
proach to accessing health equity and variation in evidence across popu-
lations, and a research approach. 

ASN was pleased to comment on the proposed plan and applauded 
USPSTF for undertaking the important review. ASN’s comments ad-
dressed both the individual elements and questions posed by USPSTF 
in the research plan (7). ASN also identified several flaws with the pro-
posed evidence review, raising concern that the study would meet the 
same fate seen in 2012. ASN expressed concern over the scope of the 
evidence review—particularly the exclusion of studies in which patients 
were selected due to preexisting conditions such as hypertension and 
diabetes. 

A call to action
ASN and NKF remain committed to ensuring access to preventive care 
for all individuals living with and at risk of CKD in the United States 
and are jointly considering options for focusing attention on this devel-
opment with multiple target audiences (5). In the meantime, an up-
coming Clinical Practice Session at Kidney Week 2023 in Philadelphia, 
PA, titled “Screening for Kidney Diseases: A Call to Action” will be held 
on Thursday, November 2, 2023, from 10:30 AM EDT–12:30 PM 
EDT and will highlight opportunities to implement screening for kid-
ney diseases, including collaborative care models, health and economic 
consequences, and special populations. 

More information on Kidney Week 2023 can be found here:  
https://www.asn-online.org/education/kidneyweek/. ASN will update 
its membership and the community as it continues to advocate for ear-
lier intervention in kidney care.   
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The Kidney Health Initiative Has Surpassed 
Every Expectation
By Tod Ibrahim

This month, the 
Kidney Health 
Initiative (KHI) 
celebrates its first 

decade, showcases current 
activities, and articulates a 
vision for the future. Such 
an important milestone pro-
vides an opportunity to assess 
KHI’s efforts to meet its mis-
sion of catalyzing “innova-
tion and the development of 

safe and effective patient-centered therapies for people living 
with kidney diseases” (1).

KHI is the most successful public-private partnership in 
the history of the kidney community (Figure 1). Having par-
ticipated in KHI from the initial discussion with nephrology 
leaders at the U.S. Food and Drug Administration (FDA) 
on World Kidney Day 2012, I would like to highlight KHI’s 
achievements by describing seven themes that have emerged 
since its inception.

1. KHI engages living people with kidney diseases 
meaningfully, equally, and consistently. Diagnosed 
as a freshman in college, the late Celeste Castillo Lee lived 
with kidney diseases for more than 30 years (2). Ms. Lee’s 
life experience sparked a passion for activism, a desire for 
innovation, and a commitment to collaboration. As one of 
two patient representatives on the inaugural KHI Board of 
Directors (with Sam Pederson), she insisted that people with 
kidney diseases contribute throughout KHI.

With leadership from Ms. Lee and Mr. Pederson, KHI 
established a Patient and Family Partnership Council 
(PFPC) in 2015. Serving as Founding PFPC chair, Ms. Lee 
helped guarantee that KHI workgroups include patients or 
care partners, that the KHI Board of Directors has three pa-
tient representatives, and that the Annual KHI Stakeholders 
Meeting spotlights real-life experiences of people living with 
kidney diseases.

Since KHI established PFPC, FDA has held a Patient-
Led Drug Development Meeting on kidney diseases, and 
there have been seven externally led Patient-Focused Drug 
Development Meetings hosted by patient organizations, 
such as the Alport Syndrome Foundation, IgA Nephropathy 
Foundation, National Kidney Foundation (NKF), Neph-
Cure Kidney International, and Polycystic Kidney Disease 
(PKD)  Foundation. The success of these interactions helped 
result in FDA forming the Center for Drug Evaluation and 
Research (CDER) Patient Engagement Collaborative in 
2017 and the Center for Devices and Radiological Health 
(CDRH) Patient Engagement Advisory Committee in 
2018.

PFPC’s influence was instrumental at the U.S. Depart-
ment of Health and Human Services (HHS) when the 
Kidney Innovation Accelerator (KidneyX) was established 
in 2018, helping to ensure patient representation on the 
KidneyX Steering Committee and in the review of all sub-
missions. To date, KidneyX has awarded 25 prizes to peo-
ple with kidney diseases who developed “ideas and fixes” 
through “their own everyday experiences and ingenuity” (3). 
Influenced by PFPC, ASN now includes people with kidney 
diseases in the planning process and as faculty for Kidney 
Week, as editors and authors for ASN’s peer-reviewed jour-
nals, and in initiatives focused on excellence in kidney care. 
Last year, ASN launched Cele’s Champions: Cele Fogarty 
Travel Support Program for Patients to help people with kid-
ney diseases attend Kidney Week.

2. KHI transforms the lexicon and shifts the focus 
to kidney health. From 1972 to 2012, the kidney com-
munity focused on dialysis, which the U.S. government 
made available to every American in 1972, regardless of age, 
income, or disability. When FDA and ASN discussed KHI 
as a new public-private partnership 40 years later in March 
2012, we knew we needed to build on this commitment 
to access while prioritizing the protection of kidney health 
rather than focusing on kidney failure.

Because of this vision, patients are now referred to as peo-
ple. Chronic kidney disease is now referred to as kidney dis-
eases. End stage renal disease (ESRD) and end stage kidney 
disease are now referred to as kidney failure (4). In 10 years, 
the kidney community has moved from acronym-filled, 
confusing lexicon to language that raises awareness and pro-
motes an understanding of kidney diseases by the public, 
the media, and policymakers. Ten years later, we now devote 
ourselves to protecting kidney health—instead of waiting 
until kidney failure—for people to start to receive treatment.

3. KHI fosters clinical development by standard-
izing endpoints in kidney diseases to improve trial 
design. Developing new therapies is a long, circuitous, and 
difficult process. Historically, doubling of serum creatinine, 
dialysis, and death were the standard endpoints for clinical 
trials in nephrology. In his ASN President’s Address in 2012, 
Ronald J. Falk, MD, FASN, asserted, “It is this reality that 
has filled our vernacular with words that overflow with nega-
tive connotations: ‘end-stage,’ ‘chronic,’ ‘progressive,’ ‘inexo-
rable’ and the ‘three Ds’ of doubling of the serum creatinine, 
dialysis, and death” (5).

Before 2012, many commercial entities (like biotechnol-
ogy, medical device, and pharmaceutical companies) were 
hesitant to invest in clinical development for kidney diseases, 
partly because these endpoints were nonuniform or insuffi-
cient for evaluating the efficacy and safety of novel therapies. 
Not surprisingly, nephrology trailed other specialties in clini-
cal trials in the decades before 2012 (6).

Employing a data-driven approach, KHI workgroups 
published endpoints for vascular access and lupus nephritis 
that were defined by consensus across stakeholders. KHI 
also led efforts to establish surrogate endpoints for primary 
hyperoxaluria and immunoglobulin A (IgA) nephropathy, 
prompting the use of the FDA Accelerated Approval Pro-
gram for these rare diseases, thereby getting therapies to pa-
tients sooner. According to FDA, this program allows “for 
earlier approval of drugs that treat serious conditions, and 
[to] fill an unmet medical need based on a surrogate end-
point” (7).

In addition to these efforts by KHI, NKF worked with 
FDA and the European Medicines Agency on changes in 
albuminuria and estimated glomerular filtration rate slope 
as surrogate endpoints (8, 9). As a result, the kidney com-
munity now has more uniform and appropriate endpoints 
for clinical trials in kidney diseases.

4. KHI speeds the development of devices and bio-
logics by advancing artificial kidneys and xenotrans-
plantation. In 2014, then-ASN President Sharon M. Moe, 
MD, FASN, testified at a U.S. House of Representatives 
Science, Space, and Technology Committee hearing on the 
role of prize competitions in promoting innovation. Citing 
KHI in her testimony, Dr. Moe stated, “If Congress signals 
to the private sector that you want alternatives to the forms 
of dialysis currently covered by the [Medicare] ESRD pro-
gram, then I believe companies, investors, and inventors will 
produce life-changing and cost-saving technologies” (10). 

Explaining that “dialysis was thought of as a bridge to kid-
ney transplantation,” Dr. Moe emphasized that “the increase 
in the number of patients with kidney disease without an 
increase in the number of available organs has left patients 
waiting for a transplant for years.”

In 2016, the White House convened a summit to address 
the shortage of organs available for transplantation. There, 
then-ASN President Raymond C. Harris, MD, FASN (who 
chaired the KHI Board of Directors from 2019 to 2022); 
current ASN President Michelle A. Josephson, MD, FASN; 
and then-ASN Secretary-Treasurer John R. Sedor, MD, 
FASN, announced three initiatives: the first $7 million to-
ward a kidney disease prize competition, a partnership with 
the U.S. Department of Veterans Affairs (VA), and “a com-
mitment to developing a roadmap to achieve the goal of cre-
ating a bio-artificial or bioengineered alternative to dialysis” 
(11).

Working with FDA CDRH—which shared ASN’s con-
cern about both the transplant waitlist and lack of innova-
tion in dialysis—KHI published the Technology Roadmap 
for Innovative Approaches to Renal Replacement Therapy 
in 2018. Defining the pathway to an artificial kidney, this 
foundational work was agnostic to the approach (cellular, 
mechanical, or biohybrid) (12). Led by former ASN Presi-
dent Joseph V. Bonventre, MD, PhD, FASN, the roadmap 
(updated in 2022 with a Human Centered Design Toolkit 
for Kidney Failure) stimulated interest from multiple fields 
and new researchers to solve technical challenges while keep-
ing patient goals front and center. 

Since the Technology Roadmap’s publication, FDA ap-
proved new home hemodialysis machines, funded efforts to 
evaluate patient-reported outcome measures (PROMS), and 
developed a patient preference survey about wearable kidney 
devices. Building on this momentum, the Executive Order 
on Advancing American Kidney Health in 2019 also com-
mitted the federal government to developing “an artificial 
kidney” and producing “a strategy for encouraging innova-
tion in new therapies” (13). In June 2023, the second phase 
of the KidneyX Artificial Kidney Prize awarded innovators 
working in regenerative medicine, cellular engineering, and 
xenotransplantation (14).

5. KHI promotes investment from commercial enti-
ties focused on treating kidney diseases. By engag-
ing people with kidney diseases; transforming the lexicon to 
shift the focus to kidney health; increasing the development 
of drugs to treat kidney diseases by securing surrogate end-
points; and speeding the development of artificial kidneys 
and xenotransplantation through the development of de-
vices and biologics, KHI has made a case for investing in 
nephrology and for encouraging politicians and policymak-
ers to value the importance of kidney health.

Advancing this case, KHI participated in several Capital 
Markets Days for Kidney Health organized by ASN. Start-
ing in 2019 at the London Stock Exchange, capital mar-
kets days have brought investors and companies interested 
in kidney health together with nephrologists, people with 
kidney diseases, innovators, and government officials from 
FDA and HHS. Besides changing the narrative and raising 
awareness about opportunities across nephrology—includ-
ing prevention, screening, diagnosis, and treatment—capital 
markets days help emphasize that the kidney community is 
“open for business.”

Rather than summarizing all the recent—and consider-
able—investment in kidney health, three recent examples il-
lustrate the progress KHI helps facilitate. This year, Novartis 
agreed to acquire Chinook Therapeutics, “a biopharmaceu-
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tical company with two high-value, late-stage medicines in 
development” to treat IgA nephropathy and proteinuric 
glomerular diseases for $3.2 billion (15). In 2020, Outset 
Medical’s initial public offering generated more than $275 
million. Since 2016, investors committed more than $1 bil-
lion for companies (such as Evergreen Nephrology, Interwell 
Health, Monogram Health, Somatus, and Strive Health) to 
pursue varied strategies for partnering with nephrologists to 
provide integrated kidney care.

6. KHI convenes the kidney community, federal lead-
ers, and other stakeholders for precompetitive dis-
cussions that improve care for people with kidney 
diseases. Since 2012, KHI has brought together ASN, 
FDA, and 156 member organizations representing people 
with kidney diseases (and other patient advocates); health 
professionals; biotechnology, medical device, and pharma-
ceutical companies; research organizations; the dialysis in-
dustry; and representatives from other government agencies, 
including the Centers for Disease Control and Prevention 
(CDC), Centers for Medicare & Medicaid Services (CMS), 
National Institutes of Health (NIH), and VA (Figure 1).

This remarkable collaboration exists because KHI was 
founded on a key value: precompetitive inclusivity. From 
day one, the KHI leadership, staff, and I have fundamentally 
opposed any effort to play favorites among KHI members, 
shift to a model that embraces “pay to play,” or indicate that 
some members of the kidney community are more impor-
tant than others. KHI’s members, leadership, staff, and I 
have remained focused on overcoming barriers at a precom-
petitive level.

KHI is the only precompetitive collaboration focused 
on kidney diseases that works throughout FDA, includ-
ing CDRH, CDER, the Center for Biologics Evaluation 
and Research, and the Center for Food Safety and Applied 
Nutrition. Prior to KHI, the kidney community interacted 
within FDA and across federal agencies in a reactive, one-off 
manner. Because representatives from FDA, CDC, CMS, 
NIH, and VA participate in KHI, the kidney community 
can focus on accelerating innovation and helping the 37 mil-
lion Americans with kidney diseases proactively, strategically, 
and holistically.

7. KHI produces leaders throughout the kidney 
community. When ASN leadership and staff met with 
FDA representatives on World Kidney Day 2012, every 
participant recognized that the nephrology workforce was 
struggling. Over time, KHI identified precompetitive bar-
riers to bringing new products to market, advanced the use 
of PROMS and surrogate endpoints for clinical trials in kid-
ney diseases, and engaged in roadmapping to coordinate a 
multi-stakeholder community. The therapies and products 
these gains helped catalyze have also helped renew interest 
in nephrology as a career and brought new hope to the sci-
entists and health professionals already dedicated to kidney 
medicine.

Serving on a KHI workgroup or in the leadership re-
quires significant time and effort. Everyone is volunteering 
their expertise, and the knowledge gap among FDA medi-
cal officers, sponsors, nephrologists, and people with kidney 
diseases has, at times, seemed wide. ASN’s members, leader-
ship, staff, and I applaud the many nephrologists who joined 
commercial entities to better advise about opportunities 
in treating kidney diseases or to design appropriate clinical 
trials. ASN also thanks the many nephrologists who have 
embraced the regulatory arena to guide KHI projects and 
educate the greater kidney community on the science, gov-
erning framework, or strategies to engage people living with 
kidney diseases.

More recently, commercial entities have included peo-
ple with kidney diseases in their efforts. ASN’s members, 
leadership, staff, and I commend these individuals for their 
remarkable contributions as well. While Ms. Lee and Mr. 
Pederson deserve considerable credit for this exciting real-
ity, at least four additional leaders are responsible for KHI’s 
inclusivity and for setting the overall initiative on a path to 
exceeding expectations:
	 Dr. Falk, who first articulated the need for KHI, dedicated 

his ASN presidency to making KHI a reality, and served 
on its inaugural Board of Directors as ASN Council Liai-
son.

	 Patrick Archdeacon, MD, who is currently Deputy Di-
rector, Office of New Drugs, Division of Diabetes, Lipid 
Disorders, and Obesity, at FDA CDER. Dr. Archdea-
con facilitated the meeting in March 2012, helped bro-
ker KHI’s establishing Memorandum of Understanding, 
served as the founding co-chair of its Board of Directors, 
and positioned KHI for success.

	 Prabir Roy-Chaudhury, MD, PhD, FASN, who served as 
the founding co-chair of the KHI Board of Directors with 
Dr. Archdeacon, was then elected to the ASN Council, 
and served as the ASN Council Liaison to the KHI Board 
of Directors through 2022. He will become ASN Presi-
dent on January 1, 2025.

	 Melissa R. West, who served as the chief staff executive for 
KHI for its first 8 years. In 2020, she became ASN Senior 
Director for Strategic Relations and Patient Engagement 
and continues to contribute significantly to ASN, KHI, 
and the broader kidney community. (I sincerely appreciate 
her considerable help with this editorial.)

Besides highlighting KHI’s achievements, these seven 
themes summarize how nephrology and the kidney com-
munity have changed during the last decade. For example, 
nephrologists now have powerful, new drugs to treat kidney 
diseases, FDA recently approved the first de novo prognostic 
test to predict kidney disease progression, and KidneyX has 
awarded more than $18 million (and counting) to innova-
tors.

In his 2012 ASN President’s Address, Dr. Falk an-
nounced, “This summer, the US Food and Drug Adminis-
tration (FDA) commissioner Dr. Margaret Hamburg and I 
signed a Memorandum of Understanding between the ASN 
and the FDA that seeks to develop a platform for constructive 
collaborations between the FDA, academia, patient support 
groups, and multiple members of industry” (5). Dr. Falk then 
predicted that KHI would “help write a new and exciting 
chapter in our fight against kidney disease.”

At the Annual KHI Stakeholders Meeting this month, 
KHI Board of Directors Chair Uptal D. Patel, MD, will ar-
ticulate his vision for the next chapter of the initiative. If the 
second chapter is anything like KHI’s first decade, none of us 
will recognize nephrology in 2033.   

Tod Ibrahim, MLA, is Executive Vice President, American Soci-
ety of Nephrology, Washington, DC. You can reach him at tibra-
him@asn-online.org.
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Figure 1. KHI’s first decade by the 
numbers

KHI Pioneer Members  
(Joined by December 2013)
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61
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Blood pressure measurement often gets deprior-
itized as a mundane step in clinic office visits that 
is little more than an afterthought. In direct op-
position to this common false heuristic, an inter-

national working group, comprised of many of the world’s 
top clinical hypertension researchers, recently published a 
consensus statement and call to action to improve the qual-
ity of office blood pressure measurement worldwide (1). The 
authors cited dozens of randomized trials that supported 
that lowering blood pressure reduces the risk of major car-
diovascular events (2), all of which relied on standardized 
(i.e., systematically performed, high-quality) office blood 
pressure measurements. Data collected by Drawz et al. (3) 
revealed that routine office blood pressure measurements 
yielded systolic blood pressure readings as much as 45 mm 
Hg above and 30 mm Hg below research study measure-
ments among participants of the Systolic Blood Pressure 
Intervention Trial (SPRINT). Accordingly, the majority of 
routine office blood pressure measurements fail to address 
key steps. These missteps in measurement can easily result 
in pronounced over- and undertreatment of hypertension. 

The consensus statement (1) stresses the importance of 
working toward standardized office blood pressure measure-
ments as standard of care for the diagnosis and management 
of hypertension. Standardized office blood pressure meas-
urements require several factors to be in place (Table 1), in-
cluding appropriate facility, equipment, personnel, patient 
preparation, and measurement technique. These conditions 
can be very challenging to achieve in a typical clinical set-
ting. Nonetheless, the authors emphasize the importance of 
being as pragmatic as possible in implementing these key 
steps and in avoiding dogmatic assertions about aspects of 
blood pressure measurement that are not evidence based. 
Although the U.S. Preventive Services Task Force (4) and 
several other guidelines recommend out-of-office blood 
pressure monitoring for the diagnosis of hypertension to 
overcome many of the limitations of routine office blood 
pressure measurements, the authors of the consensus state-
ment argue that home and ambulatory blood pressure goals 
are not yet supported by randomized trial evidence (5) and 

that standardized office blood pressure measurements re-
main paramount. The authors acknowledge that there are 
several barriers to obtaining standardized office blood pres-
sure measurements, most notably, a lack of sufficient time 
during a typical clinic visit. They argue that these barriers 
can be readily overcome if health care institutions and payers 
begin to prioritize accurate blood pressure assessment and 
point to large-scale success stories that benefited from such 
support (6, 7).

Many clinicians may argue that standardized office blood 
pressure measurements are far from pragmatic. Nonetheless, 
growing evidence supports that we do a poor job of measur-
ing blood pressure and may unwittingly be causing harm (3, 
8). We owe it to our patients to do better. 

Jordana Cohen, MD, MSCE, is with the Division of Renal 
Electrolyte and Hypertension, Perelman School of Medicine, 
University of Pennsylvania, Philadelphia.

The author reports no conflicts of interest.
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Toward an International Goal of “Pragmatic” 
Perfection in Blood Pressure Measurement
By Jordana Cohen

Facility •	Quiet room
•	With or without a clinician present

Equipment •	Clinically validated, automated blood pressure device (9)
•	Appropriate upper-arm cuff size

Personnel •	Trained health care clinician
•	Annual retraining

Patient preparation •	Abstinence from alcohol, nicotine, caffeine, and exercise for ≥30 
minutes before the measurement

•	Empty bladder
•	3- to 5-Minute rest
•	No conversation during measurement

Measurement technique •	Correct cuff placement (bare upper arm, 2–3 cm above the antecubital 
space)

•	Correct patient positioning (mid-arm at the level of the heart, back 
supported, feet flat on the ground)

•	Use of the arm with the higher blood pressure
•	Two or more measurements obtained ≥30 seconds apart

Table 1. Necessary conditions to obtain standardized blood pressure measurements
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When rock icon Tina Turner died on May 
24, 2023, at age 83, many obituaries high-
lighted her status as a patient with kidney 
disease. Her death brought new attention 

to her widely read blog post on a website for patients with 
kidney diseases, titled “My kidneys are victims of my elevated 
blood pressure” (1). Turner was diagnosed with hypertension 
in 1978 at approximately age 40, but said she “didn’t care 
much about it. I can’t remember ever getting an explanation 
about what high blood pressure means or how it affects the 
body.” 

In a plea for other patients to take the condition seriously, 
Turner wrote that had she known more about the deleteri-
ous effects of hypertension on her kidneys, she would have 
taken it more seriously, noting, “My kidneys are victims of 
me denying the fact that my hypertension needed therapy 
with conventional medicine.”

Taking ownership
Turner’s story invigorated an ongoing debate in the kidney 
community about nephrologists’ role in treating hyperten-
sion. “[W]e need to continue to take ownership of hyper-
tension as nephrologists,” Kenar D. Jhaveri, MD, FASN, 
professor of medicine at the Donald and Barbara Zucker 
School of Medicine at Hofstra/Northwell in Hempstead, 
NY, and editor-in-chief of Kidney News, wrote in these pages 
last year (2). 

Jhaveri says that in recent years, “There has been more in-
terest in the nephrology community to be in charge of treat-
ing hypertension. A lot of the divisions of kidney disease[s] 
include hypertension in their name. Cardiologists, internists, 
and nephrologists can take on these patients, but out of ex-
perience and interest, I think nephrologists can do a better 
job. When the patient’s regular doctor can’t handle it, instead 
of going through other specialists, maybe the first referral 
should be to a nephrologist.”  

“Nephrology already owns hypertension,” according to 
Aldo Peixoto, MD, professor of medicine in nephrology at 
Yale School of Medicine, New Haven, CT. He says that hy-
pertension was formerly “a sort of subspecialty” of cardiology, 
but over the past 20–30 years, more cardiologists have focused 
their attention on interventional cardiology and other proce-
dure-based approaches and paid less attention to preventive 
cardiology. His sense from his involvement with the former 
American Society of Hypertension (ASH) and with the 
American Heart Association’s (AHA’s) Hypertension Council 
is that nephrologists outnumber cardiologists in these groups.

Peixoto says that hypertension is so common among the 
general population that it needs to be handled “in general 
internal medicine,” and most cases can be handled with a 
simple drug regimen. But for the 15%–20% of patients who 
need to see a subspecialist for resistant hypertension, ne- 
phrologists “are very good at treating” these complicated, 
more difficult cases. 

“It’s important not to have turf wars about who should 
do what,” says Swapnil Hiremath, MD, MPH, associate pro-
fessor at the University of Ottawa and staff nephrologist at 
The Ottawa Hospital in Ontario, Canada. “Whoever does 
it the best should do it. I have seen all sorts of people doing 
hypertension work: a family doctor, internist, nephrologist, 
cardiologist, clinical pharmacologist, and endocrinologist. 
But they need to know what they are doing.” 

Hypertension certification
Hiremath worries that some nephrologists think hyperten-
sion is simple—as he did when he began practicing—and 

do not take an adequate interest in learning about it. When a 
colleague recruited Hiremath to help with research projects, 
he found that his nephrology fellowship had not prepared 
him adequately for the level of hypertension knowledge he 
needed. Hiremath studied and pursued specialist certifica-
tion from the former ASH. 

The former ASH established that certification program 
in 1998, but the society dissolved 6 years ago. However, a 
group of physicians carried on the American Hypertension 
Specialist Certification Program (AHSCP) (3), which is cur-
rently governed by a board of directors of nine physicians, 
of whom three of its five officers are nephrologists. The cer-
tification exam is administered by the Professional Testing 
Corporation, a company headquartered in New York City. 

The AHA absorbed another project of the former ASH: 
certification of hypertension centers. One requirement for 
certification as a center is that the director must be certified 
by the AHSCP. The AHA website lists fewer than 20 cen-
ters that have been certified nationwide. (The AHA certifies 
hypertension centers, not people.) The AHA also established 
the Hypertension Council among its many scientific coun-
cils. The Hypertension Council holds annual hypertension 
scientific sessions in conjunction with the AHA’s Council on 
the Kidney in Cardiovascular Disease.

In another area reflecting its influence, the AHA and the 
American College of Cardiology published the influential, 
general “2017 Guideline for the Prevention, Detection, 
Evaluation, and Management of High Blood Pressure in 
Adults” (4), explains Peixoto, who contributed to the guide-
line as a reviewer representing the former ASH. (ASN was not 
among the 11 organizations listed as official collaborators.)

Consequences of hypertension  
AHA’s interest in hypertension reflects that stroke and heart 
failure top the list of the condition’s most serious risks. “Most 
patients die of cardiovascular disease or stroke before they 
reach end stage kidney disease,” says Matthew Sparks, MD, 
FASN, associate professor of medicine in the Division of 
Nephrology at Duke University, Durham, NC, noting it is 
relatively rare to see a patient with end stage kidney disease 
compared with cardiovascular problems. “It is an independ-
ent risk factor for cardiovascular disease. When you have 
kidney disease, you have cardiovascular disease. The kidney 
plays a really important role in the long-term management of 
blood pressure. Perturbations in the kidney cause high blood 
pressure, and high blood pressure causes perturbations in the 
kidney. It is kind of a chicken and the egg.” 

This interplay illustrates how hypertension cuts across 
disciplines—and a sampling of the leadership of a few hy-
pertension centers around the country reveals the diver-
sity of specialties involved in treatment. The University of 
Chicago’s AHA-certified center is led by a nephrologist, 
as is the center at Hiremath’s institution. The Center for 
Resistant Hypertension at Johns Hopkins Medicine in 
Baltimore, MD, is led by a cardiologist. The clinical director 
of the AHA-certified center at Beth Israel Deaconess Medical 
Center in Boston, MA, is an internist. All six of the physi-
cians at the Brigham and Women’s Hospital Hypertension 
Clinic in Boston are endocrinologists. This diversity can lead 
to a lack of clarity about which discipline should take charge 
in cases of hypertension, but nephrologists are perfectly posi-
tioned to do so, Hiremath says.

“If you look at what causes hypertension, in most cases, 
the kidney is involved in one way or the other, so who else 
but us [nephrologists] should know about it?” Hiremath 
asks. “We need to know how to treat blood pressure well 

because our patients very commonly have high [blood] pres-
sure.” Hiremath believes that nephrologists who did not 
get enough exposure to treating hypertension during their 
fellowship should pursue training, which can be done in a 
variety of ways. “If you have people on your faculty who 
have expertise, and you do a rotation in that clinic or work 
with them, you will get good training. On the other hand, if 
you are [at] a center where hypertension is not a part of any 
nephrologist’s interest, and the cardiologists or endocrinolo-
gists are managing hypertension, then you are not going to 
get enough exposure. You have to work with patients, even [if 
it means working with] someone outside of nephrology who 
is working in hypertension.” 

Sparks suggests that nephrologists should play a leader-
ship role in hypertension in at least two ways: “One role is 
to disseminate best practices to be involved in clinical guide-
lines and research. And the other role is, because a lot of our 
patients have hypertension, we have to be good at treating it. 
If you see a patient with uncontrolled hypertension, it is not 
something that you punt back to primary care. One of our 
biggest roles is to try to uncover the reason why an individual 
has hypertension.”

Jhaveri points out that another reason for ownership 
of hypertension is the opportunity it offers for finding ad-
ditional cases of kidney diseases. “We do get consulted for 
resistant hypertension, and we often diagnose patients with 
kidney disease [who] might have actually triggered the hy-
pertension,” he explains.

In Tina Turner’s case, it’s not possible to make a diagnosis 
or draw definitive conclusions without access to her medi-
cal records, but in her memoirs and the blog post, she de-
tailed a long and complicated medical history that included 
strokes, dialysis, and a kidney transplant. Her belief that her 
kidneys were the victim of her elevated blood pressure might 
be debatable. “It is kind of old school science that hyperten-
sion causes kidney disease,” Jhaveri says. “There is actually 
more and more data that [it] is the other way around, that 
kidney disease might be the cause of hypertension.” Sparks 
notes that getting hypertension at the age of 40 is unusual. 
The knowledge was not available at the time of her diagnosis 
so many years ago, but nephrologists have since learned about 
polymorphisms in the apolipoprotein L1 gene that can raise 
the risk for chronic kidney disease. But that might be all the 
more reason for nephrologists to be engaged in hypertension 
treatment. As Turner noted in her blog post: “The struggle for 
healing is always also a struggle for accurate information!”  
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Who Owns Hypertension? 
Tina Turner’s Death Turns Spotlight on Nephrologists’  
Role in Treating High Blood Pressure
By Eric Seaborg
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LIVER AND KIDNEY

A cute kidney injury (AKI) is common and can be deadly in patients with cirrhosis. There are a variety of 
causes of AKI in the patient population with cirrhosis. As nephrologists, we are often asked to consult 
on such cases to rule out hepatorenal syndrome (HRS). But how common is HRS? 

A recent study published by Patidar et al. (1) in the Journal of Hepatology sheds light on the true in-
cidence of this phenomenon. This was a retrospective cohort study of 11 hospital networks of consecu-
tive adult patients admitted in 2019 with AKI and cirrhosis, totaling over 2000 patients (median age, 

62 years; 38.3% female; median model for end stage liver disease-serum sodium [MELD-Na] score, 26). The etiology 
of AKI was adjudicated based on pre-specified clinical definitions (prerenal/hypovolemic AKI, HRS-AKI, acute tubular 
necrosis [ATN], and others). The study showed that hypovolemic or prerenal AKI was the most common (44%), fol-
lowed by ATN (30%), and then HRS (12%). Patients with prerenal AKI had the lowest rate of death. ATN and HRS 
had similar outcomes (~50% mortality at 90 days). 

Another study published recently by Singal et al. (2) of 2016–2019 National Inpatient Sample admissions demon-
strated similar incidence of HRS as the study by Patidar et al. (1) (16.5% of admissions for AKI and cirrhosis using billing 
codes versus 12.1% fully adjudicated cases). They also found nearly identical outcomes in hospital mortality rates (24.5% 
versus 25.8%). Both studies lacked kidney biopsy data. These studies may guide us in recognizing that HRS is uncom-
mon and that ATN may be more important to consider, as it has similar outcomes as HRS-AKI. 

Content covered in this issue of Kidney News further highlights the liver and kidney connection. With a focus on 
kidney diseases in liver transplantation, we present the complexities of simultaneous liver and kidney versus liver-alone 
transplantation and explore prognostic biomarkers of posttransplant complications. We also review various glomerular 
diseases seen with hepatitis B and C, examine the role of palliative care in combined kidney and liver diseases, and discuss 
the impact of hyperbilirubinemia on kidney function, among other topics. We hope the readers find this special issue 
helpful in their care for their patients with both liver and kidney diseases.  

Kenar D. Jhaveri, MD, FASN, is professor of medicine at the Donald and Barbara Zucker School of Medicine at Hofstra/
Northwell and an attending nephrologist at Northwell Health, Hempstead, NY. Dr. Jhaveri is editor-in-chief of  Kidney News.
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THE LIVER AND 
KIDNEY CONNECTION: 
HEPATORENAL 
SYNDROME AND MORE
By Kenar D. Jhaveri

IInncciiddeennccee  rraatteess,,  pprraaccttiiccee  ppaatttteerrnnss,,  aanndd  oouuttccoommeess  
aaccrroossss  eettiioollooggiieess  ooff  AAKKII  iinn  cciirrrrhhoossiiss

Conclusions Our findings demonstrate that ATN and HRS have similar outcomes 
(∼50% mortality at 90 days), although HRS is uncommon (12% of all AKI cases). These 
findings represent practice patterns at U.S. transplant/tertiary centers and can be used 
as a baseline before the U.S. adoption of terlipressin. CI, confidence interval; IQR, 
interquartile range; sHR, subdistribution hazard ratio.

Kavish R. Patidar, Justin M. Belcher, Kevin R. Regner, et al. IInncciiddeennccee  aanndd  
oouuttccoommeess  ooff  aaccuuttee  kkiiddnneeyy  iinnjjuurryy  iinncclluuddiinngg  hheeppaattoorreennaall  ssyynnddrroommee  iinn  
hhoossppiittaalliizzeedd  ppaattiieennttss  wwiitthh  cciirrrrhhoossiiss  iinn  tthhee  UUSS..  JJ  HHeeppaattooll  (published online 
July 28, 2023). doi: 10.1016/j.jhep.2023.07.010
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LIVER AND KIDNEY

L iver transplantation is a complex and life-
saving procedure that offers hope to pa-
tients with end stage liver disease. Despite 
significant advancements in surgical tech-

niques and perioperative care, the occurrence of post-
transplant complications remains a significant concern. 
Among these complications, acute kidney injury (AKI) 
and early allograft dysfunction (EAD) are particularly 
challenging, as they can have profound implications 
on both short-term and long-term outcomes. Conse-
quently, the pursuit of robust prognostic markers to 
anticipate these complications and facilitate early inter-
vention has garnered substantial scientific interest.

Serum neutrophil gelatinase-associated lipocalin 
(NGAL) is a promising and well-studied biomarker 
that has been shown to predict AKI in multiple other 
disease settings including after cardiac surgery (1). In 
addition, one study found arterial lactate concentration 
at the end of liver transplantation to be predictive of 
EAD (2).  

In a recently published article in Scientific Reports, 
Cho et al. (3) aimed to build on previous work and 
determine whether serum NGAL, lactate, or lactate-
adjusted NGAL at the end of surgery could predict 
AKI and EAD. In a retrospective cohort of 353 patients 
undergoing living donor liver transplantation at Seoul 
National University Hospital, the investigators found 

that lactate-adjusted NGAL at the end of surgery sig-
nificantly increased prognostic accuracy for AKI (area 
under the curve [AUC], 0.89; 95% confidence inter-
val [CI], 0.85–0.92) and EAD (AUC, 0.88; 95% CI, 
0.84–0.91) compared with the individual biomarkers 
when added to the clinical model. Furthermore, the 
authors determined that the optimal cutoffs for lactate-
adjusted NGAL were 191 and 125 for AKI and EAD, 
respectively. 

Although the findings from the study by Cho et al. 
(3) are promising, the road to full integration into clini-
cal practice requires additional validation and compre-
hensive assessment across diverse patient populations 
and transplantation centers. The study was a single-
center, retrospective cohort study with a relatively small 
sample size. Notably, the study was based on patients 
with a low model for end stage liver disease and with 
mostly hepatocellular carcinoma. Therefore, it remains 
to be seen whether lactate-adjusted NGAL remains a 
good prognostic tool at the same cutoffs in the broader 
transplant population, of whom many are more se-
verely ill and may have elevations in serum NGAL and 
lactate for a multitude of reasons.

The findings in the study by Cho et al. (3) should 
prompt validation studies in prospective cohorts, to-
gether with further studies to assess whether targeted 
interventions provided to patients with elevated, lac-

tate-adjusted NGAL are effective in preventing and 
mitigating the severity of AKI and EAD.  

Jeremy Puthumana, MD, MS, is a clinical fellow in the 
Section of Digestive Diseases, Yale School of Medicine, 
New Haven, CT. Chirag Parikh, MD, PhD, is the Ronald 
Peterson Professor of Medicine and director of the Division 
of Nephrology, Johns Hopkins University, Baltimore, MD. 

The authors report no conflicts of interest.
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The Goldilocks 
Principle on 
Bilirubin 
By Raad Chowdhury

The impact of hyperbilirubinemia on kidney 
function continues to be a topic of discussion 
with two conflicting philosophies: whether 
bilirubin is nephrotoxic or nephroprotective. 

To understand the two perspectives, it is imperative to 
review the physiology behind its metabolism. Eighty-five 
percent of bilirubin is produced from the breakdown of 
red blood cells in the reticuloendothelial system as un-
conjugated bilirubin, and the rest is produced from myo-
globin. Unconjugated bilirubin is albumin bound in the 
blood and delivered to the liver where it enters the sinu-
soidal circulation (1). There, it is taken up by hepatocytes, 
made water soluble by conjugation, and subsequently 
excreted as bile. Excessive production, impairment, or 
obstruction at any of these steps can lead to either con-
jugated or unconjugated hyperbilirubinemia and clinical 
jaundice. After exiting the biliary system, the conjugated 
bilirubin is secreted in the duodenum and converted to 
urobilinogen by gastric microfauna. Twenty percent of 
urobilinogen is reabsorbed systemically and either enters 
portal circulation or is renally excreted. It is worth noting 
that urobilinogen production will decrease if the level of 
defect is prior to duodenal secretion (1). 

The nephrotoxic potential of hyperbilirubinemia was 
first proposed in 1899 after a review of autopsies from 
patients with jaundice and kidney failure revealed bile 
pigments in the glomeruli (2). In 1937, Elsom (3) 
showed the improvement of kidney function with clinical 
improvement of jaundice in a small cohort, establishing 
the dogma. Mechanistically, in states of elevated, conju-
gated hyperbilirubinemia, the glomerular filtration and 
tubular transport processes may be overwhelmed because 
of increased oxidative stress, proximal tubular dysfunc-
tion, and cast formation (4, 5). In a histological study 
of 44 patients, bile casts were mostly found in the distal 
nephron and had significantly higher levels of conjugated 
bilirubin (6). A large study of over 30,000 patients by 
Chen et al. (7) showed that higher total bilirubin levels 
were associated with increased all-cause mortality; of 
note, liver patients were not excluded, and therefore, 
there may be an additive effect on the findings. 

On the other hand, bilirubin has also been shown to 
minimize oxidative stress, highlighting possible nephro-
protective effects in vivo and on a population level. In 
an earlier study, it was shown that conjugated bilirubin 
can scavenge hypochlorous acid, a reactive oxygen spe-
cies typically produced by neutrophils, and thus act as an 
antioxidant (8). Boon et al. (9) performed a more recent 
investigation into this using an adenine-induced animal 
model of chronic kidney disease (CKD) in rats. Adenine-
induced CKD produced intense oxidative stress, and this 
study demonstrated that rats with endogenously elevated 
total bilirubin levels had reduced oxidative stress and less 
kidney damage. The authors concluded that systemic 
inflammation and oxidative stress may be attenuated in 
states of elevated total bilirubin (9). On a population 
level, a large, retrospective study showed that low total 
bilirubin levels are an independent risk factor of estimat-
ed glomerular filtration rate decline in patients with dia-
betes and hypertension (10). Interestingly, patients with 
unconjugated hyperbilirubinemia end stage kidney dis-
ease with a uridine diphosphate glucuronosyltransferase 

1A1 genotype, similar to Gilbert’s syndrome, had reduced 
cardiac events and all-cause mortality (9). Beyond the 
kidneys, Cao et al. (11) published a 4-year follow-up of 
440 patients with previous myocardial infarction, and 
they concluded that higher total bilirubin levels reduced 
incidence of long-term cardiovascular events, providing a 
secondary risk prevention.

So, who is the winner between the two opposing 
paradigms? Like many concepts in medicine, the truth 
likely lies somewhere in the middle. From a basic science 
standpoint, there appears to be evidence for both nephro-
toxic and protective mechanisms, which speaks more to 
the complexity of how physiology works than provides a 
definitive answer. Clinical studies showing the toxic effect 
of elevated bilirubin are inherently biased, as these studies 
select a highly morbid population with many confound-
ing factors that can lead to kidney injury. Specifically, the 
large study by Chen et al. (7) did not exclude patients 
with liver disease. Interestingly, the study by Cao et al. 
(11) that showed positive cardiac benefits excluded sup-
raphysiological levels of bilirubin and patients with liver, 
hemolytic, and gallbladder disease. 

The second point requiring further clarification per-
tains to the specific type of bilirubin under consid-
eration. The majority of referenced studies measure “total 
bilirubin,” thus leaving the impact of conjugated versus 
unconjugated bilirubin inadequately understood. This 
poses a challenge when examining studies that suggest 
nephroprotection. For instance, Stocker and Peterhans 
(8) demonstrated the antioxidant properties of conju-
gated hyperbilirubinemia, while Boon et al. (9) discussed 
the positive benefits of unconjugated hyperbilirubinemia 
in hemodialysis patients. Consequently, there is a need 
for well-structured translational studies to determine the 
potential range at which the benefits of bilirubin become 
positive; this relationship might even follow a U-shaped 
curve. It is also possible that both unconjugated and 
conjugated bilirubin confer nephroprotective effects, 
but this association requires further investigation. Bile 
cast nephropathy has been compared to myeloma cast 
nephropathy, and similar to how light chains can surpass 
a threshold and induce nephrotoxicity, bilirubin may fol-
low a comparable pattern. Keeping the literature in mind 
and the clinical course of liver and kidney diseases into 
account, this might be an example of the “Goldilocks 
Principle”: an agonistic and antagonistic duality in how 
bilirubin potentially impacts the kidney.  
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LIVER AND KIDNEY

Patients with liver failure are at an increased risk 
of developing acute kidney injury and chronic 
kidney disease (CKD) due to various factors. 
Some common causes of kidney dysfunction in 

patients with liver failure include hepatorenal syndrome, 
acute tubular necrosis, infection, bilirubin cast nephropa-
thy, hemodynamic changes, and nephrotoxic medication 
use. The ultimate treatment for patients with liver failure 
is orthotopic liver transplantation (OLT), with or with-
out simultaneous kidney transplantation. 

The decision to pursue simultaneous liver-kidney 
transplantation (SLK) can be challenging. For patients 
in need of a liver transplant and with concomitant kid-
ney dysfunction, the argument for pursuing SLK is that 
it confers a survival advantage compared with liver-alone 
transplant (1, 2). What becomes a challenge then is dis-
tinguishing between acute and reversible kidney dysfunc-
tion—in which case, SLK may be unnecessary—versus 
established CKD. Several points to consider in patients 
with liver failure and kidney dysfunction include the fol-
lowing:
•	 Serum creatinine-based estimated glomerular filtration 

rate (GFR) can often overestimate true kidney func-
tion due to the low muscle mass of patients with liver 
failure. Using cystatin C or a nuclear GFR scan may be 
helpful in obtaining a better estimate of kidney func-
tion, although these processes may not be readily avail-
able at all centers.

•	 The presence of proteinuria/albuminuria and radio-
logic findings, such as kidney echogenicity and small 
kidney size, point toward the presence of chronic dis-
ease; however, the absence of proteinuria/albuminuria 
and normal echogenicity and normal kidney size do 
not necessarily rule this out.

•	 A kidney biopsy may be helpful in identifying chronic 
pathologic changes, such as glomerulosclerosis, inter-
stitial fibrosis, and tubular atrophy, but the procedure 
likely confers a higher-than-average risk of bleeding, as 
patients with liver failure may be coagulopathic.

In 2017, the Organ Procurement and Transplantation 
Network (OPTN) implemented an SLK allocation policy 
requiring patients being listed for SLK to meet medical 
eligibility criteria (Figure 1) (2). Patients who do not meet 
criteria can still be prioritized to receive a “safety-net” de-
ceased donor kidney transplant if their GFR is persistent-
ly ≤20 mL/min or if they are dialysis-dependent between 
60 and 365 days after OLT. The implementation of the 
OPTN policy has not only allowed for a standardized 
approach to SLK listing but has also provided assurance 
to clinicians that a safety-net kidney transplant would be 
available in cases in which kidney dysfunction persists af-
ter OLT, hopefully limiting unnecessary SLK listing in 
patients with potentially reversible kidney dysfunction.

Indeed, preliminary data suggest that the OPTN SLK 
allocation policy has allowed for more efficient use of de-
ceased donor kidneys while ensuring early access to kid-

ney transplantation among liver transplant recipients with 
CKD (3–5). Furthermore, a recently published study by 
Cheng et al. (6) found that among patients with liver fail-
ure who met SLK eligibility, only those with concomi-
tant kidney failure derived a survival benefit after SLK, 
suggesting that more stringent criteria for SLK eligibility, 
along with more liberal safety-net priority criteria, should 
be considered.

In conclusion, the decision to pursue SLK in a patient 
with liver failure and kidney dysfunction is complex. A 
thoughtful and thorough assessment of the acuity and re-
versibility of kidney dysfunction is warranted while con-
sidering the medical eligibility requirements set forth by 
the OPTN. Decision-making should be approached in a 
multidisciplinary fashion in which transplant nephrolo-
gists, hepatologists, and transplant surgeons can weigh in 
to make the best decision for each individual patient.  
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Figure 1. Eligibility criteria under the SLK Allocation Policy
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Acute kidney injury (AKI) is a common compli-
cation following liver transplantation and can 
have a negative impact on immediate and long-
term transplant outcomes (1). Studies focusing 

on defining the risk and pathophysiology of AKI are critical 
to developing interventions to modify the incidence of AKI 
in this high-risk population. 

In their recent work, Caragata et al. (2) investigated the 
relationship between the magnitude, stratified by different 
levels of mean arterial pressure (MAP), and the duration of 
hypotension (in minutes) during the liver transplant and 
risk of AKI in the first 2 days following surgery. The study 
included 1292 patients from a single center in Canada. The 
primary outcome, AKI, was defined as an increase in creati-
nine by 0.3 mg/dL or 1.5 times above the baseline value; in 
the secondary outcome, the authors divided AKI into stages 
based on the Kidney Disease: Improving Global Outcomes 
(KDIGO) definition (3). Forty percent of patients experi-
enced AKI (based on the creatinine component only). Stage 
1 AKI occurred in 28% of patients, whereas stages 2 and 3 
were observed in 8.4% and 3.7% of patients, respectively. 
Fifty-two patients (4%) initiated hemodialysis. Prolonged 
intraoperative hypotension was independently associated 
with AKI. Patients who experienced MAP levels below 55 
mm Hg and 50 mm Hg for 20 minutes or longer were 
at the highest risk for AKI (Figure 1). These results were 
consistent across different baseline estimated glomerular 
filtration rates (eGFRs), including patients with a preopera-
tive eGFR greater than 60 mL/min/1.73 m2. Interestingly, 
these patients were actually more susceptible to developing 
postoperative AKI. These findings are not surprising and 
are consistent with previous research linking intraoperative 
hypotension and postoperative AKI (4–6). 

In the general population, hypotension is defined as a 
MAP below 65 mm Hg. The study by Caragata et al. (2) 
suggests that liver transplant recipients may be able to bet-
ter tolerate low blood pressure in terms of developing AKI, 
unless the MAP drops below 55 mm Hg for at least 20 
minutes. Experimental studies have suggested that cirrhosis 
is associated with disruption of renal blood flow autoregula-
tion. These patients have low, systemic vascular resistance 
and, in general, have lower MAPs than other surgical pa-
tients. Therefore, they may not be as susceptible to AKI 
with a MAP greater than 55 mm Hg. Previous small-scale 
studies in liver transplant recipients have also demonstrated 
lower MAP thresholds for hypotension-associated kidney 
injury (7, 8).

Limitations in the Caragata et al. (2) study include its 
retrospective, single-center design and the small number of 
patients. Additionally, the study did not investigate the spe-
cific mechanisms underlying the association between intra-
operative hypotension and AKI during liver transplant sur-
gery. Further research involving larger prospective studies is 
warranted to validate this study’s findings and to confirm 
potential benefits or harm from targeting higher or lower 
intraoperative MAPs during liver transplant surgery.  
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Figure 1. Infographic summary of the study findings

C.I., confidence interval; OR, odds ratio.



LIVER AND KIDNEY

An upcoming article “Palliative care in kidney and 
liver diseases” (1) calls for a greater understanding 
of the role of palliative care in patients with com-
bined kidney and liver diseases. The devastating 

cross-organ pathophysiology is invariably associated with 
poor outcomes, leading to a growing recognition of the need 
for palliative care in this population. Despite this, there re-
main challenges in the early integration of palliative care for 
the interdisciplinary care of these patients. This brief com-
mentary discusses two frequently encountered issues—the 
difficulty with prognostication and the potential for trans-
plantation—that may preclude timely referrals to palliative 
care for patients with kidney and liver failure.

Prognostication
While the definition of palliative care has evolved through-
out the years, it remains entrenched in facilitating effective 
communication to determine goals of care (2). This requires 
accurate prognostication for multiple reasons. First and fore-
most, it helps medical clinicians recognize the severity of ill-
ness that the patient faces and the chances of recovery. This 
understanding then facilitates patient-centered care and al-
lows for meaningful conversations regarding symptom con-
trol and management of end-of-life scenarios. 

The most well-recognized predictive model, the model 
for end stage liver disease (MELD), incorporates interna-
tional normalized ratio, creatinine, and total bilirubin into 
a logarithmic formula to predict 90-day mortality and has 
been used to prioritize patients on the liver transplant wait-
ing list. Since its inception, the MELD score has undergone 
different iterations to improve mortality prediction and or-
gan allocation. The incorporation of sodium (MELD-Na) 
better reflected the circulatory dysfunction and spectrum of 
hepatorenal syndrome manifested in patients with advanced 
liver disease (3). The most updated version, MELD 3.0, in-
corporates sex at birth and albumin (4). These variables not 
only improve survival prediction but more importantly, ad-

dress sex-based disparities, which for a large part had been 
attributed to using creatinine as an estimate of glomerular 
filtration. 

Using serum creatinine has been a constant talking point 
in defining kidney diseases in the setting of cirrhosis. There 
is realization that prototypes of kidney injury are under-diag-
nosed in patients with liver disease (5), which is concerning 
from a prognostication standpoint, as the development of 
kidney dysfunction is a lynchpin in the detection of cirrhotic 
decompensation. Literature has emerged supporting the use 
of cystatin C as a superior estimate of glomerular filtration 
(6). However, as cystatin C is not routinely available, it has 
yet to become the new standard.

Because of this, it is vital that palliative care referrals occur 
as early as possible in the illness trajectory, ideally at the time 
of diagnosis of cirrhosis. Without more refined and acces-
sible diagnostics to accurately detect kidney diseases, waiting 
to meet traditional kidney injury criteria may prove to be too 
late and afford a shorter period for palliative care practition-
ers to establish rapport and build trust with the patient.  

Transplantation
The potential for organ transplantation may also exclude pa-
tients from receiving palliative care interventions. Palliative 
care has a defined and well-accepted role for patients with 
advanced liver disease who are not on the transplant path-
way. For those who are considered for transplantation, this 
role becomes much more complicated, as candidacy can be 
fluid and contingent on dynamic patient conditions (Figure 
1). For example, it is not uncommon to encounter patients 
with cirrhosis on the transplant pathway, who suddenly de-
velop acute decompensation, such as kidney failure. Such pa-
tients require aggressive medical care, including hemodialy-
sis, to aid in their recovery from their critical condition in the 
hope of achieving transplant candidacy status. At the same 
time, it is acknowledged that acute kidney injury requiring 
dialysis carries a dismal prognosis (7). In these situations, the 

presence of kidney diseases, which is a defining event for the 
diagnosis of end stage liver disease, can be the factor that 
triggers the transplant pathway or the same factor that hin-
ders transplant candidacy because of clinical deterioration. 
Consequently, the decision to offer dialytic therapies can be 
difficult to make given the uncertainties that surround these 
rapidly shifting landscapes. 

For patients with advanced liver disease, especially those 
with concomitant kidney failure, palliative care should be 
available to them as early as possible in the disease process. 
They should receive symptom relief that balances quality 
and quantity of life, and they should have support systems 
in place if organ transplantation is ultimately not feasible. 
Transplant teams, historically, have not integrated palliative 
care into transplant practices, leaving a widening gap in pa-
tient care (8). Education and awareness as to how palliative 
care can collaborate with transplant teams are necessary to 
promote the physical and emotional well-being of this pa-
tient population that is extremely debilitated and unique.

As our understanding of diseases grows, so should our 
understanding of our patients’ needs. Recognizing that the 
presence of kidney dysfunction in liver disease may herald 
a precarious disease course, often culminating in mortality, 
palliative care should be involved as early as the diagnosis is 
made and throughout the patient’s clinical course, collective-
ly and cooperatively, with organ transplant teams.  
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No Filters: Bridging the Gap Between 
Palliative Care and Combined Kidney and 
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Figure 1. Palliative care integration with the transplant pathway

 The temporal relationship of palliative care with the transplant pathway. Transplant evaluation usually 
begins at the time of cirrhosis decompensation, liver cancer, or a MELD 15 score. Palliative care referrals 
can be done concomitantly. Integrating palliative care early, once liver cirrhosis is diagnosed, can build a 
longitudinal relationship with patients. If transplantation is not deemed to be a safe option, this relation-
ship can culminate in instituting hospice care, bereavement counseling, and services that are in line with 
patients’ end-of-life wishes. ESLD, end stage liver disease. Images from Biorender.
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Chronic infection with hepatitis B virus (HBV) 
and hepatitis C virus (HCV) is a significant 
global health issue and can cause a spectrum 
of glomerular diseases. Despite its high global 

burden, glomerular disease only occurs in a subset of pa-
tients (3%–5%) (1, 2). These glomerular disorders are 
largely mediated by the host response of antibody forma-
tion with subsequent deposition of immune complexes in 
the glomerulus.

Hepatitis B
Membranous nephropathy (MN) is the most common 
pattern of glomerular injury in chronic HBV infection, 
and a minority of patients may present with membrano-
proliferative glomerulonephritis (MPGN) (3). In addition, 
polyarteritis nodosa (PAN), a type of immune complex-
mediated necrotizing vasculitis in small- and medium-sized 
vessels, may occur in the setting of high-burden hepatitis B 
surface antigen (HBsAg) (3). A global effort of vaccination 
has significantly reduced childhood MN from perinatal ex-
posures and PAN in endemic areas (3, 4).

With a smaller molecular weight and a predilection to 
passage, the highly negatively charged glomerular base-
ment membrane, hepatitis B e antigen (HBeAg), is more 
commonly involved in the pathogenesis of HBV-associated 
MN (HBV-MN). HBsAg, on the other hand, is more fre-
quently associated with an MPGN pattern of injury, due 
to its larger size and anionic charge (5). Clinically, the 
presence of HBeAg is highly correlated with disease activ-
ity, whereas the development of anti-HBe antibodies and 
clearance of HBeAg are typically associated with disease 
remission (6). HBV-MN typically presents with nephrotic-
range proteinuria and occurs more commonly in children, 
the majority of whom tend to resolve spontaneously. In the 
adult population, however, spontaneous remission is un-
common, and 30%–50% of patients develop progressive 
chronic kidney disease that could eventually lead to kidney 
failure (7, 8). 

Treatment of HBV-MN remains a challenge. His-
torically, before antiviral therapy became widely available, 
there was a major concern that corticosteroids could lead to 
activation of viral replication and worsening liver function 
(7). To date, the 2021 Kidney Disease: Improving Global 
Outcomes (KDIGO) guideline continues to recommend 
against the use of immunosuppressive agents, such as ritux-
imab or cyclophosphamide, in HBV-MN given the risk for 
acceleration of HBV replication (9). However, data from 
small cohorts suggest that when combined with antiviral 
therapy, corticosteroids or tacrolimus could be effective 
in improving proteinuria without triggering viral replica-
tion or causing worsening liver or kidney injury (10, 11). 
Large randomized controlled trials are needed to rigorously 
evaluate the efficacy and safety of combined therapy. It is 
important to note that the nucleoside and nucleotide ana-
logues need to be dose adjusted, according to the estimated 
glomerular filtration rate (eGFR).  

Hepatitis C
HCV leads to chronic B cell stimulation and is the most 
common cause of mixed cryoglobulinemia, which could 
affect small-sized blood vessels and manifest with purpuric 
rash, peripheral nerve involvement, arthralgia, and cryo-
globulinemic glomerulonephritis (cryoGN). Proteinuria 
(nephrotic or non-nephrotic range), low complement level 
(especially C4), various degrees of kidney impairment, and 
monoclonal immunoglobulin (Ig; almost invariably IgM 
kappa [IgMk]) are classical laboratory features (12).

The high efficacy of a direct antiviral agent (DAA) for 

HCV has led to a shift in the management of cryoGN over 
the past 10 years. An abundance of data suggested the high 
efficacy of DAA alone (without immunosuppression) in 
treatment of cryoGN. Currently, DAAs are recommended 
as the first-line treatment for cryoGN, including those 
with an eGFR lower than 30 mL/min/1.73 m2, for whom 
three DAA-based regimens have been recommended (9). 
Concurrent immunosuppression (rituximab and cortico-
steroids) should be considered in patients with aggressive, 
organ-threatening manifestations (rapid, progressive glo-
merulonephritis or pulmonary hemorrhage) or those who 
continue to have signs and symptoms of active glomeru-
lonephritis despite achievement of a sustained virological 
response (~30%). Plasmapheresis may be considered as a 
bridge therapy for organ-threatening manifestations (13).

Finally, it is important to recognize that clinical pres-
entation of cryoGN may be desynchronized from viral 
replication, and persistent, de novo, or recurrent cryoGN 
could occur even after viral eradication (14, 15). Persistent 
manifestations of cryoglobulinemia should also prompt an 
evaluation for B cell-proliferative disorders.  
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Despite more than 90,000 patients waitlisted 
for a kidney transplant, 21.3% of donated 
kidneys were not used according to the 2020 
Annual Data Report of the Scientific Registry 

of Transplant Recipients and Organ Procurement and 
Transplant Network (1). As organ demand far exceeds sup-
ply, transplant professionals strive to break barriers and im-
prove utilization of available kidneys (2, 3). Seminal studies, 
such as Transplanting Hepatitis C Kidneys into Negative 
Kidney Recipients (THINKER) (4) and Exploring Renal 
Transplants Using Hepatitis C Infected Donors for HCV-
Negative Recipients (EXPANDER) (5), have transformed 
the way we use kidneys from donors who are hepatitis C virus 
(HCV) positive. The combination of novel direct-acting an-
tiviral (DAA) therapies for HCV, with cure rates approaching 
100% (6), and the unfortunate rise in opioid overdose-related 
mortality of young individuals (7) has translated into an un-
anticipated opportunity for those with chronic kidney disease 

(CKD) who are waitlisted for a kidney transplant (8). The 
dramatic change in praxis as it relates to utilization of HCV-
positive kidneys for transplantation is shown in Figure 1A. 

In the article entitled “Kidney transplantation from hepa-
titis C virus-infected donors to uninfected recipients: A sys-
tematic review for the KDIGO [Kidney Disease: Improving 
Global Outcomes] 2022 hepatitis C clinical practice guide-
line update” by Gordon and colleagues (9), the authors per-
formed a systematic review on the use of donors who are 
HCV viremic for kidney transplantation into recipients who 
are HCV naïve (donor [D]+/recipient [R]‒). Sixteen inves-
tigations of HCV D+/R‒ kidney transplantation, compris-
ing 557 patients, were evaluated using a specified protocol 
for DAAs. Sustained viral response at 12 weeks was reported 
in all studies and was achieved in 97.7% of patients (95% 
confidence interval [CI], 96.3%‒98.8%). Although a shorter 
course of DAAs resulted in high rates of viremia, those who 
remained viremic after the initial treatment achieved viral 

clearance following retreatment. Serious adverse events were 
reported in 69% of the studies and were uncommon at a 
rate of 0.4% (95% CI, 0.1%‒2.8%). Three cases of fibrosing 
cholestatic hepatitis were reported among 211 patients, two 
with a delayed start of DAA therapy; all three had complete 
resolution. 

The mortality at 1-plus year was 2.1%, and the data ap-
peared to be similar to the outcome in HCV D‒/R‒ trans-
plants. One-year kidney graft survival was 97.6%, similar to 
HCV D‒/R‒ transplants. These data support the recently 
published 2022 KDIGO guidelines on management of 
HCV in CKD, which strongly recommend consideration of 
hepatitis C-positive kidneys for all recipients irrespective of 
their serological status (10).

Although the results are promising, the authors caution 
about the lack of long-term data on the safety and graft sur-
vival in HCV D+/R‒ transplants. In this publication, HCV-
positive kidneys were associated with 51% lower rates of de-
layed graft function compared with HCV D‒/R‒, and there 
was no difference in the acute rejection rates. It remains to 
be seen if this translates into a better long-term graft survival 
for HCV D+/R‒ transplants. Given these data, the cost of 
DAA therapy for HCV seems like a small price to pay for the 
savings gained by transitioning a patient off of dialysis to a 
functioning kidney allograft. 

With the increase in kidney donors who are HCV posi-
tive, the transplant community will need to ensure that there 
is equal access to these organs. Prompt review of data and de-
velopment of practice guidelines such as the KDIGO 2022 
Hepatitis C Clinical Practice Guideline will facilitate educa-
tion and adoption of these novel approaches by practitioners 
(10). Equally important are the goals of educating our pa-
tients and ensuring insurance coverage for the much-needed 
DAA therapies that cost more than $84,000 for a 12-week 
treatment (11). As noted by Gordon et al. (9), some patients 
did experience fibrosing cholestatic hepatitis when there was a 
delay in DAA therapy.

Since the gap between supply and need for kidneys remains 
large, it is imperative that innovative protocols are established 
to reduce kidney discards and optimize the long-term suc-
cess of kidney transplants. Publication of the EXPANDER 
(5) and THINKER (4) trials in 2018 laid the foundation 
for transplantation of >7500 kidneys from donors who were 
HCV positive. The proportion of HCV-positive kidneys 
transplanted into recipients who are HCV negative has in-
creased from 5% in 2015 to >90% in 2022 (Figure 1B). The 
systematic review by Gordon et al. (9) should further educate 
the transplant community and facilitate optimal utilization of 
the donor pool. 
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on May 10, 2023. NAT, nucleic acid test.



September 2023  |  ASN Kidney News  |   21

3.	 Querard A-H, et al. Comparison of survival outcomes 
between expanded criteria donor and standard criteria 
donor kidney transplant recipients: A systematic review 
and meta-analysis. Transpl Int 2016; 29:403‒415. doi: 
10.1111/tri.12736

4.	 Reese PP, et al. Twelve-month outcomes after trans-
plant of hepatitis C-infected kidneys into uninfected 
recipients: A single-group trial. Ann Intern Med 2018; 
169:273‒281. doi: 10.7326/M18-0749

5.	 Durand CM, et al. Direct-acting antiviral prophylaxis in 
kidney transplantation from hepatitis C virus-infected 
donors to noninfected recipients: An open-label nonran-
domized trial. Ann Intern Med 2018; 168:533‒540. doi: 
10.7326/M17-2871

6.	 Nguyen VH, et al. Characteristics and treatment rate of 
patients with hepatitis C virus infection in the direct-act-
ing antiviral era and during the COVID-19 pandemic in 
the United States. JAMA Netw Open 2022; 5:e2245424. 
doi: 10.1001/jamanetworkopen.2022.45424

7.	 Durand CM, et al. The drug overdose epidemic and de-
ceased-donor transplantation in the United States: A na-
tional registry study. Ann Intern Med 2018; 168:702‒711. 
doi: 10.7326/M17-2451

8.	 Levitsky J, et al. The American Society of Transplantation 
Consensus Conference on the Use of Hepatitis C Viremic 
Donors in Solid Organ Transplantation. Am J Transplant 
2017; 17:2790‒2802. doi: 10.1111/ajt.14381

9.	 Gordon CE, et al. Kidney transplantation from hepatitis 

C virus-infected donors to uninfected recipients: A sys-
tematic review for the KDIGO 2022 hepatitis C clinical 
practice guideline update. Am J Kidney Dis (published 
online ahead of print April 14, 2023). doi: 10.1053/j.
ajkd.2022.12.019; https://www.ajkd.org/article/
S0272-6386(23)00592-9/fulltext

10.	 Martin P, et al. Executive summary of the KDIGO 2022 
Clinical Practice Guideline for the Prevention, Diagnosis, 
Evaluation, and Treatment of Hepatitis C in Chronic 
Kidney Disease. Kidney Int 2022; 102:1228‒1237. doi: 
10.1016/j.kint.2022.07.012

11.	 Henry B. Drug pricing & challenges to hepatitis C treat-
ment access. J Health Biomed Law 2018; 14:265‒283. 
PMID: 30258323

Immunoglobulin G4 (IgG4)-related disease is a systemic, 
fibro-inflammatory disorder with pseudotumoral le-
sions, IgG4-positive lymphoplasmacytic infiltrates, and 
tissue fibrosis that can be seen within any organ (1). 

Serum IgG and IgG4 levels are typically elevated, but nor-
mal levels do not rule out the diagnosis. Kidney involvement 
occurs in 30% of cases, presenting as tubulointerstitial ne-
phritis, glomerular lesions (e.g., membranous nephropathy), 
and macroscopic kidney abnormalities (bilateral kidney hy-
pertrophy, pseudotumors, and hypermetabolic kidney lesions 
on 18-F-fluorodeoxyglucose-positron emission tomography-
computed tomography [18-FDG-PET-CT]).

A retrospective, observational cohort study by Anis Chaba 
et al. (2) analyzed 101 adult patients from 35 European sites 
with IgG4-related kidney disease from January 1997 through 
December 2019. Patients were categorized into two groups: 
1) kidney involvement without an alternative diagnosis and 2) 
established IgG4-related disease with kidney failure, proteinu-
ria, and/or kidney lesions on imaging. Exclusions were retrop-
eritoneal fibrosis and incomplete follow-up. Data on clinical, 
biological, imaging, and histopathological features; treatment; 
and outcomes were collected.

Kidney involvement was seen in 60% of patients, and 
86% had systemic involvement at diagnosis. Extrarenal fea-
tures included lymphadenopathies (57%), autoimmune 
pancreatitis (42%), sialadenitis (36%), lung involvement 
(28%), and cholangitis (25%). Laboratory findings revealed 
hypergammaglobulinemia, elevated IgG4 levels (94%), and 
decreased complement (C) levels (45%).

Among the patients, 51% had acute kidney injury (AKI), 
23% had AKI-on-chronic kidney disease (CKD), and 14% 
had isolated CKD. Median serum creatinine (sCr) was 2.4 
mg/dL (interquartile range [IQR], 1.6–3.6) with a corre-
sponding estimated glomerular filtration rate (eGFR) of 25 
mL/min/1.73 m² (IQR, 17–43). Primary urinalysis findings 
were often without active sediment; however, hematuria and 
leukocyturia were noted in 27% and 16%, respectively. The 
median urinary protein-to-creatinine ratio was 600 mg/g 
(IQR, 200–1100), with >1000 mg/g in 31% of cases, primar-
ily indicating glomerular involvement. CT scan abnormalities 
were found in 61% of patients, including bilateral kidney hy-
pertrophy, pseudotumor, and low-density areas. An 18-FDG-
PET CT scan was performed in 63% of patients, revealing 
hypermetabolic kidney lesions in 38% and extrarenal lesions 
in 74%.

Kidney biopsies were conducted in 82% of patients, show-
ing tubulointerstitial involvement in all cases and additional 
glomerular lesions, most commonly membranous nephropa-
thy, in 16% of cases. Tubulointerstitial lymphoplasmacytic in-
filtrates and predominant IgG4(+) plasma cells were observed. 
Dense fibrosis (>50% kidney tissue) was described in 42% of 
cases, whereas the storiform pattern was rare.

Corticosteroid (CS) therapy was administered to 90% of 

patients (mean dose, 0.8 ± 0.3 mg/kg/day), and 18 patients 
(18%) received rituximab as initial therapy (77% received 1 g 
at days 1 and 15, around two cycles). No specifications were 
made on which patients received chosen therapies. After a me-
dian follow-up of 24 months, 35% of patients experienced re-
lapse, with a median relapse time of 12 months. Multivariable 
analysis showed that muti-organ involvement and low C3/C4 
levels were associated with a higher relapse risk, whereas rituxi-
mab was associated with a lower risk. This effect persisted after 
weighting and propensity score analysis.

Patients who received rituximab first had lower relapse 
rates (22% vs. 37%) and similar kidney outcomes with lower 
rates of complications such as death (6% vs. 15%) and infec-
tions (17% vs. 25%). At the last follow-up, 71% of patients 
had CKD, with a median eGFR of 45 mL/min/1.73 m², 
and 32% had an eGFR ≤30 mL/min/1.73 m². Progression 
to end stage kidney disease occurred in 12% of patients, and 
13% died. Factors associated with severe CKD were age, peak 
sCr, prolonged CS duration (>12 months), and cholangitis. 
Logistic regression analysis identified age, peak sCr, and serum 
IgG4 levels ≥5 g/L as independent predictors of severe CKD. 
Serum IgG4 levels at diagnosis and the state of interstitial fi-
brosis and tubular atrophy on kidney biopsy were related to 
eGFR at the last follow-up.

This retrospective analysis highlights IgG4-related kidney 
disease primarily affecting middle-aged males and presenting 
as tubulointerstitial nephritis with glomerular involvement in 

approximately 25% of cases. CSs are commonly used but car-
ry a relapse risk, especially in patients with CKD. Rituximab 
shows promise as a first-line treatment to reduce relapse rates. 
Close monitoring is essential for individuals with organ in-
volvement and elevated IgG4 levels, as these conditions are as-
sociated with poorer outcomes. Given the 23 years examined 
within this retrospective study, it is difficult to compare cases, 
particularly with advancements in biomarkers and therapeu-
tics. Further controlled trials are needed to confirm these find-
ings.  

Jacob Nysather, DO, and Prakash Gudsoorkar, MD, FASN, 
are with the Division of Nephrology and Kidney Clinical 
Advancement, Research and Education (C.A.R.E.) Program, 
University of Cincinnati, OH.

The authors report no conflicts of interest.

References

1.	 Kamisawa T, et al. IgG4-related disease. Lancet  2015; 
385:1460–1471. doi: 10.1016/S0140-6736(14)60720-0

2.	 Chaba A, et al. Clinical and prognostic factors in pa-
tients with IgG4-related kidney disease. Clin J Am 
Soc Nephrol     2023; 18:1031–1040. doi: 10.2215/
CJN.0000000000000193

Decoding IgG4-Related Kidney Disease: 
Unlocking Clinical Insights and Prognostic Clues
By Jacob Nysather and Prakash Gudsoorkar



22  |  ASN Kidney News  |  September 2023

Obesity contributes (directly or indirectly) to a 
significant portion of chronic kidney disease 
(CKD), increasing the risk of adverse cardio-
metabolic outcomes in people with CKD. 

Fortunately, obesity therapy has advanced rapidly in the last 
decade with the advent of incretin-based therapies, which 
not only help patients to lose weight but also to reduce the 
risk of cardiovascular disease. 

Two recent phase 2 studies published in The New 
England Journal of Medicine (NEJM) shed light on the 
potential to change the landscape of nephrology care with 
incretin-based treatments (1, 2). Both studies included 
adults with obesity or overweight and with a weight-related 
condition but not with diabetes mellitus. The first study 
tested multiple dosages of an oral glucagon-like peptide 1 
receptor agonist (GLP1ra), orforglipron (1). The highest 
dose of orforglipron caused a mean 12.6% body weight de-
crease at 26 weeks (primary outcome) and a 15% decrease 
at 36 weeks (secondary outcome), significantly greater than 
the weight loss observed at currently approved dosages of 
the only other oral GLP1ra, semaglutide. However, the 
higher-dose semaglutide has recently been shown to pro-
duce a similar 15% weight loss (3). Mean systolic blood 
pressure (SBP) improved by 10.5 mm Hg in the high-dose 
orforglipron group compared with 1.8 mm Hg in the 
control group. The second study examined retatrutide, an 
injectable glucose-dependent insulinotropic polypeptide/
GLP1/glucagon receptor triple agonist given weekly (2). 
The highest-dose group exhibited weight loss of 18% at 
24 weeks and 24% at 48 weeks. Of the participants, 41% 
discontinued at least one blood pressure medication, with 
a significant decrease in SBP of 11 mm Hg compared with 
the control group’s 3.4 mm Hg decrease. It should be noted 
that no patients with advanced CKD (estimated glomeru-
lar filtration rate <30 mL/min/m2) were included in these 
studies.

Although incretin-based therapies have proven cardio-
vascular benefits, no study has conclusively demonstrated 
reduction in adverse kidney events as a primary outcome. 
The FLOW study of semaglutide in patients with type 2 
diabetes and CKD should change that, however, and will 

help to elucidate a reduction in adverse kidney events, as the 
primary outcome is a composite of kidney outcomes (4). 

Despite limitations, the implications for nephrologists 
are clear. Cardiovascular disease remains the leading cause 
of death for patients with CKD, and comprehensive cardio-
metabolic care for our patients in the future is almost cer-
tain to include effective lifestyle and pharmacologic man-
agement of obesity. Treating obesity will benefit patients 
with CKD by helping control hypertension and diabetes, 
reducing the risk of heart attacks and strokes, and helping 
patients previously excluded from waitlists become eligible 
for kidney transplant. However, patients will see these bene-
fits only if clinicians are prepared to implement the array of 
novel, effective tools at our disposal. The studies published 
in NEJM offer a glimpse into the future of obesity manage-
ment, with safe and effective oral options and medical ther-
apy with efficacy rivaling that of bariatric surgery (Figure 
1) (1, 2). With the advent of new therapies, the future for 
nephrology patients and the field has never been brighter. 
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Daily oral GLP1ra orforglipron and weekly injectable triple agonist retatrutide are both efficacious and safe in phase 2 trials published in NEJM. The highest 
doses in each trial resulted in a mean weight loss of >10% and for retatrutide, over 20%. Dark bars, primary endpoint; light bars, secondary endpoints. 
Figure created with BioRender. Data adapted from Wharton et al. (1) and Jastreboff et al. (2).

 Figure 1. GLP1ra orforglipron and injectable triple agonist retatrutide
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In a recent issue of the British Medical Journal, Raynaud 
et al. (1) reported on the development and validation of 
a creatinine-based estimated glomerular filtration rate 
(eGFRcr) equation for use in kidney transplant recipi-

ents. There is good reason to think that eGFRcr equations de-
veloped for use in the general population, such as the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equations, would have large errors in some kidney trans-
plant patients. Following transplantation, kidney transplant 
recipients may have low muscle mass, reduced activity, or 
decreased protein intake or use medications that affect mus-
cle mass (such as glucocorticosteroids) or that inhibit renal 
tubular secretion of creatinine (such as trimethoprim), all of 
which can lead to changes in serum creatinine independent 
of GFR (2, 3). GFR is used for many critical clinical decisions 
in kidney transplant recipients, such as detection of rejection 
and consideration of biopsy, or decisions regarding selection 
and dosage of prophylactic antimicrobials or use of contrast 
imaging to detect transplant complications (4, 5). As such, a 
comprehensive approach for assessment of GFR for patients 
with kidney transplants is necessary and has been missing.   

The authors’ equation was developed in 3622 patients 
from 3 French transplant centers and validated in 11,867 
patients—from 8 centers in Europe, 1 center in Australia, 1 
clinical center and 1 trial in the United States, and 1 interna-
tional trial—who received kidney transplants between 2000 
and 2021. Across the 12 validation cohorts, accuracy of the 
newly developed equation was variable, with percentage of 
estimates within 30% of measured GFR (mGFR; P30) that 
ranged from 73% to 91%. (1 -  P30 is a measure of large er-
rors.) It is generally established that P30 >75% is acceptable 
for many clinical decisions and that P30 >90% is optimal. 
The variation may have been due to a differing prevalence 
of clinical factors mentioned above but may also have been 
due to methodological differences in measurement of GFR or 
in creatinine. In particular, the creatinine assays were variably 
standardized within, as well as across, cohorts—a require-
ment for a validated equation (6, 7). Among these cohorts, 
the differential accuracy compared with CKD-EPI equations 
was also variable, with the difference in P30 between the two 
equations ranging from 0.1% to 16% (median difference 
of 3.8%). The variation in the relative accuracy between the 
equations likely reflects methodological differences in meas-
urement of GFR or in creatinine, as well as differences in pop-
ulation characteristics, rather than having a kidney transplant. 
Indeed, the similar performance across the equations confirms 
prior studies demonstrating that the CKD-EPI equations 
are as accurate in kidney transplant recipients as in patients 

with other causes of CKD and who do not have a transplant  
(8, 9). 

Thus, in our view, these results do not change the cur-
rent recommendations for a single equation to report GFR by 
clinical laboratories for all adults or in using that eGFR value 
for routine care for most kidney transplant patients. However, 
the question of a comprehensive approach for assessment of 
GFR remains open. eGFRcr is recommended as the initial 
test, followed by eGFR from the combination of creatinine 
and cystatin C (eGFRcr-cys) or mGFR as supportive tests, 
depending on the clinical setting (2, 7) (Figure 1). Cystatin C 
has not been evaluated sufficiently in kidney transplant recipi-
ents, and careful investigations are required given the possible 
effect of medications on level of cystatin C independent of 
mGFR (10, 11). 

This article reminds us of the challenge of assessment of 
GFR in transplant patients, and we encourage continued 
rigorous investigation. We recommend further studies to 
evaluate the accuracy of eGFRcr and eGFRcr-cys equations 
in kidney transplant recipients with specific consideration of 
the clinical settings, such as medication use and health status, 
which can inform a holistic approach to GFR assessment. 
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with the Division of Nephrology, and Ashtar Chami, MD, and 
Krishna A. Agarwal, MD, are with the Division of Transplant 
Surgery, Tufts Medical Center, Boston, MA.
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The Challenge of GFR Assessment in Kidney 
Transplant Recipients
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Figure 1. Approach for GFR assessment

Our holistic approach to assessment of GFR is to use ini-
tial and supportive testing to develop a final assessment 
and apply it in individual decision-making. eGFRcr is the 
appropriate initial test. If eGFRcr is expected to be inac-
curate or if a more accurate assessment is needed, then 
supportive tests should be measured. In the non-kidney 
transplant population, there is evidence that eGFRcr-
cys is more accurate than eGFRcr and eGFRcys and is 
recommended as the second test following eGFRcr. If 
eGFRcr-cys is expected to be inaccurate or if an even 
more accurate assessment is needed, then GFR should 
be measured using plasma or urinary clearance of exoge-
nous filtration markers, if available. For kidney transplant 
recipients, we suggest more frequent measurements of 
GFR for clinical decisions that rely on the level of GFR 
given current uncertainty about the accuracy of eGFRcr-
cys (2). Adapted from Inker and Levey (12).
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The challenge of GFR assessment in kidney 
transplant recipients
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2. Laboratory methods

e.g., race, sex, age, BMI, 
etc.

e.g., GFR and SCr 
measurements

Kidney transplant recipients
(Jan. 2000 to Jan. 2021)

Across the 12 validation studies, the difference in P30 
between the two equations ranged from 0.1% to 16%.

Authors’ conclusion: The new race-free KRS GFR equation was 
developed and validated using large, multiple international cohorts of 
kidney transplant recipients. The equation showed high accuracy and 
outperformed the race-free CKD-EPI 2021 equation that was developed in 
individuals with native kidneys (1). SCr, serum creatinine.

Race-free kidney recipient-specific (KRS) GFR 
equation

eGFRcr-cys
mGFR using 

plasma or urinary 
clearance 

Approach to improving GFR assessment in transplant recipients: 
further studies needed

Editorial conclusion:  In our view, these results do not support a change to the 
current recommendations for a single equation to report eGFRcr by clinical 
laboratories for all adults or in using the eGFRcr value for routine care for most 
kidney transplant recipients. Further studies are needed.
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49%
of total kidney volume vs 
placebo at the end of 3 years*
 (P<0.001; month 36 treatment effect: 
-9.2%)

reduction
The difference in TKV between treatment groups was most prominent 
within the fi rst year, at the earliest assessment; the difference was 
minimal in years 2 and 3. JYNARQUE had little effect on kidney size 
beyond what accrued during the fi rst year of treatment.†

Study design: TEMPO 3:4 was a double-blind, placebo-controlled randomized 
trial of 1445 patients with ADPKD. The inclusion criteria were: 18 to 50 years 
of age; early, rapidly progressing ADPKD (meeting modifi ed Ravine criteria‡); 
TKV ≥750 mL; creatinine clearance ≥60 mL/min. Patients were treated for 
up to 3 years. The primary endpoint was annual rate of change in the total 
kidney volume.4

49
TEMPO 3:4 Trial— A 36-month trial in patients with CKD Stages 1, 2, and 32,4

ADPKD=autosomal dominant
polycystic kidney disease.

For your patients at risk for rapidly progressing ADPKD
JYNARQUE® (tolvaptan)  has been proven effective in the 2 largest clinical trials 
of over 2800 patients with ADPKD across CKD stages 1–41-3

35%
in decline of kidney function 
vs placebo
(treatment effect: 1.3 mL/min/1.73 m2/
year; 95% CI: 0.86 to 1.68; P<0.0001)

reduction
Study design: REPRISE was a double-blind, placebo-controlled randomized 
withdrawal trial of 1370 patients with ADPKD. The inclusion criteria were: 
CKD with an eGFR between 25 and 65 mL/min/1.73 m2 if younger than 
age 56; or eGFR between 25 and 44 mL/min/1.73 m2, plus eGFR decline 
>2.0 mL/min/1.73 m2/year if between ages 56-65. Subjects were to be 
treated for 12 months; after completion of treatment, patients entered a
3-week follow-up period to assess renal function. The primary endpoint
was the treatment difference in the change of eGFR from pre-treatment
baseline to post-treatment follow-up, annualized by dividing each subject’s
treatment duration.3,6

JYNARQUE is the fi rst and only FDA-approved treatment indicated to
 slow kidney function decline in adults at risk of rapidly progressing ADPKD.

JYNARQUE® (tolvaptan) could 
change the course of their disease

* Data only included those patients who remained in the study for 3 years; effect in those who discontinued is unknown.2

† In years 4 and 5 during the TEMPO 3:4 extension trial, both groups received JYNARQUE and the difference between the groups in TKV was not maintained.
‡ Ravine criteria defi ned as at least 2 unilateral or bilateral kidney cysts in at-risk individuals between 15 and 30 years of age; 2 cysts in each kidney in individuals 
between 30 and 59 years of age; and at least 4 cysts in each kidney in individuals older than 60 years of age.7,8

Scan the QR code to see how JYNARQUE may help 
your appropriate patients or visit JYNARQUEdata.com

Most common observed adverse reactions with JYNARQUE (incidence >10%
and at least twice that for placebo) were thirst, polyuria, nocturia, pollakiuria 
and polydipsia.

References: 1. Data on fi le. TOLV-008. Otsuka America Pharmaceutical, Inc.; 
Rockville, MD. 2. Torres VE, Chapman AB, Devuyst O, et al; for the TEMPO 3:4 
Trial Investigators. N Engl J Med. 2012;367(25):2407-2418. 3. Torres VE, 
Chapman AB, Devuyst O, et al; for the REPRISE Trial Investigators. N Engl J
Med. 2017;377(20):1930-1942. 4. Torres VE, Meijer E, Bae KT, et al. Am 
J Kidney Dis. 2011;57(5):692-699. 5. Data on fi le. JYN-012. Otsuka America 
Pharmaceutical, Inc.; Rockville, MD. 6. Torres VE, Devuyst O, Chapman AB, 
et al. Am J Nephrol. 2017;45(3):257-266. 7. Belibi FA, Edelstein CL. J Am Soc 
Nephrol. 2009;20(1):6-8. 8. Ravine D, Gibson RN, Walker RG, Sheffi eld LJ, 
Kincaid-Smith P, Danks DM. Lancet. 1994;343(8901):824-827.

CKD=chronic kidney disease; CI=confi dence interval; eGFR=estimated 
glomerular fi ltration rate; REPRISE= Replicating Evidence of Preserved 
Renal Function: An Investigation of Tolvaptan Safety and Effi cacy; TEMPO= 
Tolvaptan Effi cacy and Safety Management of Autosomal Dominant 
Polycystic Kidney Disease and Its Outcomes; TKV=total kidney volume.
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(e.g., ketoconazole, itraconazole, lopinavir/ritonavir, indinavir/
ritonavir, ritonavir, and conivaptan) increases tolvaptan 
exposure. Use with strong CYP3A inhibitors is contraindicated; 
dose reduction of JYNARQUE is recommended for patients 
taking moderate CYP3A inhibitors. Patients should avoid 
grapefruit juice beverages while taking JYNARQUE.
Adverse Reactions: Most common observed adverse reactions 
with JYNARQUE (incidence >10% and at least twice that for 
placebo) were thirst, polyuria, nocturia, pollakiuria and polydipsia. 
Other Drug Interactions:
•  Strong CYP3A Inducers: Co-administration with strong CYP3A

inducers reduces exposure to JYNARQUE. Avoid concomitant 
use of JYNARQUE with strong CYP3A inducers

•  V2-Receptor Agonist: Tolvaptan interferes with the V2-agonist
activity of desmopressin (dDAVP). Avoid concomitant use of 
JYNARQUE with a V2-agonist

Pregnancy and Lactation: Based on animal data, JYNARQUE may 
cause fetal harm. In general, JYNARQUE should be discontinued 
during pregnancy. Advise women not to breastfeed during 
treatment with JYNARQUE.
To report SUSPECTED ADVERSE REACTIONS, contact Otsuka 
America Pharmaceutical, Inc. at 1-800-438-9927 or FDA at 
1-800-FDA-1088 (www.fda.gov/medwatch).

Please see Brief Summary of FULL PRESCRIBING 
INFORMATION, including BOXED WARNING, on the 
following page.

IMPORTANT SAFETY INFORMATION:
WARNING: RISK OF SERIOUS LIVER INJURY

•  JYNARQUE® (tolvaptan) can cause serious and potentially 
fatal liver injury. Acute liver failure requiring liver 
transplantation has been reported

•  Measure transaminases (ALT, AST) and bilirubin before 
initiating treatment, at 2 weeks and 4 weeks after 
initiation, then monthly for the fi rst 18 months and every 
3 months thereafter. Prompt action in response to 
laboratory abnormalities, signs, or symptoms indicative of 
hepatic injury can mitigate, but not eliminate, the risk of 
serious hepatotoxicity

•  Because of the risks of serious liver injury, JYNARQUE is 
available only through a Risk Evaluation and Mitigation 
Strategy program called the JYNARQUE REMS Program 

CONTRAINDICATIONS:
•  History, signs or symptoms of signifi cant liver impairment

or injury. This contraindication does not apply to 
uncomplicated polycystic liver disease

• Taking strong CYP3A inhibitors
• With uncorrected abnormal blood sodium concentrations
• Unable to sense or respond to thirst
• Hypovolemia
•  Hypersensitivity (e.g., anaphylaxis, rash) to JYNARQUE

or any component of the product

• Uncorrected urinary outfl ow obstruction
• Anuria
Serious Liver Injury: JYNARQUE can cause serious and 
potentially fatal liver injury. Acute liver failure requiring liver 
transplantation has been reported in the post-marketing 
ADPKD experience. Discontinuation in response to laboratory 
abnormalities or signs or symptoms of liver injury (such as 
fatigue, anorexia, nausea, right upper abdominal discomfort, 
vomiting, fever, rash, pruritus, icterus, dark urine or jaundice) 
can reduce the risk of severe hepatotoxicity. To reduce the 
risk of signifi cant or irreversible liver injury, assess ALT, AST 
and bilirubin prior to initiating JYNARQUE, at 2 weeks and 
4 weeks after initiation, then monthly for 18 months and every 
3 months thereafter.
Hypernatremia, Dehydration and Hypovolemia: JYNARQUE 
therapy increases free water clearance which can lead to 
dehydration, hypovolemia and hypernatremia. Instruct 
patients to drink water when thirsty, and throughout the day 
and night if awake. Monitor for weight loss, tachycardia and 
hypotension because they may signal dehydration. Ensure 
abnormalities in sodium concentrations are corrected before 
initiating therapy. If serum sodium increases above normal or 
the patient becomes hypovolemic or dehydrated and fl uid 
intake cannot be increased, suspend JYNARQUE until serum 
sodium, hydration status and volume status parameters are 
within the normal range.
Inhibitors of CYP3A: Concomitant use of JYNARQUE 
with drugs that are moderate or strong CYP3A inhibitors 
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Does Bariatric 
Surgery Affect Kidney 
Transplant Risks?
Available data suggest that patients with 
previous bariatric surgery are not at in-
creased risk of complications or adverse 
outcomes after kidney transplantation, 
reports a meta-analysis in Transplantation.

A literature review identified 18 studies 
reporting on the outcomes of kidney trans-
plantation in 315 patients with previous 
bariatric surgery. Approximately two-thirds 
of patients underwent sleeve gastrectomy, 
and most of the others underwent Roux-
en-Y gastric bypass. Quality was rated good 
in all but one study. Data were pooled for 
meta-analysis of kidney transplant out-
comes.

Reported percentage of excess weight 
loss was 46.3%–94.8%, with a mean of 
62.8%. Delayed graft function and acute 
rejection each occurred in 16% of patients, 
based on reported data from 14 and 11 
studies, respectively. Wound complications 
occurred in 5% of patients (from 12 stud-
ies), urinary complications in 19% (from 9 
studies), and vascular complications in 2% 
(from 11 studies). 

Eleven studies reported kidney trans-
plant outcomes at follow-up times from 15 
months to over 5 years. Based on data from 
14 studies, the average rate of graft loss was 
3%. In four studies reporting a comparison 
group of patients with obesity who under-
went kidney transplantation without previ-
ous bariatric surgery, transplant outcomes 
and complications were similar between 
groups.

Obesity-related diseases are a major 
contributor to end stage kidney disease, 
and weight loss can improve access to kid-
ney transplantation in patients with obesi-
ty. Although bariatric surgery has been sug-
gested as a bridge to kidney transplant, its 
impact on transplant outcomes is unclear.

The new meta-analysis suggests that 
the outcomes of kidney transplantation af-
ter bariatric surgery are similar to those in 
other transplant recipients. The research-
ers emphasize the “urgent need” for larger, 
well-designed studies to clarify whether 
there are beneficial effects of bariatric 
surgery on kidney transplant outcomes  
[Pencovich N, et al. Outcomes of kidney 
transplantation in patients that underwent 
bariatric surgery: A systematic review and 
meta-analysis. Transplantation, published 
online ahead of print June 5, 2023. doi: 
10.1097/TP.0000000000004680; https://
journals.lww.com/transplantjournal/Ab-
stract/9900/Outcomes_of_Kidney_Trans-
plantation_in_Patients.434.aspx]. 

       Findings

Hemodiafiltration May Improve Survival Compared with Hemodialysis
Trials comparing hemodiafiltration and 
hemodialysis have yielded inconclusive re-
sults but have had significant limitations. 
In The New England Journal of Medicine 
study, a recent meta-analysis of patient-level 
data suggested a survival benefit of hemo-
diafiltration when a convection volume was 
delivered at a high dose. This trial assessed 
survival in patients with kidney failure re-
ceiving high-dose hemodiafiltration versus 
conventional, high-flux hemodialysis.

The pragmatic, randomized trial in-
cluded 1360 patients with kidney failure 
and at least 3 months on high-flux hemodi-
alysis, enrolled at 61 European centers. All 
were considered candidates for a convec-
tion volume of at least 23 L per session in 
post-dilution mode. Patients were assigned 
to open-label treatment with high-dose he-
modiafiltration or continued conventional, 
high-flux hemodialysis. All-cause mortality 
was assessed at a median follow-up of 30 

months, along with secondary outcomes.
In the hemodiafiltration group, the 

mean convection volume was 25.3 L per 
session. All-cause mortality was 17.3% in 
patients assigned to hemodiafiltration ver-
sus 21.9% in the hemodialysis group. The 
survival benefit of hemodiafiltration was 
greater for patients without a baseline histo-
ry of cardiovascular disease or diabetes: haz-
ard ratios, 0.58 and 0.65, respectively. Risks 
of death from cardiovascular causes and a 
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49%
of total kidney volume vs 
placebo at the end of 3 years*
 (P<0.001; month 36 treatment effect: 
-9.2%)

reduction
The difference in TKV between treatment groups was most prominent 
within the fi rst year, at the earliest assessment; the difference was 
minimal in years 2 and 3. JYNARQUE had little effect on kidney size 
beyond what accrued during the fi rst year of treatment.†

Study design: TEMPO 3:4 was a double-blind, placebo-controlled randomized 
trial of 1445 patients with ADPKD. The inclusion criteria were: 18 to 50 years 
of age; early, rapidly progressing ADPKD (meeting modifi ed Ravine criteria‡); 
TKV ≥750 mL; creatinine clearance ≥60 mL/min. Patients were treated for 
up to 3 years. The primary endpoint was annual rate of change in the total 
kidney volume.4

49
TEMPO 3:4 Trial— A 36-month trial in patients with CKD Stages 1, 2, and 32,4

ADPKD=autosomal dominant
polycystic kidney disease.

For your patients at risk for rapidly progressing ADPKD
JYNARQUE® (tolvaptan)  has been proven effective in the 2 largest clinical trials 
of over 2800 patients with ADPKD across CKD stages 1–41-3

35%
in decline of kidney function 
vs placebo
(treatment effect: 1.3 mL/min/1.73 m2/
year; 95% CI: 0.86 to 1.68; P<0.0001)

reduction
Study design: REPRISE was a double-blind, placebo-controlled randomized 
withdrawal trial of 1370 patients with ADPKD. The inclusion criteria were: 
CKD with an eGFR between 25 and 65 mL/min/1.73 m2 if younger than 
age 56; or eGFR between 25 and 44 mL/min/1.73 m2, plus eGFR decline 
>2.0 mL/min/1.73 m2/year if between ages 56-65. Subjects were to be 
treated for 12 months; after completion of treatment, patients entered a
3-week follow-up period to assess renal function. The primary endpoint
was the treatment difference in the change of eGFR from pre-treatment
baseline to post-treatment follow-up, annualized by dividing each subject’s
treatment duration.3,6

JYNARQUE is the fi rst and only FDA-approved treatment indicated to
 slow kidney function decline in adults at risk of rapidly progressing ADPKD.

JYNARQUE® (tolvaptan) could 
change the course of their disease

* Data only included those patients who remained in the study for 3 years; effect in those who discontinued is unknown.2

† In years 4 and 5 during the TEMPO 3:4 extension trial, both groups received JYNARQUE and the difference between the groups in TKV was not maintained.
‡ Ravine criteria defi ned as at least 2 unilateral or bilateral kidney cysts in at-risk individuals between 15 and 30 years of age; 2 cysts in each kidney in individuals 
between 30 and 59 years of age; and at least 4 cysts in each kidney in individuals older than 60 years of age.7,8

Scan the QR code to see how JYNARQUE may help 
your appropriate patients or visit JYNARQUEdata.com

Most common observed adverse reactions with JYNARQUE (incidence >10%
and at least twice that for placebo) were thirst, polyuria, nocturia, pollakiuria 
and polydipsia.

References: 1. Data on fi le. TOLV-008. Otsuka America Pharmaceutical, Inc.; 
Rockville, MD. 2. Torres VE, Chapman AB, Devuyst O, et al; for the TEMPO 3:4 
Trial Investigators. N Engl J Med. 2012;367(25):2407-2418. 3. Torres VE, 
Chapman AB, Devuyst O, et al; for the REPRISE Trial Investigators. N Engl J
Med. 2017;377(20):1930-1942. 4. Torres VE, Meijer E, Bae KT, et al. Am 
J Kidney Dis. 2011;57(5):692-699. 5. Data on fi le. JYN-012. Otsuka America 
Pharmaceutical, Inc.; Rockville, MD. 6. Torres VE, Devuyst O, Chapman AB, 
et al. Am J Nephrol. 2017;45(3):257-266. 7. Belibi FA, Edelstein CL. J Am Soc 
Nephrol. 2009;20(1):6-8. 8. Ravine D, Gibson RN, Walker RG, Sheffi eld LJ, 
Kincaid-Smith P, Danks DM. Lancet. 1994;343(8901):824-827.

CKD=chronic kidney disease; CI=confi dence interval; eGFR=estimated 
glomerular fi ltration rate; REPRISE= Replicating Evidence of Preserved 
Renal Function: An Investigation of Tolvaptan Safety and Effi cacy; TEMPO= 
Tolvaptan Effi cacy and Safety Management of Autosomal Dominant 
Polycystic Kidney Disease and Its Outcomes; TKV=total kidney volume.
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(e.g., ketoconazole, itraconazole, lopinavir/ritonavir, indinavir/
ritonavir, ritonavir, and conivaptan) increases tolvaptan 
exposure. Use with strong CYP3A inhibitors is contraindicated; 
dose reduction of JYNARQUE is recommended for patients 
taking moderate CYP3A inhibitors. Patients should avoid 
grapefruit juice beverages while taking JYNARQUE.
Adverse Reactions: Most common observed adverse reactions 
with JYNARQUE (incidence >10% and at least twice that for 
placebo) were thirst, polyuria, nocturia, pollakiuria and polydipsia. 
Other Drug Interactions:
•  Strong CYP3A Inducers: Co-administration with strong CYP3A

inducers reduces exposure to JYNARQUE. Avoid concomitant 
use of JYNARQUE with strong CYP3A inducers

•  V2-Receptor Agonist: Tolvaptan interferes with the V2-agonist
activity of desmopressin (dDAVP). Avoid concomitant use of 
JYNARQUE with a V2-agonist

Pregnancy and Lactation: Based on animal data, JYNARQUE may 
cause fetal harm. In general, JYNARQUE should be discontinued 
during pregnancy. Advise women not to breastfeed during 
treatment with JYNARQUE.
To report SUSPECTED ADVERSE REACTIONS, contact Otsuka 
America Pharmaceutical, Inc. at 1-800-438-9927 or FDA at 
1-800-FDA-1088 (www.fda.gov/medwatch).

Please see Brief Summary of FULL PRESCRIBING 
INFORMATION, including BOXED WARNING, on the 
following page.

IMPORTANT SAFETY INFORMATION:
WARNING: RISK OF SERIOUS LIVER INJURY

•  JYNARQUE® (tolvaptan) can cause serious and potentially 
fatal liver injury. Acute liver failure requiring liver 
transplantation has been reported

•  Measure transaminases (ALT, AST) and bilirubin before 
initiating treatment, at 2 weeks and 4 weeks after 
initiation, then monthly for the fi rst 18 months and every 
3 months thereafter. Prompt action in response to 
laboratory abnormalities, signs, or symptoms indicative of 
hepatic injury can mitigate, but not eliminate, the risk of 
serious hepatotoxicity

•  Because of the risks of serious liver injury, JYNARQUE is 
available only through a Risk Evaluation and Mitigation 
Strategy program called the JYNARQUE REMS Program 

CONTRAINDICATIONS:
•  History, signs or symptoms of signifi cant liver impairment

or injury. This contraindication does not apply to 
uncomplicated polycystic liver disease

• Taking strong CYP3A inhibitors
• With uncorrected abnormal blood sodium concentrations
• Unable to sense or respond to thirst
• Hypovolemia
•  Hypersensitivity (e.g., anaphylaxis, rash) to JYNARQUE

or any component of the product

• Uncorrected urinary outfl ow obstruction
• Anuria
Serious Liver Injury: JYNARQUE can cause serious and 
potentially fatal liver injury. Acute liver failure requiring liver 
transplantation has been reported in the post-marketing 
ADPKD experience. Discontinuation in response to laboratory 
abnormalities or signs or symptoms of liver injury (such as 
fatigue, anorexia, nausea, right upper abdominal discomfort, 
vomiting, fever, rash, pruritus, icterus, dark urine or jaundice) 
can reduce the risk of severe hepatotoxicity. To reduce the 
risk of signifi cant or irreversible liver injury, assess ALT, AST 
and bilirubin prior to initiating JYNARQUE, at 2 weeks and 
4 weeks after initiation, then monthly for 18 months and every 
3 months thereafter.
Hypernatremia, Dehydration and Hypovolemia: JYNARQUE 
therapy increases free water clearance which can lead to 
dehydration, hypovolemia and hypernatremia. Instruct 
patients to drink water when thirsty, and throughout the day 
and night if awake. Monitor for weight loss, tachycardia and 
hypotension because they may signal dehydration. Ensure 
abnormalities in sodium concentrations are corrected before 
initiating therapy. If serum sodium increases above normal or 
the patient becomes hypovolemic or dehydrated and fl uid 
intake cannot be increased, suspend JYNARQUE until serum 
sodium, hydration status and volume status parameters are 
within the normal range.
Inhibitors of CYP3A: Concomitant use of JYNARQUE 
with drugs that are moderate or strong CYP3A inhibitors 

35
REPRISE Trial— A 12-month trial of patients with CKD late Stage 2 to early Stage 43,5
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composite of fatal or nonfatal cardiovascu-
lar outcomes were similar between groups.

This clinical trial finds a survival benefit 
of high-dose hemodiafiltration compared 
with conventional, high-flux hemodialysis 
in patients with kidney failure. The effects 
on survival may vary according to comor-
bidity and other patient characteristics 
[Blankestijn PJ, et al. Effect of hemodiafil-
tration or hemodialysis on mortality in kid-
ney failure. N Engl J Med, published online 
ahead of print June 16, 2023. doi: 10.1056/
NEJMoa2304820; https://www.nejm.org/
doi/10.1056/NEJMoa2304820]. 

Does Normothermic Machine Perfusion Improve Kidney Transplant 
Outcomes?
A period of normothermic machine per-
fusion (NMP) is feasible and safe before 
deceased-donor kidney transplantation but 
does not reduce the rate of delayed graft 
function (DGF) compared with standard 
static cold storage (SCS), reports a trial in 
Nature Medicine.

The randomized trial included 338 pa-
tients at four U.K. centers who were under-
going kidney transplantation from dona-

tion after circulatory death (DCD) donors. 
All kidneys underwent SCS, with a total 
cold ischemic time of approximately 800 
minutes. After SCS, kidneys in the inter-
vention group underwent a 1-hour period 
of NMP. 

Intention-to-treat analysis included 147 
kidneys assigned to SCS only and 143 to 
SCS plus NMP. DGF, defined as the re-
quirement for dialysis within 7 days after 

transplantation, was the main outcome of 
interest.

The rate of DGF was almost identical 
between groups: 58.5% with SCS alone 
and 60.7% with SCS plus NMP. Patient 
and graft survival, acute rejection, and 
12-month kidney function were similar as 
well. There were no significant differences 
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JYNARQUE® (tolvaptan) tablets for oral use
Brief summary of PRESCRIBING INFORMATION. See full prescribing information for JYNARQUE.

INDICATIONS AND USAGE: JYNARQUE is indicated to slow kidney function decline in adults at risk of rapidly 
progressing autosomal dominant polycystic kidney disease (ADPKD).
CONTRAINDICATIONS: JYNARQUE is contraindicated in patients:

•  With a history, signs or symptoms of significant liver impairment or injury. This contraindication does not apply 
to uncomplicated polycystic liver disease

• Taking strong CYP 3A inhibitors
• With uncorrected abnormal blood sodium concentrations
• Unable to sense or respond to thirst
• Hypovolemia
•  Hypersensitivity (e.g., anaphylaxis, rash) to tolvaptan or any component of the product Uncorrected urinary 

outflow obstruction
• Anuria

WARNINGS AND PRECAUTIONS
Serious Liver Injury: JYNARQUE can cause serious and potentially fatal liver injury. Acute liver failure requiring liver 
transplantation has been reported in the post-marketing ADPKD experience. Discontinuation in response to laboratory 
abnormalities or signs or symptoms of liver injury (such as fatigue, anorexia, nausea, right upper abdominal discomfort, 
vomiting, fever, rash, pruritus, icterus, dark urine or jaundice) can reduce the risk of severe hepatotoxicity.
To reduce the risk of significant or irreversible liver injury, assess ALT, AST and bilirubin prior to initiation of JYNARQUE,  
at 2 weeks and 4 weeks after initiation, then monthly for 18 months and every 3 months thereafter. At the onset of signs 
or symptoms consistent with hepatic injury or if ALT, AST, or bilirubin increase to >2 times ULN, immediately discontinue 
JYNARQUE, obtain repeat tests as soon as possible (within 48-72 hours), and continue testing as appropriate. If laboratory 
abnormalities stabilize or resolve, JYNARQUE may be reinitiated with increased frequency of monitoring as long as ALT 
and AST remain below 3 times ULN.
Do not restart JYNARQUE in patients who experience signs or symptoms consistent with hepatic injury or whose ALT  
or AST ever exceeds 3 times ULN during treatment with tolvaptan, unless there is another explanation for liver injury  
and the injury has resolved.
In patients with a stable, low baseline AST or ALT, an increase above 2 times baseline, even if less than 2 times upper limit 
of normal, may indicate early liver injury. Such elevations may warrant treatment suspension and prompt (48-72 hours) 
re-evaluation of liver test trends prior to reinitiating therapy with more frequent monitoring.
JYNARQUE REMS Program: JYNARQUE is available only through a restricted distribution program under a Risk 
Evaluation and Mitigation Strategy (REMS) called the JYNARQUE REMS Program, because of the risks of liver injury.
Notable requirements of the JYNARQUE REMS Program include the following:

• Prescribers must be certified by enrolling in the REMS program.
•  Prescribers must inform patients receiving JYNARQUE about the risk of hepatotoxicity associated with its use  

and how to recognize the signs and symptoms of hepatotoxicity and the appropriate actions to take if it occurs.
• Patients must enroll in the REMS program and comply with ongoing monitoring requirements.
•  Pharmacies must be certified by enrolling in the REMS program and must only dispense to patients who are

authorized to receive JYNARQUE.
Hypernatremia, Dehydration and Hypovolemia: JYNARQUE increases free water clearance and, as a result, 
may cause dehydration, hypovolemia and hypernatremia. Therefore, ensure abnormalities in sodium concentrations 
are corrected prior to initiation of therapy.
Instruct patients to drink water when thirsty, and throughout the day and night if awake. Monitor for weight loss, 
tachycardia and hypotension because they may signal dehydration.
During JYNARQUE therapy, if serum sodium increases above normal range or the patient becomes hypovolemic or 
dehydrated and fluid intake cannot be increased, then suspend JYNARQUE until serum sodium, hydration status 
and volume status is within the normal range.
Co-Administration with Inhibitors of CYP 3A: Concomitant use of JYNARQUE with drugs that are moderate 
or strong CYP 3A inhibitors (e.g., ketoconazole, itraconazole, lopinavir/ritonavir, indinavir/ritonavir, ritonavir, and 
conivaptan) increases tolvaptan exposure. Use with strong CYP 3A inhibitors is contraindicated; dose reduction of 
JYNARQUE is recommended for patients while taking moderate CYP 3A inhibitors

ADVERSE REACTIONS
Clinical Trials Experience: Because clinical trials are conducted under widely varying conditions, adverse reaction 
rates observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug 
and may not reflect the rates observed in practice. JYNARQUE has been studied in over 3000 patients with ADPKD. 
Long-term, placebo-controlled safety information of JYNARQUE in ADPKD is principally derived from two trials 
where 1,413 subjects received tolvaptan and 1,098 received placebo for at least 12 months across both studies.
TEMPO 3:4 -NCT00428948: A Phase 3, Double-Blind, Placebo-Controlled, Randomized Trial in Early, Rapidly-
Progressing ADPKD: The TEMPO3:4 trial employed a two-arm, 2:1 randomization to tolvaptan or placebo, titrated to 
a maximally-tolerated total daily dose of 60-120 mg. A total of 961 subjects with rapidly progressing ADPKD were 
randomized to JYNARQUE. Of these, 742 (77%) subjects who were treated with JYNARQUE remained on treatment 
for at least 3 years. The average daily dose in these subjects was 96 g daily.
Adverse events that led to discontinuation were reported for 15.4% (148/961) of subjects in the JYNARQUE 
group and 5.0% (24/483) of subjects in the placebo group. Aquaretic effects were the most common reasons for 
discontinuation of JYNARQUE. These included pollakiuria, polyuria, or nocturia in 63 (6.6%) subjects treated with 
JYNARQUE compared to 1 subject (0.2%) treated with placebo.
Table 1 lists the adverse reactions that occurred in at least 3% of ADPKD subjects treated with JYNARQUE and at 
least 1.5% more than on placebo.

Table 1:  TEMPO 3:4, Treatment Emergent Adverse Reactions in ≥3% of JYNARQUE Treated Subjects 
with Risk Difference ≥ 1.5%, Randomized Period

Adverse Reaction

Tolvaptan (N=961) Placebo (N=483)

Number of 
Subjects

Proportion 
(%)*

Annualized 
Rate†

Number of 
Subjects

Proportion 
(%)*

Annualized 
Rate†

Increased 
urination§ 668 69.5 28.6 135 28.0 10.3

Thirst‡ 612 63.7 26.2 113 23.4 8.7

Dry mouth 154 16.0 6.6 60 12.4 4.6

Fatigue 131 13.6 5.6 47 9.7 3.6

Diarrhea 128 13.3 5.5 53 11.0 4.1

Table 1:  TEMPO 3:4, Treatment Emergent Adverse Reactions in ≥3% of JYNARQUE Treated Subjects 
with Risk Difference ≥ 1.5%, Randomized Period

Adverse Reaction

Tolvaptan (N=961) Placebo (N=483)

Number of 
Subjects

Proportion 
(%)*

Annualized 
Rate†

Number of 
Subjects

Proportion 
(%)*

Annualized 
Rate†

Dizziness 109 11.3 4.7 42 8.7 3.2

Dyspepsia 76 7.9 3.3 16 3.3 1.2

Decreased appetite 69 7.2 3.0 5 1.0 0.4

Abdominal distension 47 4.9 2.0 16 3.3 1.2

Dry skin 47 4.9 2.0 8 1.7 0.6

Rash 40 4.2 1.7 9 1.9 0.7

Hyperuricemia 37 3.9 1.6 9 1.9 0.7

Palpitations 34 3.5 1.5 6 1.2 0.5

 *100x (Number of subjects with an adverse event/N)
†100x (Number of subjects with an adverse event/Total subject years of drug exposure)
‡Thirst includes polydipsia and thirst
§Increased urination includes micturition urgency, nocturia, pollakiuria, polyuria

REPRISE-NCT02160145: A Phase 3, Randomized-Withdrawal, Placebo-Controlled, Double-Blind, Trial in Late Stage 2 
to Early Stage 4 ADPKD: The REPRISE trial employed a 5-week single-blind titration and run-in period for JYNARQUE 
prior to the randomized double-blind period. During the JYNARQUE titration and run-in period, 126 (8.4%) of the 1496 
subjects discontinued the study, 52 (3.5%) were due to aquaretic effects and 10 (0.7%) were due to liver test findings. 
Because of this run-in design, the adverse reaction rates observed during the randomized period are not described.
Liver Injury: In the two double-blind, placebo-controlled trials, ALT elevations >3 times ULN were observed at an 
increased frequency with JYNARQUE compared with placebo (4.9% [80/1637] versus 1.1% [13/1166], respectively) 
within the first 18 months after initiating treatment and increases usually resolved within 1 to 4 months after 
discontinuing the drug.
Postmarketing Experience: The following adverse reactions have been identified during post-approval use of 
tolvaptan. Because these reactions are reported voluntarily from a population of uncertain size, it is not always 
possible to estimate their frequency reliably or establish a causal relationship to drug exposure.
Hepatobiliary Disorders: Liver failure requiring transplant
Immune System Disorders: Anaphylaxis

DRUG INTERACTIONS
CYP 3A Inhibitors and Inducers: CYP 3A Inhibitors: Tolvaptan’s AUC was 5.4 times as large and Cmax was 3.5 
times as large after co-administration of tolvaptan and 200 mg ketoconazole. Larger doses of the strong CYP 3A 
inhibitor would be expected to produce larger increases in tolvaptan exposure. Concomitant use of tolvaptan with 
strong CYP 3A inhibitors is contraindicated. Dose reduction of JYNARQUE is recommended for patients while taking 
moderate CYP 3A inhibitors. Patients should avoid grapefruit juice beverages while taking JYNARQUE. Strong CYP 
3A Inducers: Co-administration of JYNARQUE with strong CYP 3A inducers reduces exposure to JYNARQUE. Avoid 
concomitant use of JYNARQUE with strong CYP 3A inducers.
V2-Receptor Agonist: As a V2-receptor antagonist, tolvaptan will interfere with the V2-agonist activity of desmopressin 
(dDAVP). Avoid concomitant use of JYNARQUE with a V2-agonist.
USE IN SPECIFIC POPULATIONS
Pregnancy: Risk Summary: Available data with JYNARQUE use in pregnant women are insufficient to determine if 
there is a drug associated risk of adverse developmental outcomes. In embryo-fetal development studies, pregnant 
rats and rabbits received oral tolvaptan during organogenesis. At maternally non-toxic doses, tolvaptan did not 
cause any developmental toxicity in rats or in rabbits at exposures approximately 4- and 1-times, respectively, the 
human exposure at the maximum recommended human dose (MRHD) of 90/30 mg. However, effects on embryo-
fetal development occurred in both species at maternally toxic doses. In rats, reduced fetal weights and delayed 
fetal ossification occurred at 17-times the human exposure. In rabbits, increased abortions, embryo-fetal death, 
fetal microphthalmia, open eyelids, cleft palate, brachymelia and skeletal malformations occurred at approximately 
3-times the human exposure. Advise pregnant women of the potential risk to the fetus.
The estimated background risk of major birth defects and miscarriage for the indicated population is unknown. All 
pregnancies have a background risk of birth defect, loss, or other adverse outcomes. The estimated background risk 
of major birth defects and miscarriage in the U.S. general population is 2-4% and 15-20% of clinically recognized 
pregnancies, respectively.
Lactation: Risk Summary: There are no data on the presence of tolvaptan in human milk, the effects on the
breastfed infant, or the effects on milk production. Tolvaptan is present in rat milk. When a drug is present in animal 
milk, it is possible that the drug will be present in human milk, but relative levels may vary. Because of the potential 
for serious adverse reactions, including liver toxicity, electrolyte abnormalities (e.g., hypernatremia), hypotension, 
and volume depletion in breastfed infants, advise women not to breastfeed during treatment with JYNARQUE.
Pediatric Use: Safety and effectiveness of JYNARQUE in pediatric patients have not been established.
Geriatric Use: Clinical studies of tolvaptan did not include sufficient numbers of subjects aged 65 years and
over to determine whether they respond differently from younger subjects. Other reported clinical experience has 
not identified differences in responses between the elderly and younger patients. In general, dose selection for 
an elderly patient should be cautious, usually starting at the low end of the dosing range, reflecting the greater 
frequency of decreased hepatic, renal, or cardiac function, and of concomitant disease or other drug therapy.
Use in Patients with Hepatic Impairment: Because of the risk of serious liver injury, use is contraindicated in 
patients with a history, signs or symptoms of significant liver impairment or injury. This contraindication does not 
apply to uncomplicated polycystic liver disease which was present in 60% and 66% of patients in TEMPO 3:4 and 
REPRISE, respectively. No specific exclusion for hepatic impairment was implemented in TEMPO 3:4. However, 
REPRISE excluded patients with ADPKD who had hepatic impairment or liver function abnormalities other than that 
expected for ADPKD with typical cystic liver disease.
Use in Patients with Renal Impairment: Efficacy studies included patients with normal and reduced renal
function. TEMPO 3:4 required patients to have an estimated creatinine clearance ≥60 mL/min, while REPRISE
included patients with eGFRCKD-Epi 25 to 65 mL/min/1.73m2.
OVERDOSAGE: Single oral doses up to 480 mg (4 times the maximum recommended daily dose) and multiple doses 
up to 300 mg once daily for 5 days have been well tolerated in trials in healthy subjects. There is no specific antidote 
for tolvaptan intoxication. The signs and symptoms of an acute overdose can be anticipated to be those of excessive 
pharmacologic effect: a rise in serum sodium concentration, polyuria, thirst, and dehydration/hypovolemia.
In patients with suspected JYNARQUE overdosage, assessment of vital signs, electrolyte concentrations, ECG and 
fluid status is recommended. Continue replacement of water and electrolytes until aquaresis abates. Dialysis may 
not be effective in removing JYNARQUE because of its high binding affinity for human plasma protein (>98%).
PATIENT COUNSELING INFORMATION
See FDA-Approved Patient Labeling (Medication Guide).
To report SUSPECTED ADVERSE REACTIONS, contact Otsuka America Pharmaceutical, Inc. at  
1-800-438-9927 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

© 2021, Otsuka Pharmaceutical Co., Ltd., Tokyo, 101-8535 Japan
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WARNING: RISK OF SERIOUS LIVER INJURY
•  JYNARQUE (tolvaptan) can cause serious and potentially fatal liver injury. Acute liver failure  

requiring liver transplantation has been reported
•  Measure ALT, AST and bilirubin before initiating treatment, at 2 weeks and 4 weeks after 

initiation, then monthly for the first 18 months and every 3 months thereafter. Prompt action 
in response to laboratory abnormalities, signs, or symptoms indicative of hepatic injury can 
mitigate, but not eliminate, the risk of serious hepatotoxicity.

•  Because of the risks of serious liver injury, JYNARQUE is available only through a restricted 
distribution program under a Risk Evaluation and Mitigation Strategy (REMS) called the  
JYNARQUE REMS Program.

S:6.25"

S:9.875"

T:7.75"

T:10.5"

B:9"

B:11.125"

F:7.875"

FS:6.625"

F:-0.125"

FS:-1.375"

Index to  
Advertisers

American College of 
Rheumatology  .  .  Page 7

nephCentric .  .  .  .  .  Page 3

Novartis .  .  .  .  .  Back Cover

Otsuka .  .  .  .  . Pages 24-26

in adverse events, including transplant 
thrombosis or infectious complications. 

Kidneys from DCD donors are an im-
portant source of organs for transplanta-
tion but are susceptible to cold ischemic 
injury, which may lead to DGF. In the 
emerging NMP technique, donor kidneys 
are perfused with a warmed, oxygenated, 
red cell-based solution, producing a near-
physiologic state that enables functional 
testing. To date, the new report is the first 
randomized, multicenter trial comparing 
NMP with conventional SCS in DCD kid-
ney transplantation.

The results show no reduction in DGF 
with a period of NMP before transplan-
tation of DCD kidneys. The researchers 
write, “Nonetheless, we have demonstrated 
that this new technology for kidney pres-
ervation is feasible, safe and suitable for 
clinical application” [Hosgood SA, et al. 
Normothermic machine perfusion versus 
static cold storage in donation after circu-
latory death kidney transplantation: A ran-
domized controlled trial. Nat Med 2023; 
29:1511–1519. doi: 10.1038/s41591-023-
02376-7]. 

Model Predicts Kidney Failure Risk After 
Nephrectomy
A validated, six-item equation performs 
well in predicting the 5-year risk of kid-
ney failure in patients undergoing surgery 
for localized kidney cancer, according to 
a study in the American Journal of Kidney 
Diseases.

The model was developed in a popula-
tion-based cohort of 1026 adults in Mani-
toba, Canada, who underwent partial or 
radical nephrectomy for non-metastatic 

kidney cancer from 2004 through 2016. 
All patients underwent at least one meas-
urement of estimated glomerular filtra-
tion rate (eGFR) both before and after 
surgery. Models were created to identify 
factors associated with the 5-year risk of 
incident kidney failure, defined as dialy-
sis, transplantation, or eGFR less than 15 
mL/min/1.73 m2.

The resulting Kidney Cancer Risk 
Equation (KCRE) comprised six read-
ily accessible variables: age, sex, eGFR, 
type of nephrectomy, diabetes, and urine 
albumin-to-creatinine ratio. In the de-
velopment cohort, the equation showed 
good predictive performance, with an 
area under the curve (AUC) of 0.85. The 
KRCE performed similarly well in a vali-
dation cohort of 12,043 patients under-
going kidney cancer surgery in Ontario, 
Canada, between 2008 and 2018: AUC, 
0.86. The findings were consistent in sen-
sitivity analyses, and the model showed 
excellent calibration after adjustment of 
the baseline hazard.

Nephrectomy is an effective treatment 
for kidney cancers but carries a risk of 
later decreased kidney function or kidney 
failure. The KCRE was developed to meet 
the need for pre-operative tools to predict 
the long-term risk of kidney failure after 
surgery for localized kidney cancer.

The new study describes the KCRE 
as a simple, validated model to predict 
the risk of developing kidney failure af-
ter nephrectomy for kidney cancer. “The 
KCRE is an easy-to-use tool for urologists 
and nephrologists to apply in the pre-op-
erative period for risk stratification and 
patient-centric counselling to identify 
those at risk of developing post-operative 
kidney failure in the next 5 years,” the 
researchers write. They call for further 
validation in diverse patient samples 
[Harasemiw O, et al. A predictive mod-
el for kidney failure after nephrectomy 
for localized kidney cancer: The Kidney 
Cancer Risk Equation. Am J Kidney Dis, 
published online ahead of print June 30, 
2023. doi: 10.1053/j.ajkd.2023.06.002; 
https://www.ajkd.org/article/S0272-
6386(23)00695-9/fulltext]. 
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ASN Kidney Week 2023 provides participants with exciting 
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Accreditation Statement
In support of improving patient care, the American Society of Nephrology is jointly accredited by the Accreditation Council 
for Continuing Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American 
Nurses Credentialing Center (ANCC), to provide continuing education for the healthcare team.

The American Society of Nephrology designates this blended learning activity (Kidney Week 2023 Annual Meeting) for a 
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For your patients with C3G or IgA nephropathy

LIFE OUTSIDE YOUR LIFE OUTSIDE YOUR LIFE OUTSIDE YOUR 
OFFICE CAN BE MORE OFFICE CAN BE MORE OFFICE CAN BE MORE 
CHALLENGING CHALLENGING CHALLENGING 
THAN IMAGINEDTHAN IMAGINEDTHAN IMAGINED
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C3G, complement 3 glomerulopathy; IgA, immunoglobulin A. 

Despite current management, patients can still struggle 
with disease burden and psychosocial impacts1,2

Learn more about a key component of these diseases—
complement system dysregulation.1-5
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