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Abstract
Hyperkalemia is common in patients with ESRD, undergoing hemodialysis (HD), and is associ-
ated with an increase in hospitalization and mortality. Residual kidney function in long-term 
dialysis patients is associated with lower morbidity and mortality in HD patients. Although the 
2015 National Kidney Foundation-Kidney Disease Outcomes Quality Initiate (NKD-KDOQI) 
guidelines allow the reduction in the weekly HD dose for patients with a residual kidney urea 
clearance (Kur) >3 mL/min/1.73 m2, very few centers adjust the dialysis dose based on these 
criteria. In our center, the pattern of incremental hemodialysis (iHD) with once-a-week sched-
ule (1 HD/W) has been an option for a group of patients showing very good results. This pat-
tern is maintained as long as residual diuresis is >1,000 mL/24 h, Kur is >4 mL/min, and there 
is no presence of edema or volume overload, as well as no analytical parameters persistently 
outside the advisable range (serum phosphorus >6 mg/dL or potassium [K+] >6.5 mmol/L). 
Management of hyperkalemia in HD patients includes reduction of dietary intake, dosing of 
medications that contribute to hyperkalemia, and use of cation-exchange resins such as cal-
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cium or sodium polystyrene sulfonate. Two newer potassium binders, patiromer sorbitex cal-
cium and sodium zirconium cyclosilicate, have been safely used for potassium imbalance 
treatment in patients with ESRD in HD with a conventional regimen of thrice weekly, but has 
not yet been studied in 1 HD/W schedules. We present the case of a 76-year-old woman in 
iHD (1 HD/W) treated with patiromer for severe HK and describe her clinical characteristics 
and outcomes. In addition, we review the corresponding literature. Based on these data, it can 
be anticipated that the use of patiromer may overcome the risk of hyperkalemia in patients 
with incident ESRD treated with less-frequent HD regimens.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hyperkalemia in hemodialysis (HD) patients is defined as a serum concentration of 
predialysis potassium (K+) >5.5 mmol/L, as determined in the extracellular compartment. 
Due to alterations in the cardiac conduction system which can lead to arrhythmias and sudden 
cardiac death, hyperkalemia is a potential life-threatening emergency in maintenance hemo-
dialysis (MHD) patients, with every increase of 1 mmol/L above 5.1 mmol/L resulting in an 
increase of 40% in risk for sudden cardiac death [1]. Hyperkalemia in MHD patients is asso-
ciated with an all-cause mortality of 3.1/1,000 patients per year [2–4]. Hyperkalemia is an 
extremely prevalent alteration in HD patients. However, few studies investigate this entity in 
conventional HD schemes, as well as in incremental hemodialysis (iHD). Data on its preva-
lence are inconsistent, reporting a prevalence between 5 and 20%, depending on the size and 
characteristics of the study populations, as well as on the definition of predialysis hyperka-
lemia (≥5.1, ≥5.5, or ≥6 mmol/L) and comorbidities, such as diabetes, heart failure, use of 
renin-angiotensin-aldosterone system inhibitors (RAASi).

In most developed countries, the vast majority of patients with ESRD receiving HD 
are treated with a conventional regimen of thrice weekly for 3–5 h per session. The 
residual kidney function (RKF) in long-term dialysis patients is associated with lower 
morbimortality in both peritoneal dialysis and HD patients [5, 6]. The 2015 National 
Kidney Foundation-Kidney Disease Outcomes Quality Initiate (NKF-KDOQI) guidelines 
allow the reduction in the weekly HD dose for patients with kidney urea clearance (Kur) 
>3 mL/min/1.73 m2 [6]. Despite this, very few centers adjust the dialysis dose based on 
these criteria. Recent ongoing studies and clinical trials on the safety and efficacy of less-
frequent HD in patients with incident CKD have appeared in recent years, most of which 
consist of twice-weekly HD regimens at dialysis initiation [7–10], coinciding with the 
experience already published by Kalantar-Zadeh et al. [9, 10] in the USA and Teruel-
Briones et al. [11] and Merino et al. [12] in Spain. However, only one study, IHDIP trial 
led by Deira et al. [7], which is currently in the patient enrollment phase, proposes the 
once-a-week schedule.

The management of hyperkalemia in HD includes reduction of dietary intake, dosing of 
medications that contribute to hyperkalemia, and use of cation-exchange resins such as 
calcium or sodium polystyrene sulfonate. Due to gastrointestinal (GI) complications, such as 
constipation, diarrhea, and nausea, resins are mostly not well tolerated. Furthermore, its use 
is associated with potential life-threatening side effects, such as intestinal necrosis [13–15]. 
Recently, 2 new therapeutic options have been approved: patiromer sorbitex calcium and 
sodium zirconium cyclosilicate. The underlying pharmacologic mechanism of these drugs is 
the elimination of potassium in the GI tract, based on the exchange of K+ for other cations 
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(calcium and sodium, respectively). Patiromer has shown to effectively reduce serum 
potassium levels [16], to maintain long-term normokalemia [17], and to prevent hyperka-
lemia in MHD patients with a conventional regimen of thrice weekly [18]. Based on these 
studies, the use of patiromer can be considered to avoid the risk of hyperkalemia, enhance 
the tolerance of RAASi, and maintain the HD prescription scheme in patients with iHD treated 
with less-frequent HD regimens. We report a case of a patient in iHD with once-a-week 
schedule treated with patiromer for severe hyperkalemia.

Case Presentation

We present the case of a 76-year-old woman with a history of arterial hypertension, 
hyperuricemia, and type 2 diabetes mellitus, diagnosed at the age of 60 years, with micro-
vascular (CKD and retinopathy) and macrovascular (peripheral artery disease) affection. 
The patient has undergone follow-up in our Nephrology outpatient clinic for CKD stage 
G3b/A3, secondary to diabetic nephropathy, since 2010. The patient has had baseline 
serum creatinine values around 2.0 mg/dL and baseline urea of 90 mg/dL. Due to 
progression of her disease to a terminal stage, the patient has undergone follow-up in our 
outpatient clinic for ESRD since 2019. In May 2020, the patient initiated HD via a native 
humerocephalic artery-venous fistula, presenting uremic symptoms, a serum creatinine 
of 7.8 mg/dL (estimated glomerular filtration rate, using the CKD-EPI formula, of 5.8 mL/
min/1.73 m2), a 24-h creatinine clearance of 7.6 mL/min, K+ of 5.5 mmol/L, and a urine 
albumin/creatinine ratio of 733.99 mg/g. Since the patient met the inclusion criteria: Kur 
>4.5 mL/min/1.73 m2 in 24 h of RKF and urine volume >500 mL/24 h, no active neoplasia, 
no heart failure in functional class NYHA IV, no unstable angina pectoris, no myocardial 
infarction in the previous 3 months, no treatment with immunosuppressors, nor any kind 
of active inflammatory disease, the patient was included in our iHD protocol with 1 
session per week.

Two weeks after the initiation of the HD, a progressive increase of the SK+ levels, with a 
maximum level of 7.1 mmol/L, was observed (Table 1). Venous blood gas analysis revealed a 
metabolic acidosis, despite treatment with bicarbonate, which justified the hyperkalemia. On 
the other hand, the patient did not present vascular complications, and the dialysis param-
eters were correct, with no variations in the previous 2 months (online hemofiltration with 
convective volumes of 20–27 L/session and KT of 53–57 L). Furthermore, the RKF controls 
with biochemical analysis of the 24-h urine maintained the Kur without changes, as well as 
the urine volume remained stable. We ruled out causes of pseudohyperkalemia (i.e., hemo-
lysis caused by rotational blood pump or other components of the extracorporeal circuit, as 
well as rhabdomyolysis). The patient has been maintaining an adequate diet (low in K+) with 
a potassium uptake of approximately 30–40 mmol/day. In addition to a potassium-restricted 
diet, an increase of the dose of PSC to a dose of 99.75 g/100 g 24 h was necessary. Furthermore, 
we decreased the dose of RAASi by half and doubled the dose of the diuretics and calcium 
channel blockers. Despite these measures, the patient maintained high potassium levels, 
which is why the potassium concentration in the dialysis solution was reduced (from 2 to 1 
mmol/L). However, the patient maintained potassium levels above 6 mmol/L. Despite clinical 
signs of PSC intolerance, an attempt was made to increase the dose of PSC. However, the 
patient presented important GI symptoms, such as constipation and abdominal pain. 
Therefore, PSC was discontinued, and patiromer 8.4 g was initiated. Posterior analytic 
controls revealed predialysis potassium levels of 4.7 mmol/L, and the patient did not complain 
of GI symptoms. We decided to increase the RAASi dose. One month later, the patient’s 
biochemical analysis showed a potassium level of 4.9 mmol/L, and in further controls, the 
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levels maintained below 5.0 mmol/L. The analytic course is described in Table 1. With the 
previously described measures, a progression to an iHD regimen of twice-a-week session 
could be avoided.

Discussion

The majority of HD patients lose their RKF. The physiological compensation mechanisms 
are limited, one of them being intestinal secretion [19]. The most frequent causes of hyper-
kalemia in HD patients include: excessive potassium ingestion, decreased intestinal secretion 
due to constipation or drugs that alter the intestinal secretion, and inadequate dialytic 
potassium exchange in patients that skip their HD sessions or reduce their sessions [20, 21]. 
Furthermore, redistribution of potassium from the intracellular compartment to the extracel-
lular compartment can contribute to hyperkalemia. These alterations can be due to postdi-
alysis rebound, drugs, endogenous insulin deficiency caused by prolonged fasting, metabolic 
acidosis, vascular access complications, pseudohyperkalemia caused by the rotational blood 
pump, other components of the extracorporeal circuit, or rhabdomyolysis [20, 22, 23].

Patiromer sorbitex calcium is a nonabsorbable polymer, which is free of sodium. It binds 
potassium in the colon, predominantly in the distal portion, reducing therefore the free 
potassium concentration and increasing the fecal excretion. This mechanism is associated 
with an exchange of potassium with calcium sorbitol. The efficacy and safety of patiromer for 
the management of hyperkalemia in patients with CKD not in HD and the concomitant 
treatment with RAASi in patients with type 2 diabetes mellitus and heart failure have been 
shown in 3 randomized clinical trials: PEARL-HF, OPAL-HK, and AMETHYST-DN. Patiromer 
showed to be efficacious for the reduction of serum K+ up to a 52-week follow-up [24–26]. 
Side effects of patiromer include mainly mild GI symptoms, with constipation being the most 
frequent adverse effect [26]. Serious side effects have not been described, but it is important 
to monitor magnesium levels during the follow-up. In case of low magnesium levels, supple-
mentation should be considered [25–28].

In the incremental dialysis expert opinion study by Kalantar-Zadeh et al. [29], urine volume 
>0.5 L per day and a Kur of at least 3 mL/min were 2 of 10 criteria that were mainly proposed to 
identify candidates for twice-weekly HD. Furthermore, apart from these 2 criteria based on RKF, 
the patient should meet 5 or more (out of 9) other criteria (i.e., intradialytic weight gain 2.5 kg; 
stable cardiovascular status; infrequent hospitalization; satisfactory health-related quality of 
life; small to normal body size; good nutritional status; and absence of hyperkalemia, hyperphos-
phatemia, or profound anemia). These criteria are very similar to the criteria that we use in our 
center in order to choose patients for a once-a-week schedule. However, in our center protocol, 
the Kur must be >4 mL/min measured in RKF, as a main criteria for the patient inclusion. This is 
based on the design proposed by Deira et al. [7] in the IHDIP trial.

However, the HD prescription should be changed from twice a week to 3 times a week in 
cases where RKF is <0.5 L day and/or Kur is <2 mL/min according to Kalantar-Zadeh et al. 
[29]. In our center, the progression criteria from 1 to 2 sessions a week are based on the 
decrease in Kur <4 and >2.5 mL/min/1.73 m2; weekly weight gain that entails ultrafiltration 
rates >13 mL/kg/h, maintained for 3 weeks; and any clinical event that requires unscheduled 
sessions (>1) for resolution such as hyperkalemia. In Spain, Merino et al. [12], described their 
experience of the first 8 years of application of an iHD of 2 sessions a week and its impact on 
the maintenance of RKF. Out of 15 patients included with a follow-up of no <12 months in iHD, 
6 patients required conversion at 3 HD/week due to laboratory parameters (hyperkalemia 
and high levels of phosphorus persistently) and 2 due to episodes of heart failure. In North 
America, the University of California, Irvine, was the first to systematically experiment with 
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the practice of iHD twice a week. Ghahremani-Ghajar et al. [30] conducted a retrospective 
analysis of 13 incident ESRD patients who initiated incremental twice-weekly HD in the 
contemporary period of January 2015–August 2016. Among patients who eventually transi-
tioned to thrice-weekly HD (N = 8), the 2 primary indications were problems with excessive 
intradialytic weight gain (N = 4) and inability to achieve adequate total clearance (N = 4). 
Among patients with inadequate total clearance, the following laboratory aberrancies were 
observed: hyperkalemia (N = 3), severe metabolic acidosis (N = 2), inadequate dialytic clearance 
per session (N = 4), and hyperphosphatemia (N = 2). That is why the management of hyperka-
lemia is crucial in our IHD program to avoid progression to more sessions per week.

Although patiromer is indicted in patients with ESRD in MHD, there exist only a few real-
world postcommercialization studies that investigate the efficacy, safety, and tolerability of 
this drug. The majority of these studies are retrospective observational studies, and only a 
few research groups investigated its effect on patients undergoing MHD with thrice-weekly 
sessions, prospectively. No studies can be found in the literature that investigate the use of 
patiromer in iHD regimens, being our case one of the first to describe its efficacy and safety 
in patients with iHD of 1 session per week.

The studies of patiromer in patients undergoing MHD with thrice-weekly sessions allowed 
us to decide on the treatment with patiromer in our patient: Bushinsky et al. [16] studied 6 
patients on MHD with moderate and severe hyperkalemia (K+ ≥5.5 and ≥6 mmol/L), with 5 of 
them being anuric. A 2-week follow-up was carried out, demonstrating that the use of patiromer 
(at a dose of 12.6 g/day) decreased the serum potassium levels and increased the fecal potassium 
excretion. In 2019, 1 retrospective observational cohort study with real-life data of patients in 
MHD was presented. Kovesdy et al. [17] used data of patients with hyperkalemia (K+ ≥5.5 mmol/L) 
from the DaVita Clinical Research (n = 10,126) in order to analyze the change in serum potassium 
in patients with patiromer (n = 527), PSC (n = 852), and patients without chelates (n = 8,747). The 
majority of the patients (61%) of the patiromer group initiated the drug in a dose of 8.4 g/day, 
and in 89% of the patients, this regimen was modified during follow-up. A statistically significant 
reduction in the serum potassium levels could be appreciated in this group (48 before vs. 22% 
after the initiation of patiromer had a K+ ≥6.0 mmol/L; p < 0.001). Furthermore, the authors 
concluded that patients in MHD and severe hyperkalemia showed a significant reduction in their 
potassium levels in long-term follow-up. Until the date of publication of this case report, our 
patient maintains treatment with patiromer at a dose of 8.4 g/day and has not presented any GI 
symptoms. Furthermore, the patient did not present any episodes of hyperkalemia.

The effect of patiromer on the electrolytic balance of potassium (K+), sodium (Na+), 
calcium (Ca+2), magnesium (Mg+2), and phosphate in patients undergoing MHD has recently 
been studied by Amdur et al. [18] for the first time. The authors of this study conducted a 
prospective crossed study in 3 phases (2 weeks of pretreatment, 12 weeks of patiromer with 
a dose of 16.8 g/day, and 6 weeks of posttreatment), in order to determine the efficacy, safety, 
and tolerability of patiromer for the reduction of serum potassium. Out of 219 anuric patients 
in MHD, 27 patients were selected for measuring of serum and fecal K+, Na+, Ca+2, Mg+2, and 
phosphate. The authors concluded that in patients undergoing MHD with hyperkalemia, pati-
romer at a dose of 16.8 g/day reduced serum potassium levels significantly at 12 weeks of 
treatment. This was associated with an increase in fecal potassium excretion, as a result of 
the binding of K+ by the polymer in the GI tract. Every increase of 1 µg/g of fecal K+ was asso-
ciated with a decrease of 0.005 mmol/L of the serum potassium. Furthermore, the authors 
concluded that the serum calcium and fecal calcium increased during the treatment phase, 
which suggests that Ca+2 which is liberated by patiromer is later absorbed systematically. The 
reduction in serum magnesium was not associated with a change in fecal Mg+2 excretion, but 
did show a correlation with the serum potassium. No patient presented clinically significant 
hypokalemia, hypercalcemia, or hypomagnesemia during the follow-up. Our patient did not 
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present any episodes of hypokalemia, and the Na+ Ca+2, Mg+2, and P+2 levels remained normal. 
However, we were not able to determine changes in the fecal excretion of potassium, since 
we do not have availability for this kind of test in our center.

Conclusion

Cation-exchange resins, such as PSC, are not an effective and well-tolerated treatment for 
the chronic use in patients that undergo MHD. Furthermore, these drugs have important side 
effects on long-term use. However, patiromer has proven to be efficacious, safe, and well 
tolerated in HD patients with thrice-weekly sessions. Our case suggests that the use of pati-
romer may decrease the risks of hyperkalemia and improve tolerability of RAASi in patients 
with CKD treated with iHD with a once-a-week schedule.
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