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Introduction

For the past three decades, assessment of peritoneal dialy-

sis (PD) adequacy has focused on a single minimal thresh-

old of Kt/Vurea. The 1997 National Kidney Foundation-Dial-

ysis Outcomes Quality Initiative clinical practice guidelines 

for PD adequacy recommended that weekly Kt/Vurea be at 

least 2.0 [1]. This recommendation was based predomi-

nantly on two observational studies. The CANUSA study 

included 680 incident patients on continuous ambulatory 

PD (CAPD) in Canada and the United States. The study 

demonstrated an inverse relationship between weekly Kt/

Vurea and relative risk (RR) of death, with weekly Kt/Vurea of 
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2.1 associated with 78% expected 2-year survival [2]. Sim-

ilarly, in an Italian study that evaluated prevalent CAPD 

patients, improved survival was observed in patients with 

weekly Kt/Vurea of ≥1.96 [3]. However, these findings were 

not supported by subsequent prospective randomized 

controlled trials. 

Main texts

The ADEMEX study included 965 patients on CAPD who 

were randomized either into a control group undergoing 

four exchanges with 2-L fill volume or an intervention 

group in which the prescription was modified to achieve a 
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peritoneal creatinine clearance of 60 L/week/1.73 m2 [4]. 

The average total Kt/Vurea was 1.80 in the control group vs. 

2.27 in the intervention group. After 2 years of follow-up, 

patient survival was equivalent between the two groups, 

with a RR of 1.0. Thus, increasing Kt/Vurea to ≥2.0 was not 

associated with survival benefit. Another clinical trial per-

formed in Hong Kong evaluated 320 CAPD patients who 

were randomized into one of three groups targeting Kt/Vurea 

of 1.5 to 1.7, 1.7 to 2.0, and >2.0 [5]. There were no signifi-

cant differences in patient survival, hospitalization rate, or 

serum albumin among the three groups after 2 years. How-

ever, more patients in the lowest Kt/Vurea target group (i.e., 

1.5–1.7) required erythropoietin treatment. Based on these 

studies, the 2006 International Society for Peritoneal Dial-

ysis (ISPD) guidelines on PD recommended that the total 

(renal + peritoneal) Kt/Vurea not be less than 1.7 at any time 

[6].  

Using Kt/Vurea to determine adequacy of PD poses sever-

al problems. To date, there is no evidence that prescribed 

peritoneal Kt/Vurea is a good surrogate measure of uremic 

symptom control or nutritional state in PD patients. There 

also are problems intrinsic to the measure itself. Volume 

of distribution of urea (Vurea) generally is considered equiv-

alent to total body water (TBW), given that urea is highly 

soluble in both water and cell membranes but not adipose 

tissue. This assumption implies that V should be deter-

mined using ideal body weight rather than actual body 

weight to avoid overdialysis in obese patients and under-

dialysis in underweight patients. Unfortunately, determi-

nation of TBW is difficult. In a recent review article, Davies 

and Finkelstein [7] compared the three main methods 

used to estimate TBW: the gold-standard isotope dilution, 

bioimpedance, and anthropometric equations. They found 

wide limits of agreement among the methods. When com-

paring the commonly used anthropometric equations to 

isotope dilution, the 95% confidence interval was ±18% of 

the TBW [7]. This translates into a Kt/Vurea range of 1.44 to 

2.06 in an individual with a measured Kt/Vurea of 1.7 whose 

TBW is 35 L. Based on this finding, the authors suggest that 

a Kt/Vurea target for an individual patient should be defined 

as an acceptable range that considers the uncertainty of 

the measurement rather than applying a single cutoff val-

ue. Furthermore, a recent report from the SONG-PD study 

group described the 10 most important outcomes for pa-

tients on PD and their caregivers: infection, mortality, fa-

tigue, flexibility with time, blood pressure, PD failure, abili-

ty to travel, sleep, ability to work, and effect on family [8]. In 

contrast, dialysis solute clearance was ranked the 52nd of 

56 outcomes. 

In 2020, the ISPD published updated practice recom-

mendations for high-quality PD, which emphasized incor-

poration of multiple measures to assess the quality of dial-

ysis rather than focusing on the single value of Kt/Vurea [9]. 

These measures include shared decision-making between 

the patient and care team and assessment of health-related 

quality of life (HRQOL), uremic symptoms, residual kid-

ney function (RKF), volume status, biochemical measures, 

nutritional status, and small solute clearance. Highlights of 

these practice recommendations are outlined in Fig. 1. 

An integral part of providing high-quality dialysis thera-

py is to understand the patient’s priorities and goals of care 

and to utilize shared decision-making between patients 

and the care team [10]. This approach enables establish-

ment of realistic care goals and expectations and allows 

clinicians to individualize care plans to maximize patient 

HRQOL. The relationship between amount of dialysis 

delivered and its impact on HRQOL is unclear. It is clear, 

however, that increasing the dose of dialysis did not cor-

relate with improved clinical outcomes of PD patients in 

the Hong Kong study or the ADEMEX trial [4,5]. There is 

no evidence showing that increased dialysis delivery corre-

sponds to improved HRQOL in PD patients. Furthermore, 

intensifying PD prescriptions by increasing the number of 

exchanges or duration of treatment can impact negatively 

on patient HRQOL. Thus, the most recent recommenda-

tion is that, in the absence of clinical symptoms and when 

volume and electrolytes are controlled, no PD prescription 

adjustment is needed for the sole purpose of reaching an 

arbitrary clearance target [9]. 

In contrast to Kt/Vurea, there are several clinical and bio-

chemical parameters for which achieving certain levels do 

appear to be associated with superior outcomes. A recent 

review article by Teitelbaum proposed the following clin-

ical parameters and biochemical levels to target: systolic 

blood pressure, 111 to 159 mmHg; absence of rales and 

lower extremity edema on exam; serum albumin, ≥3.8 g/

dL; serum potassium, 4.0 to 5.4 mEq/L; serum sodium, 

≥135 mEq/L; serum bicarbonate, ≥24 mEq/L; hemoglobin, 

≥11g/dL; corrected serum calcium, 8.5 to 10.1 mg/dL; and 

serum phosphorus, ≤6.3 mg/dL [11]. 
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Volume overload is a frequent complication in PD pa-

tients and is associated with adverse clinical outcomes. In a 

large European PD cohort study that included 639 patients 

from six countries, severe fluid overload was found in 25% 

of the patients [12]. Similarly, observational studies from 

Korea and China found the prevalence of volume overload 

in their PD patients to range from 27% to 67% [13,14]. In 

the Chinese study, the rate of cardiac events was signifi-

cantly higher in patients with volume overload [14]. In the 

Korean study, chronic volume overload was associated 

with increased mortality [13]. A more recent systematic re-

view including 42 cohorts of 60,790 patients with end-stage 

kidney disease (ESKD), of which 5% were on PD, showed 

that an overhydration index of >15% is an independent 

predictor of mortality (hazard ratio, 2.28) [15]. On the other 

hand, overly aggressive volume removal in PD patients can 

cause accelerated loss of RKF. The NECOSAD study in the 

Netherlands showed that dehydration was associated with 

more rapid decline in RKF in PD patients [16]. Incident 

PD patients who experienced hypotensive episodes, most 

commonly caused by excessive ultrafiltration, were found 

to lose RKF more rapidly [17]. Nevertheless, volume expan-

sion did not lead to preservation of RKF and was found to 

negatively impact RKF in some studies [18–20]. Prescrip-

tions of PD should aim to achieve and maintain clinical 

euvolemia while considering RKF and its preservation [21]. 

Maintaining electrolyte homeostasis and acid-base bal-

ance should be an important focus in the management of 

ESKD patients. Hypokalemia is common in PD patients 

because most PD dialysates do not contain potassium. The 

prevalence of hypokalemia (defined by serum potassium 

of <3.5 mEq/L) among PD patients ranges from 20% to 34% 

[22–24]. Hypokalemia has been associated with poor nu-

tritional status and higher comorbidity score [22]. It is also 

an independent predictor of all-cause and cardiovascular 

mortality [22,23]. Moreover, in a retrospective Taiwanese 

cohort study, the prevalence of peritonitis was significantly 

higher in patients with hypokalemia compared to those 

without hypokalemia [25]. Management of hypokalemia in 

PD patients includes increased dietary potassium intake, 

use of oral potassium supplements, and use of potassi-

um-sparing diuretics [26]. As discussed above, a serum 

potassium target in the range of 4.0 to 5.4 mEq/L is desired. 

Persistent metabolic acidosis promotes protein catab-

olism, leading to selective breakdown of skeletal muscle 

protein, depression of myocardial contractility, and bone 

resorption [27–29]. In a large cohort study that included 

121,351 prevalent ESKD patients undergoing dialysis at Da-

Vita facilities, prevalence of metabolic acidosis (defined as 

serum bicarbonate of <22 mEq/L) was 25% in PD patients 

[30]. The adjusted risk for all-cause mortality was higher in 

patients with serum bicarbonate of <22 mEq/L, irrespec-

tive of dialysis modality [30]. Two clinical trials examined 

the clinical benefits of correction of acidosis in PD patients. 

A group from the United Kingdom randomized patients 

into two groups; high alkali dialysate (lactate of 40 mmol/

Figure 1. Highlights of the 2020 International Society for Peritoneal Dialysis key practice recommendations on prescribing 
high-quality goal-directed peritoneal dialysis. Adapted from Brown et al. [9] according to the Creative Commons License.

1. Peritoneal dialysis (PD) should be prescribed using shared decision-making between the patients/their caregivers and the 
care team with the goals to maintain quality of life and minimize treatment burden.

2. A number of assessments should be used to help ensure delivery of high-quality PD care.
(a) Health-related quality of life: This is the patient’s perception of his/her well-being.
(b) Volume status: This includes blood pressure and clinical examination to ensure euvolemia.
(c) Nutrition status: This is achieved through evaluation of patient’s appetite, clinical examination, body weight, and 

biochemical parameters (i.e., potassium, bicarbonate, phosphate, albumin).
(d) Small solute clearance: There is no specific clearance target that guarantees sufficient dialysis for an individual. If 

symptoms, nutrition, and volume are all controlled, no PD prescription adjustment is needed for the sole purpose of 
achieving an arbitrary clearance target.

3. Residual kidney function should be determined for all patients and management should focus on its preservation.
4. For patients who are elderly, frail, or with limited life expectancy, there might be a quality-of-life benefit of reduced dialysis 

prescription to minimize the burden of treatment.
5. The principles of prescribing and assessing delivery of high-quality PD to children are the same as for adults.
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L) with oral bicarbonate supplement or low alkali dialysate 

(lactate of 35 mmol/L) [31]. At 1-year follow-up, patients in 

the high alkali dialysate group had greater increase in mid-

arm circumference, higher weight gain, and fewer hospital 

admissions than the low alkali dialysate group. Another 

study from Hong Kong randomized assigned patients to 

either an oral sodium bicarbonate group (900 mg, three 

times daily) or placebo group [32]. At 12-month follow-up, 

patients in the treatment group had better nutritional 

status, higher body muscle mass, and fewer hospital days 

compared to the placebo group [32]. Management of met-

abolic acidosis can include either oral sodium bicarbonate 

supplement or intensifying PD prescriptions. 

As previously mentioned, efforts should be made to 

avoid compromising RKF, since several observational 

studies have demonstrated that maintenance of RKF is 

associated independently with increased survival in pa-

tients with ESKD. A 40% decrease in RR of death for each 

10 L/week/1.73 m2 increase in renal creatinine clearance 

was observed in patients on PD [33]. In a reanalysis of the 

CANUSA study, there was a 12% decrease in the RR of 

death with each 5 L/week/1.73 m2 increment in glomeru-

lar filtration rate, while there was no association between 

higher peritoneal creatinine clearance and risk of death 

[34]. Declining RKF is one of the predictors of uncontrolled 

blood pressure in PD patients, suggesting that euvolemia 

is more difficult to achieve with loss of RKF [35]. More-

over, Wang et al. [36] found greater use of antihypertensive 

agents and higher left ventricular mass index in anuric PD 

patients. In the same study, the authors also found that 

anuric patients, compared to those with RKF, are more 

likely to have anemia, erythropoietin requirements, higher 

C-reactive protein level, hypoalbuminemia, and malnu-

trition. It is important to recognize that, while intensifying 

the PD prescription might compensate for the loss of urea 

clearance with declining RKF, it will not replace all func-

tions of failing native kidneys. Therefore, preservation of 

RKF is an important therapeutic endpoint in management 

of PD patients and should be taken into consideration 

when evaluating the quality of a PD prescription.  

As discussed earlier, provision of high-quality dialysis 

therapy requires an understanding of the patient’s prior-

ities and goals of care. Two specific patient populations 

deserve special mention. Frailty presents as a composite of 

poor physical function, decreased physical activity, fatigue, 

and weight loss and is associated with increased risks of 

falls, cognitive impairment, hospitalization, and mortality 

[37]. Frailty is found more commonly in older patients with 

ESKD. The goal of providing PD to frail patients is to im-

prove overall well-being while minimizing treatment bur-

den. For example, PD prescription can be reduced by per-

forming fewer exchanges or allowing days off to maximize 

quality of life, especially when RKF is present [38]. At the 

other end of the spectrum, in pediatric patients, selection 

of dialysis modality should be based on parent/caregiver 

choice, child age and size, availability of family support, 

and modality contraindications [39]. In general, the same 

principles used to assess the delivery of high-quality PD 

care in adult patients should be applied to pediatric pa-

tients [39]. 

Conclusion 

Thus, the 2020 ISPD practice recommendations do indeed 

represent a paradigm shift. Rather than focusing on small 

solute clearance in the form of Kt/Vurea, these recommen-

dations require a more comprehensive assessment of the 

patient as a whole. Clinicians are encouraged to embrace 

this change and provide patients with the highest possible 

quality of care. 
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