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Abstract. Early start of dialysis has been hypothesized to
prevent deterioration of nutritional status and to lead to a better
clinical outcome. According to the National Kidney Founda-
tion/Dialysis Outcomes Quality Initiative guidelines, dialysis
should be started when renal Kt/Vureafalls below 2.0/wk or the
protein equivalent of total nitrogen appearance normalized to
body weight (nPNA) falls below 0.8 g/kg per d. The present
study was performed 0 to 4 wk before the start of dialysis
treatment in 114 incident Dutch patients with chronic renal
failure who all had received pre–end-stage renal disease care.
The objectives were (1) to analyze the relationship of different
levels of residual renal function with parameters of nutritional
status and (2) to investigate the relationship of renal Kt/Vurea

and nPNA in this population. The mean GFR at the start of

dialysis treatment was 6.2 ml/min per 1.73 m2, and the Kt/Vurea

was 1.3/wk. Only 10% of the patients fulfilled the Dialysis
Outcomes Quality Initiative criterion of Kt/Vurea. 2.0/wk. In
contrast, 69% met the nPNA norm of 0.8 g/kg per d. Seventy-
one percent of these patients had a normal nutritional status as
scored by subjective global assessment and also other param-
eters of nutritional status, such as body mass index, and serum
albumin fell within the normal range in the majority of the
patients. Dutch predialysis patients reached a higher nPNA
with the same level of Kt/Vureacompared with U.S. predialysis
patients. Implications of these findings are that guidelines on
the initiation of dialysis treatment derived from one population
are not necessarily valid in other populations.

The indications to initiate dialysis treatment in patients with
chronic renal failure are subject to discussion. Besides the
presence of obvious uremic symptoms, many nephrologists
consider a creatinine clearance of approximately 5 ml/min a
reasonable indication for starting dialysis to prevent the devel-
opment of severe uremic complications (1,2). Studies showing
an excess mortality in patients referred at a late stage point out
that this value may be considered a minimum (2–4). Uremia is
known to inhibit appetite. Ikizleret al. (5) reported a decrease
in dietary protein intake with declining creatinine clearance in
patients with chronic renal failure. This decline started already
at a creatinine clearance of 50 ml/min. Also a reduction in
creatinine excretion was found, suggesting loss of muscular
mass. Moreover, a serum albumin concentration below 40 g/L
at the initiation of dialysis was associated with decreased
survival (6). These findings have been interpreted as indica-
tions for the development of malnutrition in chronic renal
failure. To prevent this, an earlier start of dialysis has been

promoted (6). As early as the 1970s, Bonominiet al. (7,8)
advocated to start dialysis when endogenous creatinine clear-
ance was 10 to 15 ml/min.

In accordance with the adequacy targets for peritoneal dial-
ysis, the peritoneal dialysis adequacy work group initiated by
the National Kidney Foundation in the United States as part of
the Dialysis Outcomes Quality Initiative (NKF-DOQI) devel-
oped even more stringent criteria (9). The committee provided
two clinical guidelines on when to initiate dialysis. The first
one is based on the level of renal function measured as Kt/Vurea

(urea clearance normalized to total body water). The second is
based on the level of protein intake estimated by nPNA (pro-
tein equivalent of total nitrogen appearance normalized to body
weight) calculated from urinary nitrogen output and non-urea
nitrogen losses. According to these guidelines, dialysis should
be started when Kt/Vurea falls below 2.0/wk or nPNA falls
below 0.8 g/kg per d, unless certain conditions indicating an
optimal and stable clinical situation are fulfilled. For weekly
Kt/Vurea, the value of 2.0, roughly equivalent to a creatinine
clearance of 14 ml/min, was obtained from adequacy guide-
lines for patients who are receiving continuous ambulatory
peritoneal dialysis (CAPD). Likewise, the value of 0.8 for
nPNA was derived from studies in CAPD patients (10). Me-
hrotra et al. (11) showed that in patients with continuous
clearances (CAPD patients and predialysis chronic renal failure
patients), Kt/Vurea values of 2.0/wk were associated with an
nPNA of 0.9 g/kg per d or greater. These findings are likely to
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have influenced the DOQI guidelines. The DOQI working
group thereby assumed that the control of uremic symptoms at
a given level of urea clearance by the kidney is similar to that
by PD with the same urea clearance. However, in the native
kidney substances, for example, organic acids are excreted not
only by glomerular filtration but also by tubular secretion.
Consequently, for a given amount of filtered urea and creati-
nine, a certain quantity of other uremic toxins is excreted by
tubular secretion. Moreover, the kidney has a hormonal func-
tion. We therefore hypothesized that the relationship between
urea clearance and nutritional status could be different in
predialysis patients compared with patients on dialysis. If so,
this would be reflected in a different relationship between
nPNA and Kt/Vurea.

The present study was performed just before the start of
dialysis treatment in incident Dutch patients with chronic renal
failure who all had received pre–end-stage renal disease care
(pre-ESRD care). The objectives were (1) to analyze the rela-
tionship of different levels of residual renal function with
parameters of nutritional status and (2) to investigate the rela-
tionship of renal Kt/Vurea and nPNA in this population.

Materials and Methods
Patients

New ESRD patients, of 18 yr and older, from 25 Dutch dialysis
units were consecutively included between August 1996 and February
1998. These patients participated in the Netherlands Co-operative
Study on the Adequacy of Dialysis, phase 2 (NECOSAD-2). Eligible
for the study were patients who had received pre-ESRD care for at
least 1 mo and whose residual renal function could be estimated 0 to
4 wk before the start of dialysis treatment. The targets and content of
pre-ESRD care were beyond the scope of the NECOSAD study and
decided on by the participating nephrologists. The definition of pre-
ESRD care is not uniform; the majority of studies use a period of more
than 1 mo, whereas some use a period of 3 mo between the first
presentation to a nephrologist and the start of dialysis (12,13). Using
the 1-mo definition, all patients received pre-ESRD care and 97% met
the 3-mo criterion. Informed consent was obtained from all patients
before inclusion. No prescription for the treatment of the patients or
when to initiate dialysis was given to the participating nephrologists.

Data Collection
Demographic and clinical data were obtained 0 to 4 wk before the

start of chronic dialysis treatment. Comorbidity was defined in terms
of presence of nonrenal disease at the time of inclusion or in the
medical history. Blood laboratory investigations included plasma
urea, plasma creatinine, and serum albumin. In a corresponding 24-h
urine sample, urea, creatinine, and protein were assessed. All mea-
surements were performed in the participating renal units. From these
investigations, GFR was calculated as the mean of creatinine and urea
clearance and corrected for body surface area. In case urea concen-
trations were missing in the 24-h urine sample, GFR was estimated.
This was done by using creatinine clearance in combination with urine
production according to a recently published formula by our group
(14):

GFR(ml/min) 5 0.0086 1 0.669creatinine clearance(ml/min) 1
0.785urine production(ml/min)

The urea distribution volume (V) used to calculate Kt/Vurea was
obtained by the formulas of Watsonet al. (15). The estimated PNA

was calculated according to Bergströmet al. (16,17) and for compar-
ison with data from the literature also according to Randersonet al.
(18). In these formulas, urinary protein losses are not included;
therefore the measured urinary protein loss per patient was added.
PNA was normalized to standard body weight (VWatson/0.58) to obtain
nPNA. The precise equations are as follows:

Bergström formula: nPNA(g/kg per d) 5 (13 1 0.204urea appear-
ance(mmol/d) 1 protein loss(g/d))/(VWatson/0.58)

Randerson formula: nPNA(g/kg per d)5 (11.21 0.194urea appear-
ance(mmol/d) 1 protein loss(g/d))/(VWatson/0.58)

Three mo after the start of dialysis treatment, subjective global
assessment (SGA) of the nutritional status was performed using a
modification of the method originally described by Bakeret al. (19).
In this modification, nutritional status is expressed on a 7-point scale
(20,21).

Statistical Analyses
Results are expressed as means and SD. Standard descriptive

statistics were used. Independent samplet tests were applied for
testing differences in scores of continuous variables.x2 tests were
used to compare the distribution of dichotomous and categorical data.
In addition, Pearson’s correlation and linear regression analysis were
used to describe the relationship of GFR and Kt/Vureawith nPNA. In
all analyses, a two-sidedP value of less than 0.05 was considered
statistically significant.

Results
Of 305 patients who were included in the NECOSAD-2

study, 217 (71%) had received pre-ESRD care (see the Meth-
ods section for definition). Data on residual GFR before the
start of dialysis were available for 114 (53%) of these patients.
GFR could be calculated for 94 patients and was estimated
from creatinine clearance and urine production for another 20
patients. Characteristics of these two groups and of patients
with missing data are summarized in Table 1. Patients with
data on residual GFR were younger compared with those with
missing data and more often had peritoneal dialysis as future
chronic therapy. However, there was no difference in gender,
primary kidney disease, percentage of patients with comorbid
conditions, diabetes, or cardiovascular disease. Furthermore,
body mass index (BMI) and SGA scores were similar. Reasons
for the missing data were violations of protocol with regard to
blood sampling and urine collection,e.g., a time period be-
tween urine collection and start of more than 4 wk, or missing
values for urea and creatinine in either blood or urine. The only
difference between the patient group whose GFR was calcu-
lated compared with the patient group whose GFR was esti-
mated from creatinine clearance was the percentage with he-
modialysis as their future chronic therapy. These two groups
combined were used for further analyses. The age of the
patients ranged between 19 and 83 yr. One third of the patients
were older than 64 yr. Sixty-seven percent had serum albumin
levels above 35 g/L. According to SGA, 70% of the patients
had a normal nutritional status, 29% were classified as being
mild to moderately malnourished, and only 1% were classified
as being severely malnourished. The percentages of mild to
moderate and severely malnourished patients increased to 33
and 3% when all 305 patients were analyzed, irrespective of
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pre-ESRD care. The median time interval between the first
presentation to a nephrologist and the start of dialysis was 19
mo (range, 1.4 to 256 mo). Ninety percent received pre-ESRD
care in a nephrologic outpatient clinic for more than 5 mo.

Mean GFR at the start of dialysis treatment was 6.2 (2.6)
ml/min per 1.73 m2. Thirty-three percent of the patients had a
GFR #5 ml/min per 1.73 m2 0 to 4 wk before the start of
dialysis, 60% had a GFR between 5 and 10 ml/min per 1.73
m2, and 8% had a GFR.10 ml/min per 1.73 m2. Mean
Kt/Vurea was 1.3 (0.6)/wk. Thirty-one percent of the patients
started dialysis with a urinary Kt/Vurea of #1.0/wk, and 60%
had a Kt/Vurea between 1.0 and 2.0/wk. Only 10% met the
DOQI recommendation of a Kt/Vurea .2.0/wk as the starting
point of dialysis. In contrast, 69% of the patients had an
nPNA(Bergström). 0.8 g/kg per d. Mean nPNA(Bergström)
was equal to mean nPNA(Randerson): 0.9 (0.3) g/kg per d.

Patients were divided into two groups on the basis of their
residual Kt/Vurea at the start of dialysis treatment (Table 2).
Twenty-nine patients started dialysis treatment with a Kt/Vurea

of #1.0/wk. Compared with patients who started with a higher
Kt/Vurea, these patients had significantly higher plasma urea
and creatinine levels. Urea removal, creatinine removal, Kt/
Vurea, and nPNA were significantly lower. However, the pa-
rameters of nutritional status, such as serum albumin, body
weight, BMI, and the number of patients who scored normal at
SGA, were similar in the two patient groups. When we divided
the patients into two groups on the basis of their residual GFR
(#5 and.5 ml/min per 1.73 m2), the results were similar (data
not shown).

The subgroup of 31 malnourished patients according to their
SGA score had lower serum albumin, lower body weight, and
lower BMI than the other patients (Table 3). However, no
significant differences between the two groups were present for
the estimates of residual renal function and nPNA.

A strong relationship was present between nPNA and Kt/
Vurea and GFR (Figure 1). Simple linear regression provided
slightly higher correlation coefficients than exponential curve
fitting: R 5 0.85 (linear)versus R5 0.84 (exponential) for
Kt/Vurea/nPNA andR 5 0.74 (linear)versus R5 0.73 (expo-
nential) for GFR/nPNA.

Discussion
The present analysis of a representative sample of patients

who were starting chronic dialysis treatment in the Netherlands
and who had received pre-ESRD care revealed that the average
GFR at the initiation of dialysis was 6.2 ml/min per 1.73 m2.
The mean creatinine clearance at the start of dialysis in our
study was 7.9 ml/min per 1.73 m2, which is somewhat higher
than in the early referred groups of patients from the studies of
Jungerset al. (7.4 ml/min) (22) and a European multicenter
study by Slingeneyeret al. (6.5 ml/min) (23). However, only
10% fulfilled the DOQI criterion of Kt/Vurea . 2.0/wk. In
contrast, 69% met the nPNA norm of 0.8 g/kg per d.

The present study deals only with patients who had received
pre-ESRD care (71% of the patients entered in the NECOSAD
study). Excluded were patients who presented with previously
unknown renal failure and had to start in an emergency situation.
Patients who have received pre-ESRD care are likely to start

Table 1. Characteristics of patients with complete data on GFR, patients whose GFR was estimated from creatinine
clearance, and patients with missing dataa

Characteristic
GFR

Calculated Estimated Missing

Number of patients 94 20 103
Gender (% male) 63 40 59
Age (yr) 56 (17) 53 (15) 61 (15)b

Primary kidney disease
% diabetes 18 20 16
% cardiovascular 9 10 23
% glomerulonephritis 14 5 16
% other 60 65 46

% with comorbid conditions 65 80 69
% diabetes 21 20 22
% with cardiovascular disease 38 30 38
GFR (ml/min per 1.73 m2) 6.2 (2.6) 6.0 (2.4) –
Future chronic therapy (%HD) 45c 75 64
Serum albumin (g/L) 38 (5) 37 (6) –
BW (kg) 73.4 (13.6) 66.7 (9.5) 72.3 (12.7)
BMI (kg/m2) 25.3 (4.6) 23.3 (3.4) 25.0 (3.8)
% with normal SGA at 3 mo 71 67 67

a Values are presented as % or means (SD). HD, hemodialysis; BW, body weight; BMI, body mass index; SGA, subjective global
assessment.

b P 5 0.01versusGFR calculated;P 5 0.02versusGFR estimated.
c P 5 0.03versusGFR estimated;P 5 0.007versusGFR missing.
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dialysis in a better clinical condition and to have a better prognosis
(4,22,24). However, only in these patients can the time of start of
dialysis therapy be influenced. The 29% late referrals in the
present study was similar to the 24% reported in a European
multicenter analysis (13). A potential bias in the present study is
that information on GFR 0 to 4 wk before the start of renal
replacement therapy was available only for 53% of the patients.
Patients with missing data were slightly older, and more of them
had started with hemodialysis. However, there were no significant
differences in comorbidity and parameters of nutritional status

between patients whose GFR could be calculated and patients
with missing data. As 24-h urine collection in future PD patients
was often done during hospital admission for catheter implanta-
tion, there is a suitable explanation for the overrepresentation of
PD patients in the group with complete data.

To our knowledge, only one study in which SGA was used
for assessing nutritional status at the start of dialysis treatment
has been published (25). In the CANUSA study, 45% of the
patients were classified as being well nourished with SGA at
baseline, 51% had mild to moderate malnutrition, and 4% were

Table 2. Parameters of renal function and nutritional status: comparison of patients with Kt/Vurea # 1 or . 1/wka

Parameter Kt/Vurea# 1/week Kt/Vurea. 1/week

Number of patients 29 65
Age (yr) 51 (17) 58 (16)
% diabetes 21 22
% with comorbid conditions 62 66
Plasma urea (mmol/L) 38 (12) 31 (7)b

Plasma creatinine (mmol/L) 949 (369) 698 (193)b

Urea clearance (ml/min per 1.73 m2) 2.3 (1.0) 5.4 (1.9)b

Creatinine clearance (ml/min per 1.73 m2) 4.8 (2.1) 9.3 (2.9)b

Urea removal (mmol/d per 1.73 m2) 124 (59) 236 (89)b

Creatinine removal (mmol/d per 1.73 m2) 6.1 (2.2) 9.1 (3.5)b

Kt/Vurea (/wk) 0.6 (0.3) 1.5 (0.5)b

GFR (ml/min per 1.73 m2) 3.6 (1.3) 7.4 (2.2)b

nPNA(Bergstro¨m) (g/kg per d) 0.7 (0.2) 1.1 (0.3)b

nPNA(Randerson) (g/kg per d) 0.6 (0.2) 1.0 (0.3)b

Serum albumin (g/L) 39 (5) 38 (5)
BW (kg) 73.6 (11.9) 73.3 (14.3)
BMI (kg/m2) 25.0 (4.7) 25.5 (4.6)
% with normal SGA at 3 mo 65 73

a Values are presented as % or means (SD).
b P , 0.001 compared with Kt/Vuera# 1/wk.

Table 3. Patients with normal nutritional status and malnourished patients, according to their SGA scores at 3 moa

Nutritional Status

Normal Malnourished

Number of patients 72 31
Age (yr) 56 (15) 56 (19)
% with comorbid conditions 69 68
Serum albumin (g/L) 39 (5) 36 (6)b

BW (kg) 73.9 (12.9) 67.2 (13.0)c

BMI (kg/m2) 25.7 (4.4) 23.3 (3.9)d

nPNA(Bergstro¨m) (g/kg per d) 1.0 (0.4) 0.9 (0.3)
nPNA(Randerson) (g/kg per d) 0.9 (0.4) 0.9 (0.3)
Plasma creatinine (mmol/L) 782 (307) 744 (252)
Kt/Vurea (/wk) 1.4 (0.6) 1.2 (0.6)
GFR (ml/min per 1.73 m2) 6.5 (2.6) 6.1 (2.5)

a Values are presented as % or means (SD).
b P 5 0.01.
c P 5 0.02.
d P 5 0.009 compared with patients with normal nutritional status.
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severely malnourished (25). The difference between the CA-
NUSA and our study theoretically could be caused by patient
selection. All incident patients were included in the CANUSA
study, whereas we selected patients who had received proper
pre-ESRD care. This was done deliberately, because some
patients inevitably will present with unknown renal failure.
When we also included the patients who had not received
pre-ESRD care, still 64% of the patients had a normal nutri-
tional status. This suggests that factors other than patient
selection are important as well. The results of the SGA scores
in our population are similar to those from an international
study by Younget al. (26) among 224 prevalent patients
treated with peritoneal dialysis for a mean period of 32 mo.
Nutritional status was normal in 59% of these patients. That
study used a method that combined SGA with an evaluation of
continuous variables,i.e., serum albumin and anthropometrics.

Comparing patients who started dialysis with a residual
Kt/Vurea of #1.0/wk or GFR of#5 ml/min per 1.73 m2 with
patients who started with higher levels of residual renal func-
tion showed no difference in serum albumin, body weight,
BMI, and the number of patients who scored normal on SGA.
This suggests that nutritional status was similar in each of the
patient groups, yet nPNA, an estimate of protein intake, and
urinary creatinine appearance reflecting muscle mass were
significantly lower in patients who started with less residual
renal function, suggesting the opposite. However, the groups
were defined on the basis of Kt/Vurea or GFR. Because both
variables are calculated using the same or partly the same
parameters used to calculate nPNA or creatinine appearance, it
is difficult to draw conclusions from differences in these vari-
ables between the patient groups. Interpretation of creatinine
appearance raises another problem. Creatinine excretion can be
reduced in patients with severe chronic renal failure to one
third of the value predicted for patients of the same gender and
weight as a result of extra renal creatinine removal (27). The
magnitude of this extra renal clearance is positively correlated
with the plasma creatinine concentration (28). This extra renal

clearance can also explain the lower creatinine appearance in
the patients with less residual renal function. For the above
reasons, nutritional parameters that are not derived from urea
or creatinine kinetics (SGA, BMI, and serum albumin) will
allow a more valid comparison than parameters that are calcu-
lated from urea and creatinine kinetics. This was supported by
the comparison between patients with a normal nutritional
status according to SGA and those with signs of malnutrition.
Those groups were not different with regard to renal Kt/Vurea

or nPNA at the start of chronic dialysis.
In the present study, the corrected equation of Bergströmet

al. (16,17) was used to estimate nPNA, whereas that derived by
Randerson (18) was used for the DOQI guidelines. The Berg-
ström formula probably gives the best estimation of dietary
protein intake, because it is derived from direct analyses of
urea, protein, and nitrogen in urine, dialysate, and feces
(16,17). However, the Bergström formula has been reported to
give an estimation of protein intake that is on average 4 to 5 g/d
higher than that obtained with the Randerson formula (17).
Therefore, we also calculated nPNA using the Randerson equa-
tion. It seemed that for an nPNA of 1.0 g/kg per d (Bergström),
the Randerson formula resulted in a value of 0.94. This small
difference is unlikely to have clinical significance.

Almost by definition, relationships can be expected between
Kt/Vureaand nPNA because both parameters are coupled math-
ematically (29,30). Consequently, high values for the correla-
tion coefficient between these parameters cannot be interpreted
in terms of statistical significance. The same holds true for the
relationship between GFR and nPNA, although mathematical
coupling is less than for Kt/Vurea. Nevertheless, these regres-
sion lines can be useful for comparison with other studies
regarding their slopes and their intercept with the x-axis. This
has been done by Bergströmet al. (31) and Nolphet al. (32),
who found that the slope of the relationship is different in
hemodialysis patients compared with CAPD patients. We com-
pared the relationship between nPNA and Kt/Vurea from our
study in predialysis patients with that found by Mehrotraet al.

Figure 1.Relationship of the protein equivalent of total nitrogen appearance normalized to body weight (nPNA[Bergström]) with Kt/Vurea(A)
and GFR (B). Equations: nPNA5 0.45 Kt/Vurea1 0.38 and nPNA5 0.09 GFR1 0.37. A Kt/Vureaof 1.0/wk and a GFR of 5 ml/min per
1.73 m2 both corresponded to an nPNA of 0.8 g/kg per d.
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(11) in a U.S. population with chronic renal failure (Figure 2).
The relationship found by these authors was best described by
an exponential function, whereas in the present study a linear
relationship was established. This may be explained by the
higher renal clearances in the patients studied by Mehrotraet
al. Their population consisted of prevalent patients with
chronic renal failure followed at the outpatient clinic, whereas
our patients all were studied 0 to 4 wk before the start of
dialysis. In the study of Mehrotraet al., the GFR averaged 14.6
ml/min per 1.73 m2, whereas in our study mean GFR was 6.2
ml/min per 1.73 m2. In the presence of relatively high renal
clearances, a curvilinear relationship is more suitable because
extension of linear regression to Kt/Vurea values of healthy
individuals would predict extremely high protein intakes.
Comparing the relationship nPNA/Kt/Vureain our patients with
that of the study by Mehrotraet al. showed similar slopes but
a marked shift to the left that averaged 0.44/wk in Kt/Vureafor
an nPNA(Randerson) of 0.9 g/kg per d. This suggests that
Dutch predialysis patients eat more protein than U.S. patients
at the same level of renal Kt/Vurea. The explanation for this
difference is unclear. Possible hypotheses for this shift to the
left are differences in population composition, accessibility of
health care or other socioeconomic differences, and differences
in prescribed diets or medications. Most measurements in the
patients studied by Mehrotraet al. were done during the first
visit to a nephrologist. This might have influenced their results
because it is likely that at this time point most of the patients
will not have received nutritional advice by a dietitian. Al-
though we made no inquiry on nutritional counseling for the
patients of the present study, the duration of the follow-up on

the nephrology outpatient clinic implicates that the majority of
them will have had dietary advice.

Defining criteria on when to start dialysis to achieve the best
patient outcomes is important and has been a neglected issue
for a long time. The publication of the NKF-DOQI guidelines
certainly reopened the discussion on this matter. The results of
our study suggest that the relationship between Kt/Vurea and
nPNA and nutritional status at the start of dialysis treatment
may not be the same in different countries and populations.
Implications of this are that the NKF-DOQI guidelines on the
initiation of dialysis treatment cannot simply be transferred
from the United States to other parts of the world. When the
aim of timely start of renal replacement therapy is the preven-
tion of malnutrition, clinical judgment combined with a crite-
rion based on nPNA may be more valuable than one based on
Kt/Vurea. Well-controlled prospective studies are necessary to
determine the effects of nPNA and GFR at the start of dialysis
treatment on morbidity and mortality during renal replacement
therapy.
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