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Measured Glomerular Filtration Rate at Dialysis Initiation and Clinical

Outcomes of Indian Peritoneal Dialysis Patients

Abstract

The optimal time for dialysis initiation remains controversial. Studies have failed to show better
outcomes with early initiation of hemodialysis; even a few had shown increased adverse outcomes
including poorer survival. Few studies have examined the same in patients on peritoneal dialysis (PD).
Measured glomerular filtration rate (mGFR) not creatinine-based estimated GFR is recommended as
the measure of kidney function in end-stage renal disease (ESRD) patients. The objective of this
observational study was to compare the outcomes of Indian patients initiated on PD with different
residual renal function (RRF) as measured by 24-h urinary clearance method. A total of 352 incident
patients starting on chronic ambulatory PD as the first modality of renal replacement therapy were
followed prospectively. Patients were categorized into three groups as per mGFR at the initiation of
PD (<5, >5-10, and >10 ml/min/1.73 m?). Patient survival and technique survival were compared
among the three groups. Patients with GFR of <5 ml/min/1.73 m? (hazard ratio [HR] - 3.42,
95% confidence interval [CI] - 1.85-6.30, P = 0.000) and >5-10 ml/min/1.73 m?> (HR - 2.16,
95% CI - 1.26-3.71, P = 0.005) had higher risk of mortality as compared to those with GFR
of >10 ml/min/1.73 m?. Each increment of 1 ml/min/1.73 m? in baseline GFR was associated with
10% reduced risk of death (HR - 0.90, 95% CI - 0.85-0.96, P = 0.002). Technique survival was
poor in those with an initial mGFR of <5 ml/min/1.73 m? as compared to other categories. RRF at
the initiation was also an important factor predicting nutritional status at 1 year of follow-up. To
conclude, initiation of PD at a lower baseline mGFR is associated with poorer patient and technique
survival in Indian ESRD patients.
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Introduction recent guidelines recommend measured

. . GFR (mGFR) instead of creatinine-based
Chronic ambulatory peritoncal eGFR equations as the measure of RRF in
dialysis (CAPD or PD) has been an q

end-stage renal disecase (ESRD) patients.!”!
The objective of this prospective study is to
analyze the association of mGFR at dialysis
initiation on various clinical outcomes of
Indian CAPD patients.

established modality of renal replacement
therapy for >2 decades in India. As with
hemodialysis (HD), there is considerable
variation in time of initiation of PD across
the world and there has been a trend of
initiating dialysis at higher estimated
glomerular filtration rate (eGFR) values.!!
Residual renal function (RRF) at initiation
of dialysis is an important predictor of
the clinical outcomes.?’ Most studies of
HD have shown an association between
early dialysis initiation and increased
mortality, but a few studies have examined
the same in PD patients.’! The current
evidence against early start of PD is not
strong.>>) Majority of the Indian patients
have multiple comorbidities and are
malnourished at the start of PD, hence
may have poorer long-term outcomes when
dialysis therapy is started late.’) Most

Materials and Methods
Study design and study population

A total of 394 patients initiated on CAPD
as an initial modality of RRT between
December 2006 and December 2010
were included in this observational cohort
study. We excluded patients with an age
of <18 years. Decision to initiate RRT was
based on symptomatic uremia or refractory
complications. Choice of dialysis modality,
dialysis  prescription, and  follow-up
management was not influenced by the
study and was at discretion of treating
physician.
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Data collection and follow-up

The clinical and laboratory data were collected at dialysis
initiation and then prospectively at 1 month, 3 months,
and thereafter at every 6 month intervals. Baseline clinical
data included age, sex, body mass index, diabetic status,
underlying renal disease, and existing comorbidities.
Comorbidity score was calculated as described by Davies
comorbidity scoring system which is already validated in PD
patients.!'” Nutritional status was assessed by anthropometry,
72-h dietary record, serum albumin level, and subjective
global assessment (7-point SGA score).''!  Clearance
studies and peritoneal equilibration test were performed at
1-2 months of PD initiation. Adequacy was measured by total
weekly Kt/Vurea and total weekly creatinine clearance (CrCl)
along with their peritoneal and renal components by PD
Adequest 2.0 software (Baxter, Inc., Deerfield, IL, USA).['?
mGFR was calculated as an average of 24-h urinary urea
and CrCl at initiation of dialysis. Patients were categorized
into three groups based on mGFR as follows: Group 1
with GFR <5 ml/min/1.73 m? (n = 92), Group 2 with GFR
between >5 and 10 ml/min/1.73 m? (n = 146), and Group 3
with GFR >10 ml/min/1.73 m? (n = 114). The stratification
was based on cutoffs suggested in most guidelines and
previous studies.!”13

Study endpoints

Patients were prospectively followed until death, renal
transplantation, technique failure, or the end of the
study (December 2014). The outcomes of interest were
all-cause mortality and technique failure. Secondary
outcome was change in nutritional status (i.e. serum
albumin and SGA score) of the patients after 1 year of
dialysis. Technique failure was defined as removal of
PD catheter and permanent transfer to hemodialysis due
to any reason. For patients having a change in modality,
censoring of patients was done at 1 month after PD to HD
switch.

Statistical analysis

Data were expressed as mean + standard deviation for
continuous data and as percentages for categorical data.
Baseline clinical, nutritional, and adequacy data among
the three groups were compared by Chi-square test or
analysis of variance as appropriate. Follow-up nutritional
parameters were compared with initial values using paired
Student’s t-tests for individual groups. Due to skewed
distribution, Kruskal-Wallis test was used to compare
number of peritonitis episodes and days of hospitalization
among groups. Kaplan—Meier analysis was done for patient
survival and technique survival, and the log-rank test was
used to compare the significance between the groups.
Univariate and multivariate Cox proportional hazards
model were used to analyze factors predicting mortality and
technique failure and estimate adjusted hazard ratio (HR)
with 95% confidence interval (95% CI). A P = 0.05 was
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considered statistically significant. Analysis was done with
SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Ethical statement

The study was approved by the Institutional Ethics
Committee, and informed consent was obtained from
all patient or their relatives. The study was performed as
per the ethical standards laid down in the Declaration of
Helsinki.

Results

Of the 394 patients, 6 patients did not consent for the study,
15 patients discontinued dialysis within 1 month, 9 patients
lost to follow-up within 3 months, and 12 patients died
within 3 months of dialysis initiation. Thus, remaining
352 patients were included in the study. Baseline
characteristics of the patients are shown in Table 1. Diabetic
nephropathy (174/352, 49.4%) followed by chronic
glomerulonephritis (93/352, 26.4%) was the most common
cause of ESRD. Of 352 patients, 111 patients (31.5%)
had one or more comorbid condition at dialysis initiation;
however, patients in all the three groups had similar
comorbidity scores (P = 0.101). As assigned, the three
groups had significant difference of mGFR between them.
An average GFR difference of 10.6 and 4.4 ml/min/1.73 m?
was present between Group 3 and Group 2 as compared
to Group 1, respectively. Patients in all three groups were
similar in terms of adequacy of dialysis (i.e. weekly total
Kt/Vurea and total CrCl).

Peritonitis, hospitalization, and outcome data are
shown in Table 2. During the follow-up period (mean
21.5 £ 14.3 months), there were 254 episodes of peritonitis
in 182 patients with overall peritonitis rate being
0.05 + 0.08 episodes per patient-year. Of 352 patients,
170 (48.3%) patients were peritonitis-free on follow-up.
Higher proportion of patients in Group 3 with greater
residual GFR was peritonitis-free on follow-up (P = 0.006).
There were 1486 days of hospitalization in 192 patients;
average duration of hospitalization was 7.8 + 2.4 days per
patient per year. Of 352 patients, 160 (45.5%) patients
were never hospitalized. Group 3 patients were less
likely to require hospitalization as compared to other
groups (P = 0.005).

On follow-up at 1 year, serum albumin levels increased
significantly in Group 2 (3.18 £ 0.47 vs. 3.30 + 0.45,
P = 0.006) and Group 3 (3.29 £ 0.51 vs. 3.48 + 0.46,
P =0.000) but remained similar in Group 1 (3.04 = 0.51 vs.
3.11 £ 0.44, P = 0.212) [Figure la]. Mean SGA score
decreased in Group 1 (3.9 + 1.5 vs. 3.2 £ 1.0, P = 0.001)
and remained same in Group 2 (4.5 £ 1.6 vs. 4.3 = 1.4,
P = 0.268), but there was a significant increase in
Group 3 (4.4 + 1.7 vs. 49 + 1.6, P = 0.020) [Figure 1b].

Kaplan—Meier survival analysis revealed that patient
survival [Figure 2, log rank P = 0.000] and technique
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Table 1: Baseline characteristics of patients at initiation of peritoneal dialysis

Patient characteristics All patients Group 1 mGFR <5)  Group 2 (mGFR >5-10) Group 3 (mGFR >10) P
Number of patients 352 92 146 114
Age (years) 51.1£13.5 53.7+11.7 51.1£15.6 49.1+11.8 0.059
Sex (male: female) 255:97 67:25 105:41 83:31 0.983
BMI (kg/m?) 21.6+3.9 21.1+3.8 21.1+3.8 22.6+3.9 0.003
Diabetes (yes: no) 193:159 52:40 76:70 65:49 0.677
Basic disease, 1 (%)

DN 174 (49.4) 48 (52.1) 70 (47.9) 56 (49.1) 0.615

CGN 93 (26.4) 26 (28.2) 37 (25.3) 30 (26.3)

CIN 48 (13.6) 7 (7.6) 25(17.1) 16 (14.0)

Others 37 (10.5) 11 (12.0) 14 (9.6) 12 (10.5)
Comorbidities, 7 (%) 111 (31.5) 28 (30.4) 48 (32.9) 35(30.7) 0.900
Coronary artery disease, 1 (%) 67 (19.0) 16 (17.3) 30 (20.5) 21(18.4)
Congestive heart failure, n (%) 43 (12.2) 12 (13.0) 18 (12.3) 13 (11.4)
Peripheral vascular disease, n (%) 44 (12.5) 10 (10.9) 20 (13.7) 14 (12.3)
Cerebrovascular disease, 1 (%) 29 (8.2) 6 (6.5) 12 (8.2) 11 (9.6)
Comorbidity score of Davies 0.8+0.7 0.9+0.7 0.7£0.7 0.8+0.8 0.101
Hemoglobin (g/dl) 8.6x1.6 8.4£1.6 8.5+1.5 8.7£1.8 0.290
Serum creatinine (mg/dl) 7.4+2.4 7.5+£2.8 8.2+2.4 6.3+1.4 0.000
Serum albumin (g/dl) 3.24+0.49 3.0+0.5 3.1+0.4 3.2+0.5 0.002
7-point SGA score 4.3£1.6 3.9£1.5 4.5%1.6 4.4+1.6 0.011
Baseline mGFR (ml/min/1.73 m?)  7.97+3.84 2.92+1.24 7.79+1.30 12.2+1.68 0.000
4-h D/P Cr 0.62+0.10 0.62+0.10 0.63+0.10 0.63+0.10 0.647
PET status
Low transport, n (%) 19 (5.4) 7 (7.6) 7 (4.8) 544 0915
Low average transport, 7 (%) 207 (58.8) 55 (59.8) 87 (59.6) 65 (57.0)
High average transport, n (%) 105 (29.8) 24 (26.1) 44 (30.1) 37 (32.5)
H-transport, n (%) 21 (6.0) 6 (6.5) 8(5.5) 7 (6.1)
Total Kt/Vurea (week) 1.89+0.26 1.8840.26 1.89+0.30 1.90+0.20 0.865
Total CrCl (L/week) 64.15+10.97 64.21+10.94 63.95+12.66 65.37+8.20 0.955
Renal CrCl (L/week) 14.41+7.32 8.31+3.87 14.76+4.27 22.16+3.21 0.024
Peritoneal CrCl (L/week) 50.10+6.13 53.90+7.07 50.19+8.39 48.21+5.21 0.435

BMI: Body mass index, DN: Diabetic nephropathy, CGN: Chronic glomerulonephritis, CIN: Chronic interstitial nephritis, SGA: Subjective global
assessment, PET: Peritoneal equilibrium test, CrCl: Creatinine clearance: mGFR: Measured glomerular filtration rate, D/P Cr: Dialysate/plasma creatinine

Table 2: Outcomes of patients on peritoneal dialysis
All patients Group 1 (nGFR <5) Group 2 (mGFR >5-10) Group 3 (mGFR>10) P

Number of patients 352 92 146 114
Follow-up duration (months) 21.5£14.3 19.0£13.5 23.2+15.9 21.4+12.4 0.089
Lost to follow-up, n (%) 21 (6.0) 5054 10 (6.8) 6(5.3)
Renal transplantation, 7 (%) 34(9.7) 7 (7.6) 16 (11.0) 11 (9.6)
Peritonitis rate (number patient-years)  0.05+0.08 0.07+0.11 0.05+0.08 0.04+0.06 0.069
Patients without peritonitis, 7 (%) 170 (48.3) 40 (43.5) 61 (41.8) 69 (60.5) 0.006
Days of hospitalization 7.8£2.4 8.3+1.8 8.1+2.1 7.8+2.6 0.382
Patient not hospitalized, n (%) 160 (45.5) 30 (32.6) 67 (45.9) 63 (55.3) 0.005
Patients died, n (%) 164 (46.6) 58 (63.0) 72 (49.3) 34 (29.8) 0.001
Cause of death, n (%)

Cardiovascular disease 73 (44.5) 25 (43.1) 33 (45.8) 15 (44.1) 0.005

Infections other than peritonitis 42 (25.6) 15 (25.9) 19 (26.4) 8(23.5)

Peritonitis 25(15.2) 11 (19.0) 10 (13.9) 4(11.8)

Technique failure 73 (20.7) 29 (31.5) 29 (19.9) 15(13.2)
Cause of technique failure, n (%)

Peritonitis 50 (68.4) 23 (79.3) 19 (65.5) 8(53.3)

Mechanical 18 (24.6) 4(13.7) 8 (27.5) 6 (40.0)

mGFR: Measured glomerular filtration rate
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survival [Figure 3, log rank P = 0.001] were better in higher
baseline GFR groups. The 1-, 2-, 3-, and 5-year patient
survival in patients with Group 1 were 78.2%, 41.9%,
24.8%, and 7.8%; Group 2 were 87.2%, 64.8%, 43.1%,
and 19.1%; and Group 3 were 91.6%, 74.1%, 51.1%, and
20.2%; respectively. Along with baseline mGFR (for each
increment of 1 ml/min/1.73 m? of mGFR; HR - 0.90, 95%
CI - 0.85-0.96, P = 0.002), age, comorbidity score, and
peritonitis were significantly associated with mortality on
Cox regression analysis [Table 3]. Compared to Group 3,
both Group 1 (HR - 3.42, 95% CI - 1.85-6.30, P = 0.000)
and Group 2 (HR - 2.16, 95% CI - 1.26-3.71, P = 0.005)
had higher risk of mortality in the adjusted model. The
technique survival of patients at 1, 2, 3, and 5 years in
Group 1 was 88.3%, 68.3%, 39.7%, and 16.1%; Group 2
was 94.9%, 81.8%, 73.7%, and 51.1%; and Group 3
was 94.0%, 83.2%, 74.6%, and 31.4%, respectively. In a
multivariate analysis for technique survival, initial mGFR
of <5 ml/min/1.73 m? was significant risk factor for
discontinuation of PD as compared to others (Group 1 vs.
Group 3; HR - 3.42, 95% CI - 1.63-7.15, P = 0.001 and
Group 1 vs. Group 2; HR - 2.83, 95% CI - 1.83-4.33,
P =0.004).

Table 3: Multivariate time-dependent Cox regression
analysis predicting mortality of patients on peritoneal

dialysis
HR 95% CI P
Univariate regression analysis

Age (per 1 year) 1.021 1.005-1.035 0.011
Male (vs. female) 0.955 0.598-1.525 0.847
BMI (per 1 kg/m?) 0.996 0.944-1.050 0.871
Diabetes (vs. none) 1.255 0.823-1.912 0.291
Comorbidity score (per 1 unit) 1.423 1.079-1.876 0.012
Hemoglobin (per 1 g/dl) 1.015 0.896-1.150 0.815
Serum albumin (per 1 g/dl) 0.631 0.413-0.965 0.034
SGA score (per 1 unit) 1.051 0.925-1.195 0.443
4-h D/P Cr (per 0.1 unit) 1.862 0.260-3.317 0.536
Weekly total Kt/Vurea (per 0.1 unit) 2.075 0.913-4.713 0.081
Weekly total CrCl (per 5 L/week) 1.010 0.990-1.030 0.330
Peritonitis (vs. none) 1.838 1.203-2.810 0.005
mGFR at dialysis initiation

mGFR <5 (vs. nGFR >10) 4.014 2.240-7.192 0.001

mGFR >5-10 (vs. mGFR >10) 2.289 1.367-3.835 0.002

Multivariate regression analysis

Age (per 1 year) 1.018 1.001-1.035 0.037
Diabetes (vs. none) 0.735 0.460-1.174 0.197
Comorbidity score (per 1 unit) 1.502 1.111-2.031 0.008
Serum albumin (per 1 g/dl) 0.769 0.489-1.211 0.257
Peritonitis (vs. none) 1.584 0.999-2.511 0.050
mGFR at dialysis initiation

mGFR <5 (vs. nGFR >10) 3.421 1.855-6.308 0.001

mGFR >5-10 (vs. mGFR >10) 2.165 1.261-3.717 0.005

BMI: Body mass index, CrCl: Creatinine clearance: mGFR: Measured
glomerular filtration rate, SGA: Subjective global assessment,
HR: Hazard ratio, CI: Confidence interval
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Discussion

In this study, we observed that lower mGFR at PD
initiation was associated with poorer patient survival
rates after adjustment for age, diabetes, comorbidities,
and peritonitis episode. Patients with mGFR of <5 ml/
min/1.73 m? had 3.4 times and patients with initial mGFR
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Figure 1: (a) Changes in serum albumin level at baseline and 1 year of
follow-up in three different categories at initiation of peritoneal dialysis.
(b) Changes in subjective global assessment score at baseline and 1 year
of follow-up in three different categories of glomerular filtration rate at
initiation of peritoneal dialysis
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Figure 2: Kaplan—-Meier survival curve showing patient survival in three
different categories of glomerular filtration rate
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Figure 3: Kaplan—Meier survival curve showing technique survival in three
different categories of glomerular filtration rate
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of >5-10 ml/min/1.73 m? had 2.1 times risk of death
compared to patients with mGFR of >10 ml/min/1.73 m?
at dialysis initiation. Each increment of 1 ml/min/1.73 m?
in baseline mGFR was associated with 10% reduced risk of
death. Our findings are similar with results of the CANUSA
and Hong Kong PD Study.!''® It has been shown that
renal contribution to solute clearance is more important
than peritoneal clearance and anuric patients have higher
mortality rates.'® It had been postulated that early initiation
of dialysis will have less uremic complications, better
volume status, and hence, fewer hospitalization and less
mortality.l In our cohort, death-censored technique survival
was poor in patients with mGFR of <5 ml/min/1.73 m? at
PD initiation. Although peritonitis rates were comparable
between the groups in our study, proportion of the patients
with higher GFR were more likely to be peritonitis-free
and had less chances of hospitalization, which may have
translated into higher technique survival rates in these
groups. Similar to this study, other studies have shown that
RREF at initiation of dialysis is an important factor predicting
nutritional status of patients both at baseline and on
follow-up.l'”? It has also been shown that malnutrition was
associated with higher peritonitis rate, technique failure, and
mortality.!"! We have previously shown the confounding
effect of comorbidities and malnutrition on survival of PD
patients, patients with comorbidity and malnutrition both
had highest risk of mortality, and majority of patients were
malnourished at the beginning of dialysis initiation.l”) In the
present study, we had included comorbidity and nutritional
parameters in adjusted model as they are important
determinants of mortality.

Retrospective studies have shown that an early start
of dialysis had no beneficial effect or even had worse
outcomes.*!”) These data have been a point of debate for
long, and several caveats need to be underscored when
drawing conclusions.”” First, evidence against early start of
dialysis is more robust for HD than in PD.F! HD was the
predominant modality of dialysis (proportion of patients on
PD was only 3%—10%) in the studies that found higher risk
of mortality with earlier initiation.®”! HD is associated with
faster loss of RRF, ventricular arrhythmias, and increased
exposure to vascular catheters, which may explain higher
mortality as compared to PD.?!! Meta-analysis restricted
to PD patients has found no association of GFR with
mortality.’! Initiating Dialysis Early and Late study, the only
randomized controlled study till date, found no survival
benefit of early dialysis initiation (10-14 ml/min/1.73 m?)
compared to late initiation (5—7 ml/min/1.73 m?).Y However,
76% of the patients in the late-start group had to initiate
dialysis early due to uremia and only 6% had significant
comorbidities. Of note, the mean GFR difference between
the groups was only 1.8 ml/min/1.73 m?, possibly too
small to detect any survival benefit. Results were similar
in a subgroup analysis of the 349 patients in the study
who were initiated on PD.?? Recently, a large (n = 8047)
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Canadian registry analysis involving only PD found no
association of increased mortality with earlier initiation.”
Second, the presence of comorbidity and malnutrition is
important determinant of outcomes. This may influence the
results of the studies as these patients usually start dialysis
earlier and also have more probability of death.*?% Finally,
studies that found higher mortality risk with earlier dialysis
initiation have used one of the eGFR equations; however,
studies that measured kidney function from 24-h urine
collection (mGFR) found lower mortality with the same.
In one study, higher eGFR but not higher mGFR showed an
association with poorer survival.”’! It has been shown that is
such cases higher GFR is commonly due to lower creatinine
production, resulting from reduced muscle mass rather than
better RRF.**!

The major strength of our study is that it is the first
prospective study comparing baseline mGFR in Indian
cohort and all patients were started on CAPD from
the beginning, except few sessions of HD before
initiation (i.e. during break-in period). Instead of an eGFR
equation, we have used average of 24-h urinary urea and
CrCl to measure RRF which has been recommended by
most recent guidelines.” Any eGFR equation would
have overestimated RRF in Indian ESRD patients as they
have greater degree of muscle wasting and hence may
have confounded the results by misclassifying patients
to a higher GFR group. Finally, the present study had a
remarkable difference of GFR between the groups so as to
detect any survival advantage.

Although many predialysis covariates were considered, the
study carries important limitations as we did not measure
rate of decline of GFR during follow-up, which may
have influenced the outcomes and the sample size of the
study is small in each group, which limits the power of
the study. Considering the current evidence including our
study, it can be proposed that earlier initiation of PD may
have better outcomes as compared to late initiation group.
This has important implication in asymptomatic patients as
earlier PD initiation with incremental dialysis may provide
the best mode of transition from conservative management
avoiding adverse outcomes associated with HD initiation
while not affecting quality of life.?””? A controlled study
comparing either modality of dialysis with an incremental
dosing protocol for both may answer the question
conclusively.

Conclusion

The initiation of CAPD at a lower baseline mGFR is
associated with poorer patient and technique survival in
Indian ESRD patients. The patients with higher RRF at PD
initiation have better nutritional status on follow-up.
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