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¢ Objectives: Switching from peritoneal dialysis (PD) to
hemodialysis (HD) is undesirable, because of complications
from temporaryvascular access, disruption of daily routine,
and higher costs. Little is known about the role that social
factors play in technique failure.

o Design, Setting, Participants, Measurements: We fol-
lowed for 3 years a nationally representative cohort of US
patients who initiated PDin 1996 - 1997. Technique failure
was defined as any switch from PD to HD for 30 days or more.
We used Cox regression to examine associations between
technique failure and demographic, medical, social, and
pre-dialysis factors. We estimated hazard ratios (HRs) with
95% confidence intervals (CIs).

¢ Results: We identified an inception cohort of 1587
patients undergoing PD. In multivariate analysis, female
sex (HR: 0.78; 95% CI: 0.64 to 0.95) was associated with
lower rates of technique failure, and black race [compared
with white race (HR: 1.48; 95% CI: 1.20 to 1.82)] and
receiving Medicaid (HR: 1.48; 95% CI: 1.17 to 1.86) were
associated with higher rates. Compared with patients who
worked full-time, those who were retired (HR: 1.49; 95%
CI: 1.07 to 2.08) or disabled (HR: 1.38; 95% CI: 1.01 to
1.88) had higher rates of failure. Patients with a systolic
blood pressure of 140 - 160 mmHg had a higher rate of
failure than did those with a pressure of 120 - 140 mmHg
(HR: 1.24; 95% CI: 1.00 to 1.52). Earlier referral to a
nephrologist (>3 months before dialysis initiation) and
the primary decision-maker for the dialysis modality
(physician vs patient vs shared) were not associated with
technique failure.

¢ Conclusions: This study confirms that several socio-
demographicfactors are associated with technique failure,
emphasizing the potential importance of social and finan-
cial support in maintaining PD.
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INTRODUCTION

f the more than 397 000 patients on dialysis in the

United States in 2009, only about 27 000 (7%) used
peritonealdialysis (PD) as their modality of renal replace-
ment therapy (1). Among incident patients, only 6.1%
initiated renal replacement therapy using PD, down from
8.6% a decade earlier. In addition to the already low
proportion of patients using PD, many patients are sub-
sequently forced to switch to hemodialysis (HD) because
of technique failure. Although rates of technique failure
have fallen over the past 10 years, switching from PD to
HD stillincurs risks, including placement of a temporary
vascularaccess, disruption of the patient’s daily routine,
andincreased medical costs (2). A cost analysis of Medi-
care patients found that, when patients switched from
PD to HD for at least 60 days, annual expenditures rose
by more than $20000 (3).

Some causes of technique failure have beenidentified.
The leading cause is peritonitis, followed by inadequate
dialysis (including ultrafiltration failure) and catheter
malfunction (4). Psychosocial factors such as burnout
and difficulty learning PD-related tasks may play a role
as well.

The search for predictors of PD technique failure
has yielded mixed results. Most studies have focused
on demographic and medical factors. One of the few
consistent results is that centers with more PD patients
have better outcomes (2,5-9). However, few studies have
looked at theimportance of social factors, such as educa-
tion, employment, insurance, and marital status.

Inthe presentstudy, weinvestigated the associations
of technique failure with demographic, medical, and
social and health-care-related factors in a nationally
representative cohort of incident PD patients. We also
examined whether any of these putative associations
varied with time.
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METHODS
DATA SOURCE AND STUDY POPULATION

We used the US Renal Data System Dialysis Morbidity
and Mortality Study Wave 2, a prospective study of adult
(18 years of age or older) patients who started dialysis
in 1996 - 1997 (1). Arandom sample of 25% of American
dialysis units were surveyed and asked to enroll allinci-
dent PD patients and a 20% random sample of incident
HD patients. Baseline information, including dialysis
modality, was collected at the study start date, defined
as 60 days after the first regular dialysis treatment. If a
patient was not stabilized on a modality by day 60, the
study start date could be postponed up to day 70. Dialysis
facility personnel completed the medical questionnaire
by abstracting data from facility records, medical records,
billing records, dialysis logs, patient rosters, and patients
themselves if information was not otherwise available.
Dialysis patients completed a questionnaire on the prepa-
ration for, and impact of, end-stage renal disease on their
life, including medical care before regular dialysis and
choosing treatment for their kidney failure.

After restricting the Wave 2 cohort to adult patients
who were on PD at their study start date and whose first
dialysis service date was validated as being between
1996 and 1997 in the updated Wave 2 dataset, the co-
hort included 1836 patients (Figure 1). To validate the
reported dialysis modality, we included only patients who
had evidencein the treatment history file supporting use
of continuous ambulatory PD (CAPD), continuous cycler-
assisted PD (CCPD), or other PD before day 71 of dialysis.
Of the 1614 patients who met that condition, 25 were
excluded for missing a study start date, 1 died before the
study start date, and 1 underwent transplantation before
the study start date. Our final study cohort therefore
included 1587 adult incident PD patients.

OUTCOME

We defined technique failure as any transfer from PD to
HD that lasted for 30 days or more. To test the sensitivity
of our defined outcome, we conducted additional analy-
ses restricting “failure” to transfers to HD for at least 1
and 7 days. Some patients switched modalities multiple
times; only the first event was analyzed.

VARTABLES

Demographic, medical, social, and pre-dialysis health
care factors were analyzed as potential correlates of
technique failure; these factors were chosen a priori
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as potentially clinically relevant determinants. Demo-
graphic factors included sex, age at study start date,
race (white, black, or other), and Hispanic ethnicity.
Comorbidities included smoking status (nonsmokers vs
never-smokers), coronary artery disease, congestive
heart failure, peripheral vascular disease, cerebrovas-
cular disease, and diabetes mellitus. Clinical factors
included dialysis location (home training or in-center
vs home), type of dialysis (cycler or combined vs CAPD
only), type of catheter (double-cuff vs single-cuff), al-
bumin, body massindex (in kilograms per square meter:
<18.5, 25 - 30, or >30 vs 18.5 - 25), and systolic blood
pressure [SBP (in millimeters of mercury: <120, 140 -
160, or >160, vs 120 - 140)]. Social factors included
marital status (single or widowed/separated/divorced
vs married), living alone (not living alone or living in
aninstitution/nursing home/homeless vs living alone),
education level (high school graduate, some college,
college graduate, or missinginformation vs <12 years of
education), employment status (part time, homemaker,
retired, unemployed, disabled, or other vs full time),
and Medicaid status (any vs none). Pre-dialysis factors
included timing of referral to a nephrologist (3 months
or less before dialysis initiation vs more than 3 months)

3,620
Wave 2 participants
Validated first service date 1996-1997

J_.

1,836
>18 years old
On PD at study start date

222
PD not listed as dialysis modality in
treatment file before study start date

1,614
PD as dialysis modality validated in
treatment history file

25 Missing study start date
1 Died before study start date
1 Transplanted before study start date

1,587
Study cohort

1783 Not on PD at study start date
1 <18 yearsold

Figure 1 — Study population selection. The study cohort was
drawn from the US Renal Data System Dialysis Morbidity and
Mortality Study Wave 2. PD = peritoneal dialysis.



PDI MARCH 2013 -V0L. 33, NO. 2

and the person who took the lead in choosing the method
of treatment for kidney failure [medical team or equal
vs patient (the survey asked “Which of the following
best describes the process of choosing your method of
treatment” and patients chose either one of “The medi-
cal team took the lead in selecting my treatment,” “The
medical team and I contributed equally to selecting my
treatment,” “Itook the lead in selecting my treatment.”)]
Information was drawn primarily from baseline data col-
lection at the study start date; data missing from that
source were abstracted from the medical evidence report
form when possible.

STATISTICAL ANALYSIS

Cox proportional hazards regression was used to model
time from the date of enrollmentin Dialysis Morbidity and
Mortality Study Wave 2 to technique failure. Patients were
censored for the earliest of death, kidney transplanta-
tion, loss to follow-up, recovery of renal function, or
completion of 3 years’ follow-up. Departures from pro-
portional hazards were examined usinginteraction terms
with time and, if present, corrected by the inclusion of
time-dependent covariates.

We conducted unadjusted and adjusted analyses. For
multivariate analyses, two models were fit: The first
model included all variables except for pre-dialysis
factors (early referral to a nephrologist and the person
taking the lead in choosing the method of treatment
for kidney failure), because pre-dialysis data for those
variables were missing for more than one third of the
patients. The second model included patients in whom
the pre-dialysis factors were reported, but only hazard
ratios for pre-dialysis factors were reported for this
model. Only subjects without any missing information
for the study variables were included in the analysis;
missing data was not imputed. All statistical tests were
two-tailed. Values of p < 0.05 were considered statisti-
cally significant; adjustments were not made for multiple
comparisons.

All analyses were performed using SAS Enterprise
Guide (version 4.3: SAS Institute, Cary, NC, USA).

RESULTS
PATIENT CHARACTERISTICS

The average age of the study participants was 56 years,
and most were male (54%) and white (69%, Table 1).
Almost one quarter were black (22%), and 9% were of
Hispanic ethnicity. Several comorbidities were common:
half the patients had diabetes, and more than one third

DETERMINANTS OF TECHNIQUE FAILURE

TABLE 1
Baseline Characteristics of Study Participants
Variable Value®
Patients (n) 1587
Demographics
Age (years) 56.2+15.3
Sex [n (%) male] 851 (54)
Race [n (%)]
White 1092 (69)
Black 343 (22)
Other 152 (10)
Hispanic ethnicity [n (%)] 139 (9)
Reported comorbidities?
Smoking [n (%)]
Never 939 (59)
Former or current 648 (41)
CAD [n (%)] 605 (38)
CHF [ (%)] 548 (35)
PVD [n (%)] 327 (21)
CVD [n (%)] 190 (12)
Diabetes mellitus [11 (%)] 775 (49)
Clinical factors
Dialysis location [n (%)]
Home 1391 (88)
Home training 141 (9)
In-center 40 (3)
Type of dialysis [n (%)]
CAPD only 1067 (67)
Cycler (full when off) 341 (21)
Cycler (empty when off) 110 (7)
Combined 51 (3)
Type of catheter [n (%)]
Single-cuff 167 (11)
Double-cuff 1307 (82)
No cuff 1(<1)
Albumin (mg/dL) 3.4+0.6
Weight (kg) 73.8+17.9
Body mass index (kg/m?)
Mean 25.7+5.4
<18.5 [n (%)] 85 (5)
18.5-25 [ (%)] 712 (45)
25-30 [ (%)] 495 (31)
>30 [n (%)] 295 (19)
Systolic BP (mmHg)©
Mean 142+20
<120 [n (%)] 182 (15)
120-140 [n (%)] 510 (32)
140-160 [n (%)] 565 (36)
>160 [n (%)] 297 (19)
Social factors
Marital status [n (%)]¢
Single 230 (14)
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TABLE 1 (cont’d)

Variable Value?
Married 969 (61)
Other 388 (24)

Lives alone [n (%)]®
Yes 237 (15)
No 1300 (82)
Other 50(3)
Education [n (%)]
<12 years 363 (23)
High school graduate 518 (33)
Some college 286 (18)
College graduate 275 (17)
Missing 145 (9)
Employment [n (%)]
Full-time 273 (17)
Part-time 101 (6)
Homemaker 119 (8)
Retired 481 (30)
Unemployed 139 (9)
Disabled 344 (22)
Other 132 (8)
Medicaid [n (%)] 316 (20)
Pre-dialysis factors
Referred to nephrologist
before dialysis start [ (%)]
Late (<3 months) 289 (18)
Early (>3 months) 717 (45)
Missing 581 (37)
Lead in choosing
dialysis modality [n (%)]
Patient 358 (21)
Medical team 162 (10)
Both equally 466 (29)
Missing 601 (38)

CAD = coronary artery disease; CHF = congestive heart failure;

PVD = peripheral vascular disease; CVD = cerebrovascular

disease; CAPD = continuous ambulatory peritoneal dialysis;

BP =blood pressure.

@ Mean + standard deviation unless otherwise specified.

b Coronaryartery disease (CAD) was defined as prior diagnosis
of CAD, angina, myocardialinfarction, bypass surgery, coro-
nary angioplasty, coronary angiography, or cardiac arrest.
Peripheralvascular disease (PVD) defined as prior diagnosis
of PVD, amputation because of PVD, limb amputation, absent
foot pulses, or claudication. Cerebrovascular disease defined
as prior diagnosis of stroke, cerebrovascular accident, or
transientischemic attack.

¢ Average of all reported pre-dialysis systolic BPs.

dIncludes widowed, divorced, separated, and missing.

¢ Includes nursing home or institution, homeless, and
missing.
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had coronary artery disease or heart failure. Table 1
shows additional clinical details. Nearly all patients were
performing PD at home at the study start date. Two thirds
used CAPD ratherthan CCPD. Most had double-cuff cath-
eters, although 11% had single-cuff catheters.

Most incident PD patients were married (61%); 14%
were single; and the remaining 25% included patients
who were widowed, divorced, or separated, or who had
missing marital status information. Most patients (82%)
reported living with others. Two thirds had completed
high school, but only 17% were full-time employees at
the time of the study. Part-time work was reported by
6%. One fifth were receiving Medicaid. Almost half had
received more than 3 months of nephrology care before
the start of dialysis; at least half took the lead or were
equally involved in choosing their dialysis modality.

UNADJUSTED ANALYSES

Median technique survivaltime was 2.7 years, and 39%
of patients had experienced at least one 30-day switch to
HD by 3 years (Figure 2, Table 2). In unadjusted analyses,
female sex was associated with less technique failure
(Table 2). Black race (vs white race), coronary artery
disease, and diabetes were all significantly associated
with increased hazards for technique failure. Compared
with patients dialyzingindependently at home, patients
dialyzing in-center also experienced higher rates of
technique failure. Compared with patients on CAPD,
users of cyclers had a higher rate of technique failure,
but only if they had no fills when being off-cycler. Each

1.0 4
0.8 -
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2
2
&
E 0.4
A
024
0.0 T T T T T T T
0.0 05 1.0 15 20 25 30
Follow-Up Time (Years)
No. at risk:1587 993 561 316

Figure 2 — Technique survivalin patients initiating peritoneal
dialysis. The Kaplan—-Meier actuarial technique survivalat 1, 2,
and 3years was 80.2%, 61.2%, and 45.2% respectively. Median
survival was 2.7 years. Failure was defined as a switch from
peritoneal dialysis to hemodialysis lasting 30 days or more.
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TABLE 2

Hazard Ratios for Peritoneal Technique Failure for Three Years of Follow-Up

DETERMINANTS OF TECHNIQUE FAILURE

Reference Hazard ratio
Variable group Unadjusted 95% CL Adjusted?® 95% CL
Failures (total adjusted: 1387) 537 (39%)
Demographics
Age at start of study (by 10 years) 1.02 0.97, 1.08 1.03 0.94,1.12
Sex Male 0.85 0.72,1.00° 0.78 0.64,0.95°
Race White
Black 1.44 1.20, 1.72° 1.48 1.20,1.82°
Other 0.83 0.63, 1.10 0.74 0.54,1.03
Hispanic ethnicity Non-Hispanic 1.21 0.93, 1.56 1.28 0.95, 1.72
Comorbidities
Smoking Nonsmoker 1.06 0.90, 1.24 1.03 0.86, 1.24
CAD 1.19 1.01, 1.40° 1.16 0.94, 1.44
CHF 1.10 0.92,1.30 0.93 0.75,1.18
PVD 1.18 0.96, 1.45 1.05 0.83,1.34
CvD 0.93 0.71,1.21 0.83 0.61, 1.12
Diabetes mellitus 1.22 1.04, 1.43P 1.11 0.92,1.35
Clinical factors
Dialysis location Home
Home training 1.06 0.80, 1.40 1.01 0.74,1.38
In-center 1.53 1.01, 2.33" 1.57 0.98, 2.51
Type of dialysis CAPD only
Cycler (full when off) 1.06 0.87,1.28 1.16 0.93, 1.43
Cycler (empty when off) 1.37 1.01, 1.85P 1.37 0.98, 1.90
Combined 0.78 0.48, 1.29 0.61 0.34,1.10
Type of catheter Single cuff
Double cuff 0.99 0.77,1.27 1.03 0.79,1.35
Albumin (per mg/dL) 0.87 0.76, 1.00° 0.90 0.77,1.06
Body mass index (kg/m?) 18.5-25
<18.5 1.02 0.69, 1.49 1.15 0.75,1.77
25-30 1.10 0.92, 1.34 1.09 0.89, 1.34
>30 1.32 1.08, 1.63° 1.19 0.94,1.51
Systolic BP (mmHg) 120-140
<120 1.00 0.74,1.35 1.08 0.78, 1.50
140-160 1.20 0.99, 1.46 1.24 1.00, 1.52P
> 160 1.22 0.97, 1.54 1.23 0.96, 1.58
Social factors
Marital status Married
Single 1.07 0.85, 1.34 1.08 0.80, 1.47
Other 1.31 1.08, 1.57P 1.26 0.99, 1.61
Lives alone Yes
No 1.01 0.81, 1.26 1.22 0.93, 1.60
Other 1.09 0.58, 2.04 0.69 0.30, 1.63
Education <12 years
High school graduate 1.17 0.94, 1.46 1.21 0.95, 1.55
Some college 1.07 0.83,1.38 1.20 0.90, 1.60
College graduate 0.97 0.74,1.26 1.18 0.87,1.59
Missing 1.24 0.91, 1.70 1.32 0.92, 1.88
Employment Fulltime
Part time 1.35 0.93, 1.96 1.34 0.88, 2.05
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TABLE 2 (cont’d)
Reference Hazard ratio
Variable group Unadjusted 95% CL Adjusted?® 95% CL
Homemaker 1.35 0.95, 1.93 1.36 0.88, 2.08
Retired 1.51 1.16, 1.95P 1.49 1.07, 2.08°
Unemployed 1.44 1.04, 2.00° 1.24 0.85, 1.82
Disabled 1.66 1.26,2.17° 1.38 1.01,1.88°
Other 1.37 0.97,1.92 1.15 0.77,1.71
Medicaid 1.53 1.27,1.84° 1.48 1.17, 1.86"
Pre-dialysis factors®
Failures (adjusted total: 846) 340 (40%)
Late referral to nephrologist Early 0.97 0.78, 1.20 0.96 0.73,1.27
Lead in choosing dialysis modality Patient
Medical team 1.11 0.89, 1.39 1.24 0.85, 1.82
Equal 1.21 0.90, 1.63 1.25 0.95, 1.64

CL = confidence limits; CAD = coronary artery disease; CHF = congestive heart failure; PVD = peripheral vascular disease;
CVD = cerebrovascular disease; CAPD = continuous ambulatory peritoneal dialysis; BP = blood pressure.

2 Adjusted for all factors except the pre-dialysis factors.
bp<0.05.
¢ Adjusted for all the preceding factors.

1 mg/dLincrease in albumin was associated with a 13%
decrease in the hazard of technique failure. Conversely,
compared with patients having a normal body mass in-
dex (18.5 - 25 kg/m?), patients with the highest body
mass index (>30 kg/m?) had a 32% increased hazard of
technique failure. Although being single (compared with
being married) was not associated with technique failure,
patients who were widowed, divorced, or separated were
31% more likely to fail. Compared with full-time workers,
patients who were retired, unemployed, and disabled had
at leasta 44%increasein their rate of technique failure.
Medicaid was significantly associated with a 53% higher
hazard of technique failure.

MULTIVARIATE ANALYSIS

After multivariate adjustment, female sex remained
associated with a 22% lower hazard of technique failure,
and black race continued to be independently associ-
ated with a 48% increased hazard of technique failure
(Table 2). No comorbidity was associated with technique
failure in the adjusted analysis. Systolic blood pressure
was the only clinical factor that was significantly asso-
ciated with technique failure: compared with patients
having a SBP of 120 - 140 mmHg, those with a SBP
of 140 - 160 mmHg had a 24% increased failure rate.
Among social factors, level of employment remained a
significant correlate of technique failure: retired and
disabled patients both had increased rates of technique
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failure. Finally, Medicaid remained a determinant of
technique failure, associated with an almost 50% higher
rate of failure.

We found no significant departures from the assump-
tion of proportional hazards; thus, no time stratification
was necessary. We also conducted sensitivity analyses
on the outcome of interest, varying the number of
days on HD required to constitute a modality switch
(Table 3). In the primary analysis, in which the outcome
was defined as switching to HD for at least 30 days, 537
patients (39%) experienced technique failure. Those
numbers increased to 651 (47%) and 684 (49%) when
technique failure was defined as switching to HD for at
least 7 days and 1 day respectively. The primary find-
ings were remarkably robust to the specific outcome
definition used. The only variable that lost statistical
significance with a shorter minimum time on HD was
SBP; the point estimates of hazard ratio (HR) were
similar, though.

DISCUSSION

We used a nationally representative sample of patients
initiating renal replacement therapy on PD to study de-
terminants of modality failure. We were able to examine
social factors, which were recorded in unique detail
in this special study, and for which previous evidence
was sparse (10,11). While adjusting for several other
baseline factors, we found associations between several
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TABLE 3

DETERMINANTS OF TECHNIQUE FAILURE

Hazard Ratios for Peritoneal Technique Failure for Three Years of Follow-Up and Varying Times on Hemodialysis

Hazard ratio by time on hemodialysis (days)

Reference (=1) (27) (=30)
Variable group Adjusted®  95% CL Adjusted® 95%CL  Adjusted® 95% CL
Failures (total adjusted: 1387) 684 (49%) 651 (47%) 537 (39%)
Demographics
Age at start of study
(by 10 years) 1.04 0.97,1.13 1.04 0.96, 1.12 1.03  0.94,1.12
Sex Male 0.78 0.66, 0.93° 0.80  0.67,0.95° 0.78  0.64,0.95P
Race White
Black 1.25 1.03, 1.51° 1.27  1.04,1.54> 148  1.20,1.82°
Other 0.73 0.55, 0.96" 0.72 0.53, 0.96" 0.74  0.54,1.03
Hispanic ethnicity Non-Hispanic 1.31  1.00, 1.71 1.34  1.02,1.75°  1.28  0.95,1.72
Comorbidities
Smoking Non smoker 1.03 0.88, 1.21 1.04 0.89, 1.23 1.03  0.86, 1.24
CAD 1.33 1.10, 1.60° 1.29 1.07, 1.57° 1.16 0.94, 1.44
CHF 0.94 0.78,1.13 0.94 0.77,1.14 0.93 0.75,1.18
PVD 0.92 0.75,1.13 0.94 0.76, 1.17 1.05 0.83,1.34
CvD 0.96 0.75,1.23 0.95 0.74,1.24 0.83 0.61, 1.12
Diabetes mellitus 1.12 0.95, 1.33 1.10 0.93,1.31 1.11 0.92,1.35
Clinical factors
Dialysis location Home
Home training 1.04 0.79, 1.37 1.10  0.83,1.45 1.01  0.74,1.38
In-center 1.14 0.72,1.79 1.25 0.79, 1.97 1.57 0.98, 2.51
Type of dialysis CAPD only
Cycler (full when off) 1.08 0.90, 1.31 1.10 0.91, 1.33 1.16  0.93, 1.43
Cycler (empty when off) 1.19 0.88, 1.62 1.25 0.92,1.70 1.37  0.98,1.90
Combined 0.77 0.48, 1.25 0.77 0.47,1.27 0.61 0.34,1.10
Type of catheter Single cuff
Double cuff 1.08 0.85,1.38 1.06  0.83,1.36 1.03  0.79,1.35
Albumin (per mg/dL) 0.88 0.76, 1.02 0.89 0.77,1.03 0.90 0.77,1.06
Body mass index 18.5-25
<18.5 0.92 0.62, 1.36 0.93  0.63,1.39 1.15 0.75,1.77
25-30 0.98 0.82,1.18 1.03 0.85, 1.24 1.09 0.89,1.34
>30 1.07 0.86, 1.31 1.09 0.88, 1.35 1.19  0.94,1.51
Systolic BP (mmHg) 120-140
<120 1.17 0.89, 1.55 1.22 0.92, 1.61 1.08 0.78,1.50
140-160 1.17 0.97, 1.41 1.25  1.03,1.51>  1.24  1.00, 1.52°
>160 1.1 0.88,1.38 1.12 0.89, 1.41 1.23  0.96,1.58
Social factors
Marital status Married
Single 0.99 0.75, 1.30 1.06 0.80, 1.40 1.08  0.80, 1.47
Other 1.26 1.01, 1.57° 1.21 0.97,1.51 1.26 0.99, 1.61
Lives alone Yes
No 1.08 0.85, 1.37 1.15 0.90, 1.47 1.22  0.93,1.60
Other 0.82 0.43, 1.56 0.95 0.20, 1.82 0.69 0.30,1.63
Education <12 years
High school graduate 1.39 1.12,1.72° 139  1.11,1.73> 1.21  0.95,1.55
Some college 1.22 0.94, 1.58 1.22 0.93, 1.59 1.20  0.90, 1.60
College graduate 1.27 0.97, 1.66 1.29 0.98, 1.69 1.18 0.87,1.59
Missing 1.45 1.06, 1.99° 1.45  1.05,2.00° 1.32  0.92,1.88
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TABLE 3 (cont’d)
Hazard ratio by time on hemodialysis (days)
Reference (=1) (=7) (=30)
Variable group Adjusted®  95% CL Adjusted® 95%CL  Adjusted® 95%CL
Employment Full time
Part time 1.47 1.01, 2.140 1.43 0.97,2.11 1.34  0.88, 2.05
Homemaker 1.28 0.87, 1.88 1.34 0.91, 1.98 1.36  0.88,2.08
Retired 1.51 1.13,2.03b 1.54  1.14,2.08° 149  1.07,2.08°
Unemployed 1.25 0.88,1.78 1.25 0.88, 1.79 1.24  0.85,1.82
Disabled 1.42 1.07, 1.88° 1.44  1.08,1.91°  1.38  1.01,1.88°
Other 1.21 0.85,1.72 1.23 0.86, 1.76 1.15 0.77,1.71
Medicaid 1.60 1.30, 1.97° 1.61  1.31,2.00° 1.48  1.17,1.86"
Pre-dialysis factors®
Failures (total adjusted n = 846) 430 (51%) 408 (48%) 340 (40%)
Late referral to nephrologist Early 0.99 0.80, 1.24 0.98  0.76,1.27 0.96 0.73,1.27
Lead in choosing dialysis Patient
modality
Medical team 1.29 0.96, 1.74 1.25 0.89, 1.76 1.24  0.85,1.82
Equal 1.17 0.94, 1.46 1.19 0.92, 1.52 1.25 0.95, 1.64

CL = confidence limits; CAD = coronary artery disease; CHF = congestive heart failure; PVD = peripheral vascular disease;
CVD = cerebrovascular disease; CAPD = continuous ambulatory peritoneal dialysis; BP = blood pressure.

2 Adjusted for all factors except the pre-dialysis factors.
bp<0.05.
¢ Adjusted for all the preceding factors.

socio-demographicindicators and the hazard of PD mo-
dality failure.

We found a strong protective association of full-time
employment compared with retirement or disability, for
which the hazards of PD failure were substantially higher
(38% - 49%). Clearly, patients who are able to maintain
full-timejobs are moreindependentand have more stable
environments that are conducive to technique survival.
They are probably in better health as well (partly not
measurablein datasets such as the one used here), which
would put them at decreased risk of complications such
as infection that lead to technique failure. On the other
hand, disabled patients are, by definition, in such poor
health that they cannot be employed. We suspect that
many retired patients may also be too disabled to work,
but labelthemselves as retired (ratherthan disabled) be-
cause that labelis the conventional one for unemployed
peoplein their age group (mean age: 70 + 8 years). No-
tably, the only other study that had previously examined
the association between employment status and PD
failure did not observe an association (11). However, the
populationin that study numbered only 262, limiting the
power to detect a significant difference.

Medicaid status, another indicator of low socio-
economicstatus, was also a strong determinant of modal-
ity failure. We could not find any other study examining
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the role of insurance type and technique survival. How-
ever, Medicaid status has been associated with generally
poorer access to quality care in the dialysis population,
which is closely tied to worse outcomes (12-15).

Therelationship between sexand PD failure, indepen-
dent of social factors, add to the conflicting data in this
field. We found female sex to be associated with a lower
rate of technique failure—a finding that was insensitive
to the definition of outcome and the length of follow-up.
Most studies on technique failure have not found any dif-
ference by sex (2,10,16,17). However, a study of 12932
PD patients in Australia and New Zealand did find a 13%
increased risk of death-censored technique failure for
men, consistent with our results (18). We speculate that
men may be more dependent on others to maintain their
care, leaving them more vulnerable to modality failure.
Unfortunately, data on the use of a caregiver were not
captured in our dataset.

We also found a strong correlation between black
race and modality failure. That finding mirrors those
of multiple other US cohort studies (11,19-21). In
both the United States and Canada, black patients are
known to experience higher rates of peritonitis than
white patients do (19,22-26). Given that peritonitis is
one of the leading causes of technique failure, a higher
peritonitis rate in black patients may explain the higher
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rate of technique failure in that population (27). Kim et
al. examined outcomes of black patients after technique
failure and found no difference in mortality between
those who switched to HD and those who remained on
PD (23,28). Thus, theincreased rate of technique failure
in black patients should not discourage the use of PD in
this racial group. In fact, underutilization of PD in this
group may be contributing to their higher rate of fail-
ure, because centers that serve communities with high
proportions of black patients may be less experienced in
the modality and therefore be delivering less optimal PD
care (29). Providing increased patient education about
PD to this minority group mightincrease use of and, thus,
familiarity with PD, which could in turn reduce the rate
of technique failure (30).

Taken together, the socio-demographic factors that
are correlated with technique failure suggest that in-
creased social and financial support play a critical role
in maintaining patients on PD. Providing reimbursement
forassisted PD, in which a home assistant helps with PD,
could lower the rate of technique failure. Many of these
patients may depend on family members for the required
assistance. If, however, that assistance interferes with
the family member’s ability to find employment, patients
are left vulnerable to failure when their caregivers are
forced to work instead of assisting, a common scenario
for patients with low economic status. Assisted PD could
offset that concern through two mechanisms:

* provision of home assistants, freeing family members
to work outside the home; and

* payment to family members for providing in-home
support, giving them a financialincentive to continue
in that role.

Assisted PD programs in Europe and Canada have
proved to be cost effective when compared with in-center
HD (31-33). In the United States, the cost to Medicare
when a patient switches from PD to HD for at least 60
days exceeds $20000 (3). Home assistants could be paid
less than $20000 per year, translating into a net savings
(30). Analysis of a community-based homecare assis-
tance program in Toronto, Canada, offers some insight
into the effect of assisted PD (33). Of 27 PD patients, 22
used assisted PD. Of those 22 patients, 2 (9%) started
with self-care and later needed assistance, and 5 (23%)
graduated from assisted PD to self-care. Based on that
Canadian experience, provision of subsidized assisted
PD has the potential to decrease technique failure in a
cost-effective mannerand should be seriously considered
in the United States.

In this analysis, we also examined two pre-dialysis
factors: timing of the first nephrology encounter, and the
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person who made the decision to choose PD as the initial
modality. Interestingly, neither factor was associated
with technique failure. Later referral to a nephrologist
has been associated with poor outcomes in the dialysis
population, including a lower rate of timely placement of
vascular access, decreased referral for transplantation,
and increased mortality (34-36). Chidambaram et al.
recently published a Canadian study of 5162 incident PD
patients from 1995 - 2005 and also found no association
between pre-dialysis nephrology care and technique
failure (10), butin a study of older US patients initiating
dialysis, later nephrology care was independently associ-
ated with a 47% increased risk of modality failure (37).
However, the latter study followed PD patients from the
first day of treatment, and the excess failure rate was
clearly concentrated during the first month of follow-up.
Because the present study followed patients who were
on PD at approximately 60 days after the start of renal
replacement therapy, we did not have the opportunity to
confirm or refute the results from that earlier study.

We are unaware of any other studies examining the
relationship between patient autonomy in modality
choice and technique failure. Studies have shown that
patients enjoy a better quality of life when they choose
the modality themselves (38); however, in the present
analysis, choice did not appear to influence technique
survival rates. The result is limited by the imprecise and
subjective definition of autonomy, though. Patients
answered the question “Which of the following best
describes the process of choosing your method of treat-
ment” based on their own perception of the process.
For example, a patient may have indicated that the
medical team took the lead if that patient had medical
contraindications to HD and was offered only one mo-
dality; in such a case, there would truly be no role for
patient autonomy. Contrast that scenario with one in
which a patient may have deferred the decision to the
medical team because of insufficient patient education
about the different modalities. In the latter case, poor
communication between the team and the patient may
have led to the perception of no autonomy. Still, despite
those limitations, we felt that this factor was important
to analyze because it had not previously been examined
in relation to modality failure.

The only clinical factor that was significantly cor-
related with technique failure was SBP in the range
140 - 160 mmHg compared with SBPin the range 120 -
140 mmHg (HR: 1.24; 95% CI: 1.00 to 1.52). Patients
with a SBP above 160 mmHg had a similarly high HR,
butit did not reach significance (HR: 1.23; 95% CI: 0.96
to 1.58). Systolic blood pressure correlates with volume
overload (39). Volume overload can be a consequence of
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ultrafiltration failure (a common cause of technique fail-
ure) or simply a marker of a less-experienced PD provider
who has not optimized the PD prescription (40). If a PD
patient is hypertensive, practitioners should consider
changing a patient’s PD prescription to maximize fluid
control, because such action could potentially prevent
an unnecessary switch to HD.

Notably, the rate of modality failure in the present
study was higher than the rates in other contemporary
cohorts [5-year technique survival: 29.8% vs 55 - 70%
(27)]. Most of the comparator studies were single-center
cohorts or multicenter cohorts from a few centers, all of
which had particular expertise in treating PD patients.
Only two studies had more than 1500 patients in the
cohort. Technique survival is known to be higher in
centers with more PD patients, and so it is likely that
these single-center studies had higher rates of technique
survival because of their experience (2,7). In contrast,
our study was derived from a true random sample and
included patients from PD centers of various sizes.

Only 7% of US prevalent dialysis patientsin 2009 used
PD, which is much lower than usage in other countries,
including Australia (21%), Canada (18%), Hong Kong
(78%), the Netherlands (18%), and the United Kingdom
(15%) (1). Greater experience with PD improves tech-
nique survivalin both the United States and abroad (2,7).
Thus, breaking the systematic barriers to PD use in the
United States, as outlined by Golper et al., could be one of
the most effective interventionsinimproving technique
survival (30). As noted earlier, barrier-breaking would
include providing subsidized assisted PD and increased
modality education to patients. It would also involve
increased physician education in PD; changes to certain
governmental regulations, including reimbursement
schemes; and alteration of certain philosophies and busi-
ness practices of dialysis providers—for instance, lifting
restrictions on the use of icodextrin-based PD solution.

Our study has several limitations. We did not account
for the number of PD patients treated at each center,
which is known to influence the risk of technique failure
(2,5-9). Although we were interested in studying data
on residual renal function and ultrafiltration as can-
didate predictors [factors that have been shown to be
determinants of failure (11,41-43)], the relevant data
were missing for a large proportion of the patientsin our
cohort. Another drawback of our cohort s thatitis drawn
from an earlier era. Icodextrin, which has been associ-
ated with less technique failure, was not yet widely used
(44). Also, rates of technique failure have since declined,
likely because of lower infection rates (2,16,45). As men-
tioned earlier, the rate of PD use in the United States is
substantially lower than that seen in other countries,
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which limits the generalizability of our study to other
countries. Finally, detection of significant covariates was
the result of a discovery process, and our findings need
to be validated in an independent dataset.

CONCLUSIONS

We found that several social factors were associated
with risk of modality failure in patients initiating renal
replacement therapy using PD. Our findings pointto the
importance of socialand financial supportin maintaining
PD. Thatinformation may help guide physicians in their
recommendations for dialysis modality, especially in
light of recent changes to the reimbursement of dialysis
in the United States, which incentivizes providers to
direct patients toward PD. More broadly, it suggests that
future studies need to determine if increases in social
and financial support—for example, through assisted PD
programs—can alter the rate of technique failure.
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