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ABSTRACT

Background. Peritoneal dialysis (PD) is an underutilized modality for hospitalized patients with an urgent need to start renal
replacement therapy in the USA. Most patients begin hemodialysis (HD) with a tunneled central venous catheter (CVC).

Methods. We examined the long-term burden of dialysis modality-related access procedures with urgent-start PD and
urgent-start HD in a retrospective cohort of 73 adults. The number of access-related (mechanical and infection-related)
procedures for each modality was compared in the first 30 days and cumulatively through the duration of follow-up.

Results. Fifty patients underwent CVC placement for HD and 23 patients underwent PD catheter placement for urgent-start
dialysis. Patients were followed on average >1year. The PD group was significantly younger, with less diabetes, with a
higher pre-dialysis serum creatinine and more likely to have a planned dialysis access. The mean number of access-related
procedures per patient in the two groups was not different at 30 days; however, when compared over the duration of follow-
up, the number of access-related procedures was significantly higher in the HD group compared with the PD group (4.6 + 3.9
versus 0.61 + 0.84, P < 0.0001). This difference persisted when standardized to procedures per patient-month (0.37 + 0.57
versus 0.081 + 0.18, P =0.019). Infection-related procedures were similar between groups. Findings were the same even after
case-matching was performed for age and diabetes mellitus with 18 patients in each group.

Conclusions. Urgent-start PD results in fewer invasive access procedures compared with urgent-start HD long term, and
should be considered for urgent-start dialysis.
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INTRODUCTION

The last decade has seen the emergence of urgent-start perito-
neal dialysis (PD) for late-referred end-stage renal disease
(ESRD) patients in North America [1-6]. Urgent-start PD refers to
the practice of initiating dialysis when required urgently but
non-emergently before the traditional 2-week period after PD
catheter insertion using low-volume, supine exchanges, primar-
ily to avoid peri-catheter leak [2, 7]. Recent studies compared
outcomes between urgent-start PD and hemodialysis (HD)
cohorts and reported similar survival rates between the two.
Patient survival at 1year was reported as 92.1 and 93% for PD
and HD groups, respectively, in one study [8], and 82.9 and
78.9%, respectively, in another [9]. Koch et al. [10] demonstrated
that urgent-start HD patients had a higher half-year overall
mortality rate than PD patients (42.1% versus 30%), but the dif-
ference did not reach significance (P=0.191).

Utilization of PD as the initial dialysis modality allows for
avoidance of central venous catheters (CVCs) and preservation
of residual renal function and vascular access [11-13]. CVC use
for dialysis access is associated with a higher risk of mortality,
infection and hospitalizations compared with other types of di-
alysis access, including PD catheters [2, 14-16]. Yet, according to
the US Renal Data System, 93% of patients who required dialysis
in 2014 were initiated on HD, where the majority (80.3%) had a
CVC as their initial access. This practice has changed minimally
since 2005 [16].

Although the precise rate of CVC use in urgent-start HD is
not known, incident use of acute dialysis catheters (non-tun-
neled) has been described to be ~14% in Europe and 34% in the
USA according to the Dialysis Outcomes and Practice Patterns
Study [17]. In chronic HD, 40-60% of arteriovenous access re-
quired procedures for maturation or had primary non-function
and up to 65% of fistulas required ongoing treatment to main-
tain patency [18]. In stable PD patients, only 5-13% of catheters
have been reported to require revisions [19, 20]. Direct compari-
sons of procedures between the chronic dialysis modalities fur-
ther substantiated higher rates of invasive procedures with HD
compared with PD [20].

At our center, a teaching hospital where 20% of chronic dial-
ysis patients receive PD in a hospital-based dialysis clinic, we
introduced an urgent-start PD program in 2015. We arranged for
<48-h catheter placement and secured the infrastructure [21]
necessary for initiation of low-volume, supine PD as soon as the
day of catheter placement as modeled on previous studies of
urgent-start PD [1, 3, 6].

The purpose of this study was to measure the long-term pro-
cedure rates related to dialysis modality selection, comparing
patients who started dialysis urgently on HD with tunneled
CVCs and PD during the same period before and after case-
matching for age and diabetes mellitus (DM). We examined the
burden of mechanical procedures and infection-related proce-
dures associated with each modality.

MATERIALS AND METHODS
Study design

In a single-center retrospective cohort of 73 adults at an
academic teaching hospital, we examined the burden of inva-
sive access procedures over a 3-year period between those initi-
ating dialysis with urgent-start PD versus urgent-start HD.
Institutional review board approval was obtained through
Lifespan at Rhode Island Hospital.
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Total number of
patients with tunneled
dialysis catheters: 432

EXCLUDED

Patients who received

tunneled catheter for

non-dialysis purposes
(e.g. plasmapheresis): 69

Patients who received
tunneled catheters for
hemodialysis: 363

Patients already
receiving chronic HD: 131

Patients with critical
illness in ICU: 74

Patients with physical
and psychosocial barriers
precluding safe PD: 58

Patients with acute
kidney injury: 31

Patients with active
abdominal pathology: 9

Patients who received

extensive abdominal

procedures during the
hospitalization: 6

Pediatric patients: 3

Not enough information
to determine eligibility: 1

Patients who qualified
for urgent-start PD: 50

FIGURE 1: Flow chart of patients who received a tunneled dialysis catheter for HD
and met inclusion or exclusion criteria for eligibility for PD. ICU, intensive care unit.

Patients >18years of age who underwent tunneled CVC
placement or tunneled PD catheter placement for urgent-start
dialysis initiation between 2015 and 2018 were included for
comparison. Urgent-start dialysis was deemed necessary for
those who either presented with late stage chronic kidney dis-
ease (CKD) or had unexpected acute decline in kidney function
requiring dialysis urgently in HD patients without a mature vas-
cular access, or in PD patients <2 weeks after PD catheter place-
ment prior to complete healing of the PD catheter cuff. A total of
432 patients who underwent urgent-start HD with a tunneled
CVC were screened for PD eligibility. All patients who started di-
alysis with a non-tunneled CVC eventually received a tunneled
CVC. Patients were excluded if the tunneled CVC was placed for
purposes other than dialysis, or if the patients were already re-
ceiving chronic dialysis prior to catheter placement. Those who
had psychosocial, medical and/or surgical contraindications to
urgent-start PD were also excluded. Based on the previous liter-
ature and our own experience, we reasoned that severe hyper-
kalemia refractory to medical management, hemodynamic and/
or respiratory instability (pressor requirement, intubation or
need for intensive care unit level of respiratory support), active
abdominal pathology (recent abdominal surgery, colitis or co-
lonic ischemia) and psychosocial barriers (unstable psychiatric
illness, cognitive impairment or severe physical handicap)
would preclude safe placement of a PD catheter and/or safe
transition onto home PD (Figure 1).
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Table 1. Baseline characteristics of urgent-start HD and PD patients

All Case-matched
Baseline characteristics
HD (n=50) PD (n=23) P-value HD (n=18) PD (n=18) P-value

Age (years) 60 + 16 47+ 16 0.002 52+ 14 52+ 14 0.99
Gender (male %) 66 78 0.29 72 72 1.0
Race (Caucasian %) 38 52 0.26 33 55 0.18
Follow-up duration (months) 16.7 +11.1 14.7 =10.3 0.47 18.2+11.8 15.1+10.8 0.30
Potassium (mEq/L) 46x0.7 43x0.7 0.05 45x0.7 43x0.6 0.23
HCO3; (mEq/L) 19+5 19+5 0.92 19+3 19+4 0.70
BUN (mg/dL) 94 +40 110+ 44 0.14 94+43 104 + 38 0.37
Creatinine (mg/dL) 8.1x+43 11.8+5.7 0.0031 9.9+33 9.7+34 0.82
Albumin (g/dL) 3305 3.3x0.6 0.41 3.2+05 3.3%0.6 0.68
Coronary artery disease (%) 38 17 0.08 33 22 0.46
Congestive heart failure (%) 44 48 0.76 33 50 0.31
Hypertension (%) 92 96 0.56 89 94 0.55
DM (%) 58 30 0.029 33 33 1.0
Malignancy (%) 12 4 0.30 6 6 1.0
Obesity (BMI >30) (%) 24 35 0.34 33 33 1.0
Dialysis access® (%) 10 30 0.029 11 33 0.10

2Dialysis access planned (but not mature or healed at the time of urgent-start dialysis).

Data are presented as mean = SD or %.
BUN, blood urea nitrogen; BMI, body mass index.

The cohort was additionally case-matched by age and DM
resulting in each group having 18 patients available for
comparison.

Baseline characteristics, including demographics (age, sex and
race), laboratory data (potassium, bicarbonate, blood urea nitrogen,
creatinine and albumin) and comorbid disease (coronary artery
disease, congestive heart failure, hypertension, DM, active malig-
nancy and obesity) were compared between the two cohorts.

Clinical outcomes

Outcomes were assessed after the placement of the PD catheter
and included: (i) the number of access-related procedures at
30 days per patient; (ii) the cumulative number of access-related
procedures over the duration of follow-up per patient; and (iii)
the number of access-related procedures per patient-months.
The first dialysis initiation procedure was excluded, and any
‘additional’ access-related (mechanical and infection-related)
procedures were assessed.

For the HD cohort, access-related procedural burden was la-
beled ‘mechanical’ if there was catheter malfunction, stenosis
of dialysis access or central veins, access bleeding, access recir-
culation or clotting requiring procedures including CVC removal
or replacement, and also included additional procedures re-
quired for access [arteriovenous fistula/arteriovenous graft
(AVF/AVG)] creation beyond the initial CVC and any complica-
tions related to maintaining AVF/AVG patency (such as angio-
plasty or thrombectomy). In the PD cohort, ‘mechanical’
procedures were related to primary nonfunction primarily due to
catheter migration or entrapment. For both groups, ‘infection-re-
lated procedures’ included access-related procedure for bacter-
emia and peritonitis and for any infection (such as exit site or
tunnel infection) requiring removal or revision of the catheter.

Statistical analysis

Baseline patient characteristics were compared using Chi-
squared tests for categorical variables and Mann-Whitney test
for continuous variables, and paired t-tests for analysis of the

case-matched cohort. The average (and median) number of pro-
cedures per patient as well as the number of procedures per
patient-months were compared using the Mann-Whitney test
given the primarily non-normal distribution of the data.

RESULTS

Patient characteristics

A total of 363 patients received tunneled CVCs between 1
January 2014 and 1 January 2018. Fifty of these patients met inclu-
sion criteria and were considered eligible for urgent-start PD
(Figure 1). During the same period, 58 patients initiated PD and 23 of
them received urgent-start PD. Therefore, a total of 73 patients were
included in this retrospective study (50 HD and 23 PD patients). The
mean (+SD) follow-up duration for the HD group and urgent-start
PD group was 16.7 + 11.1months and 14.7 + 10.3 months, respec-
tively (P=0.47). Compared with the HD group, the urgent-start PD
group was significantly younger, with less heart failure and DM,
with higher pre-dialysis serum creatinine and were more likely to
have a planned dialysis access (but not mature or completely
healed for use) prior to dialysis initiation (Table 1, All patients).
There was no significant difference in baseline patient characteris-
tics between groups after case-matching (Table 1 case-matched).

Modality change from PD to HD occurred in 6 of the 23 (26%)
PD patients, and modality change from HD to PD was observed
in 3 of 50 (6%) HD patients. Reasons for modality switch varied
and included inability to train, catheter malfunction, poor dialy-
sis compliance and patient choice for the PD cohort, and pri-
marily patient choice for the HD cohort.

Mechanical and infection-related procedures

The predominant HD mechanical procedures were required due
to catheter malfunction, stenosis of dialysis access or central
veins, access bleeding, access recirculation or clotting requiring
procedures including CVC removal or replacement, AVF/AVG
creation, angioplasty or thrombectomy. Mean number of days
to AVF/AVG creation was 94 days (range —80 to 331days) with
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Table 2. Comparison of the mean number of access procedures performed per patient cumulatively over follow-up duration, and per patient-
month between urgent start HD and PD patients (all and case-matched for age, sex and DM)

All patients HD (n=>50) PD (n=23) P-value
Number of all access-related procedures, mean = SD (median)

30 days 0.38+0.73 (0) 0.21+0.42 (0) 0.32

Cumulative events 46+394) 0.61+0.84 (0) <0.0001

Per patient-months 0.37 =0.57 (0.23) 0.081 +0.18 (0) 0.019
Mechanical procedures mean * SD (median)

30 days 0.34+0.63 (0) 0.22 +0.42 (0) 0.40

Cumulative events 4.4+39(3.5) 0.52+0.79 (0) <0.0001

Per patient-months 0.30 +0.27 (0.21) 0.078 = 0.18 (0) 0.0007
Infection-related procedures mean * SD (median)

30 days 0.040 = 0.28 (0) 0.0 0.0 (0) 0.32

Cumulative events 0.22+0.68 (0) 0.087 + 0.42 (0) 0.39

Per patient-months 0.073£0.38 (0) 0.0028 +0.014 (0) 0.38
Case-matched HD (n=18) PD (n=18) P-value
Number of all access-related procedures mean =+ SD (median)

30 days 0.56 + 0.86 (0) 0.22 +0.43 (0) 0.16

Cumulative events 5.7 +4.4(5) 0.61+0.85 (0) 0.0002

Per patient-months 0.39+£0.29 (0.29) 0.094 = 0.20 (0) 0.0026
Mechanical procedures mean * SD (median)

30 days 0.56 +0.86 (0) 0.22 +0.43 (0) 0.16

Cumulative events 5.4*4.4(5) 0.61+0.85 (0) 0.0004

Per patient-months 0.34 +0.26 (0.26) 0.094 +0.20 (0) 0.0096
Infection-related procedures mean * SD (median)

30 days 0.0 0.0 (0) 0.0 0.0 (0) -

Cumulative events 0.33+0.97 (0) 0.0+0.0 (0) 0.16

Per patient-months 0.073£0.17 (0) 0.0+0.0 (0) 0.28

respect to CVC placement. For the PD group, catheter malfunc-
tion due to primary non-function (catheter migration or entrap-
ment) was the most common reason for a procedure, which
were repositioned surgically. Peri-catheter leak occurred in only
one patient with nephrotic syndrome. Infection-related proce-
dures in the HD group were required primarily due to CVC-
related bacteremia and in the PD group due to non-resolving
tunnel infection. Peritonitis did not lead to PD catheter removal
and bacteremia did not occur in the PD group.

Most HD patients (88%) required a procedure during the
follow-up period compared with less than half (43%) of the PD
group. In the HD group (n=>50), the number of access-related
procedures (mean) due to mechanical and infection-related rea-
sons did not significantly differ from the PD group (0.38 =0.73
versus 0.21+0.42, P=0.32) at 30days (Table 2, All patients).
However, the HD group received a significantly higher cumula-
tive number of access-related procedures through the duration
of follow-up (4.6 +=3.9) when compared with the PD group
(0.61+0.84, P<0.0001). The number of access-related proce-
dures per patient-month in the HD group (0.37 = 0.27) was sig-
nificantly greater than in the PD group (0.081 + 0.18, P =0019).

Even when accounting for additional procedures needed for
modality change, the HD group still required more procedures
than the PD group cumulatively (HD: 4.7 +3.8 versus PD:
1.4+ 1.5, P<0.0001) and per patient-month (HD: 0.42 + 0.60 ver-
sus PD: 0.21 = 0.33, P=0.0032).

Mechanical procedures

At 30days, the HD and PD groups did not require a significantly
different number of mechanical procedures (HD: 0.34 + 0.63 ver-
sus PD: 0.22 + 0.42, P =0.40) (Table 2, All patients). The cumula-
tive incidence of mechanical procedures through the follow-up

duration was 4.4*=3.9 with HD versus 0.52*0.79 with PD
(P<0.0001). The mechanical procedure burden per patient-
month (mean) was also significantly higher in the HD group
(0.30 + 0.27) compared with the PD group (0.078 = 0.18, P =0.0007).

Infection-related procedures

Infection-related procedures were not significantly different be-
tween groups: 26% with peritonitis or exit site infection in the
PD group compared with 12% with bacteremia (exit site infec-
tion data not available) in the HD group (P =0.14). However, only
one of the infectious complications (refractory tunnel infection)
resulted in a procedure for the PD group. The mean procedure
requirement was 0.0+0.0 in the PD group compared with
0.040 + 0.28 in the HD group in the first 30-day period post cath-
eter placement (P =0.32) as shown in Table 2, All patients.

Similarly, the cumulative incidence of infection-related pro-
cedures over the follow-up duration was not significantly differ-
ent between the HD and PD groups either (0.22 = 0.68 versus
0.087 + 0.42, respectively, P=0.39). Although the PD group had
fewer infection-related procedures per patient-month
(0.0028 =0.014) when compared with the HD group
(0.073 = 0.38), this was not statistically different (P =0.38).

Case-matched urgent-start outcomes

Outcomes comparing the case-matched HD and PD groups were
similar (Table 2, Case-matched). By 30 days after catheter place-
ment, the number of access-related procedures was slightly
greater in the HD group but not statistically different between
groups. However, the cumulative incidence of mechanical pro-
cedures through the follow-up duration was nine times greater
for the HD group compared with the PD group. The number of
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access-related procedures per patient-month in the HD group
was also significantly (4-fold) greater than in the PD group.
There was no difference between groups for infection-related
procedures.

Timing of access-related procedures after dialysis
initiation

Access-related procedures in the PD group occurred soon after
catheter placement, where 35% of procedures were performed
within 30days and 50% within 45 days. In contrast, only 6% of
access-related procedures took place within 30days of access
placement in the HD group. Sixty-six percent of procedures oc-
curred later for the HD group, by 1year after dialysis initiation.

PD education prior to dialysis initiation

In the HD cohort (n=50), we found documentation of dialysis
modality discussion including PD in only 16% of patient’s chart
prior to the placement of CVC for initiation of dialysis. All
patients in the PD group received both HD and PD education as
documented in the medical record.

DISCUSSION

In the USA, PD continues to be an underutilized dialysis modal-
ity for late-referred patients with ESRD [2]. While other studies
have demonstrated the feasibility of PD for urgent-start dialysis
in ESRD and have shown similar mortality and complication
rates to HD, ours is the first study to compare the number of
modality-related invasive access procedures between HD and
PD long term.

We found a significantly reduced number of procedures as-
sociated with PD compared with HD in the urgent-start dialysis
population long term. Our cohort had a mean follow-up dura-
tion extending beyond lyear and as long as 2years for some
patients, reflecting complications that were occurring beyond
the immediate dialysis initiation period. Other publications on
urgent-start dialysis have focused more on short-term compli-
cations [8].

In our urgent-start dialysis cohort, the majority of HD
patients (88%) required an access procedure, a number which
far exceeded the PD group (43%), similar to the findings in
chronic dialysis populations (32% HD versus 4.6% PD) but at
much higher rates [20]. Furthermore, the overall median num-
ber of procedures per patient was four for the HD group com-
pared with none in the PD group, not including the initial access
procedure. Mechanical procedures rather than infection-related
procedures primarily accounted for this difference.

HD patients typically required an access revision or replace-
ment in addition to the usual requirement of two procedures,
an arteriovenous access creation and removal of the initial tun-
neled CVC. Even if we were to disregard these two ‘requisite’
procedures for the HD patients, the HD patients still on average
needed at least two more procedures than the PD patients. Our
findings are consistent with published chronic dialysis data by
Oliver et al. [20], who found that HD patients required 2.3 proce-
dures per patient-year when compared with 1.9 procedures per
patient-year for PD patients (P =0.04).

The PD cohort was younger, with lower prevalence of DM,
and more likely to have a planned dialysis access than the HD
cohort, which likely reflects physician selection bias. This may
explain the lower number of invasive procedures in the PD
patients. Diabetes-related peripheral vascular disease has been

associated with difficult arteriovenous fistula creation [22].
However, upon case-matching for age and comorbidity of DM
(Table 1, Case-matched), the procedure burden remained high
in the HD group compared with the PD group (Table 2, Case-
matched).

Although the infection rates did not differ between the two
groups, no PD patients developed bloodstream infections. The
number of procedures resulting from infections was higher in
the HD group, though not statistically significant, possibly due
to small event numbers. In the HD group, infection-related CVC
removal was all due to bacteremia, which is well known to be
associated with increased mortality [14, 23]. Similar to our find-
ings, Jin et al. [8] and Koch et al. [10] reported higher rates of bac-
teremia in urgent-start HD cohorts when compared with PD
cohorts, but they did not find a significant difference in the in-
fection rates between the two.

Access procedures occurred soon after catheter placement
for the PD patients but tended to take place later for HD. Half of
the procedures occurred within 45 days of catheter placement
for the PD group. For the HD group, procedure requirement oc-
curred later in the first year (80%). This may explain the higher
rate of modality change from PD to HD. Initial frustration re-
lated to primary non-function could lead to early abandonment
of PD. Most HD patients had no access issues early on, but often
had repeated need for procedures even after arteriovenous mat-
uration. This delay in complications may allow for greater re-
tention of patients in the HD modality in contrast to the PD
patients.

Most hospitalized patients were referred for tunneled CVCs
for HD, and we found little evidence in the medical record of di-
alysis options discussion by the inpatient nephrologist.
Meanwhile, the patients experienced a significant number of
procedures in the ensuing months, including exchange of non-
functional tunneled CVCs, creation of new arteriovenous fistu-
las/grafts, revision of fistulas/grafts and removal of tunneled
CVCs when they were no longer required. These procedures cre-
ate extra costs for the healthcare system [24, 25]. In 2014, Liu et
al. [25] compared dialysis-related costs during the first 90 days
between urgent-start PD and urgent-start HD patients in the
USA. The investigators showed that costs were significantly
lower for urgent-start PD ($16 398) compared with urgent-start
HD ($19 352). Cost difference stemmed from the extra expense
of HD-related vascular access.

Lack of dialysis modality education is considered one of the
potential causes for underutilization of PD [26]. A survey found
that patients with ESRD did not receive uniform education on
dialysis modalities—69.7% of ESRD patients received in-center
HD education, but fewer patients (58.2%) were informed about
PD [27]. Another study surveyed patients with CKD Stages 3-5
and found that >50% of patients had no knowledge of PD [28]. In
our study, we sought to determine if HD patients received mo-
dality education before their unplanned dialysis start by seeking
such documentation in medical records. Among the urgent-
start HD patients, only 16% of patient’s medical record revealed
discussion of PD prior to placement of a CVC for dialysis.
Although we cannot with certainty conclude that the absence of
medical record documentation equates to the absence of dialy-
sis options dialog, the very low number of documented PD dis-
cussions in our cohort suggests that dialysis modality
education remains inadequate, particularly for hospitalized
patients.

Limitations of our data include the retrospective nature of
this cohort study at a single center with a relatively small sam-
ple size. Even with case-matching, the HD cohort was more
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racially diverse and had less evidence of access planning
(though neither statistically different), which may reflect lower
socioeconomic status or less access to healthcare resources
contributing to worse outcomes. All PD patients were followed
regularly in our PD clinic and dialysis center, and thus we were
able to record with certainty all the events. On the other hand,
after the initial hospitalization for tunneled CVC placement and
dialysis initiation, HD patients were referred to one of several
outpatient dialysis centers in the community, and we were not
able to record all subsequent complications and procedures. It
is possible therefore that events were missed in the HD cohort,
which would have resulted in underreporting of complications
and procedures over the duration of follow-up.

Despite this, our study showed that urgent-start PD was as-
sociated with fewer long-term mechanical procedures and all
access-related procedures than HD, and that PD did not signifi-
cantly differ from HD in number or rate of infection-related pro-
cedures. Greater consideration should be made for urgent-start
PD in the late-referred ESRD patient.
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