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HIGH RATES OF MORTALITY AND TECHNIQUE FAILURE IN PERITONEAL DIALYSIS
PATIENTS AFTER CRITICAL ILLNESS
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¢ Introduction: Little is known regarding the causes and
outcomes of peritoneal dialysis (PD) patients admitted to
the intensive care unit (ICU). We explored the outcomes of
technique failure and mortality in a cohort of PD patients
admitted to the ICU.

¢ Methods: Using a provincial database of 990 incident
PD patients followed from January 1997 to June 2009, we
identified 90 (9%) who were admitted to the ICU. Para-
metric and nonparametric tests were used as appropriate
to determine differences in baseline characteristics. The
Cox proportional hazards and competing risk methods were
used to investigate associations.

¢ Results: Compared with other patients, those admitted to
the ICU had been on PD longer (p <0.0001) and were more
often on continuous ambulatory PD (74.2% vs 25.8%, p =
0.016). Cardiac problems were the most common admitting
diagnosis (50%), followed by sepsis (23%), with peri-
tonitis accounting for 69% of the sepsis admissions. The
1-year mortality was 53.3%, with 12% alive and converted
to hemodialysis, and one third remaining alive on PD. In
multivariate Cox modeling, age [hazard ratio (HR): 1.01;
95% confidence interval (CI): 0.99 to 1.03], white blood cell
count (HR: 1.02; 95% CI: 1.00 to 1.04), temperature (HR:
0.75; 95% CI: 0.61 to 0.92), and peritonitis (1.64; 95% CI:
1.21 to 2.22) at admission to the ICU were associated with
the composite outcome of technique failure or death. In a
competing risk analysis, the risk for death was 30%, and
for technique failure, 36% at 1 year.

¢ Conclusions: Patients on PD have high rates of death and
technique failure after admission to the ICU.
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sthe steady worldwide risein the peritoneal dialysis

(PD) population continues, the requirements forand
health resources consumed by this population rise in
parallel. Today, PD patients are increasingly older, with
lower functional status and a higher burden of comorbid
illness (1-4). This situation has cumulated in a rise in
criticalillness and the need for admission to the inten-
sive care unit (ICU) (5-7). Despite this escalation in ICU
admission, little literature is available about the causes
of critical illness, prognosis, or long-term outcomes to
guide health care providers (8-18).

The existing data seem to suggest that, in the dialysis
population, admission to the ICU portends a poor prog-
nosis. However, the situation is seemingly more compli-
cated, because after accounting for comorbid illnesses
and illness acuity upon admission to the ICU, end-stage
renal disease (ESRD) patients have outcomes similar to
those for non-ESRD patients. This suggests that ESRD is
not per se responsible for an increase in poor outcomes
such as death and length of ICU stay (5,6).

To our knowledge, few studies have directly addressed
the impact of dialysis modality on critical illness. One
small studyincluded 92 ESRD patients, 16 of whom were
on PD (12). The PD patients experienced poor survival,
having a 44% mortality compared with 25% in the he-
modialysis (HD) cohort. Recent data collected by our
group further strengthens the finding that dialysis mo-
dality may play a strong role in survival (19). Our group
analyzed the long-term outcomes of 619 ESRD patients,
95 of whom were on PD; 334, on HD with a catheter; and
190, on HD with an arteriovenous fistula. Three different
models accounting for case mix, comorbid illness, and
physiologicvariables found, as expected, that compared
with HD patients having an arteriovenous fistula, HD
patients with a catheter had an adjusted hazard ratio
(HR) for death ranging from 1.50 to 1.58. What was
unexpected and surprising was we also observed an
increased association with long-term mortality for PD
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patients, with HRs of 1.63 to 1.75. Furthermore, the PD
patients were younger, with significantly lower rates of
vascular disease and in-hospital cardiacarrest, all factors
associated with lower mortality. We felt this observation
warranted further investigation to delineate potential
mechanisms and causes.

The objectives of the present study were to describe
the PD patients admitted to the ICU and to investigate
the outcomes of technique failure (TF) and mortality and
factors associated with those outcomes.

METHODS
STUDY POPULATION AND DESIGN

The study population consisted of all adults (=18
years of age) on PD admitted to any of 11 ICUs in Mani-
toba, Canada, (catchment area 1.2 million) between
January 2000 and December 2006, with follow-up to
30 June 2009.

DATA SOURCES

The study cohort was created by linking Manitoba’s PD
database (PD-MAN) with the Manitoba ICU databases as
described elsewhere (6,20). The Manitoba Renal Program
(MRP) database captures prospective data on patient
demographics, comorbid illness, date of dialysis initia-
tion, modality, TF, peritonitis, and death. Of roughly 1200
prevalent dialysis patients in Manitoba, 20% are on PD.
The Manitoba ICU databaseis a prospectively maintained
database that captures information on demographics,
physiologic and laboratory values, comorbidities, and
outcomes for all patients admitted. Each patient may
have up to 5 admission diagnoses on admission to the
ICU (1 primary and 4 additional diagnoses).

COHORT DEFINITIONS

Peritoneal dialysis was defined as the insertion of
a PD catheter: the date of PD initiation was the date of
PD catheter insertion. More than 95% of patients would
start PD within 30 days of insertion. Comorbidities were
defined as follows: “Diabetes mellitus” was either type 1
or 2. “Coronary artery disease” was any of the presence
of significant stenosis by angiography, a positive stress
test, history of an acute coronary syndrome, or coronary
artery bypass surgery; congestive heart failure by history
of pulmonary edema by imaging; peripheral vascular
disease by ankle brachialindex less than 1.0 or stenosis
on angiography; stroke by radiographic demonstration
ofanischemicevent, hemorrhage. or history of transient
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ischemic attack. The “distance to center” represents
the direct linear distance from the patient’s postal code
to the major PD hospital in Winnipeg, Manitoba, using
ArcView (version 9.3: ESRI, Redlands, CA, USA) using the
Vincenty formula (21). The peritonealand renal Kt/Vand
peritoneal equilibration testvalues used for the analyses
were those first recorded after patientsinitiated PD. The
PD modality was classified as either continuous ambula-
tory PD (CAPD) or continuous cycling PD based on the
modality that was prescribed the longest.

OUTCOME DEFINITIONS

The primary outcome was the composite of TF or death.
Technique failure was the date of PD discontinuation.

DATA ANALYSES

Continuous variables of interest are summarized as
mean or medians with standard deviations or inter-
quartile ranges, as appropriate. Differences in baseline
characteristics were determined using the Student t-test
for continuous variables and the chi-square or Fischer
exact test for dichotomous variables. Time-to-event
analyses were used to determine survival curves and
covariate associations. The Cox proportional hazards
model was used to determine multivariate associations
with the outcome of interest, with model selection based
on univariate p values and clinical significance. Variables
were removed from the model based on the significance
of the changeinthe -2 log likelihood. A competing-risk
survivalanalysis was performed to determine the earliest
eventof the outcomes of death or TFafter ICU admission.
Patients were censored at the end of the study period
or after experiencing an outcome of either death or TF.
The cumulative incidence was calculated as described by
Pintilie (22). All analyses were performed using PASW
(version 18.0: SPSS, Chicago, IL, USA).

RESULTS

During the study period, 990 patients started PD in
Manitoba, among which 95 (9.6%) were admitted to
the ICU. The crude rate of ICU admission in PD patients
was 13.3 admissions per 100 patient-years on PD (95
admissions per 713 patient-years on PD). Full data were
available for 90 patients (95% of those admitted), and
those patients were included in the analyses.

Table 1 presents the baseline characteristics of pa-
tients admitted to the ICU and those not requiring ICU
admission. Significant baseline differences for the pa-
tients requiring ICU admission compared with those not
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TABLE 1
Baseline Demographics, Causes of End-Stage Renal
Disease (ESRD), Comorbidities, and Peritoneal
Dialysis (PD) Characteristics of Patients
Requiring and Not Requiring Admission
to the Intensive Care Unit (ICU)

ICU Admission
Variable Yes No p Value
Patients [n (%)] 90(9.1) 901(90.9)
Demographics
Sex [n (% men)] 45 (50.6) 493 (54.8) 0.504
Mean age 61.2+14.8 59.4+15.0 0.278
Mean BMI 26.8+4.8  27.5+6.6 0.335
Distance from center (km)
Median 114.8 125.5 0.673
Interquartilerange  5-85 6-163
Race [ (%)]
Caucasian 55 (61.8) 581 (64.6) 0.565
Aboriginal 23(25.8) 210(23.3) 0.605
Asian 8(9) 70 (7.8) 0.681
Black 2(2.2)  12(1.3)  0.368
Other/unknown 1(1.1) 27 (3) 0.387
Cause of ESRD [n (%)]
Diabetes mellitus 43 (48.3) 390(43.3) 0.436
Glomerulonephritis 17 (19.1) 186 (20.7) 0.785
Hypertension 10 (11.2) 98(10.9) 0.861
Polycystic kidney 4(3.4)  39(4.3)  1.000
disease
Obstructive uropathy 4 (4.5) 39 (4.3) 1.000
Congenital uropathy 3 (3.4) 8(0.9) 0.070
Interstitial nephritis 1(1.1) 13 (1.4) 1.000
Malignancy 0(0) 13 (1.4) 0.621
Other 4(45)  61(6.8)  0.507
Unknown 3(3.4) 53 (5.9) 0.471

Comorbidities [ (%)]

Diabetes mellitus 48 (53.9) 439(48.7) 0.375

Coronary artery 19(21.1) 154 (17.1)  0.381
disease

Stroke 1(1.1) 18 (2) 1.000
Pel"1pheralvascular 6 (6.7) 37 (4.1) 0.269
disease

Antihypertensive
edications 66 (74.2) 587 (65.2) 0.101

PD characteristics
PD days before ICU admission
Median 1457 756
Interquartile range 580-1609 197-1052
CAPD [n (%)] 66 (74.2) 23(25.8) 0.016

<0.0001

Mean PET 0.69+0.16 0.70+0.13  0.430
Mean pKt/V 1.66£0.40 1.57+0.39  0.068
Mean rkt/V 0.80+0.59 0.84#0.62  0.651

BMI = body mass index; PET = peritoneal equilibration test;
pKt/V = peritoneal Kt/V; rkt/V = renal Kt/V.
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CRITICALILLNESS IN THE PD POPULATION

admitted were longer PD vintage (1457 vs 756 days, p <
0.0001) and a greater likelihood of being on CAPD (74%
vs. 26%, p =0.016). The average age of patients admit-
ted to the ICU was 61.2 years, and their most common
cause of ESRD and comorbidity was diabetes mellitus.
Most were high-average transporters with a total initial
Kt/V above 2.4.

Figure 1 presents the most common ICU admission
diagnoses. Owing to the medical complexity of patients
admitted to the ICU, most had more than 1 diagnosis
at admission; all causes of admission (n = 234) are pre-
sented. Ofalladmissions, 23% (54 of 234) were for sepsis
or peritonitis, with 3 of 54 (5.6%) having peritonitis as
the primary diagnosis and 37 of 54 (68.5%) having peri-
tonitis among any of the 5 admission diagnoses. Cardiac
disease (acute coronary syndrome, cardiogenic shock,
arrhythmias, post-cardiacsurgery, and congestive heart
failure) accounted for 117 of all admissions (50%).

Figures 2 and 3 depict the evolution of mortality and
TF. Death in the ICU occurred in a relatively modest 10%
of the cohort; 18.9% were permanently converted to
HD. At 6 months and 12 months post ICU admission,
57.6% and 46.7% of patients were alive, with 44% and
33%remaining on PD. A competing-risk survival analysis
(Figure 3) shows that most death and TF occurred within
the first 24 months post ICU discharge, with the initial
risk being greater for TF than for death until 14 months
post ICU discharge, after which the risk of death was
greater. The 1-year risks for death and TF were 30% and
36% respectively.

Tables 2 and 3 present the variables associated
with the composite outcome of TF or mortality. Uni-
variate associations with the composite outcome were
statistically significant for various ICU admission
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Figure 1 — Sepsis and cardiac disease were the most common
diagnoses in peritoneal dialysis patients at admission to the
intensive care unit. ACS = acute coronary syndrome; CHF =
congestive heart failure; GI = gastrointestinal.

31

For permission to reprint multiple copies or to order presentation-ready copies
for distribution, contact Multimed Inc. at marketing@multi-med.com



KHAN et al.
100 | ,
| M Died
80- ‘ M Alive on PD
he I Alive on HD
g 604 [] Transplanted
S 40-
20+
0.
N N N N
\0\0 e‘\o a"s’ 9‘\0
< & <&
& R &
S &é‘ <‘\‘,e
N o RS

Figure 2 — Proportional outcomes among peritoneal dialysis
(PD) patients admitted to the intensive care unit (ICU) and
with up to 12 months’ follow-up. Few patients remained on
peritoneal dialysis (PD) at 12 months. HD = hemodialysis.
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Figure 3 — Cumulative incidence curves for death and tech-
nique failure for peritoneal dialysis patients after admission
to theintensive care unit (ICU). The risk for death or technique
failure was highest early after discharge from the ICU, with
the risk for technique failure initially being greater than the
risk for death.

characteristics: mean arterial pressure, white blood cells
(WBCs), and heart rate. In multivariate Cox modeling,
patient age [HR: 1.01; 95% confidence interval (CI):
0.99 to 1.03], white blood cell count (HR: 1.02; 95% CI:
1.00 to 1.04), temperature (HR: 0.75; 95% CI: 0.61 to
0.92), and peritonitis (HR: 1.64; 95%(CI: 1.21t0 2.22) at
admission to the ICU were associated with the composite
outcome of TF or death.

DISCUSSION

Thereis a paucity of data regarding PD patients admit-
ted to the ICU. We found that, compared with PD patients
not requiring ICU admission, PD patients with criticalill-
nesses were more likely to be on CAPD and to have been on
dialysis longer. The most frequent admission diagnoses
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TABLE 2
Associations Between Long-Term Mortality or
Technique Failure and Intensive Care Unit (ICU)
Admission Characteristics in Peritoneal Dialysis (PD)
Patients Admitted to the ICU®

Characteristic HR 95% (I p Value
Demographics
Age 1.006 0.990to01.021 0.480
Sex (male) 1.046 0.677t01.618 0.839
Body mass index 0.973 0.927t01.021  0.263
Distance 0.999 0.998t01.000 0.210
Dialysis characteristics
Peritoneal 1.243  0.224106.898  0.804
equilibration test
Continuous
ambulatory PD 0.900 0.547t01.481 0.678
pKt/V 0.934 0.525t01.661 0.816
rkt/V 0.884 0.609to01.285 0.519
Comorbidities
Diabetes 1.134 0.731to 1.758 0.575
Coronary artery disease 0.799  0.368to0 1.737  0.571
Stroke 1.874  0.850t04.130  0.119
Hypertension 1.365 0.822to02.267 0.229
ICU admission characteristics
APACHE score 1.025 0.990to 1.061 0.162

0.980t00.998 0.020
1.001to 1.042 0.036

Mean arterial pressure 0.989
White blood cells 1.022

Temperature 0.834 0.688t01.011 0.065
Heartrate 1.008 1.003to 1.014 0.040
Sodium 1.051 0.995t01.109 0.074
Potassium 0.993 0.818t01.205 0.942

0.903t01.025 0.231
0.606 to 1.477  0.808
0.993t0 1.074  0.112

Glasgow coma scale  0.962
Mechanical ventilation 0.946
ICU length of stay 1.032

ICU readmission 1.177 0.635t02.180 0.605
Admission diagnosis

Peritonitis 2.299 1.168to04.524 0.016
Sepsis 1.391 0.891to2.172 0.147
Cardiac 0.732 0.460to 1.164 0.187
Congestive heart failure 1.432  0.197 to 10.399  0.723
Abdominal 0.787 0.491t01.262 0.321
compartment syndrome

Arrhythmia/arrest 1.170 0.563to02.431 0.674

HR = hazard ratio; CI = confidence interval; pKt/V = perito-

neal Kt/V; rKt/V = renal Kt/V; APACHE = Acute Physiology and

Chronic Health Evaluation.

2 Univariate hazard ratios determined by Cox proportional
hazards models with p < 0.05 considered significant.

wereinfection orsepsis, and cardiacdisease. Furthermore,
long-term outcomes after ICU discharge were poor, with
high rates of TF and mortality. Physiologic factors (high
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TABLE 3
Associations Between Long-Term Mortality or Technique Failure and Intensive Care Unit (ICU) Admission
Characteristics in Peritoneal Dialysis Patients Admitted to the ICU?

Characteristic Increment HR 95% (I p Value
Age Each additional year 1.01 0.99to0 1.03 0.229
Peritonitis Admission diagnosis 1.64 1.21to0 2.22 0.001
White blood cells Each 106 cells/L 1.02 1.0to 1.04 0.08
Temperature Each degree Celsius 0.75 0.61t00.92 0.006

HR = hazard ratio; CI = confidence interval.

@ Multivariate hazard ratios determined by Cox proportional hazards models with p <0.05 considered significant.

WBCs and low temperature) upon admission to the ICU
and admission for peritonitis were predictive of these
poor outcomes.

Death and TF were common in our cohort, with the
greatest risk occurring within the first 2 years after ICU
discharge. Mortality in the ICU itself was relatively low
at 10%; however, that percentage climbed rapidly to
42% at 6 months post ICU admission, meaning that one
third of patients who survive their ICU admission will die
within 6 - 12 months. Those findings were confirmed in
a competing-risk survival analysis that accounted for
death or TF as individual outcomes (23-26).

The risk of death starts to plateau at between 12 and
24 months (Figure 3), approaching the pre-ICU admis-
sion mortality. This high risk of death in the immediate
post-ICU care period has been demonstrated in other
cohorts and implies a high level of fragility in the ESRD
population (11,19,27,28).

Roughly one fifth of PD patients admitted to the ICU
are converted to HD. Criticalillness appears to be a nidus
for TF, and that risk persists steadily over time, increas-
ing to 36% at 1 year (Figure 3). Comparing the risks of
TF and mortality, TF is highest in the first 14 months,
after which the risk of mortality is greater. At the end of
1 year, only 12% of the initial cohort remained alive on
HD, suggesting that most who experienced TF died. Thus,
TFis potentially a poor prognostic sign. The reasons for
TF were not captured; however, it is plausible that the
cause of the ICU admission (peritonitis, gastrointestinal
illness) or changes in the patient’s functional status
after critical illness, or both, may significantly impair
the ability to perform PD.

The rate of ICU admission among PD patients appears
relatively low at 13.3 admissions per 100 patient-years
on PD (95 admissions per 713 patient-years on PD).
The crude rate of ICU admission in the overall ESRD
cohort (PD and HD combined) was greater at 19.5 per
100 patient-years, illustrating that HD patients require
more ICU admissions and likely experience more critical

This single copy is for your personal, non-commercial use only.

illness (6). Taken in context, PD patients may experience
poor outcomes after ICU admission, but they require far
fewer ICU admissions and likely experience fewer critical
illnesses than their HD counterparts.

For our composite outcome of TF or death, the pre-
dictive factors were largely physiologic variables (high
WBCs and low temperature) obtained at the time of
ICU admission. That finding is consistent with those
from other ICU studies in the general population that
have led to the development of numerous predictive
and illness severity scores (for example, APACHE, the
Acute Physiology and Chronic Health Evaluation) with
an emphasis on admission physiology (29,30). In our
univariate and multivariate models, the APACHE score
was not associated with outcomes, calling into question
whether ICU scoring systems developed in the general
population are predictive in ESRD, and specifically PD,
patients. Future investigations should look specifi-
cally at developing and validating tools tailored for the
ESRD population.

Peritonitis is a frequent complication in PD, with a
wide spectrum of illness severity from low acuity infec-
tion requiring outpatient therapy, to criticalillness and
sepsis (31-36). Over our 6-year study period, 3 admis-
sions to the ICU were attributable to a primary diagnosis
of peritonitis (0.4 admissions per 100 patient-years on
PD). In 34 ICU admissions, peritonitis was listed as the
primary or a concurrent diagnosis (4.8 episodes per 100
patient-years on PD). In our total PD cohort over the
same period, the rate of peritonitis was 65.0 episodes
per 100 patient-years, meaning that roughly 0.6% of
all episodes of peritonitis required ICU admission for
primaryillness, a percentage thatincreases to 7% of all
peritonitis episodes if primary and concurrent diagnoses
are both considered. That findingisinteresting, because
it suggests that peritonitis per se is rarely identified as
the primary cause for criticalillness, and yet its compli-
cations—sequelae such as volume overload, respiratory
failure, or metabolic complications—may be leading to
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ICU admission. Whether the episodes of peritonitis that
required ICU admission represent true primaryinfections
of the peritoneum, or secondary infections because of
sepsis from another source or gastrointestinal illness,
remains unclear. Of concern is the significant mortality
associated with a primary or concurrent diagnosis of
peritonitis in both the univariate and the multivariate
models. Emphasis should be placed on early detection,
a high index of suspicion, and aggressive goal-directed
therapy for peritonitis.

Among the several studied risk factors for admission
to the ICU, 2 were found to be significantly different
between the groups. Compared with PD patients who
were not admitted to the ICU, those who were admitted
had been on dialysis longer (756 days vs 1457 days re-
spectively) and were more likely to be on CAPD (n = 66,
74.2%, p=0.016). These observations may all be a result
of survival bias, because patients with prolonged survival
will have a higher chance of experiencing a critical ill-
ness. Furthermore, foradequate clearance, patients with
higher peritoneal transport status are often converted
early to continuous cycling PD, and higher peritoneal
transport is associated with an increase in mortality
(37,38). Alternatively, the suggestion that CAPD patients
have higher rates of peritonitis and volume overload is
controversial but, iftrue, could predispose them to criti-
cal cardiac disease orinfection, an observation reported
in other cohorts (39-42).

Our study has numerous limitations that need to be
addressed. First, it used registry administrative datasets
that might be limited in accuracy and validity. Patients
classified in the ICU database as ESRD receiving PD were
therefore cross-validated with our PD-MAN database.
The decision to convert a patient to HD is often clinical
and prone to subjectivity. Our study would have been
strengthenediftheindication for TF had been known. The
lack of thisinformation limited theinterpretation of our
results, which must be viewed as hypothesis-generating
only. Because up to 5 admission diagnoses were recorded,
it may have been difficult to discern primary from concur-
rentadmission diagnoses because of the complexities of
criticallyill patients. Data about the HD modality used in
the ICU (intermittent or continuous renal replacement
therapy) were notavailable. Because of our small cohort
size and few endpoints, the multivariate models could
account only for a limited number of variables. Lastly,
Manitoba has a unique population with a high number
of aboriginal PD patients who are often younger, have
high rates of diabetes, and experience higher rates of
peritonitis and mortality (20). Thus, our findings have
limited generalizability and require confirmation in
other cohorts.
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CONCLUSIONS

This study describes the admission diagnoses, out-
comes, and factors predictive of outcome in a cohort
of PD patients admitted to the ICU. Critical illness in
the PD population leads to high rates of TF and death in
long-term follow-up. Physiologic characteristics and a
diagnosis of peritonitis at time of admission are predic-
tive of subsequent outcomes. Further investigations
to help tailor care and improve prognostication in this
population is warranted.
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