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ADVANCED NURSING EXPERIENCE IS BENEFICIAL FOR LOWERING THE PERITONITIS
RATE IN PATIENTS ON PERITONEAL DIALYSIS
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¢ Objectives: We explored the relationship between the
experience level of nurses and the peritonitis risk in peri-
toneal dialysis (PD) patients.

¢ Methods: Our observational cohort study followed 305 in-
cident PD patients until a first episode of peritonitis, death,
or censoring. Patients were divided into 3 groups according
to the work experience in general medicine of their nurses—
thatis, least experience (<10 years), moderate experience
(10 to <15 years), and advanced experience (>15 years).
Demographic characteristics, baseline biochemistry, and
residualrenal function were also recorded. Multivariate Cox
regression was used to analyze the association of risks for
all-cause and gram-positive peritonitis with patient train-
ing provided by nurses at different experience levels.

¢ Results: Of the 305 patients, 91 were trained at the
initiation of PD by nurses with advanced experience, 100
by nurses with moderate experience, and 114 by nurses
with the least experience. Demographic and clinical vari-
ables did not vary significantly between the groups.
During 13 582 patient-months of follow-up, 129 first
episodes of peritonitis were observed, with 48 episodes
being attributed to gram-positive organisms. Kaplan-Meier
analysis showed that training by nurses with advanced
experience predicted the longest period free of first-
episode gram-positive peritonitis. After adjustment for
some recognized confounders, the advanced experience
group was still associated with the lowest risk for first-
episode gram-positive peritonitis. The level of nursing
experience was not significantly correlated with all-cause
peritonitis risk.

¢ Conclusions: The experiencein general medicine of nurses
might help to lower the risk of gram-positive peritonitis
among PD patients. These data are the first toindicate that
nursing experience in areas other than PD practice can be
vitalin the training of PD patients.
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or patients on peritoneal dialysis (PD), adequate

training and ongoing support are extremely impor-
tant (1-4), especially given the recent rapid increase in
the number of elderly patients with significant learning
disabilities and marked comorbidities (5). Although no
standards had been published to guide the training and
education process until recently (4), theimportance of PD
nurses as trainers has now been highlighted (2-4,6,7).

Peritonitisis the main cause of hospitalization, tech-
nique failure, and even mortality in PD patients. Given
that peritonitis can be prevented by strengthening train-
ing in connection techniques and exit-site care (8-10),
we hypothesized that a professional PD nursing team
can lower the risk for peritonitis. However, evidence of
an association between the experience of PD nurses and
peritonitis rates is limited. In the only relevant study,
Chow et al. observed a negative association between the
length of time the nurse-trainer had beenin PD practice
and the peritonitis incidence (6). In that study, the
authors defined “experience” as the number of years a
nurse had been in practice in the dialysis unit. However,
nursing experience in general medicine might be more
helpful than experiencein PD practice alone for dealing
with PD patients having numerous comorbid conditions
(4). In addition, communication and counseling skills,
which are critical in establishing good nurse-client re-
lations with patients and their family members so as to
provide efficient training, are likely betterin nurses with
advanced experience in general medicine.

The PD program at the Peking University First Hospital
has been in operation since 2002. In the first 2 years,
nurses with varying durations of experience in general
medicine were recruited from various wards and trained
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to be PD nurse specialists. We therefore had a unique
chance to demonstrate, in a cohort study, the effect of
nursing experience in general medicine on the risk of
peritonitis in PD patients.

METHODS
SUBJECTS AND FOLLOW-UP

Our observational cohort study ofincident PD patients
was conducted between July 2002 and February 2007. All
patients recruited had a dialysis vintage of more than 6
months and were regularly followed (at least once every
3 months). Patients were followed until they experienced
a first episode of peritonitis or until censoring at death,
transplantation, transfer to hemodialysis, or study end
(April 2010).

Prophylactic cefazolin was administered before
Tenckhoff catheter placement in all patients. Catheter
and exit-site care in the postoperative period was per-
formed as recommended (11). After catheter placement,
dialysis was promptlyinitiated using a twin-bag connec-
tion system (Baxter Healthcare, Guangzhou, China) and
lactate-buffered glucose PD solutions. The study was
approved by the Medical Ethical Committee of Peking
University. Written informed consent was obtained from
every patient.

TRAINING AND RETRAINING PROGRAM

Training of a PD Nurse: During the first 2 years of
operation of the new PD center, 10 female nurses
(30.2 £ 6.5 years of age) were recruited and trained as
PD nurse specialists. Before that, they had received basic
training in nursing school for 3 years and had practiced
ina medical ward for various durations. Specifically, the
differencein the length of their PD practice was less than
2 years, butwith regard to general medicine, 4 nurses had
less than 10 years of experience (“least experience”), 3
had between 10 and 15 years of experience (“moderate
experience”), and 3 nurses had more than 15 years of
experience (“advanced experience”).

For 3 months, a full-time professional doctor coached
the first 2 nurses on PD techniques, including PD con-
cepts, catheterization, aseptictechnique, exchange pro-
cedures, exit-site care, communication skills, and adult
learning. The PD team also established a dialysis hand-
book for new PD patients, providing information about
how to perform exchangesindependently and correctly,
and about aspects of volume control, blood pressure and
glucose monitoring, diabetic foot care, travel, rehabilita-
tion, and so on—all of which were extremely helpful for

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

NURSING EXPERIENCE AND PERITONITIS RATE

the nurses as well as the PD patients. Afterward, the first
2 nurses took charge of training, taught fresh PD nurses
as part of their everyday practice (each for 1 month).
Thus, inthe first 2 years of center operation, 10 qualified
PD nurses were trained. All the PD nurses also attended
the continuing education sessions held by the hospital’s
nursing department regardless of their experience level
in general medicine.

Training and Retraining of a PD Patient: A primary
nurse was randomly assigned to each patient at PD ini-
tiation. The nurses were not involved in selecting their
patients; training assignments were made on a rotation
basis. The standard initial training program lasts for3-5
days or 5 - 7 sessions (1 - 2 hours per session). During
theinitial training, all patients receive video and verbal
instruction on how to perform exchanges safely, how to
recognize contamination or infection, and how to re-
spond promptly to suspected contamination. Patients or
theirassistants are allowed to practice the PD procedure
untilit can be skillfully performed. Within the 1st month
of PD, patients or their assistants can request to practice
the procedure in the clinic if they need retraining, but
home visits are not routinely arranged. Details of the
training procedures have been published elsewhere (12).
The ratio of nurses to patients in the training program
was 1:1.

The retraining program consists of an exchange pro-
cedure check for patients who develop peritonitis, with
individual retraining in exit-site care and connection
techniques based on the findings during the procedure
check, and group meetings focused on exit-site care and
connection techniques periodically given by nurses and
physicians to the entire cohort.

DEMOGRAPHIC AND BIOCHEMISTRY DATA

Demographics and comorbidities—including age, sex,
height, weight, body mass index (BMI), literacy, annual
income, need for assistance (exchanges performed by
a family member or home assistant), diabetes, and
Charlson comorbidityindex (CCI)—were recorded within
the week preceding PD catheter implantation (13,14).
Albumin, hemoglobin, dialysis adequacy, residual renal
function, and peritoneal transport rate were evaluated
during the first 3 or 6 months as baseline values. One
day before a clinic visit, 24-hour urine and effluent
were collected.

Residual renal function was defined as the math-
ematical mean of renal clearance of urea and creatinine.
Peritoneal transport rate was assessed as the 24-hour
dialysate-to-plasma ratio (D/P) of creatinine. Peritoneal
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dialysate protein losses were measured using the 24-hour
effluent collection. Biochemical parameters were exam-
ined using an automated analyzer.

PERITONITIS

The primary outcome was theincidence of peritonitis.
Peritonitis was defined as the presence of at least 2 of
the following conditions: abdominal pain or tenderness;
presence of white blood cells in peritoneal effluent in
excess of 100/mL, with at least 50% polymorphs; and
positive dialysate culture results. Gram staining and
cultures of dialysate effluent were performed for patients
with peritonitis episodes. Peritonitis was treated using
the standard recommended antibiotic protocol (11).
Peritonitis rates were calculated by totaling the periods
of PD treatment in all the study patients and dividing
that total by the number of episodes of peritonitis that
occurred during that time.

STATISTICAL ANALYSES

Statistical analyses were performed using SPSS for
Windows (version 15.0: SPSS, Chicago, IL, USA). All
continuous data are expressed as mean + standard
deviation. Nonparametric data are presented medians,
with 25th - 75th percentile intervals. Categorical vari-
ables are expressed as percentages or ratios. Baseline
differences between the study groups were assessed
using the chi-square test for categorical variables and
t-tests or Mann-Whitney tests for continuous variables,
as appropriate. Kaplan-Meier survival curves were plot-
ted for the hypothesized relationships, and differences
between the groups were assessed using the log-rank
test. A multivariate Cox proportional hazards regres-
sion model was used to predict the hazard of developing
dialysis-related peritonitis. Analyses were censored at
death, transplantation, and transfer to hemodialysis.
The dependent variable was the time to first dialysis-
related peritonitis. Hazard ratios (HRs) and 95% confi-
denceintervals (CIs) were calculated in the Cox models,
which were adjusted for covariates that are believed to
be potential confounders in peritonitis-free survival.
On the basis of our previous work and that of others,
variables that were used for modeling included age,
sex, presence of diabetes mellitus, CCI, literacy, annual
income, BMI, baseline albumin, hemoglobin, residual
renal function, peritoneal protein loss, D/P creatinine,
assisted PD, and training by nurses with various dura-
tions of experience in general medicine. All probabili-
ties were two-tailed, and the level of significance was
setat0.05.
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RESULTS

Table 1 provides information about the 305 patients
who were eligible for inclusion in the study. This cohort
[129 men; median age: 62 years (range: 19 - 94 years);
123 with diabetes; 115 (37.7%) being assisted with PD]
had a total of 13 582 patient-months on PD. During
that time, 129 first episodes of peritonitis occurred (48
gram-positive, 34 gram-negative, 3 fungi, 31 culture-
negative, 13 with no culture result). The median time to
first-episode peritonitis was 31 months (range: 18 - 52
months). The overall peritonitis rate during that time
was 1 episode in 55.66 patient-months—that is, 244
episodes in 13 582 patient-months. The first-episode
peritonitis led to 16 permanent transfers to hemodialysis
(12.4%) and 17 deaths (13.2%); 96 patients remained
on PD (74.4%).

Of the study cohort, 91 patients were trained and
managed by nurses with advanced experience, 100 by
nurses with moderate experience, and 114 patients by
nurses with least experience. Demographic and other
clinical variables such as age, sex, literacy, annual in-
come, BMI, presence of diabetes mellitus, CCI, baseline
serum albumin, hemoglobin, and residual renal function
did not vary significantly between those groups. Nei-
ther did the total follow-up period or the distribution
of dropouts. The percentage of patients being assisted
with PD was higher in the group taught by nurses with
advanced experience (p = 0.02). In the least-, moder-
ate-, and advanced-experience groups, the peritonitis
rates were 1 episode in 45.8, 52.81, and 70.29 patient-
months respectively.

We further analyzed the differences between the
groups in the risk for all-cause and gram-positive peri-
tonitis. Kaplan—-Meier analysis showed that the patients
trained by nurses with advanced experience had a signifi-
cantly longer period free from gram-positive first-episode
peritonitis (p = 0.02 compared with patients trained by
nurses having moderate experience and p=0.003 com-
pared with those trained by nurses having least experi-
ence, Figure 1). After adjustments for age, sex, body
mass index, residual renal function, hemoglobin, serum
albumin, peritoneal protein loss, peritoneal transport
rate, diabetes, CCI, education, income level, and assisted
PD, peritonitis-free survival varied significantly with
respect to the level of experience of the nurse providing
PD training (Table 2). Compared with patients trained by
nurses with advanced experience, those trained by nurses
with moderate experience showed a trend to a higher
risk for first-episode gram-positive peritonitis (HR: 2.69;
95% (CI: 1.03t0 6.98, p=0.04); patients trained by nurses
with the least experience had a significantly higher risk
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(HR: 3.16; 95% (I: 1.20t0 8.30, p=0.02). The difference
intherisk for first-episode gram-positive peritonitis was
notsignificantly different between the groups trained by
nurses with moderate and least experience (p = 0.56).
Being trained by a nurse with advanced experience did
not resultin a significantly longer time to first-episode
all-cause peritonitis (Figure 2) or predict a lower perito-
nitis risk (Table 2) in a multivariate Cox regression model
afteradjustment forthe earlier-mentioned variables. The
gram-negative peritonitis risk did not vary between the
groups (p =0.27, data not shown).

Baseline albumin independently predicted all-cause
and gram-positive peritonitis (all-cause HR: 0.90; 95%
CI: 0.85 to 0.95; p < 0.001; gram-positive HR: 0.85;
95% (I: 0.78 t0 0.93; p < 0.001). Peritoneal protein loss
was also associated with all-cause and gram-positive
peritonitis (all-cause HR: 1.10; 95% CI: 1.01 to 1.19,
p =0.03; gram-positive HR: 1.19; 95% (I: 1.03 to 1.38;
p=0.02).

NURSING EXPERIENCE AND PERITONITIS RATE

DISCUSSION

In this cohort study, a strong and independently
positive association was found between the experience
in general medicine of PD nurses and peritonitis-free
survival in PD patients. Being trained and managed by
nurses with advanced experience was associated with
a decreased risk for gram-positive peritonitis (but not
all-cause peritonitis), indicating a lesser possibility for
touch contamination during exchanges. To the best of
our knowledge, this study is the first to explore the re-
lationship between the experience in general medicine
of PD nurses and outcomes in PD patients.

Although our data cannot directly address the rea-
son for the association between nursing experience in
general medicine and peritonitis, several explanations
are likely. First, the communication and counseling
skills of more experienced nurses might be better than
those of less experienced nurses. A nurse with advanced

TABLE 1
Baseline Characteristics of the Study Patients®

Patients by experience of the primary nurse

All Least Moderate Advanced
Variable patients (<10) (10 to <15) (=15)
Demographics
Patients (n) 305 114 100 91
Age (years) 59.42+14.17 59.47+14.28 59.76+14.00 58.99+14.38
Sex [men (%)] 42.3 38.6 46.0 42.9
Literacy [>high school (%)] 27.2 27.2 26.0 28.6
Annualincome [>20000 yuan (%)] 32.1 28.1 31.0 38.5
Assisted PD (%)® 37.7 45.1 40.6 26.4
Clinical variables
Body mass index (kg/m?) 23.41£3.78 23.01+4.21 23.62+3.45 23.66+3.54
Diabetes mellitus (%) 40.3 43.9 42.0 34.1
Charlson comorbidity index 5.84+3.87 6.34%4.00 5.61+3.46 5.44+4.08
Laboratory variables at baseline
Serum albumin (g/L) 35.60+4.15 35.14+3.82 35.84+4.30 35.91+4.38
Serum hemoglobin (g/L) 102.57+16.44 103.17+15.77 103.44+16.97 100.81+16.73
Residual renal function (mL/min) 4.00+4.49 3.71+4.10 4.39+3.48 3.93+5.81
Follow-up and outcome
Total follow-up (months)
Mean 45 48 45 41
Range (26-59) (28-61) (27-59) (24-58)
Peritonitis (patient-months/episode) 55.66 45.8 52.81 70.29
Death (%) 41.6 42.9 40 41.8
Transfer to hemodialysis (%) 9.18 8.77 13 5.49
Transplantation (%) 9.83 6.14 10 14.3
Others (%) 2.62 2.63 2 3.29
2 Values are mean + standard deviation, or median (25th-75th percentile), with or without percentage.
b p=0.02 for all between-groups comparisons.
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experience is more likely to be competent in teaching
and helping patients to follow the instructional steps
of sterile dialysis exchange technique. At the start
of training, the nurse should first understand the
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Figure 1 — Kaplan-Meier curves show the cumulative prob-
ability of gram-positive peritonitis-free survival according to
the years of experience of the nurse providing care. Survival
was significantly better in patients trained by nurses with 15
or more years of experience than in patients trained by nurses
with between 10 and 15 years of experience and with less than
10 years of experience.
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physiologic and psychological status of each patient
and judge whether that patient is really prepared to
take in important information. During the training
process, a nurse with advanced experience must be
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Figure 2 — Kaplan-Meier curves show the cumulative prob-
ability of all-cause peritonitis—free survival according to
the years of experience of the nurse providing care. Sur-
vival was not significantly different in patients trained by
nurses with 15 or more years of experience, with between
10 and 15 years of experience, and with less than 10 years
of experience.

TABLE 2
Independent Predictors of All-Cause and Gram-Positive Peritonitis (Cox Proportional Hazards Analysis)

All-cause peritonitis

Gram-positive peritonitis

Variable HR 95% (I p value HR 95% (I p value

Male 0.78 0.51to 1.20 0.25 0.61 0.29to 1.27 0.18
Age (per 1 year) 1.00 0.99 to 1.02 0.97 1.01 0.98 to 1.04 0.48
Body mass index (per 1 kg/m?) 0.99 0.94 to 1.05 0.79 0.99 0.90to 1.09 0.89
Residual renal function (per 1 mL/min) 0.99 0.94 to0 1.05 0.82 1.04 0.96 to 1.14 0.32
Hemoglobin (per 1 g/L) 0.99 0.98t0 1.01 0.52 1.05 0.99 to 1.04 0.19
Albumin (per 1 g/L) 0.90 0.85t00.95 <0.001 0.85 0.78t00.93 <0.001
Peritoneal protein loss (per 1 g/d) 1.10 1.01to0 1.19 0.03 1.19 1.03t0 1.38 0.02
D/P creatinine (per 0.1) 1.39 0.45t0 4.31 0.57 1.02 0.13t0 8.19 0.99
Diabetes mellitus (present) 1.09 0.66t0 1.81 0.73 1.11 0.48t0 2.56 0.80
Charlson comorbidity index (per point) 0.99 0.94 to 1.06 0.81 0.89 0.79to 1.01 0.08
Literacy (beyond high school) 0.82 0.50to 1.34 0.43 1.12 0.51to 2.52 0.77
Annualincome (=20 000 yuan) 1.39 0.92to 2.11 0.12 1.72 0.86 to 3.42 0.12
Assisted PD (with assistant) 0.73 0.46 to 1.16 0.19 0.64 0.29 to 1.40 0.26
Experience of nurse

Advanced (reference) 1.00 NA 1.00 NA

Moderate 1.28 0.79 to 2.08 0.31 2.69 1.03t06.98 0.04

Least 1.59 0.96 to 2.62 0.07 3.16 1.20to0 8.30 0.02

HR = hazard ratio; (I = confidence interval; D/P = dialysate-to-plasma ratio; PD = peritoneal dialysis; NA = not applicable.
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sensitive enough to recognize the obstacles encoun-
tered by patientsin performing exchanges, such as weak
eyesight, impaired functional ability, or cognitive
dysfunction. Accordingly, a nurse with advanced ex-
perience will recommend a practical study plan using a
negotiated care strategy, as they were observed to doin
training on volume management (15). Also, a nurse with
advanced experience might be good at inspiring pa-
tients to ask questions, providing immediate feedback
during learner practice, and motivating patients or
their assistants to do their best (16). During interac-
tions, nurses with advanced experience can establish
a good nurse-client relationship with patients and
their family members (2), a step that has been cited as
critical by all patients in terms of how those patients
perceive the organization and structure of the PD
facility (7). We presumed that all the foregoing skills
might be strengthened with longer experiencein nursing
practice. A second reason for our finding is that broad-
based experience in general medical or general surgical
nursing (or both) areimportant for PD nurses (3,4). Given
that various comorbidities are present throughout the
PD population, nurses with advanced experience might
help patients to detect peritonitis earlier and to prevent
peritonitis episodes. However, the foregoing explana-
tions must be further explored because we did not collect
data to support these hypotheses.

Our findings suggest that an understanding of PD-
related techniquesis not enough for new PD nurses before
they start to train PD patients. Formal preparation by
education specialists in the principles of adult learn-
ing is very desirable for PD trainers (4). Because most
health professionals have received no formal preparation
for patient education (17), a PD nurse with advanced
experiencein general medicine hasa critical role to play
in continuously improving the quality of therapy through
a well-constructed training program. To our knowledge,
there are few clinical disciplines in which nurses play
such a pre-eminentrolein total patient careasin PD (3).
The PD nurses are readily identified by patients as the
principal source of advice on dialysis, medication, diet,
and rehabilitation. Compliance with or adherence to
therapy by patients depends chiefly on a successful
therapeutic alliance: the contract established be-
tween patient and trainer (18). Therefore, nurses with
advanced experience should share with other nurses
their deep understanding of the importance of the
nurse in helping patients to practice PD safely and of
how mutual cooperation can ultimately facilitate
successful PD (19). More studies need to be designed
to further explore the efficacy of communication skills
training for nursesin terms of improving the compliance
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of PD patients; such studies have already looked at the
practice of nurses dealing with cancer patients (2,20).

The present study was a relatively large cohort study,
and thefirstto evaluate the association between nursing
experienceand outcomesin PD patients, highlighting the
role of nurses. Nursing practicein general medicineis an
advantage for a PD nurse who must establish a strong
and beneficial association with PD patients, suggesting
that accumulation of experience is not limited to the PD
specialty. Continuing education for PD nurses should
always be emphasized.

We also recognize the limitations of our study. First,
the observational design arguably cannot preclude bias.
For example, patients trained by nurses with advanced
experience were likely to need assistance with their ex-
changes. Theyalso had a higherannualincome compared
with patients trained by the nurses with moderate and
least experience. However, nurses who provided training
did not select their patients; training occurs on a rota-
tion basis in our unit. In any case, neither assisted PD
notincome level were predictors of peritonitis riskin the
multivariate regression model. Second, our single-center
study results cannot be extrapolated to other centers
without confirmation with a sufficiently large sample
size and long-term follow-up. Finally, this observational
study lacked an objective assessment of the communica-
tion skills or training efficacy of the nurses, and further
work should be done to explore the potential reasons for
the association we observed.

CONCLUSIONS

Preparing patients to perform home dialysis safely
and comfortably is a daunting task (4). Greater general
medicine experience of nurses was found to be associ-
ated with a decreased risk for first-episode gram-positive
peritonitisamong PD patients. These data are the first to
indicate that nursing experience outside of PD practice s
vitalin nurses who are training PD patients. The potential
reasons for this association need to be further explored.
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