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Abstract

Background: Peritoneal dialysis (PD) care in mainland China has been progressing in the past 10 years.

Objective: To complement information from the dialysis registry, a large-scale nationwide survey was conducted to investigate
the current infrastructure and management of PD care at hospitals of different tiers.

Methods: A web-based multiple-choice questionnaire was distributed through the National Center for Nephrology Medical
Quality Management and Control to PD centers of secondary and tertiary hospitals in October 2020. The 2-part survey collected
the information of PD centers and the clinical management of patients on PD. A total of 788 effective surveys from 746 hospitals
were voluntarily returned, and data were extracted and analyzed.

Results: The effective survey data covered 101,537 patients on PD, with 95% (96,460/101,537) in the tertiary hospitals. The
median number of patients per PD center was 60 (IQR 21-152); this number was 32 (IQR 8-65) and 70 (IQR 27-192) for secondary
and tertiary hospitals, respectively. There was a discrepancy in the availability of designated physical areas for different functions
of PD care between the secondary and tertiary hospitals. The proportion of tertiary hospitals with PD training (P=.01), storage
(P=.09), and procedure area (P<.001) was higher compared to secondary hospitals. PD catheter placement was performed in 96%
(608/631) of the PD centers in tertiary hospitals, which was significantly higher compared to 86% (99/115) in secondary hospitals
(P<.001). Automated PD was available in 55% (347/631) of the tertiary hospitals, which was significantly higher than that in
secondary hospitals (37/115, 32%) according to the survey (P<.001). The most commonly performed PD module was continuous
ambulatory peritoneal dialysis (772/788, 98%), followed by intermittent peritoneal dialysis (543/788, 69%). The overall reported
nocturnal intermittent peritoneal dialysis was 31% (244/788); it was 28% (220/788) for continuous cycling peritoneal dialysis
and 15% (118/788) for tidal peritoneal dialysis. Comparisons between the secondary and tertiary hospitals revealed no significant
differences in prophylactic antibiotic use for PD catheter placement and therapeutic use for peritonitis. The first peritoneal
equilibrium test was conducted in 58% (454/788) of patients at 4-6 weeks after initiation of PD, and 91% (718/788) reported at
least one peritoneal equilibrium test per year. Overall, 79% (570/722) and 65% (469/722) of PD centers performed assessment
for dialysis adequacy and residual kidney function, respectively; and 87% (685/788) of patients on PD were followed every 1 to
3 months for laboratory and auxiliary examinations.

Conclusions: This national survey reflects the current status and disparities of PD center management in mainland China. The
study results suggest that the PD care needs to be more conveniently accessible in secondary hospitals, and quality management
and staff training in secondary hospitals are still in high demand.

(JMIR Public Health Surveill 2023;9:e39568) doi: 10.2196/39568
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Introduction

It was not until the late 1990s that peritoneal dialysis (PD)
started to grow rapidly in academic hospitals in large cities of
mainland China [1]. Although those top PD centers gained
significantly improved clinical outcomes in the late 2000s, the
accumulated experiences were shared through published
materials of standard operating procedure (SOP) for PD
management [2] and through organized training materials [3]
and courses from 2011 to 2012.

In China, the pyramid of the health care system is constructed
by 3 tiers of hospitals and community convenient clinics. There
were about 3000 tertiary hospitals and more than 10,000
secondary hospitals in China according to the 2020 China Health
Care Development Statistics [4]. The tertiary hospitals are the
top-level hospitals usually located in regional capitals, serving
as teaching hospitals as well as medical care providers to
manage complex and incurable diseases. The primary hospitals
and clinics are often the service providers for long-term disease
follow-up, general prescription renewal, and preventive care.
Health care workers at tertiary hospitals and in large cities
tended to have better exposure to up-to-date medical knowledge,
clinical management concept, and more training opportunities
for advanced procedures. More patients in end-stage kidney
disease (ESKD) choose PD as their renal replacement therapy
due to continuing increase in the prevalence and incidence of
ESKD [5,6], average educational level of the patients,
availability and accessibility of PD resources, and better policy
support. In the recent 10 years, PD service is available not only
in leading tertiary hospitals but also in secondary hospitals,
which has raised a concern about the sufficient governance of
PD care quality.

In mainland China, there has been a nationwide registry for
dialysis—Chinese National Renal Data System (CNRDS)
[7-9]—along with some independent provincial-level databases
[10-12] that mostly record clinical and socioeconomic outcomes.
Detailed facility infrastructure data, especially for PD centers,
are not available in these databases. Although some data related
to the concept and behavior of PD care providers (such as the
common follow-up parameters, check-up schedule, and the use
of medicine for comorbidities and peritonitis) are included in
the dialysis registries, these data are largely not spontaneously
reported. In addition, some of the information about the reasons
that hindered PD as the choice for renal replacement therapy

are not collected by the registries. Moreover, previously reported
results from large-scale, real-world studies or analysis of registry
data did not include information from the recent 2 years [12-14].
Thus, there is a strong need to have another way to collect
real-world PD care data and elicit relevant information for better
PD care in the future.

To complement a comprehensive picture of current PD practice
in mainland China, a national survey was designed focusing on
hospital infrastructure for PD as well as conceptual modalities
and goals for management of patients on PD. By October 2020,
the time when the questionnaires were distributed, data from
CNRDS showed that there were about 1000 hospitals offering
PD service, with only few in primary hospitals.

Methods

Participants
From September to October 2020, according to the information
in the CNRDS, renal divisions from tertiary and secondary
hospitals known to have or likely to have PD programs were
invited to the web-based survey. Through the National Center
for Health Care Quality Management in Nephrology Diseases,
the invitation QR code and questionnaire instruction pack was
first sent to each provincial Center for Health Care Quality
Management in Nephrology Diseases and then distributed to
physicians whose practice field was PD. Survey results were
voluntarily submitted by participating centers and practitioners.

Survey Design
A multiple-choice type of questionnaire was designed and tested
in a pilot group before being distributed to the target
respondents. Detailed questions included in the survey are listed
in Table 1. The questionnaire consisted of 2 parts. The first part
collected the information of the hospital or PD center, including
the location and health care level of the facility (secondary or
tertiary), availability of nephrology and dialysis care resources,
regulatory rules on PD, number of current patients on PD, and
the types of PD performed.

The second part of the survey addressed practice concepts or
the current situation of clinical management for patients on PD.
The questions covered PD catheter placement and care; use of
peritoneal equilibrium test (PET); regular follow-up schedule
and items; as well as management of common complications,
including peritonitis, anemia, and hypertension.
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Table 1. Survey items listed in the questionnaire for peritoneal dialysis (PD).

ItemCategory

Facility-related survey items • Name and location of the hospital
• Administrative ranking of the hospital (secondary hospital or tertiary hospital)
• Number of current patients on PD
• Types of PD performed in your center
• Diseases treated with PD in your center
• Common situations hindering you from choosing PD
• Functional areas designated for PD
• Does your center register patients on PD in the CNRDSa [15]?
• Is PD catheter placement performed in your center?
• Do you perform PD catheter implantation surgery?

Concept-related survey items • Antibiotic medicine routinely given right after PD catheter placement
• Maximal interval for change of external connecting tube
• Do you prescribe or perform peritoneal equilibrium test (PET)?
• Time to administer the first PET
• Frequency of repeat PETs
• Common follow-up interval for patients on PD
• Laboratory tests and examinations administered for PD follow-up
• Antibiotics for treatment of peritonitis
• Common hemoglobin level of patients on PD in your center
• Use of antihypertensive drugs, number of drugs, and estimated percentage of patients

aCNRD: Chinese National Renal Data System.

Statistical Analysis
Descriptive statistical analysis was performed to evaluate PD
items in the survey, and median (IQR) or proportion (frequency)
were reported for continuous or categorical variables, as
appropriate. Comparisons by health care level of the facility
were conducted using Pearson chi-square and Wilcoxon tests
for categorical and continuous variables, respectively, along
with figures. R (version 4.03; R Core Team) and GraphPad
Prism (version 8.0; GraphPad Software Inc) were used for data
analysis and figures.

Ethical Considerations
This work was carried out under the research program of
National Health Care Quality Management in Nephrology
Diseases of Chinese People’s Liberation Army General Hospital.
The research protocol was reviewed and exempted by the
institutional review board of Chinese People’s Liberation Army
General Hospital. There was no collection of individual and
identifiable patient data for the survey. The original informed
consent from each participating hospital allows for secondary
data analysis without additional consent. All questionnaires
were voluntarily responded without compensation.

Results

Participating PD Centers and Patients
A total of 788 surveys from 746 hospitals located in all 31
provincial-level areas (ie, province, autonomous prefecture, or
municipality directly under the central government) in mainland
China were returned. These 746 centers covered 101,537
patients on PD, with 95% (96460/101,537) of them in the
tertiary hospitals. Collected data were further grouped into 6
socioeconomic administrative areas (ie, North, Northeast, East,
South, Southwest, and Northwest China); proportions of the
hospitals and patients from each area are shown in Figure 1A.
Overall, the median patient number per PD center was 60 (IQR
21-152), that is, 70 (IQR 26-192) for tertiary hospitals and 32
(IQR 8-65) for secondary hospitals (Figure 1B). There was no
significant regional difference in the distribution of PD centers
in terms of patient size. Among the 746 centers, 10 centers did
not treat patients on PD, 6 (60%) of which were tertiary
hospitals; however, among the 722 centers providing PD care,
611 (85%) were tertiary hospitals. All these indicate that tertiary
hospitals are the primary provider of PD care in mainland China
(P=.03).
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Figure 1. Characteristics of hospitals and patients on peritoneal dialysis (PD) covered by the survey. (A) Proportions (%) of participated hospitals and
patients in different regions of mainland China; inner ring: secondary hospitals; middle ring: tertiary hospitals; and outer ring: all hospitals. (B) Proportion
of participated hospitals with different number of patients on peritoneal dialysis (PD). (C) Proportions of diseases treated with PD and the types of PD
performed. APD: automated PD; CAPD: continuous ambulatory PD; CCPD: continuous cycling PD; IPD: intermittent PD; NIPD: nocturnal IPD; TPD:
tidal PD.

Clinical Conditions Impacting PD Decision
Data from the 788 submitted surveys showed that besides
chronic and acute renal failure, secondary hospitals tended to
apply less PD compared to tertiary hospitals for acute congestive
heart failure (P=.05), electrolyte (P=.03), acid-base disorders
(P=.02), and drug intoxications (P=.10; Figure 1C). Between
the secondary and tertiary hospitals, there was no significant
difference in factors hindering PD decision when coming across
clinical situations, such as extensive adhesion of the peritoneum
(776/788, 98%), unrepaired hernia (721/788, 91%), and severe
skin disease (671/788, 85%).

Treatment Module of PD
The most common PD type was continuous ambulatory
peritoneal dialysis, which was reported by 98% (772/788) of
the respondents. It was followed by intermittent peritoneal
dialysis 69% (543/788). The overall reported nocturnal
intermittent peritoneal dialysis, continuous cycling peritoneal
dialysis, and tidal peritoneal dialysis were 31% (244/788), 28%
(220/788), and 15% (118/788), respectively. Automated PD
was available in 32% (37/115) of the secondary facilities and
55% (347/631) of the tertiary facilities by the end of October
2020 (Figure 1C). A combination of hemodialysis and PD was

reported by 11 centers; daytime ambulatory PD was reported
by 23 centers, and a combination of manual continuous
ambulatory peritoneal dialysis and automated PD was reported
by 1 center.

Management of PD Centers
Among the secondary centers, 17% (20/115) reported that there
were no established management rules for the PD center, while
this number was 7% (44/631) in tertiary hospitals (P=.002).

About 19% (22/115) of the secondary hospitals did not have
specialized PD medical records for each patient, and this was
11% (69/631) in the tertiary hospitals (P=.01).

More than 80% of the centers reported separate functional areas
designated for PD care, including areas for reception, procedure
or treatment, biohazard disposal, and staff office (Figure 2),
with no significant statistical difference between the secondary
and tertiary hospitals. Compared to the secondary hospitals,
tertiary centers were more likely to have designated areas for
training or patient education (P=.01), storage (P=.09), and
procedures (P<.001). Only 40% (289/722) of the PD centers
had operation rooms exclusive for dialysis access, and there
was no discernible difference between the secondary and tertiary
centers.
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Figure 2. Proportion of hospitals having functional areas designated for peritoneal dialysis use.

PD Catheter Implantation and Care
About 96% (608/631) of the participating tertiary hospitals
performed implantation surgery for PD catheters, which
involved 78% (515/662) of the survey participants; this was
performed in 86% (99/115) of the secondary centers (vs tertiary
centers; P<.001) and by 67% (85/126) of physicians in the
secondary hospitals (vs tertiary hospitals; P=.01). Assessment
and patient education were conducted before the implantation
surgery in 100% of the 631 tertiary hospitals and 94% (108/115)
in the secondary centers. Among the hospitals performing PD
catheter implantation, 100% (746/746) provided preoperative
assessment and patient education. Cephalosporin of the first or
second generation was commonly used right after the surgery,
accounting for 48.7% (384/788) of the antibiotics used. Other
antibiotics included third or fourth-generation cephalosporin
(72/788, 9.1%), quinolone (10/788, 1.3%), and aminoglycosides
(4/788, 0.5%). About 40.4% (318/788) of the participants
reported using antibiotics other than the ones mentioned above
or not using them. There was no significant difference in
postoperative antibiotic use between the tertiary and secondary
hospitals.

There was a slight but significant difference in the frequency
of replacing the external tube that connects to the PD catheter
(P=.04). Among the secondary hospitals, 82% (94/115) changed
the connecting tube every 6 months, and 15% (17/115) did so
every 3 months; this was 90% (568/631) for every 6 months
and 7% (44/631) for every 3 months in the tertiary hospitals. A
few centers reported replacement frequency at every 9 months
(about 2%) or every 12 months (<1%) from both secondary and
tertiary hospitals.

Management of PD Patient Follow-Up
The use of PET to assess the function of the peritoneum was
reported in 91% (574/631) of the tertiary hospitals and 76%
(87/115) of the secondary hospitals (P<.001; Figure 3A). Around
58% (454/788)of the first PETs were performed within 4-6
weeks after initiation of PD, and 31% (247/788) conducted the
first PET between 2-4 weeks overall in tertiary and secondary
hospitals. PET was repeated every 6 months in 60% (475/788)
of the PD centers, and another 25%-29% (166/662 for tertiary
hospitals and 36/126 for secondary hospitals) of the centers had
repeat PET every 3 months (Figure 3A).

For PD long-term care, the most common follow-up interval
was every month (385/788, 49%), followed by every 3 months
(226/788, 29%), irregular (85/788, 11%), every 2 months
(74/788, 9%), and every 6 months (18/788, 2%).

For the laboratory tests and imaging examinations, peripheral
blood count was considered for each patient (788/788, 100%);
blood biochemistry panel (ie, parameters for liver enzymes,
kidney function, and electrolytes; 788/788, 100%); serum
calcium, phosphate, intact parathyroid hormone (772/788, 98%);
and glucose and lipid profiles (748/788, 95%) were routinely
followed. Parameters for iron metabolism (P=.002), nutrition
status (ie, albumin and pre-albumin; P<.001), and inflammation
biomarker high-sensitive C-reactive protein (P=.003) were more
likely to be followed up in the tertiary hospitals compared to
the secondary hospitals (Figure 3B). Transmitted disease panel,
BMI, serum β2-macroglobulin, chest x-ray, electrocardiogram,
and cardiovascular ultrasound were also checked in both tertiary
and secondary centers, with checking rates ranging from 30%
(236/788) to 67% (527/788). PET (P=.01), PD adequacy test
(P=.06), and assessment for residual kidney function (P=.04)
were administered more in tertiary hospitals than in secondary
hospitals.
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Figure 3. Follow-up Items for peritoneal dialysis. (A) Availability of peritoneal equilibrium test (PET) and the time it was performed (ter: tertiary
hospital; sec: secondary hospital; w: week). (B) The follow-up items regularly applied in secondary and tertiary hospitals for patients on peritoneal
dialysis. Ca: Calcium; eGFR: estimated glomerular filtration rate; Fe: Ferrum; hsCRP: high-sensitive C-reactive protein; P: Phosphorus; PBC: peripheral
blood cell; PTH: parathyroid hormone; SGA: subjective global assessment.

PD Complication Management
For infectious peritonitis, about 84% (659/788) of the
participants chose first-generation cephalosporin for
gram-positive bacteria, and 78% (612/788) chose
third-generation cephalosporin for gram-negative pathogens
(Figure 4A). Vancomycin was also commonly used for the
treatment of gram-positive peritonitis, and aminoglycoside was
used for gram-negative peritonitis. For severe infection, 29%
(33/115) of the secondary hospitals did not continue antibiotic
therapy longer than 3 weeks, compared to 18% (114/631) of
the tertiary centers (P=.005). Awareness of applying drug
sensitivity tests and individualized use of antibiotics was more
than 92% (725/788) among the participants.

In the secondary hospitals, 89% (112/126) of the patients on
PD had hemoglobin levels greater than 90 g/L, compared to
94% (623/662) of them in the tertiary centers (Figure 4B).

The majority of patients on PD took 1-3 antihypertensive drugs,
with a total of 97% (764/788; 95% CI 95%-98%) of the
respondents prescribing 1-3 drugs for more than 30% of the
patients (Figure 4C). A combination of 2-3 antihypertensive
medicines was more common than using a single drug (677/788,
86%, 95% CI 83%-88% vs 362/788, 46%, 95%CI 43%-50%;
P<.001) or ≥4 drugs (vs 95/788, 12%, 95%CI 10%-14%;
P<.001).
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Figure 4. Complication management. (A) Antibiotic choice for peritonitis (G+: gram-positive; G–: gram-negative; Cont: continued). (B) Hemoglobin
level in patients on peritoneal dialysis. (C) Number of antihypertensive drug used (ter: tertiary hospital; sec: secondary hospital).

Discussion

To our knowledge, this survey was the first nationwide study
focusing on the current situation of PD management and PD
practitioners’ concepts and behavior in mainland China
[1,12,14]. It covered about 80% of PD centers and nearly 90%
of the estimated number of current patients on PD from all
provincial-level areas, according to previously published registry
data [9,13], as well as about 70% of PD centers and 80% of
patients on PD, according to unpublished CNRDS 2021 data.
The respondents who filled the survey were mostly physicians
in charge of the PD centers or some chief nurses who were well
knowledgeable about the PD center operations. The big number
of the returned surveys and the personnel responding to the
questionnaires suggested a faithful reflection of the real
situations that may not be accurately captured or reported by
the registries. The participating numbers of tertiary and
secondary hospitals were about 20% and 1% of the total number
of tertiary and secondary hospitals in mainland China,
respectively, according to the 2020 China Health Care
Development Statistics [4]. In this study, we reported that PD
care was provided mostly by tertiary hospitals in mainland
China, and about 5% of patients were managed by secondary
hospitals. We found that tertiary hospitals had a more complete
infrastructure of PD centers, performed more operations for PD

catheter placement, treated more PD indication–related acute
diseases, and conducted more assessments for peritoneal
membrane characteristics and dialysis adequacy than the
secondary hospitals. This study also showed that current
concepts of the goals for long-term PD complication
management were adequately adopted by health care providers
(HCPs) in both tertiary and secondary hospitals, with a relatively
similar compliance rate of the follow-up items.

Our study showed a couple of differences in PD care
management between the secondary and tertiary hospitals. In
the secondary hospitals, a lack of designated infrastructure for
PD patient education was common, and the PD catheter
placement procedure was significantly less performed. This
discrepancy could be explained by the lack of clinical experience
and human power as well as low financial incentive for PD
catheter implantation. To overcome these barriers, it is necessary
to implement a well-designed and feasible PD program for
catheter implantation. Sufficient surgical training, a dedicated
team and time, and protected reimbursement from payers would
help to achieve this goal. Complex and more advanced PD
treatment modules, such as cycler-facilitated nocturnal
intermittent peritoneal dialysis or tidal peritoneal dialysis as
well as a combination of hemodialysis and PD, were
significantly less reported by secondary hospitals. We speculate
that, along with the development of digital tools for PD patient
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management, more available web-based patient education
resources, more use of PD cycler, and the shifting of
reimbursement policy toward lower tiers of cities and health
care facilities, more patients with incident dialysis will choose
PD and more patients on PD will migrate to secondary and even
primary health care centers for chronic PD management. In that
regard, the proportion of patients on PD in rural and lower-tier
facilities is expected to increase rapidly in the near future, which
advocates strengthened implementation of standardized PD
quality management and control at high priority.

Adequate patient follow-up scheme and good execution are
necessities for quality PD care [16]. In China, a usual PD
outpatient follow-up routine includes HCPs’ tracking of the
daily records of PD exchanges, measurement of blood pressure,
prescriptions for examinations, and medication adjustment [17].
Our survey results showed that more than 85% of patients on
PD were regularly followed every 1 to 3 months, and almost
every patient was checked for anemia (low hemoglobin) and
mineral bone markers (ie, calcium, phosphorus, and parathyroid
hormone), which was similarly complied according to multiple
international guidelines and recommendations [18-20]. These
proportions were higher than that reported in China Kidney
Disease Network 2016 Annual Data Report, which was around
90% [8]. The difference may be explained as follows: our survey
covered wider regions and more patients on PD, whereas the
China Kidney Disease Network Report used data sources from
claim databases and included primary hospitals. Nonetheless,
thanks to the continuous effort of improving health care
accessibility and affordability from the government at all
administrative levels, results from these 2 studies indicate that
patients with ESKD are getting an adequate standard of care in
mainland China.

In our survey, there were about 10% (10,150/101,537) of
patients on PD whose hemoglobin level was below 90 g/L, the
level at which rescue therapy for anemia should be considered
[21]. These data were also similar to the data recently reported
by the US Renal Data System [16]. Multiple guidelines
recommend treating chronic kidney disease anemia to the
hemoglobin level of 110-120 g/L [21,22] or around 110 g/L
[18,19]. In our study, about 22% (175/788) of the respondents
reported hemoglobin levels of their patients on PD as above
110 g/L, with no difference between the secondary and tertiary
hospitals, indicating that further clinical effort may be needed
to reduce the anemia burden in patients on PD. Multidrug
therapy is usually required and recommended for the control of
blood pressure in patients with chronic kidney disease
worldwide [23-25]. In PD, antihypertensive treatment is
dependent on not only the drug administration but also fluid
volume control. Our study showed that 86% (87,321/101,537)
of patients on PD took 2-3 antihypertensive medicines. Future
studies on the relationships among blood pressure level; types
of antihypertensive drugs; volume status; and other factors, such
as retaining of residual kidney function, longevity of peritoneal
membrane function, anemia treatment regimen, cardiovascular
outcome, patient compliance, and health economics would
provide guidance to improve PD outcomes as well as
goal-directed value-based PD care [17,26].

Assessment for peritoneal membrane characteristics is helpful
for appropriate PD prescription. International PD guidelines
consistently recommended performing the first PET at 4-6 weeks
after PD initiation and having it reevaluated every 6-12 months
[27-30]. In our study, PET was not performed in 9% (57/631)
of the tertiary hospitals and 24% (28/115) of the secondary
hospitals. About 42% (334/788) of the first PETs was performed
within 4 weeks after initiation of PD. Moreover, about 26%
(202/788) of the respondents repeated PET every 3 months. All
these indicate that Chinese HCPs use PET more frequently than
those tests commonly recommended by different guidelines,
suggesting that in-depth education about PET should be
enhanced.

Infectious peritonitis or PD catheter–related infection is the
major PD complication that affect long-term PD survival and
require immediate empirical treatment with antibiotics and
systemic long-term management [31,32]. In China, most
participating hospitals implemented the same recommendations
of the guideline of International Society for Peritoneal Dialysis
[33] for the management of peritonitis in PD. Our survey
revealed that 92% (726/788)of PD HCPs acknowledged the
values of pathogen detections and drug sensitivity tests,
continued antibiotic treatment for 2-3 weeks, and individualized
antibiotic regimen for PD-related peritonitis [30,33]. For initial
empirical therapy, 84% (659/788) of respondents chose
first-generation cephalosporins for gram-negative pathogens,
and 78% (612/788) chose third-generation cephalosporins for
gram-negative pathogens. Besides the cephalosporins,
vancomycin was also chosen for gram-positive pathogens by
61% (481/788) of the respondents and aminoglycoside for the
gram-negative pathogens by 49% (386/788). These patterns of
choice were in line with multiple guidelines or recommendations
regarding PD-related peritonitis [29,30,33].

In our study, 95% (96,460/101,537) of the patients on PD were
managed by tertiary hospitals, despite the fact that the number
of secondary hospitals in China is about 5 times that of the
tertiary hospitals. Although our survey covered a much larger
PD patient population, it was likely that our data were skewed
toward tertiary facilities. It is also possible that some transferring
of patients on PD overlapped, and data were not completely
aggregated for analysis in our study.

It is known that the quality of ESKD care is influenced by
socioeconomic status and geographic regions [34]. Except for
the number of responded hospitals and patients on PD, this study
did not find significant regional differences in the answered
items listed in the questionnaire. The dominance of patients in
tertiary hospitals in this study might contribute to the diminished
possible regional discrepancy because most of the tertiary
hospitals similarly follow the SOP for PD, despite being from
different regions. Due to the infrastructure inadequacy, there
were still 13% (94/722) of the PD centers that did not have a
dedicated PD reception area; 19% (137/722) had no PD training
room, 22% (159/722) had no separated PD storage room, and
only 41% (296/722) had their unique PD operation room.
Furthermore, 9% (65/722) of PD centers had not established
local SOP, and 12% (87/722) had no specific PD-related health
records. These need to be improved in the future for sustainable
growth of PD along with high-quality standards of care.
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This study did not limit the qualification of participants from
each hospital and used voluntary responses, and this could cause
selection bias. In addition, disposing bias might be introduced
during the process of aggregating data from the same facility.
More studies on the relationship between PD clinical outcomes
and hospital quality management can be more instructive for
health care policy makers. Future studies addressing improved
prognosis of patients on PD through strengthened measures will
require longitudinal analyses using both registry and survey
data.

In summary, this first national survey provided data reflecting
the current status of PD center management in mainland China.
It also collected HCPs’ concepts for the routine practice of PD
patient management. The discrepancy of PD care between the
secondary and tertiary hospitals may guide future iteration of
the SOP for PD and quality management, targeted HCP training
for PD, as well as value-oriented patient education. To a broader
extent, providing a better goal-oriented PD care would help to
reduce the substantial health care costs and improve the quality
of life of patients with ESKD.

Acknowledgments
The authors appreciated the efforts of all clinical practitioners who participated in this survey.

The authors would like to thank the contributions made by the study teams of the national center for health care quality management
in kidney diseases: Wenhu Liu, Aili Jiang, Ying Li, Jinsheng Xu, Lihua Wang, Caili Wang, Hongli Lin, Li Yao, Lining Miao,
Ping Luo, Jundong Jiao, Zhaohui Ni, Changying Xing, Jianghua Chen, Jianmei Zhou, Yi Yu, Jianxin Wan, Rong Wang, Aimin
Zhong, Guohua Ding, Hong Liu, Wei Shi, Xiaomei Peng, Hong Li, Yani He, Li Wang, Yibin Yang, Zhu Zhou, Hongli Jiang,
Jianqin Wang, Wenbo Hu, Menghua Chen, Jian Liu, Chen Lu, and Xiaoping Yang.

This study is supported by Beijing Municipal Science and Technology Commission (Z191100007619054) and the Key Research
and Development Program of Science and Technology Ministry (2022YFC3602005).

Patients or the public were not involved in the design, conduct, reporting, or dissemination plans of our research.

Conflicts of Interest
None declared.

References

1. Yao Q, Dong J, Feng T, Lindholm B. What PD research in China tells us. Perit Dial Int 2018 Dec 01;38(Suppl 2):S19-S24
[FREE Full text] [doi: 10.3747/pdi.2018.00027] [Medline: 30315043]

2. Chen X. editor. Peritoneal Dialysis Standard Operating Procedure (SOP) In Chinese. Beijing, China: People's Millitary
Medical Press; 2010.

3. Chen X. Practical Course in Peritoneal Dialysis in Chinese. Beijing: People's Millitary Medical Press; 2013.
4. China Healthcare Development Statistics. URL: http://www.nhc.gov.cn/ [accessed 2022-01-09]
5. Liyanage T, Ninomiya T, Jha V, Neal B, Patrice HM, Okpechi I, et al. Worldwide access to treatment for end-stage kidney

disease: a systematic review. Lancet 2015 May 16;385(9981):1975-1982. [doi: 10.1016/S0140-6736(14)61601-9] [Medline:
25777665]

6. Luyckx VA, Al-Aly Z, Bello AK, Bellorin-Font E, Carlini RG, Fabian J, et al. Publisher correction: sustainable development
goals relevant to kidney health: an update on progress. Nat Rev Nephrol 2021 Oct 02;17(10):704 [FREE Full text] [doi:
10.1038/s41581-021-00473-9] [Medline: 34341564]

7. Cao X, Zhou J, Cai G, Tan N, Huang J, Xie X, et al. Predicting one-year mortality in peritoneal dialysis patients: an analysis
of the China Peritoneal Dialysis Registry. Int J Med Sci 2015;12(4):354-361 [FREE Full text] [doi: 10.7150/ijms.11694]
[Medline: 26019685]

8. Zhang L, Zhao MH, Zuo L, Wang Y, Yu F, Zhang H, CK-NET Work Group. China Kidney Disease Network (CK-NET)
2015 annual data report. Kidney Int Suppl (2011) 2019 Mar;9(1):e1-e81 [FREE Full text] [doi: 10.1016/j.kisu.2018.11.001]
[Medline: 30828481]

9. Xie F, Zhang D, Wu J, Zhang Y, Yang Q, Sun X, et al. Design and implementation of the first nationwide, web-based
Chinese Renal Data System (CNRDS). BMC Med Inform Decis Mak 2012 Feb 28;12(1):11 [FREE Full text] [doi:
10.1186/1472-6947-12-11] [Medline: 22369692]

10. Yao Q, Zhang W, Qian J. Peritoneal dialysis in shanghai. Perit Dial Int 2008 Jun;28 Suppl 3:S42-S45. [Medline: 18552262]
11. Zhang X, Chen Y, Cai Y, Tian X, Xiao J, Zhao Z, et al. Characteristics of patients initializing peritoneal dialysis treatment

from 2007 to 2014: analysis from Henan Peritoneal Dialysis Registry data. Iran J Kidney Dis 2018 May;12(3):178-184
[FREE Full text] [Medline: 29891748]

12. Wu C, Chen X, Ying Wang A, Chen J, Gao H, Li G, et al. Peritoneal dialysis in Sichuan province of China – report from
the Chinese National Renal Data System. Ren Fail 2018 Oct 22;40(1):577-582. [doi: 10.1080/0886022x.2018.1496933]

13. Yu X, Chen J, Ni Z, Chen N, Chen M, Dong J, et al. Number of daily peritoneal dialysis exchanges and mortality risk in
a Chinese population. Perit Dial Int 2018 Dec 01;38(Suppl 2):S53-S63 [FREE Full text] [doi: 10.3747/pdi.2017.00283]
[Medline: 30315040]

JMIR Public Health Surveill 2023 | vol. 9 | e39568 | p. 9https://publichealth.jmir.org/2023/1/e39568
(page number not for citation purposes)

Li et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://journals.sagepub.com/doi/abs/10.3747/pdi.2018.00027?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3747/pdi.2018.00027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30315043&dopt=Abstract
http://www.nhc.gov.cn/
http://dx.doi.org/10.1016/S0140-6736(14)61601-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25777665&dopt=Abstract
https://europepmc.org/abstract/MED/34341564
http://dx.doi.org/10.1038/s41581-021-00473-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34341564&dopt=Abstract
https://europepmc.org/abstract/MED/26019685
http://dx.doi.org/10.7150/ijms.11694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26019685&dopt=Abstract
https://europepmc.org/abstract/MED/30828481
http://dx.doi.org/10.1016/j.kisu.2018.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30828481&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-12-11
http://dx.doi.org/10.1186/1472-6947-12-11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22369692&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18552262&dopt=Abstract
http://www.ijkd.org/index.php/ijkd/article/view/3622/1007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29891748&dopt=Abstract
http://dx.doi.org/10.1080/0886022x.2018.1496933
https://journals.sagepub.com/doi/abs/10.3747/pdi.2017.00283?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3747/pdi.2017.00283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30315040&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Yang C, Gao B, Zhao X, Su Z, Sun X, Wang H, et al. Executive summary for China Kidney Disease Network (CK-NET)
2016 annual data report. Kidney Int 2020 Dec;98(6):1419-1423. [doi: 10.1016/j.kint.2020.09.003] [Medline: 33276868]

15. Chinese National Renal Data System. URL: http://www.cnrds.net/TxLogin [accessed 2022-01-09]
16. USRDS. US renal data system 2019 annual data report: epidemiology of kidney disease in the United States. Am J Kidney

Dis 2019 Oct 31;76(3):450. [doi: 10.1053/j.ajkd.2019.09.002] [Medline: 31704084]
17. Karkar A. Response to: International society for peritoneal dialysis practice recommendations: prescribing high-quality

goal-directed peritoneal dialysis. Perit Dial Int 2020 Apr 13;40(4):425-426. [doi: 10.1177/089686082091782]
18. Mikhail A, Brown C, Williams JA, Mathrani V, Shrivastava R, Evans J, et al. Renal association clinical practice guideline

on anaemia of chronic kidney disease. BMC Nephrol 2017 Nov 30;18(1):345 [FREE Full text] [doi:
10.1186/s12882-017-0688-1] [Medline: 29191165]

19. Yap DYH, McMahon LP, Hao C, Hu N, Okada H, Suzuki Y, APSN HIF-PHI Recommendation Committee.
Recommendations by the Asian Pacific society of nephrology (APSN) on the appropriate use of HIF-PH inhibitors.
Nephrology (Carlton) 2021 Feb 09;26(2):105-118 [FREE Full text] [doi: 10.1111/nep.13835] [Medline: 33222343]

20. Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Update Work Group. KDIGO 2017 clinical practice
guideline update for the diagnosis, evaluation, prevention, and treatment of chronic kidney disease-mineral and bone disorder
(CKD-MBD). Kidney Int Suppl (2011) 2017 Jul;7(1):1-59 [FREE Full text] [doi: 10.1016/j.kisu.2017.04.001] [Medline:
30675420]

21. Locatelli F, Aljama P, Canaud B, Covic A, De Francisco A, Macdougall IC, Anaemia Working Group of European Renal
Best Practice (ERBP). Target haemoglobin to aim for with erythropoiesis-stimulating agents: a position statement by ERBP
following publication of the Trial to reduce cardiovascular events with Aranesp therapy (TREAT) study. Nephrol Dial
Transplant 2010 Sep 29;25(9):2846-2850. [doi: 10.1093/ndt/gfq336] [Medline: 20591813]

22. Kliger AS, Foley RN, Goldfarb DS, Goldstein SL, Johansen K, Singh A, et al. KDOQI US commentary on the 2012 KDIGO
clinical practice guideline for anemia in CKD. Am J Kidney Dis 2013 Nov;62(5):849-859. [doi: 10.1053/j.ajkd.2013.06.008]
[Medline: 23891356]

23. KDIGO. KDIGO 2012 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney
Int Suppl 2013;3(1):1-150 [FREE Full text]

24. Dahnan M, Assabri AM, Khader YS. Risk factors for end-stage renal failure among patients on hemodialysis in Aljomhory
hospital, Sa'adah governorate, Yemen: hospital-based case-control study. JMIR Public Health Surveill 2019 Sep
25;5(3):e14215 [FREE Full text] [doi: 10.2196/14215] [Medline: 31573930]

25. Zeng Q, Yang J, Wang Z, Liu H, Wang J, Yang T, et al. The epidemiological characteristics of noncommunicable diseases
and malignant tumors in Guiyang, China: cross-sectional study. JMIR Public Health Surveill 2022 Oct 28;8(10):e36523
[FREE Full text] [doi: 10.2196/36523] [Medline: 36306160]

26. Vaios V, Georgianos PI, Liakopoulos V, Agarwal R. Assessment and management of hypertension among patients on
peritoneal dialysis. CJASN 2018 Oct 19;14(2):297-305. [doi: 10.2215/cjn.07480618]

27. Blake PG, Bargman JM, Brimble KS, Davison SN, Hirsch D, McCormick BB, Canadian Society of Nephrology Work
Group on Adequacy of Peritoneal Dialysis. Clinical practice guidelines and recommendations on peritoneal dialysis adequacy
2011. Perit Dial Int 2011 Mar 01;31(2):218-239. [doi: 10.3747/pdi.2011.00026] [Medline: 21427259]

28. van Biesen W, Heimburger O, Krediet R, Rippe B, La Milia V, Covic A, ERBP working group on peritoneal dialysis.
Evaluation of peritoneal membrane characteristics: clinical advice for prescription management by the ERBP working
group. Nephrol Dial Transplant 2010 Jul 04;25(7):2052-2062. [doi: 10.1093/ndt/gfq100] [Medline: 20203287]

29. Woodrow G, Fan SL, Reid C, Denning J, Pyrah AN. Renal Association Clinical Practice Guideline on peritoneal dialysis
in adults and children. BMC Nephrol 2017 Nov 16;18(1):333 [FREE Full text] [doi: 10.1186/s12882-017-0687-2] [Medline:
29145808]

30. Ito Y, Tawada M, Yuasa H, Ryuzaki M. New Japanese society of dialysis therapy guidelines for peritoneal dialysis. Contrib
Nephrol 2019;198:52-61. [doi: 10.1159/000496523] [Medline: 30991403]

31. Crabtree JH, Shrestha BM, Chow K, Figueiredo AE, Povlsen JV, Wilkie M, et al. Creating and maintaining optimal
peritoneal dialysis access in the adult patient: 2019 update. Perit Dial Int 2019 Sep 01;39(5):414-436 [FREE Full text] [doi:
10.3747/pdi.2018.00232] [Medline: 31028108]

32. Szeto C, Li PK, Johnson DW, Bernardini J, Dong J, Figueiredo AE, et al. ISPD catheter-related infection recommendations:
2017 update. Perit Dial Int 2017 Mar 01;37(2):141-154. [doi: 10.3747/pdi.2016.00120] [Medline: 28360365]

33. Li PK, Szeto CC, Piraino B, de Arteaga J, Fan S, Figueiredo AE, et al. ISPD peritonitis recommendations: 2016 update on
prevention and treatment. Perit Dial Int 2016 Sep 10;36(5):481-508 [FREE Full text] [doi: 10.3747/pdi.2016.00078]
[Medline: 27282851]

34. Cho Y, Bello AK, Levin A, Lunney M, Osman MA, Ye F, et al. Peritoneal dialysis use and practice patterns: an international
survey study. Am J Kidney Dis 2021 Mar;77(3):315-325 [FREE Full text] [doi: 10.1053/j.ajkd.2020.05.032] [Medline:
32800844]

JMIR Public Health Surveill 2023 | vol. 9 | e39568 | p. 10https://publichealth.jmir.org/2023/1/e39568
(page number not for citation purposes)

Li et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.kint.2020.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33276868&dopt=Abstract
http://www.cnrds.net/TxLogin
http://dx.doi.org/10.1053/j.ajkd.2019.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31704084&dopt=Abstract
http://dx.doi.org/10.1177/089686082091782
https://www.biomedcentral.com/1471-2369/18/345
http://dx.doi.org/10.1186/s12882-017-0688-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29191165&dopt=Abstract
https://europepmc.org/abstract/MED/33222343
http://dx.doi.org/10.1111/nep.13835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33222343&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2157-1716(17)30001-1
http://dx.doi.org/10.1016/j.kisu.2017.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30675420&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfq336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20591813&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2013.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23891356&dopt=Abstract
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
https://publichealth.jmir.org/2019/3/e14215/
http://dx.doi.org/10.2196/14215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573930&dopt=Abstract
https://publichealth.jmir.org/2022/10/e36523/
http://dx.doi.org/10.2196/36523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36306160&dopt=Abstract
http://dx.doi.org/10.2215/cjn.07480618
http://dx.doi.org/10.3747/pdi.2011.00026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21427259&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfq100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20203287&dopt=Abstract
https://www.biomedcentral.com/1471-2369/18/333
http://dx.doi.org/10.1186/s12882-017-0687-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29145808&dopt=Abstract
http://dx.doi.org/10.1159/000496523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30991403&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.3747/pdi.2018.00232?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3747/pdi.2018.00232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31028108&dopt=Abstract
http://dx.doi.org/10.3747/pdi.2016.00120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28360365&dopt=Abstract
https://europepmc.org/abstract/MED/27282851
http://dx.doi.org/10.3747/pdi.2016.00078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27282851&dopt=Abstract
https://escholarship.org/uc/item/68b539r1
http://dx.doi.org/10.1053/j.ajkd.2020.05.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32800844&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
CNRDS: Chinese National Renal Data System
ESKD: end-stage kidney disease
HCP: health care provider
PD: peritoneal dialysis
PET: peritoneal equilibrium test
SOP: standard operating procedure
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