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Abstract
Background
In Japan, only less than 3% of patients undergoing maintenance dialysis select peritoneal dialysis (PD) as the mode of renal replacement therapy. Half of patients undergoing PD use a cycler for automated PD (APD). However, it remains unclear what patients undergoing PD regard as the benefits of APD. The purpose of this study was to objectively clarify what patients undergoing PD regard as the advantages and disadvantages of APD.

Methods
We designed case simulations that varied according to 6 characteristics of PD, such as the adequacy of dialysis and frequency of bag exchange, and created 16 simulation cards for conjoint analysis. For each case vignette, the respondents were asked to indicate whether they would receive this modality of PD on a 5-point scale.

Results
Thirty-two patients undergoing PD were recruited for this study and completed conjoint analysis simulation questionnaires. The factor with the highest importance in evaluating the modality of PD was the frequency of bag exchange among all participants. When participants were divided into those undergoing APD and continuous ambulatory PD (CAPD), the factor was different between them; that is, the low frequency of bag exchange is regarded as an advantage of APD for patients undergoing APD, while the large-sized cycler device is regarded as a disadvantage of APD for those undergoing CAPD.

Conclusions
The perception of advantages and disadvantages of APD differed between patients undergoing APD and CAPD; the former focus on the frequency of bag exchange, whereas the latter focused the size of device.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s41100-021-00368-2.
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Introduction
The number of patients with end-stage kidney disease who need renal replacement therapy (RRT) has increased worldwide. Several forms of RRT are available, including hemodialysis, peritoneal dialysis (PD), and renal transplantation. In Japan, however, less than 3% of patients undergoing maintenance dialysis select PD as the mode of RRT [1] despite the various medical and social benefits presented by PD. The medical benefits of PD include the absence of the need for vascular access [2], prolonged preservation of residual renal function [3], and a lower cardiovascular stress due to continuous removal of extracellular fluid [4]. The higher quality of life in comparison with in-center hemodialysis [5, 6] is seen as a social benefit of PD. Conversely, because the effective management of PD largely depends on self-care, volume overload is more frequently encountered in patients undergoing PD than among those undergoing hemodialysis.
Automated PD (APD), performed with a device, makes PD a convenient option. In Japan, nearly 40–50% of all patients undergoing PD use a cycler device [7]. APD enables frequent exchange of dialysate and reduces the injection volume of dialysate, which can relieve high abdominal pressure. Therefore, even if patients experience complications such as inguinal hernia or pleuroperitoneal communication, they may continue treatment via PD [8–10]. Furthermore, APD is often carried out overnight, allowing the daytime to be free of dialysis treatment; this is more compatible with work, school, and other lifestyle commitments and reduces the burden on caregivers [11–13]. However, some doctors do not recommend APD due to their assumption of a more rapid decrease in residual renal function in APD compared to continuous ambulatory PD (CAPD).
To date, few reports address doctors’ or patients’ opinions regarding APD. Therefore, we conducted conjoint analysis on data obtained via a questionnaire study of patients undergoing CAPD and APD so as to determine their opinions of APD using conjoint analysis.
Methods
Participants
The present study included patients undergoing PD who had been treated at Kyushu University Hospital from June 2008 to August 2008. All patients were treated using the PD system provided by Baxter (Tokyo, Japan), and only one type of APD device (Home APD system “YUME”) was used in our PD center. All patients had a good understanding of CAPD and APD including the APD device because of sufficient explanation at the time of PD initiation. These patients were also entered into a PD registry-cohort study that was approved by the Kyushu University Institutional Review Board (Approval number: 23–124). Each patient’s response to the questionnaire was considered to be their written informed consent. Because this study included patients who had already decided on either CAPD or APD, but not those who were about to undergo decision-making, it was not possible to determine whether the result of this analysis affected the decision-making process.
Conjoint analysis
Conjoint analysis is used to assess respondents’ preferences over a set of multi-attribute alternatives. It was introduced into marketing research in the early the 1970s and has since been used for complex decision-making as well as assessment, comparison, and/or evaluation in both economic and medical research [14, 15].
The case simulations used in this study varied according to six characteristics (Table 1). These include: (1) adequacy of dialysis—entailing increased fluid removal and increased solution removal, constant fluid removal and increased solution removal, or increased fluid removal and constant solution removal, (2) abdominal pressure—increased or decreased, (3) risk of peritonitis—increased, decreased, or unchanged, (4) frequency of bag exchange—30 min × 2 times per day, 30 min × 4 times per day, or only overnight without any bag exchange during the day, (5) size of the APD device—large, small, or unnecessary, and (6) technique—necessary to practice or easy. We designed 324 written case simulations in combination, making use of each level—3 × 2 × 3 × 3 × 3 × 2. We then selected 16 case simulations according to an orthogonal table, to ensure the absence of collinearity, and created 16 conjoint cards. An example of a case vignette is presented in Fig. 1. For each case vignette, the respondents were asked to indicate whether they would receive this modality of PD on a 5-point scale. Furthermore, we collected information from the respondents regarding their age, sex, daytime work, current PD modality (APD or CAPD), and PD vintage.Table 1Variations in the case simulations according to six characteristics


	 	Features of hypothesized treatments

	Medical characteristics
	 
	Adequacy of dialysis
	1. Increased fluid removal and increased solution removal
2. Constant fluid removal and increased solution removal
3. Increased fluid removal and constant solution removal

	Abdominal pressure
	1. Increased
2. Decreased

	Risk of peritonitis
	1. Increased
2. Decreased
3. Unchanged

	Non-medical characteristics
	 
	Frequency of bag exchange
	1. 30 min × 2 times per day
2. 30 min × 4 times per day
3. Only overnight without any bag exchange during daytime

	Size of device
	1. Large
2. Small
3. Unnecessary

	Technique
	1. Necessary to practice
2. Easy


The case simulations varied according to six characteristics
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Fig. 1An example of a simulation card used in the present study. PD, peritoneal dialysis


Statistical analysis
Data are expressed as mean ± standard deviation, median [first quartile, third quartile], or number (percentage) unless otherwise specified. The chi-square test, unpaired t test, and Mann–Whitney test were used as appropriate measures to describe the differences between the two groups. Conjoint analysis was conducted to provide the relative importance and partial utility scores. We performed univariable regression analyses to confirm the association of the patients’ characteristics with the relative importance score calculated in performing the conjoint analysis. A two-tailed p value of < 0.05 was considered statistically significant. A conjoint model was conducted using the conjoint-analysis package of SPSS 17.0 (SPSS Inc., Chicago, IL, USA), and all other statistical analyses were performed using R version 3.2.5 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Of the 32 patients undergoing PD who were included in this study, 21 were male and 9 had diabetes mellitus. The mean PD vintage was 24 months (with a range of, 4–48 months), and 17 patients used APD systems. Table 2 shows the demographic characteristics and information on the current dialysis condition of each participant. The mean PD vintage and median dialysate volume were significantly higher in patients undergoing APD than in those undergoing CAPD (p < 0.030 and p < 0.004, respectively). Patients undergoing APD were significantly younger than those undergoing CAPD (p < 0.006). No patients in the APD group used an ultraviolet connection device. The rate of peritonitis history was not significantly different between the two groups (p = 0.678).Table 2Clinical features of all participants


	 	Overall (n = 32)
	CAPD (n = 15)
	APD (n = 17)
	p value

	Male sex
	21 (65.6)
	9 (60.0)
	12 (70.6)
	0.529

	Age, years
	57 ± 13
	63 ± 12
	51 ± 11
	0.006

	Dialysis vintage, months
	24 ± 13
	19 ± 13
	29 ± 12
	0.030

	Diabetic nephropathy
	9 (28.1)
	4 (26.7)
	5 (29.4)
	0.863

	Icodextrin
	28 (87.5)
	14 (93.3)
	3 (17.7)
	0.603

	2.5% dialysate
	7 (21.9)
	4 (26.7)
	3 (17.7)
	0.678

	UV connection device
	4 (12.5)
	4 (26.7)
	0 (0.0)
	0.038

	Dialysate volume, L/day
	6.0 [6.0, 8.3]
	6.0 [4.5, 6.0]
	8.1 [6.0, 9.4]
	0.004

	D/P creatinine ratio
	0.695 [0.580, 0.809]
	0.636 [0.558, 0.805]
	0.744 [0.618, 0.847]
	0.336

	Residual Kt/V weekly
	0.464 [0.256, 0.840]
	0.474 [0.285, 0.841]
	0.382 [0.079, 0.827]
	0.610

	Total Kt/V weekly
	1.722 [1.528, 1.953]
	1.713 [1.614, 1.914]
	1.730 [1.505, 1.970]
	0.664

	History of peritonitis
	7 (21.9)
	4 (26.7)
	3 (17.6)
	0.678

	BMI, kg/m2
	22.7 ± 2.8
	22.5 ± 2.8
	22.8 ± 2.9
	0.801

	SBP, mmHg
	133.4 ± 16.0
	136.7 ± 13.8
	130.4 ± 17.6
	0.272

	DBP, mmHg
	77.8 ± 16.0
	81.0 ± 16.9
	74.9 ± 15.2
	0.289

	Works in daytime
	18 (56.3)
	7 (46.7)
	11 (64.7)
	0.477


Data are presented as mean ± standard deviation, n (%), or median [first quartile, third quartile]
Bold font indicates significant p value (p <0.05).
APD, automated peritoneal dialysis; BMI, body mass index; CAPD, continuous ambulatory peritoneal dialysis; DBP, diastolic blood pressure; D/P, dialysate-to-plasma; SBP, systolic blood pressure; UV, ultraviolet



We calculated the relative importance, indicating the strength of the influence of the participants’ judgment (Fig. 2a). The factor of the highest importance in evaluating the modality of PD among the participants was the frequency of bag exchange, followed by the size of the APD device and the risk of peritonitis. The technique used to operate the PD assist device was of minimum importance among the six categories in this study. APD, as the current PD modality, positively influenced the frequency of bag exchange and negatively influenced the size of the device. Figure 2b shows the comparison between the current modalities after adjustment for age and sex. Although the frequency of bag exchange had the highest importance for patients undergoing APD, the size of the APD device had the highest importance for patients undergoing CAPD. The difference in the importance of the size of the device between the CAPD and APD groups remained significant, while there was no significant difference in the frequency of bag exchange, after adjusting for age and sex. These results were maintained even if after adjusting for the history of peritonitis, dialysis vintage, UV connection device, and dialysis volume (data not shown). The utility score means the weight of each alternative (element) for decision-making as part worth. The total of the scores of alternatives within each factor becomes zero. The utility scores of all levels in each category are shown in Fig. 3a. In comparison with current modality (CAPD vs. APD), low frequency of bag exchange and freedom during the daytime positively affected the judgment of patients undergoing APD, but a small-sized assist device positively affected the judgment of patients undergoing CAPD (Fig. 3b). All utility scores were calculated and compared between the current PD modality (CAPD and APD) used by the participants (Additional file 1: Table S1).
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Fig. 2Relative importance of peritoneal dialysis modalities. a All patients. b Patients classified by current modality; The data of patients undergoing APD and CAPD are shown in closed and open bars, respectively. APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis
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Fig. 3Utility scores for opinions regarding PD modalities. Data are shown as the least square mean ± standard error. a All patients. b Patients classified by current modality; the data of patients undergoing APD and CAPD are shown in closed and open bars, respectively. APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis


Discussion
We examined the advantages and disadvantages of APD among patients undergoing PD using a conjoint analysis method. The factor with the highest importance in evaluating the modality of PD was the frequency of bag exchange among all participants, but was different between patients undergoing APD and CAPD; that is, the low frequency of bag exchange is regarded as an advantage of APD for patients undergoing APD, while the large-sized cycler device is regarded as a disadvantage of APD for those undergoing CAPD. One may point out that most patients studied had long-term stable PD treatment and were satisfied with CAPD or APD treatment, respectively, which may have influenced the results of this study. The present study is the first to quantify the opinions of patients undergoing PD with regard to PD modality.
Kim et al. reported that residual renal function declined more rapidly in patients who started dialysis on APD than those who started dialysis on CAPD, during the first year after the initiation of PD [16], while another study showed no difference between patients on APD and CAPD [17]. Some facilities recommend CAPD without an APD cycler as the first-choice treatment in order to avoid early reduction in residual renal function, although the harmful effect of APD on preservation of residual renal function has not yet been established. However, many patients prefer APD therapy in our hospital because quite a few of our patients work during the daytime; in fact, about half of the patients selected APD therapy since they started PD therapy as their first form of RRT.
Meanwhile, regarding the risk of peritonitis, the effectiveness in prevention of peritonitis by APD remains controversial. APD was not associated with a lower peritonitis rate than CAPD in a large observational study [18]. In contrast, patients on APD were found to have significantly lower rates of peritonitis compared to those on CAPD by meta-analysis [19]. APD implementation requires one connection and one disconnection on a daily basis. Correspondingly, an average of 4 connections and 4 disconnections are required for CAPD. It is obvious that the smaller number of maneuvers required for APD could lead to a significant reduction of peritonitis incidence. More recently, we have also reported a reduced risk of peritonitis in patients on APD compared with those on CAPD in 285 incident PD patients using an observational study with a propensity score method [20].
The main strength of the present study is that it is the first report to investigate the priority of the APD modality considered by PD patients. The conjoint method has enabled us to clarify the importance of each feature of CAPD and APD, relatively rather than absolutely. The participants of this study valued non-medical, rather than medical factors. Although there are many reports comparing the characteristics of APD and CAPD [8–13], few reports on how the advantages and disadvantages of APD affect patients’ decision-making are found [21]. We do consider that non-medical factors associated with real-world clinical practices for patients receiving PD are more easily recognized than medical factors in those patients. This result might suggest that our patients did not feel that the adequacy of dialysis and the control of abdominal pressure were factors which needed to be improved upon. Interestingly, the point of preference for the PD modality differed between patients undergoing APD and CAPD. Patients undergoing APD prioritize freedom during the daytime. In contrast, patients undergoing CAPD placed priority on a smaller-sized device.
In contrast, there are some limitations in this study. First, this study included patients who had already decided on either CAPD or APD, but not those who were about to undergo decision-making. Thus, it was not possible to determine whether the result of this analysis affected patients’ decision-making. Second, all participants only had experience with their current modality, since we excluded patients who had changed their modality (e.g., APD to CAPD, CAPD to APD). Thus, the results of this study might reflect the patients’ satisfaction with the current PD modality instead of their preference for a particular PD modality. This is a limitation of conjoint analysis; it is difficult to imagine a situation that has not yet been experienced. In our hospital, all patients who select the bag exchange modality have seen an APD cycler at least once. Several patients might be affected by the cycler’s size. Because only one type of device of one PD company used in this PD center, we could not be possible to compare devices from multiple companies. The APD and UV device of each PD company have improved over this decade; future studies should include patients who are newly about to undergo PD treatment. Third, the small number of participants from a single center is raised. In this point, we calculated the minimum sample size required for conjoint analysis [22]. According to this equation, the sample size for the present conjoint model was 17. Thus, the number of participants in the present study was adequate for calculating the importance and utility scores in the conjoint analyses. However, we hope to compare and confirm the influence of several confounding factors and therefore plan to perform a multicenter study with a large number of patients in the future.

Conclusion
The perception of advantages and disadvantages of APD differed between patients undergoing APD and CAPD; the former focused the frequency of bag exchange and the latter focused on the size of the device.
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