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Abstract
The prevalence of end-stage renal disease (ESRD) is on the rise worldwide. Meanwhile, the number of older people requiring dialysis therapy is increasing as a result of this population. We found that starting dialysis in an unplanned manner is a common occurrence, even for patients with nephrology follow-up. Most centers choose hemodialysis with a high rate of central venous catheter use at the time of initiation of dialysis. Current data has found that central venous catheter use is independently associated with increased mortality and high bacteremia rates. Peritoneal dialysis is one option to avoid bacteremia. The International Society for Peritoneal Dialysis guidelines suggests a break-in period of at least two weeks prior to an elective start of peritoneal dialysis, without mentioning urgent-start peritoneal dialysis. For unplanned ESRD patients, it is unrealistic to wait for two weeks before initiating peritoneal dialysis therapy. Urgent-start peritoneal dialysis has been suggested to be a practical approach of prompt initiation of peritoneal dialysis after catheter insertion, which may avoid an increased risk of central venous catheter-related complications, including bacteremia, central venous stenosis, and thrombosis associated with the temporary use of hemodialysis. Peritoneal dialysis is the alternative option, and many studies have presented an interest in urgent-start peritoneal dialysis. Some reports have compared urgent-start hemodialysis to peritoneal dialysis and found that urgent-start peritoneal dialysis is a safe and effective alternative to hemodialysis for an unplanned dialysis patient. This review aims to compare each literature report regarding techniques, prescriptions, outcomes, complications, and costs of urgent-start peritoneal dialysis.
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Background
To date, the worldwide prevalence of end-stage renal disease (ESRD) is on the rise. According to the United States Renal Data System (USRDS) 2019 annual data report, the prevalence of ESRD continues to rise and reached 746,557 cases in 2017 (vs. 727,912 cases in 2016), representing a 2.6% increase since 2016 [1]. Unplanned dialysis is the primary concern for many patients who progress to ESRD despite efforts to increase early referral and close monitoring of these patients. Since it cannot be completely prevented, it may contribute to urgent-start dialysis.
Starting urgent dialysis is the urgent initiation of dialysis for unplanned ESRD patients without a pre-established functional vascular access or Tenckhoff (TK) catheter placement. The unplanned start of dialysis is often accomplished by hemodialysis (HD) using a central venous catheter (CVC) that increases the patient's risks of infection and other catheter-related complications [2]. CVC usage is considered suboptimal because CVCs are independently associated with increased mortality and high rates of bacteraemia [3, 4]. Unplanned dialysis starts with PD to improve patient outcomes by avoiding CVC usage, of recent increased interest and a possible choice for some patients.
The definition of urgent-start PD (USPD) is using a TK catheter within 14 days after insertion [5]. USPD is a strategy in which patients with advanced chronic kidney disease (CKD) who urgently and unexpectedly require dialysis due to uremia or fluid overload are treated with PD rather than HD, which has been the standard approach worldwide, excluding the use of PD in acute kidney injury (AKI) [5, 6]. Currently, starting renal replacement therapy (RRT) in PD using the TK catheter within 72 h after the implant with no pre-established HD therapy has been raised [7, 8]. Multiple studies have described the definition of urgent PD as similar but different in the protocols and prescriptions of USPD that have been reported in the literature. This review article aims to clarify the current literature of USPD regarding the catheter insertion approach techniques, protocols, prescriptions, complications, and outcomes in order to suggest a better way to apply it in real-life situations.
The catheter approach technique and types of catheters
One of the crucial steps to achieve successful urgent-start PD is catheter insertion. Many studies described the outcomes of various catheter insertion techniques, including percutaneous surgery (Seldinger technique), open surgery, and Laparoscopic surgery. Silva et al. evaluated technical survival in 154 Brazilian patients who started early (40 patients) and planned PD (114 patients). The Early-start PD group was defined as a break-in period from 3 to 14 days. All patients underwent TK catheter insertion by nephrologists (Seldinger technique) or video-laparoscopically by surgeons. The type of catheter was a straight, double-cuffed TK catheter. There is no difference in technical survival between both groups at 381 days of follow-up period [9]. In China, the largest USPD cohort was performed by Xu et al. Straight double-cuff TK catheters were used in the study. Major of the patients underwent open surgery for TK placement by a nephrologist. However, Laparoscopic was chosen for patients who underwent simultaneous hernia repair or had a history of multiple abdominal surgeries. No immediate post-operative complications were observed [10]. Similarly, a large 10-year retrospective study in 2,059 ESRD patients receiving USPD (within 14 days) also showed a favorable outcome. Double-cuff TK catheters were used in this study. Nephrologists did open laparotomy in all patients. A double purse-string suture technique on the posterior rectus sheath and parietal peritoneum was performed to prevent leakage. Only 0.1% of hemorrhage complication was found [11]. Therefore, results emphasized that the percutaneous and open surgery technique by the experienced team may reduce the complication.
Form literature reviews demonstrated that laparoscopic insertion allowed early PD initiation with good outcomes. Toda and colleagues retrospectively analyzed 54 ESRD patients in Japan who underwent a laparoscopic TK insertion. The patients were divided into two groups according to PD started (early; within seven days, and late; after seven days). The type of catheter was a double-cuffed swan neck TK catheter. A purse-suture was placed on the internal cuff, and the rectus muscle was closed. Results showed that neither group experienced increased infection-related complications nor PD withdrawal [12].
The study from Ghaffari et al. demonstrated the outcomes of USPD performed by radiology interventionists. Dual-cuff, swan-neck, coiled TK catheters were inserted by percutaneous placement. In the USPD group, the hematoma was found in 1 of 18 patients (5.6%) [13]. Moreover, this study showed the well-structured patient selection process for choosing the appropriate USPD program candidate (Fig. 1).[image: ../images/41100_2021_384_Fig1_HTML.png]
Fig. 1The algorithm of dialysis initiation in unplanned CKD stage 5 patients


Htay et al. conducted a systematic review from 3144 participants, 42 studies to evaluate the techniques of TK catheter implantation and catheter types in lowering the risk of PD-related peritonitis. The systematic review included 18 studies comparing different catheter insertion techniques, 22 studies comparing catheter types, one study of immobilization techniques, and one study for different break‐in periods. The results showed that catheter insertion by laparoscopy compared to laparotomy probably makes little or no difference in the risks of peritonitis (relative risk [RR] 0.90; 95% confidence interval [CI] 0.59–1.35), catheter removal/replacement (RR 1.20; 95% CI 0.77–1.86), technique failure (RR 0.71; 95% CI 0.47–1.08), and death (RR 1.26; 95% CI 0.72–2.20). Moreover, no TK catheter design showed a superior outcome to others [14].
The outcome of USPD among different catheter insertion techniques was summarized in Table 1. All studies in Table 1 included PD initiation within seven days after TK catheter placement and clearly defined the catheter insertion technique. The outcome had infectious, non-infectious complications, patient and catheter survival in USPD groups. Although there are no current studies directly comparing results of different insertion methods in USPD, From the evidence demonstrated the low incidences of post-operative complications in USPD. Hence, the catheter implantation for USPD conducted by trained physicians was probably safe, and the PD catheter approach technique is not an obstacle to USPD. However, USPD may increase the risk of post-operative complications, such as leakage and mechanical complication.Table 1Outcomes of urgent-start PD in various catheter insertion techniques


	Referenes
	Study design
	Group of patients
	Number of patients
	Insertion technique
	Findings

	Song et al. [20]
	Prospective randomized
	Urgent-start PD
	21: gradual increase exchange volumes 38: full exchange volume (2 L)
	Percutaneous placement
	Overall, 1-year catheter survival was 84.2% No different on mechanical complication between full volume exchange and stepwise volume incremental methods

	Bitencourt et al. [18]
	Prospective study
	Urgent-start PD
	51
	Percutaneous placement
	Patients and technical survival in 6 months were 82.4 and 86%, respectively

	Povlsen et al. [5]
	Retrospective study
	Urgent-start PD vs. Planned PD
	52: urgent-start PD with automated PD
88: planned start PD
	Open surgical
	Higher rate of mechanical complication in urgent start PD (28.9 vs. 7.7%, p = 0.01) and surgical replacement (19.2% vs. 3.9%, p = 0.01)

	Jin et al [7]
	Retrospective study
	Urgent-start PD vs. Urgent-start HD
	96: PD
82: HD
	Open surgical
	Compared with PD patients. HD patients had higher rate of dialysis related complications requiring reinsertion (1.0% vs. 24.4%, p = 0.01), non-infectious complications (3.1% vs. 13.4%, p = 0.011), and catheter-related infection (0% vs. 11%, p = 0.003)

	Xu et al. [10]
	Observational cohort study
	Urgent-start PD
	922
	Open surgical
	The rate of abdominal wall and catheter complication were 4.8 and 9.5%, respectively

	See et al. [22]
	Matched case control study
	Urgent-start PD vs. Conventional start PD
	26: urgent-start PD
78: conventional-start PD
	Laparoscopic technique
	Higher rate of frequent leak of catheter insertion in urgent-start PD (12% vs. 1%, p = 0.007). Technique survivals were comparable between 2 groups

	Htay et al. [14]
	Meta-analysis
	PD (different catheter implantation techniques)
	3,144
	Laparoscopy Percutaneous placement Open surgical
	No different on catheter insertion technique on risk of PD-related infectious complications, technical survival, and patient survival




Program and prescription
The PD program and prescription had been emphasized as the second step after catheter insertion of successful USPD. Alkatheeri et al. described the Canadian renal program, one of the most successful USPD protocols, in which PD was initiated within two weeks of catheter insertion. Initially, the dwell volume was 1000–1200 mL in all patients, gradually increasing to 1900 mL by the end of three to four weeks if there were no complications. A supine position was enforced, using a cycler for the initial two weeks and no day dwelling for four to six weeks. No one in this study had to switch modalities [15]. Wang et al. conducted a study that compared the efficiency and complications between intermittent peritoneal dialysis (IPD) and automatic peritoneal dialysis (APD) with tidal volume for USPD. The IPD protocol consisted of 0.5 L of the intraperitoneal volume and 30 min of dwell time per exchange on the first and second days, and the prescription was increased to 800 mL for 1 h on the third and the fourth days, 1000 mL for 2 h on the fifth and sixth days, and then 2000 mL for four hours on the seventh day. The total dialysis volume was 4 L every day. The tidal-APD protocol entailed 9 h of treatment in the supine position with 75% of tidal volume. The cyclers deliver eight cycles of 800 mL fill volume with 68 min of dwell time. Total dialysate volume is 5 L daily. Both groups converted to full PD prescriptions after one week. The result was no significant difference in technique survival between the groups [16]. Ranganathan et al. evaluated 122 patients with different times of PD initiation, which were within one week, two weeks, and four weeks after TK insertion. All patients received the same prescription but varied PD intervals. On the first day, PD was initiated at a low intraperitoneal volume (1 L), one-hour dwell, four exchanges per day, and increased to 500 mL and 30 min dwell time on second and third days. On days 4 and 5, PD consisted of 2L exchanges every two hours. Home CAPD was started on day 6. The technique failure was found significantly high in patients who started PD at four weeks (20%) compared with other groups, which may be explained by a higher number of diabetes patients in this group [17]. Nayak et al. reported the outcome of USPD that started within 48 h after presentation. The patients were prescribed APD; fill volumes per cycle ranged between 500–750 mL and 30–45 min dwell times, depending on their individualized needs. Total daily PD volume was 10–15 L, with an entire duration of therapy of 8–10 h. After one week, the treatment can be continued using APD or changed to CAPD. It was found that technique survival was 88.2% at 90 days [18]. Therefore, there is supporting evidence that USPD starting with low intraperitoneal volume, especially using APD in the supine position, is helpful to prevent leakage complications.
Moreover, initial high volume prescription has also been used in USPD. Dias et al. conducted high-volume PD (HVPD) within 72 h after catheter insertion. HVPD in this study was defined by 24 h per session, a prescribed dialysis dose (Kt/Vurea) of 0.5, and a large volume of dialysate (30 mL/kg). All patients received HVPD for three consecutive days for achieving metabolic control before continuing PD prescription adjusted by the patient's condition. Technique and patient survival rates were 86% and 82.4% in the first six months, respectively [19]. The results suggest that HVPD did not increase complications and can be used in the unplanned setting.
There is only a randomized comparative study that evaluates the USPD outcome between low-volume and full-volume initiation. In the low volume, filled volume was gradually increased from 500 mL per three hours to full volume over 13 days. In contrast, the full-volume exchange per six hours was performed immediately after catheter insertion in the full volume group. The occurrence of catheter-related complications was no different between groups. The actual one-year catheter survival was comparable (85.7% and 84.2% in group 1 and group 2, respectively) [20]. This study showed that initial full-volume exchange increased neither short nor long-term complications.
The studies mentioned above show that the program and prescription of USPD are necessary to achieve success. USPD begins with a low fill volume of 500–750 ml, 1.5–3 h of dwell time (4–8 cycles per day) on the first day in the supine position. Then, the volume is gradually increased to 250–500 ml in the following 3–5 days until the maximum tolerable volume is reached within 10 days may be appropriate to prescribe. The solution's tonicity should be determined by the patient's volume status. The algorithm for  the initial prescription of USPD is shown  in Fig. 2 [15–19]. Overall, prescriptions mostly consist of IPD with low fill volumes in the supine posture, depending on the patient's condition; however, high-volume PD or standard fill volume can be performed under closed monitoring. Moreover, the prescription could be adjusted to give more flexibility, and proper therapy monitoring by a well-trained PD team is essential.[image: ../images/41100_2021_384_Fig2_HTML.png]
Fig. 2The algorithm of initial PD prescription in Urgent-start PD


Outcomes and complications
In the last decade, several studies evaluating outcomes and complications of USPD have been reported. Zang and colleagues studied the outcome in elderly patients who were initiated USPD or urgent-start hemodialysis (USHD). USPD was associated with fewer complications and better survival than USHD in the elderly. Dialysis-related complications within 30 days were significantly lower in the USPD group than the USHD group (4.5% vs. 10.7%, p = 0.031). The 1 and 3-year survival rates were 91.4% and 64.8% in the USPD group and 85.7% and 57.8% in the USHD group, respectively (p = 0.023). Multivariable Cox regression analysis showed that USHD was independently associated with death (hazard ratio [HR] = 2.22, p = 0.004) [21].
Catheter migration and leakage are the most important concern for USPD initiation, especially in elderly patients. See et al. studied Australian ESRD patients who were started USPD with a median time 4 days after catheter insertion. The patients in USPD group were more likely to develop leakage complications (12% vs. 1%, p = 0.047) and catheter migration (12% vs. 1%, p = 0.047) The technique survival rate for urgent- and conventional-start PD was 68% and 80% at 1 year, 48% and 38% at 3 years, respectively. There was no difference in the rate of infectious complications between the groups at either time point [22]. Wojtaszek et al. also compared the short- and long-term outcomes between 35 unplanned and 94 planned dialysis patients in Poland. The mean time between catheter implantation and PD start was 3.5 ± 2.3 days in the USPD and 16.2 ± 1.7 days in the planned PD group. Early mechanical complications were observed more often in the urgent-start group (29 vs. 4%, p = 0.00005). Technical survival was excellent in both groups, 100% and 96% at 3 months, 97% and 87% at 12 months, and 83% and 76% at the end of the observation for USPD and planned dialysis, respectively [23]. These percentages of complications are higher than reported by the other experienced USPD centers, but it did not affect the patient and technique survival. Consequently, It appears that USPD is associated with equivalent rates of early and late infectious complications and marginally higher rates of acceptable mechanical complications.
In general, concerning the management of abdominal wall complications, patients were evaluated regarding whether dialysis therapy should be temporarily suspended. If PD can be continued, adjusting PD regimens with lower infusion volumes in a proper position (supine position for hernia and sitting position for hydrothorax) should be appropriated or transferred to temporarily HD for healing the leakage sites. After the leakage was resolved, PD could be resumed. For the patient who had recurrent leakage, surgical repair should be considered [10, 11]. In cases of catheter-related mechanical complications when drain failure occurred, X-ray examination and/or ultrasonography were performed to determine catheter position. A conservative treatment strategy (e.g., laxative) was used for primary treatment in catheter migration. If malposition persisted or omental wrapping, surgical intervention of the malfunctioning catheter would be performed. Intraluminal installation of thrombolytic drugs can be used in case of catheter obstruction by fibrin clots. Additionally, complications management should be taken jointly by a nephrologist, PD nurse, surgical team, and radiology interventionist.
Cost
Liu et al. conducted a study for the economic evaluation of USPD and USHD in the United States over the first 90 days of treatment from a provider perspective. The estimated per-patient cost over the first 90 days for USPD was $16,398 (15% for dialysis access, 48% for dialysis services, 37% for hospitalization). For USHD, the total per-patient cost was $19,352 (27% for dialysis access, 42% for dialysis services, and 31% for initial hospitalization). As a result, USPD provided lower costs to hospitals and clinics during the first 90 days of dialysis than USHD [24]. The primary cost savings result from lower costs associated with peritoneal access establishment. There may also be saved through the differences in costs associated with infectious complications.
Conclusions
Urgent-start peritoneal dialysis (USPD) provided a comparable outcome with a marginally higher mechanical complication rate than the standard PD initiation. The catheter type and insertion technique did not affect the outcome. To avoid complications, starting with low intraperitoneal volume in the supine position and titrating to full volume is appropriate. However, a full volume or high volume PD may be used depending on the patient's requirement. USPD provided more cost-effectiveness and less infectious complication than urgent start hemodialysis. Therefore, USPD may be considered a primary strategy in unplanned dialysis patients who need the urgent start of dialysis.
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