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Abstract
Background  The Moncrief-Popovich technique of peritoneal catheter implantation has beneficial effects for peritoneal dialy-
sis (PD) initiation. However, it might increase the risk of peritoneal catheter obstruction by fibrin clots, because the catheter is 
buried under the skin for several weeks to months. Effects of treatment of intraluminal occlusion of PD catheters with tissue 
plasminogen activator, recommended by the International Society for Peritoneal Dialysis guidelines/recommendations are 
reportedly limited. We investigated the effectiveness of the ‘alpha-replacer’ (JMS, Tokyo, Japan) for PD catheter obstruction.
Methods  We retrospectively analyzed a total of 193 patients in whom PD was initiated. PD catheters were embedded using 
the Moncrief-Popovich technique in 130 of these patients. We assessed the occurrence rates of peritoneal catheter obstruc-
tion and the utility of the alpha-replacer for treating intraluminal catheter occlusion by fibrin clots.
Results  Catheter obstruction occurred in eight cases with embedded catheters, one due to omental wrapping and the oth-
ers due to fibrin clots, in which median catheter burial durations were 477 (interquartile range [IQR], 226–510) days. All 
catheter obstructions due to fibrin clots were successfully treated with the alpha-replacer, leading to improved catheter 
drainage. The median amount of contrast agent used in catheterography was 10 (IQR 9–10) mL, which did not adversely 
affect residual renal function. There were no complications. No recurrence occurred during the observation period (median 
111, IQR 55.5–141 months).
Conclusion  Our results suggest that treatment with the alpha-replacer is a safe and effective treatment option for intraluminal 
obstruction of PD catheters by fibrin clots.

Keywords  Peritoneal dialysis · Peritoneal catheter obstruction · Fibrin clots · Alpha-replacer · Moncrief-popovich 
technique

Introduction

Peritoneal dialysis (PD) is used worldwide as a method for 
renal replacement therapy. The Moncrief-Popovich catheter 
and implantation technique [1] is useful for the immedi-
ate initiation of planned PD therapy. In this technique, the 
external limb of the catheter is embedded in a subcutaneous 
space at the catheter implantation site. When renal function 

deteriorates to the extent that PD is deemed necessary, 
the external limb of the catheter is exteriorized through a 
small skin incision [2]. This technique has been reported to 
have beneficial effects in reducing pericatheter infections, 
peritonitis, and leaks, which enables the patient to perform 
full-dose PD treatment from initiation [1–4]. Despite the 
acknowledged utility of this technique, we sometimes expe-
rience catheter dysfunction. Embedding catheters for months 
to years is associated with a 7–15% chance of catheter dys-
function after externalization [2].

Catheter dysfunction is a critical complication in PD 
and is usually due to catheter malposition or intraluminal 
obstruction [2]. There are several causes of intraluminal 
catheter obstruction, including fibrin clots, omental wrap-
ping, and obstruction by the fimbriae of the uterine tube and 
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epiploic appendices [2]. Intraluminal catheter obstruction 
might require invasive treatment, unless it is resolved by 
conservative methods, such as saline flushes and the use of 
tissue-type plasminogen activator (t-PA) or urokinase-type 
plasminogen activator (u-PA) [2, 5–8]. t-PA has been recom-
mended by the International Society for Peritoneal Dialy-
sis guidelines/recommendations in cases of catheter lumen 
obstruction by fibrin clots [2]. However, the treatment effects 
are reportedly somewhat limited, and recurrences of obstruc-
tion occurred in many cases [7–9]. Therefore, it is important 
to establish treatment options to rescue the catheter lumen 
obstructed by fibrin clots.

Here, we report the effectiveness of the ‘alpha-replacer’ 
(JMS Co. Ltd., Tokyo, Japan), which is a flexible metal 
guidewire that is generally used for transluminal replace-
ment of a displaced peritoneal catheter [10]. To date, there 
has been no report of the use of the alpha-replacer for intra-
luminal obstruction due to fibrin clots. In this study, we ret-
rospectively evaluated the efficacy of the alpha-replacer in 
the treatment of PD catheter obstruction by fibrin clots.

Patients and methods

Patients and data collection

This study was approved by the Ethics Committee for Human 
Research of Aichi Medical University Hospital (Nagakute, 
Japan) and Nagoya University Hospital (Nagoya, Japan) 
(Approval numbers: 2019-161 and 2005-0309, respectively). 
We retrospectively analyzed a total of 193 patients in whom 
PD was initiated at Aichi Medical University Hospital and 
Nagoya University Hospital from January 2005 to Decem-
ber 2019. In 130 cases, PD catheters were buried in the 
subcutaneous tissue using the Moncrief-Popovich catheter 
implantation technique. We collected data at the time of 
treatment with the alpha-replacer, including age, sex, pri-
mary kidney disease responsible for renal failure, C-reactive 
protein (CRP) level, duration of implantation, date of treat-
ment with alpha-replacer, effects of forceful catheter flush, 
catheterography images, inflow or outflow obstruction, the 
volume of contrast medium injected, changes and differences 
in daily urine volume before and after use of the contrast 
medium, observation period after treatment with the alpha-
replacer, relapse, and adverse effects. We also collected the 
data of CRP and duration of implantation from cases with 
no peritoneal catheter obstruction.

Alpha‑replacer procedure

The alpha-replacer is a metal guidewire made of an inside 
“rope” and a peripheral “spring” structure. The “rope” con-
sists of a 7-stranded wire; the “spring” has 22 turns of the 

wire over a distance of 10 mm. The total length of the alpha-
replacer is 1800 mm, with an outer diameter of 1.73 mm 
(Fig. 1) [10]. The tip of the alpha-replacer is rounded and 
it seems to be less invasive and safer than usual guidewires 
when inserted into the peritoneal cavity (Fig. 1b). Proce-
dures were aseptically performed in an X-ray fluoroscopy 
room. The contrast medium, Iopamiron (Bayer Yakuhin Co., 
Osaka, Japan), with an iodine concentration of 300 mg/mL 
and osmotic pressure of 620 mOsm/kg H2O, was injected 
into the catheter to perform catheterography. The contrast 
medium was diluted 1:1 with saline. We attempted to keep 
the volume of the contrast medium used as low as possible. 
The operator inserted the alpha-replacer into the catheter 
and passed the alpha-replacer through it. These procedures 
were repeated until no contrast defects were obtained. First-
generation cephalosporins were administered for a few days 
after these procedures.

Statistical analyses

Data are presented as the median and interquartile range 
(IQR). Mann–Whitney U tests were used to compare cases 
with no peritoneal catheter obstruction and cases with cath-
eter dysfunction due to fibrin clots in terms of duration of 
catheter implantation and CRP levels. Changes in daily 
urine volume pre- and post-use of the contrast medium were 
analyzed using paired t tests. Significant differences were 
defined as p < 0.05. All statistical analyses were performed 
using IBM SPSS statistics version 25.0 (IBM Corporation, 
Armonk, NY, USA).

Results

General characteristics of the patients 
and treatment with the alpha replacer

PD was initiated in a total of 130 cases using the Moncrief-
Popovich catheter implantation technique. A flow diagram 
of patient participation in this study is presented in Fig. 2. 
Among the 130 cases, there were 8 cases (6.2%) of out-
flow and/or inflow failure (Table 1). We performed cathet-
erography, which revealed intraluminal obstruction of the 
peritoneal catheter due to fibrin clots in seven cases (5.4%) 
(Table 1a), five of whom were male and two were female. 
The median patient age was 68 (IQR 61–69) years. The pri-
mary kidney disease responsible for chronic renal failure 
was nephrosclerosis in three cases, and diabetic nephropathy, 
polycystic kidney disease, chronic glomerulonephritis, and 
unknown disease were the primary causes in the remain-
ing cases (Table 1a). The duration of catheter implantation 
in the seven patients was a median of 477 (IQR 226–510) 
days (Table 1a), which was significantly longer than that 
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in cases without catheter obstruction (median, 76.5; IQR 
39–171 days; p < 0.05). PD catheters in five of these cases 
were embedded for more than a year. Among seven cases 
with fibrin clots, five cases demonstrated outflow failure 
and the other two cases had both inflow and outflow failure. 
Forceful flushing of the catheter with saline was ineffec-
tive in all these cases. All cases showed defects in catheter-
ography. In 5 cases, treatment with the alpha-replacer was 
conducted immediately after catheterography. Poor drainage 
was observed in Cases 2 and 4, despite which PD was con-
tinued. These cases were treated with the alpha-replacer on 
day 16 (Case 2) and day 43 (Case 4), respectively, because 
the drained volume gradually decreased (Table 1a).

Procedures and outcomes of treatment 
with the alpha‑replacer in the seven cases 
with catheter dysfunction due to fibrin clots

All seven cases of intraluminal obstruction of the peritoneal 
catheter by fibrin clots were treated using the alpha-replacer 

(Fig. 2, Table 1a). In all cases, catheterography demonstrated 
the site of obstruction to flow of contrast medium in the 
catheter (Fig. 3a, e, Supplementary Video A, Table 1a). 
The alpha-replacer was inserted into the catheter and passed 
through it until it reached the end of the catheter (Fig. 3a–d). 
Then, catheterography was repeated and the above proce-
dures were repeated until no contrast defect was observed 
and/or contrast flow had improved (Fig. 3c, d, Supplemen-
tary Video B). All seven cases were successfully treated 
by the alpha-replacer and flow was fully restored. The 
total amount of contrast medium used was a median of ten 
(IQR 9–10) mL (Table 1a). No recurrence of obstruction 
was observed during the observation period (median 111, 
IQR 55.5–141 months) (Table 1a). Daily urine volume was 
not significantly different between pre-treatment and post-
treatment periods [1720 (1300–1808) vs. 1670 (1575–1825) 
mL, P = 0.41]. Further, there were no complications, such as 
peritonitis or bowel perforation (Table 1a).

Fig. 1   Structure of the alpha-
replacer. a The alpha-replacer 
is a metal guidewire made of 
an inside “rope” and an outer 
“spring” structure. The total 
length of the alpha-replacer 
is 1800 mm, with an outer 
diameter of 1.73 mm [10]. b 
Enlarged view of the white box 
in (A) showing the tip of the 
alpha-replacer
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Case of omental wrapping

One case was diagnosed with omental wrapping based on 
the typical findings observed on computed tomography and 
catheterography (Fig. 2, Table 1b, Supplementary Fig. 1). In 
this case, only one trial of the passage of the alpha-replacer 
was conducted. However, since the obstruction did not 
improve on radiographic images, we stopped the procedure. 
This patient subsequently underwent surgical relief of the 
obstruction, which resulted in successful improvement in 
drained volume.

Discussion

The Moncrief-Popovich technique has been reported to 
improve clinical outcomes by reducing the risk of peritonitis 
and leaks [11]. However, long-term embedment of PD cath-
eters might cause catheter obstruction [9]. A British facility 

reported that in a total of 47 PD catheters externalized after 
a median embedment period of 39.4 weeks, six catheters 
(12.8%) did not function immediately after externalization 
due to the presence of fibrin clots [9]. In the current study, 
there were 7 cases of catheter obstruction due to fibrin clots 
among the 130 cases (5.4%) in whom catheter embedment 
was performed using the Moncrief-Popovich technique. 
Although the frequency is different between facilities, cath-
eter obstruction by fibrin clots can occur in cases of catheter 
embedment by the Moncrief-Popovich technique.

The presence of a catheter in the peritoneal cavity can 
reportedly promote a foreign body-induced inflammatory 
response, in addition to systemic inflammation associated 
with chronic renal failure [9, 12], which might promote 
coagulation. In previous reports, the duration of implanta-
tion tended to be longer in cases with catheter obstruction 
due to fibrin clots [11, 13, 14]. In this study, we identified 
longer implantation duration as a significant factor that 
might induce fibrin clot formation. In contrast, there were no 

Fig. 2   Flow diagram of patient 
inclusion in the study

Omental wrapping 

Peritoneal dialysis 193 patients 
in Aichi Medical University Hospital and Nagoya University Hospital
from January 2005 to December 2019

Not using
the Moncrieff and Popovich technique 

Not peritoneal catheter obstructions

Evaluable samples
N= 7 patients (Table 1A)

N= 122 patients

N= 63 patients

N= 1 patient (Table 1B)

Omental wrapping 

N= 2 patients

Using the Moncrief-Popovich catheter and implantation technique
N= 130 patients

Not peritoneal catheter obstructions
N= 61 patients
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significant differences in the serum levels of CRP between 
the groups with (median 0.04, IQR: 0.02–0.07) and without 
(median 0.1, IQR: 0–0.2) fibrin clots (p = 0.114).

Several papers about the treatment of intraluminal 
obstruction of peritoneal catheters have been reported to 
date (Table 2). An electronic search of the PubMed data-
base (January 1967–February 2020) was conducted using 
the keywords ‘peritoneal dialysis catheter’, ‘occlusion’, 
‘fibrin’, ‘guide wire’, ‘radiological manipulation’, ‘alteplase’, 
‘tissue plasminogen activator’ and ‘urokinase-type plasmi-
nogen activator’. t-PA, which has been recommended by 
the International Society for Peritoneal Dialysis guidelines/
recommendations [2], was reported to be effective for the 
treatment of intraluminal catheter obstruction by fibrin clots 
[2, 5–8, 15–18]. However, treatment with t-PA is often asso-
ciated with recurrence of catheter obstruction and detailed 
information of these cases was not fully reported [7, 9, 
15–18]. Additionally, the previous reports did not provide 
information about catheterography. In a previous study, 24 
treatments with t-PA were performed for catheter obstruc-
tion. Among them, one patient had four recurrences, three 
patients had one recurrence, and two patients had two recur-
rences of the obstruction [7]. Also, u-PA was reportedly 
effective in cases of PD catheter occlusion after peritonitis. 
However, the effects of u-PA were considered to be limited 
in cases of early obstruction and in children with perito-
nitis [8]. Surgery was necessary when t-PA or u-PA was 
ineffective.

Previously, procedures involving the passage of a neo-
natal bronchoscope or a guidewire through the PD catheter 
were also reported to effectively relieve the obstruction, 
enabling avoidance of open abdominal surgery [19, 20]; 
however, the efficacy, certainty, and safety of these methods 
have not been established. In the current study, we reported a 
novel technique for the treatment of PD catheter obstruction 
using the alpha-replacer, which can remove or push the fibrin 
clots into the peritoneal cavity. All seven cases were success-
fully and safely treated, suggesting that treatment with the 
alpha-replacer might be an option for the treatment of PD 
catheter obstruction due to fibrin clots. Indeed, procedures 
involving pressurized saline injection should be performed 
before alpha-replacer treatment. CT scan, ultrasonography, 
and catheterography are useful to differentiate the wrapping 
of the catheter by the omentum or fimbriae of the fallopian 
tube from obstruction by fibrin clots; however, this might be 
difficult in some cases. If the alpha-replacer is used in cases 
with omental wrapping, the procedure might cause tissue 
damage leading to bleeding. In such cases, operation with 
“catheter repair by forefinger” is effective and relatively safe 
[21]. Thus, if there is suspicion of omental wrapping (Sup-
plementaryFig. 1a, b) or failure following one passage of the 
alpha-replacer in cases with catheter dysfunction, surgery 
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should be considered instead of alpha-replacer treatment. 
In such cases, PD can be started on the day of operation.

Importantly, the total amount of contrast medium used 
for catheterography was small and did not reduce urine vol-
ume, suggesting that our strategy did not reduce residual 
renal function. It was previously reported that administra-
tion of radio-contrast medium does not lead to a persistent 

decline in residual renal function in PD patients [22, 23]. 
Careful management during the performance of procedures 
with the alpha-replacer is required for preventing complica-
tions such as postoperative peritonitis due to unsterile con-
ditions and intraperitoneal damage. In a previous report, 
treatments with a Fogarty catheter in 34 PD patients pre-
senting for replacement of displaced PD catheters did not 

Fig. 3   Fluoroscopy and treatment by the alpha-replacer of a patient 
with catheter obstruction due to fibrin clots. a Fluoroscopy showed 
an area of contrast defect near the catheter tip (white box), which was 
diagnosed as obstruction due to fibrin clots. b The alpha-replacer was 
passed through the catheter up to just before the contrast defect. The 
arrow indicates the tip of the alpha-replacer. C Under fluoroscopy, 
the fibrin clots were gently pushed into the abdominal cavity using 

the alpha-replacer. The arrow indicates the tip of the alpha-replacer. 
d After the treatment, the contrast defect had disappeared, and flow 
through the catheter had improved significantly. e Enlarged view of 
the area within the white box in Figure (A). Contrast defects were 
observed. f Enlarged view of the white box in Figure (D). The con-
trast defects disappeared after treatment
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cause procedure-related peritonitis or exit-site trauma [24]. 
In another study, treatment with the alpha-replacer for cath-
eter malposition in 22 PD cases resulted in no serious com-
plications, such as abdominal trauma or peritonitis [25]. In 
addition, the tip of the alpha-replacer is rounded (Fig. 1b), 
enhancing the safety of its use and minimizing complica-
tions by the careful performance of the procedure. In fact, 
there were no complications following the procedures in this 
study. Of course, treatment with the alpha-replacer was not 
effective in a case with catheter obstruction due to omen-
tal wrapping, the management of which required surgery 
(Fig. 2, Table 1b, Supplementary Fig. 1).

Our study has several limitations. The sample size of 
cases treated with the alpha-replacer was small. Further-
more, since none of the cases of intraluminal catheter occlu-
sion were treated with t-PA or u-PA before treatment with 
the alpha-replacer, it was impossible to compare therapeutic 
efficacy between t-PA or u-PA and the alpha-replacer. In 
addition, the use of the alpha-replacer might be limited by 
the fact that it is only available in Japan. Further, it is not 
clear whether the alpha-replacer can be used in patients in 
whom a titanium extender is used in the catheter diversion 
procedure for exit site renewal.

To summarize, we demonstrated that the alpha-replacer 
might be a useful and safe tool for the treatment of intralu-
minal catheter obstruction due to fibrin clots.
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