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it both introduces the risk of PD fluid infection, and 
opens the retroperitoneal space, which could lead to 
significant retroperitoneal fluid dissection. Furthermore, 
the presence of PD fluid may inhibit postoperative rep-
eritonealization and increase the theoretical risk of a 
postoperative bowel obstruction. 

All rectocele repairs aim to repair or replace the con-
nective tissue separating the rectum from the vagina. 
Retroperitoneal vaginal approaches to repair include 
site-specific posterior colporrhaphy, where the defective 
rectovaginal fascia is primarily repaired, and posterior 
graft placement with either a synthetic or biologic mate-
rial. Either approach can be combined with apical vault 
attachments to the sacrospinous ligaments if apical 
(uterine) prolapse is also significant.

Unfor tunately, these vaginal retroper itoneal 
approaches to rectocele repair do not allow for oblit-
eration of the posterior cul-de-sac, leaving the deep 
rectovaginal fluid dissection plane unaddressed. It is  
our fear that the peritoneocele dissecting into the 
rectovaginal space with valsalva and defecation will 
persist in CAPD patients, leaving them with persistent 
incomplete defecation issues.

CONCLUSION

Conservative monitoring, medical, and surgical man-
agement represent the treatment options for vaginal 
prolapse (1).

With regard to PD options, APD may be offered to the 
patient. Automated peritoneal dialysis, performed in 
the supine position, decreases intra-abdominal pressure 
compared to CAPD (5). Often, minimal to no PD fluid 
remains in the abdomen during the daytime when the 
patient is in the erect position. In our limited experience, 
changing from CAPD to APD, in addition to conservative 
non-surgical approaches to prolapse, was sufficient to 
mitigate the patients’ symptoms, continue renal replace-
ment with PD, and improve their quality of life.

When combined surgical management becomes 
imperative to address a significant refractory apical 
and posterior compartment prolapse, we advocate a 
vaginal retroperitoneal approach to repair in this unique 
patient population.
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Manifold exchange: A Delivery option  
in Managing patients on  

peritoneal Dialysis

Currently, the 2 forms of peritoneal dialysis (PD) used 
worldwide are automated peritoneal dialysis (APD) and 
continuous ambulatory peritoneal dialysis (CAPD). For 
stable patients in the ambulatory clinic setting, the choice 
of modality is primarily based on patient and physician 
preferences. Patients’ choice of modality may depend on 
lifestyle whereas physicians’ preferences are based on 
clinical need as well as the logistical preferences of the 
patient. In addition, studies have suggested that patients’ 
survival and yearly incidence of infectious complications 
are similar between the two modalities (1–3). However, 
some recent studies have suggested an improvement in 
technical survival in patients receiving APD compared to 
CAPD (4,5). Based on these cross-sectional studies as well 
as clinical experience, it is clear that either modality is 
suitable for stable patients with end-stage renal disease 
(ESRD) in the chronic ambulatory setting.  
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Although both modalities of PD are well established 
in the ambulatory setting, the use of APD and CAPD in 
patients unable to self-care in the inpatient service is 
less clear. To date, there is a dearth of studies delineating 
patient outcomes for the use of either modality in this 
cohort of patients. Furthermore, patients in the inpatient 
setting are frequently unable to self-administer APD or 
CAPD, thereby transferring the burden to nephrology 
staff at all hours of the day. As an alternative to the 
traditional APD and CAPD procedures, we propose the 
use of a manifold procedure for the delivery of inpatient 
PD. Although employed by nephrologists worldwide, a 
technical description of the procedure is lacking in the 
literature. The manifold procedure entails the use of a 
multi-line tubing set that allows for the connection of 5 
to 9 2-L dialysate bags (any volume dialysate bags may 
be employed). The manifold set is prepared in the PD 
unit and then transported to the inpatient setting. At 
the patient bedside, the patient is aseptically connected 
to the manifold with the hospital floor nurses managing 
the delivery of the dialysate by unclamping infusion bags. 
The objective of this report is to describe the manifold 
procedure in more detail and to report our experience 
with this technique for the past 2 decades.

MATERIALS AND METHODS

We have streamlined the preparation of mani-
fold exchange to perform it safely with minimal time 

 commitment from the PD nursing staff. Equipment 
required for the setup of the manifold exchange is 
listed in Figure 1. After the appropriate PD regimen is 
prescribed for the patient and all the listed equipment 
in Figure 1 is acquired, proper setup of the manifold 
exchange is dependent on the following components in 
chronological order: preparing the manifold set, priming 
the manifold set, connecting the manifold set, infusing 
the dialysate solution, and maintenance of manifold 
exchange by the floor nurse (Table 1). A video link sum-
marizing the setup is available: http://www.youtube.
com/watch?v=efqUKfTXEZM&feature=em-upload_owner 
- action=share. Prior to using the dialysate bags, they 
must all be checked for the components listed in Table 1. 
The preparation of the manifold set is based on the con-
nection of the dialysate bags to the manifold tubing, with 
all dialysate lines combining to a single distal line, which 
is connected to the patient line (Figure 2).  

PRIMING THE MANIFOLD EXCHANGE

Prior to starting the manifold exchange, each of the 
dialysate bags must be primed prior to use, thereby 
eliminating the need to flush the line prior to “filling” 
the peritoneum later during the exchange. Priming of 
the manifold set is described in detail in Table 2. After 
priming the manifold exchange, all bags must be labeled 
as shown in Figure 3A and transported from the work 
surface area to the patient’s bedside on a cart as shown 

Figure 1 — Equipment required to set up the manifold exchange. (A) Includes a list of the equipment required to initiate manifold. 
(B) Images of the key equipment required for initiation of manifold peritoneal dialysis.

http://www.youtube.com/watch?v=efqUKfTXEZM&feature=em-upload_owner#action=share
http://www.youtube.com/watch?v=efqUKfTXEZM&feature=em-upload_owner#action=share
http://www.youtube.com/watch?v=efqUKfTXEZM&feature=em-upload_owner#action=share
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TABLE 1 
Flowsheet for Proper Set-Up of Manifold Exchange

1.  Preparation of Manifold Set
 – Check physician orders prior to setup
 – Clean surface work area and wash hands thoroughly for 40–60 seconds with soap and water
 – The first dialysate bag must be warmed prior to setup
 – Check dialysate bags for the following:
  °  Leaks, clarity, correct dextrose & calcium concentration, color, expiration date, volume, presence of foreign matter, 

intact pull ring, and intact frangible
 – Place dialysate bags in the clean work area and add medicationsa

 – Close all clamps from manifold tubing and the transfer set with locking connector (ratchet clamps and roller clamp)
 – Apply outlet port clamp to patient line of manifold
 – Secure each individual line of the manifold under each bag and the patient line of the manifold under the third bag
 – Prior to connection of the manifold, first apply mask 
 –  Working from right to left, remove colored pull ring from the solution bag luer lock connector and the clear pull ring 

from manifold line using aseptic technique and immediately connect the manifold line to the solution bag by twisting the 
connectors together until tight—this must be repeated for the remaining bags

 –  Attach the luer end of the spike/syringe adapter to the white luer lock connector end of manifold set; then, attach the spike 
end of the transfer set to the spike connector end of the spike/syringe adapter

 – Next, place the green connection shield around the spike connector flange and closeb

 – Finally, secure the transfer set with spike connector under the last bag of the manifold

2.  Priming the Manifold Set
 – Break the frangible on each dialysate bag and open the ratchet clamps on the lines of the manifold set
 – After the lines are primed, close all but one ratchet clamp
 –  Remove the outlet port clamp on the patient line and allow the dialysate to prime the patient line of the manifold and the 

transfer set by gravity
 – Do not allow the fluid to reach the tip of the male luer lock
 – After the patient line is primed, close the roller clamp on the transfer set and the ratchet clamp
 – Tape and secure the transfer set to the 1st dialysate bag
 – Cover the spike/syringe adapter and connection shield with 2×2 gauze and secure with tape
 – Label each bag with the following:
  °  Date, patient name, infusion and drain times, medications added, dialysate concentration and volume, and bag sequence

3.  Connecting the Manifold Set
 – Wash hands thoroughly for 40–60 seconds with soap and water
 – Place a clean underpad on the floor by the patient bedside for the drainage bag
 – Remove the extended life transfer set from the patient’s clothing and place on a mask for the patient 
 – Place on a mask and open the y-set to ensure the tip protectors are securely in place
 – The blue ratchet on the fill line, white ratchet on the drain line, and the twist clamp on the transfer set must be closed
 – Remove the tip protector (blue pull ring) from the white luer lock connector of the y-set
 – Remove the minicap from the patient’s extended life transfer set
 – After removal of the tip protector and the minicap, immediately connect the y-set to the extended life transfer set
 – The connection should be inspected to make sure it is securely tightened 
 –  Finally, the drain bag should be placed on the floor; open the white ratchet clamp on the drain line and open the twist clamp 

on the patient’s extended life transfer set to allow drainage from the peritoneum 
 – Drain patient and observe the effluent prior to connecting the patient to the manifold set
 –  After the drainage is complete, disconnect the y-set and connect the luer end of the transfer set with spike connector to 

patient’s extended life transfer set
 – Wrap the connector with a betadine soaked sterile gauze and secure with tape

4.  Infusion of Dialysate Solution
 – Open the roller clamp on the transfer set with locking connector 
 – Open the ratchet clamp of line #1 corresponding to dialysate bag #1
 – Observe the infusion and close all clamps after the infusion is completed
 – Give report to floor nursing staff
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in Figure 3B. Finally, each dialysate bag must be hung 
on the IV pole in reverse order, starting with the last 
dialysate bag as shown in Figure 3C.

CONNECTING THE MANIFOLD SET TO THE PATIENT AND 
INFUSING THE DIALYSATE SOLUTION

Steps for connecting the manifold set to the patient 
are described in Table 1. After connecting the manifold 
set to the patient, the peritoneum must be drained 
prior to the infusion of the dialysate. The initial 
effluent should be assessed prior to connecting the 
patient to the manifold set. Subsequent to the initial 
drainage, the connector should be wrapped with a 
betadine-soaked sterile gauze and secured with tape 
(Figure 3D). After the infusion of the first dialysate 
bag, all clamps must be closed and a report should be 
given to floor nursing. Infusion of dialysate in a patient 
admitted to the inpatient service is shown in Figure 3E  
and 3F.

MAINTENANCE OF MANIFOLD EXCHANGE BY THE FLOOR NURSE

After infusion of the first dialysate bag, the PD nurse 
will train the primary floor nurse caring for the patient 
on maintenance of the manifold required for the next 
24-hour period as described in Table 1. The floor nurse 
will be instructed to assess the effluent from each drain 
and to inform the PD staff immediately if any changes 
have occurred (Figure 3G). To infuse the next dialysate 

bag, the floor nurse will be instructed to follow the 
numbered sequence on the labeled bags. Prior to leav-
ing the patient’s bedside, the checklist in Table 2 should 
be completed. 

RESULTS

We have utilized an inexpensive form of PD manifold 
exchange in the inpatient setting. Manifold PD can be 
prepared and performed with the assistance of primary 
floor nursing with minimal logistical barriers, thereby 
relieving the burden on PD staff. This system provides 
24 hours of continuous PD in patients unable to per-
form PD on their own in the inpatient service. Assembly 
and initiation of the manifold exchange is described in 
greater detail in the methods section.

For the past two decades, the manifold system has 
been exclusively used to perform PD in all adult ESRD 
patients admitted to the inpatient service at Mount 
Sinai Medical Center, a 1,171-bed, tertiary care medical 
 teaching facility with annual patient discharges of 59,495 
in New York City. In the past 10 years, manifold has been 
used an average (± standard error of the mean) of 6 ± 0.5 
patient admissions per month with an average (± stan-
dard error of the mean) patient length stay of 5.7 ± 0.5 
days. During this period, we have observed only 1 episode 
of inpatient peritonitis. This episode of peritonitis may 
have been related to an unscheduled discontinuation of 
the system by one of the floor nurses, thereby contribut-
ing to the contamination. These results, combined with 

TABLE 1 (cont’d)

5.  Maintenance of Manifold Exchange by Floor Nurse
 – Drain the peritoneal dialysate solution after the dwell time is completed
  ° Remove the empty bag from the IV pole and lower the empty bag to the clean designated area
  ° Open the ratchet clamp on the manifold line
  ° Open the roller clamp on the transfer set with locking connector
  ° Drain the peritoneal dialysate for 30 minutes
  ° Make note of the drainage time
  °  After the drainage is complete, close the white ratchet clamp on the manifold line while the drainage bag is still in the 

clean designated area
  ° Inspect the dialysate bag for color, clarity, and volume
  ° Report cloudy fluid to the peritoneal dialysis staff immediately
  ° Hang the drained bag on the IV pole and mark with “X” on the medication labelc

 – Infuse the new dialysate solution bag
  ° Check the next dialysate bag for infusion time on the medication label
  ° Open the white ratchet clamp of the manifold line of the designated dialysate bag
  ° Allow the dialysate solution to infuse fully and close all clamps once the infusion is completed

IV = intravenous.
a If needed.
b Visually check the sponge without touching it.
c Indicates the dialysate bag has been used.
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the simplified logistical setup, suggest that the manifold 
system is a very reasonable form of delivering PD for the 
acutely ill patient in the inpatient service. 

DISCUSSION 

A large body of evidence exists in the use of APD and 
CAPD in the management of patients with ESRD in the 
chronic ambulatory setting. However, limited evidence 
exists in the use of APD or CAPD in the inpatient setting. 
Despite the limited evidence in the inpatient setting, the 
use of either of these modalities is currently accepted 
worldwide. In this short communication, we provide a 
technical description of delivering PD in the patients 
admitted to the inpatient service with minimal burden 

on the ancillary staff. The use of manifold exchange for 
more than 2 decades in our institution with a nearly 
non-existent incidence rate of peritonitis suggests the 
potential role for its use in patients unable to self-care 
in the inpatient service. However, we do acknowledge 
some potential drawbacks with the use of manifold 
as the primary delivery option for PD in the inpatient 
service. First, prior to infusion, the dialysate bags may 
get cooler with time, since they are not continuously on 
a warmer. If a patient reports discomfort with infusion 
due to lower temperature of the dialysate, this may war-
rant switching the patient to APD where dialysate bags 
are continuously warmed on the cycler. Second, another 
instance that may warrant the use of APD over manifold 
includes patients able to self-care and troubleshoot any 
malfunction with the cycler or patients who have fam-
ily members trained in APD readily available to assist 
in troubleshooting. However, we do recognize that at 
some institutions, management of PD by the patients 
or their family members may not be permitted. Third, 
since all dialysate bags are hung on the IV pole (used 
and unused) to accommodate patient mobility, there is 
a potential for reinfusion or double infusion of unused 
dialysate or effluent. We have minimized this concern by 
training the floor nurse to clearly mark the effluent bags 
when they are rehung on the IV pole after being drained.  
However, if there is a persistent risk of reinfusion or 

Figure 2 — Schematic of manifold exchange setup. The manifold exchange setup is based on the connection between the PD 
dialysate bags to manifold tubing. All lines arising from the connection between the manifold tubing and dialysate bags combine 
distally to join the patient line. PD = peritoneal dialysis.

TABLE 2 
Checklist Prior to Leaving the Patient’s Bedside

Checklist After Infusion Has Completed
 [ ] Ensure all clamps are closed on the manifold set 

 [ ] Only one empty bag should be hanging on the IV polea

 [ ] Only one bag must be infused at a time
 [ ] All remaining bags should be full bags

IV = intravenous.
a  Indicates the patient is currently dwelling dialysate solution.
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Figure 3 — Initiation and management of manifold exchange. (A) Preparation of dialysate bags using the manifold tubing set.  
(B) Transport of manifold set with supplies for connection at patient bedside. (C) Each dialysate bag is hung on the IV pole in 
reverse order, starting with the last dialysate bag. (D) Connect the transfer set to patient’s extended life transfer set and the 
connector is wrapped with a betadine-soaked sterile gauze and secured with tape. (E) Patient’s catheter connected to transfer 
set. (F) Final setup of dialysate bags connected to patient’s transfer set. (G) Drain bags 24 hours post-initiation of manifold 
exchange. IV = intravenous.

double infusion, the use of APD may be warranted over 
manifold. Fourth, APD may be preferred over manifold 
in instances where greater control over variable infu-
sion and drain volumes is required. We recognize the 
need for further studies to compare the incident peri-
tonitis rates, dialysis adequacy, and cost effectiveness 
between manifold, CAPD, and APD to truly determine the 
role of manifold in the inpatient service. Nonetheless, 
we believe this simplified assembly and initiation of 
manifold exchange by the PD team with subsequent 
management by the inpatient team is responsible for 
the extremely low incidence rate of hospital-acquired 
peritonitis. Furthermore, the training required to 
manage the manifold by the floor nursing staff is less 
complex than that of APD (especially in regards to trou-
bleshooting the alarms in APD). The resources required 
to initiate manifold exchange compared to APD or CAPD 
in acutely ill patients may make it attractive to institu-
tions worldwide in need of minimizing healthcare costs 

without sacrificing optimal patient care. Finally, the 
multidisciplinary approach to managing patients on PD 
by the inpatient team and PD staff involves all members 
of the healthcare team, thereby providing the best care  
for the patient. 
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outcomes of Nephrologist-Inserted 
peritoneal Catheters in Indigenous 
patients from Far North Queensland

In Australia, most Aboriginal and Torres Strait Islander 
(ATSI) patients reside away from city centers. Therefore, 
for those patients, peritoneal dialysis (PD) is often a 
preferred modality of treatment for end-stage kidney 

disease (ESKD). A recent analysis of the ANZDATA Registry 
revealed that, of the indigenous patients initiated on PD, 
a greater proportion lived in remote locations (79%) than 
in regional (9%) or metropolitan (8%) areas (1).

Far North Queensland is the northernmost part of 
the Australian state of Queensland. The region stretches 
from the city of Cairns to the Torres Strait and covers an 
area of 27 3147 km2 (2). The provision of renal services is 
administered by Cairns Base Hospital (Figure 1). Before 
2003, the process of securing PD access involved travel 
to that facility, coordination with surgeons and anesthe-
tists, and organization of a hospital bed and an operating 
theatre session. Those logistical constraints can affect 
the timely insertion of the PD catheter, a critical part 
of a successful PD program that can be influenced by 
interventional nephrologists (3).

In January 2003, the model of PD care was modified 
to achieve a considerable degree of ownership by the 
nephrology team. The model requires insertion of a PD 
catheter [Y-Tec peritoneoscope (Medigroup, Naperville, 
IL, USA) technique] by a nephrologist or advanced 
nephrology trainee (in the 2nd- or 3rd-year fellowship 
program); location of a procedure room adjacent to the 
PD training facility; involvement of a PD nurse as an 
assistant during the procedure and subsequent recovery 
of the patient; provision of hostel accommodation within 
walking distance of the hospital for patients and their 

Figure 1 — Area map of Far North Queensland, Australia.
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