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IN VITRO MICROBIOLOGY STUDIES ON A NEW PERITONEAL DIALYSIS CONNECTOR
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¢ Objective: We evaluated the ability of a recently devel-
oped peritoneal dialysis (PD) connector to prevent the risk
of bacterial transfer to the fluid path after simulated touch
and airborne contamination.

¢ Methods: Staphylococcus epidermidis ATCC1228 and
Pseudomonas aeruginosa ATCC27853 strains were used.
For touch contamination, 2 uL of a standardized in-
oculum [1x108 colony-forming units (CFU) per milliliter]
were deposited on top of the pin closing the fluid path
of the patient connector. For airborne contamination,
the patient connector was exposed for 15 seconds to a
nebulized standardized inoculum. To simulate the
patient peritoneum and effluent, the patient connec-
tor was pre-attached to a 2-L bag of sterile PD solution.
After contamination, the patient connector was at-
tached to the transfer set, the pin was captured, flow
control was turned to simulate “patient drain” into the
empty bag, and then “patient fill” using the bag pre-
attached to the connector. Finally, a new pin was recap-
tured. The PD solution collected in the bag pre-attached
to the connector was run through a 0.20-um filter for
colony counts.

¢ Results: No infected connector transferred bacteria to
the fluid path, regardless of the challenge procedure or the
strain used.

¢ Conclusions: Our results show that the new PD connector
may fully obviate the risk of bacterialinfection, evenin the
presence of heavy contamination. Further studies are in
progress to test our PD connector in a clinical setting.
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eritonitis remains the most common acute complica-

tion of peritoneal dialysis (PD), ranking as the main
cause of technique failure (1). High peritonitis rates
are associated with mortality, either as a primary or a
contributing factor (2-4). Technical improvements in
PD systems and connectology, such as the double-bag
system and the Y-set with a flush-before-fill technique,
have been shown in randomized controlled studies to
significantly reduce rates of peritonitis (5-7). Institution
of a full range of clinical practices and protocols, com-
bined with more careful patient selection for PD, seems
at present the best approach to reducing the peritonitis
risk (1,8,9). However, in large, unselected PD cohorts,
which are likely to reflect the everyday experience of PD,
the peritonitis rateis still disappointingly high (2,3,10).
Thus, more effective methods of reducing the risk of
peritonitis need to be found.

The routes of organism entry leading to peritonitisare
touch, catheter-related, enteric, hematogenous, and gy-
necologic contamination. Touch contamination—thatis,
contamination at the time of exchange—is the most com-
mon source (11), and so safety in PD practice essentially
relies on the patient rather than on the device. Indeed,
the current PD procedure requires that patients

* wash their hands at least 4 times daily,

* dedicate a part of their living space at home to PD,

 stock various accessories—caps, cap holders, soaps,
disinfectants, masks, gowns, creams, and so on—for
useinimproving the sterility of the available connec-
tor system, and

* periodically undergo retraining in safety procedures.
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All these attempts to further improve safety increase
the health care expenditure, although safety still relies
on patient skills.

The challengein designing a new connectoris to succeed
in completing a PD cycle by opening and closing the access
of dialysis fluids to the peritoneum within a sterile environ-
ment. Toaccomplish thattask, a capture-recapture mecha-
nism (CRM) was engineered (Patent WO 2008/001234)
and implemented in the connecting device (hereinafter
“CRM device”). This CRM device should abolish the risk
of peritonitis commonly derived from touch and aerosol
contamination. In addition, the CRM device should relieve
the patient or family members from the present burden of
the PD procedure, shifting the responsibility for safety to
the device from the patient’s skill and compliance.

Inthe present study, we assessed the efficiency of the
CRM devicein preventing the transfer of micro-organisms
to the fluid path after deliberate touch and aerosol con-
tamination of the connector.

METHODS
CRM PD SYSTEM

The solution delivery system used in our study was a
twin-bag type, pre-attached to the CRM device, which
includes online flow control (Figure 1).

The patientsideis closed with a pin, and once connec-
tion is made to the transfer set, the pin can be captured

“Patient”

(@)

Twinbag type pre- -
atrached to our -

CRM device Handle 1

(

Figure 1 — Bacterial challenge and peritoneal dialysis ex-
change procedure using our “capture-recapture mechanism”
(CRM) connecting device. 1) Touch or airborne contamination
of the handle [patient side, (a)]. 2) Attach the transfer set
catheter to the patient side. 3) Push the handle to capture
the pin. 4) Turn the control switch clockwise to the drain po-
sition (e°). 5) After drain, turn the control switch clockwise
to the fill position (ee°). 6) After fill is complete, turn the
control switch clockwise to the last position (eee°). 7) Push
the handle to capture the new pin and disconnect the patient
side from the transfer set. 8) Filter the total fillvolume through
a 0.20 um filter.
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and safely sequestered in the transfer set by pushing the
handle (patientside, Figure 2). A dial controls fluid flow,
alternately opening and closing the lines connected to
the drain and PD solution bags.

At the end of the fluid cycle and before the system
is disconnected, a new pin presentin the transfer set is
ready to be recaptured by pushing the handle to close
the patient side (Figure 2). When the PD solution and
drain bags [continuous ambulatory PD (CAPD) twin bag
with the CRM connector] were positionedin the way used
by a PD patient (described in more detail shortly), the
calculated flow rate was 6.5 cm3/s, which is comparable
to that achieved with commercially available products.
At that flow rate, it takes about 5 minutes for 2 L of fluid
to traverse the system.

TOUCH AND AIRBORNE CONTAMINATION PROCEDURES

A series of in vitro microbiology tests were conducted
to evaluate the risk of bacteria transfer to the fluid

Handle connected

i te the disposable

Handle disconnected

? from the dispesable -

@

£ The handle
: ! (patiant side)
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Figure 2 — Basic operating principle of our “capture-recapture
mechanism” (CRM) connecting device. For a better apprecia-
tion of the mechanism of pin capture and recapture, cross-
sections of the main CRM steps are shown. Center: A front view
ofthe handle connected to the disposable unit before the start
of the peritoneal dialysis cycle. Steps 1,2: The pin is captured
and safely sequestered by the disposable unit. Pushing the
handle toward the disposable unit (Step 1, directional arrow)
and then releasing it (Step 2, directional arrow) removes the
pin from the handle and secures it firmly to the housing of the
disposable unit. Steps 3-5: Drain and fill procedures (described
indetailin Figure 1). Step 6: Operating the handle (directional
arrows) captures a new pin, present in the disposable unit.
The cross-sections show the old pin being sequestered in the
disposable unitand the new pin being captured. Step 7: Afront
view of the handle disconnected from the disposable unit at
the end of the peritoneal dialysis cycle.
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path by direct (touch) or indirect (airborne) contami-
nation of the pin. To that end, we used Staphylococcus
epidermidis ATCC1228 and Pseudomonas aeruginosa
ATCC27853 reference strains. These species were chosen
because they are the most common causative agents in
accidental touch contamination leading to PD-associated
peritonitis (12-14).

Starting from overnight growth in Trypticase Soy
Broth (Oxoid SpA, Milan, Italy), a standardized inoculum
of each strain was spectrophotometrically adjusted at
550 nmto an optical density ofabout 0.1501in phosphate-
buffered saline (Sigma-Aldrich, Milan, Italy).

For the touch contamination procedure, 2 uL of the
standardized inoculum were deposited on top of the
pin closing the fluid path of the patient connector. The
pin was then allowed to dry for 15 minutes. For the
airborne contamination procedure, the patient con-
nector was exposed for 15 seconds to bacterial aerosols
generated by nebulization of 10 mL of the standardized
inoculum. The exposed connector was then allowed to dry
for 15 minutes.

Colony counts were performed to assess

* thesize of the standardized bacterial inoculum,

* the bacterial load transferred onto the pin by touch,

 the bacterial load transferred onto both the pin and
the handle by aerosol, and

* theeffect ofair-drying on the viability of the bacterial
inoculum.

To those ends, the contaminated pin (touch) or con-
taminated handle and pin (aerosol) were placed inside
tubes containing sterile Trypticase Soy Broth, which were
then spun at maximum speed for 1 minute. In each case,
triplicate 100 pL samples from the broth were removed
and submitted to serial dilution for colony counts.

To simulate the patient peritoneum and effluent, the
patient side was pre-attached to a 2-L bag of sterile PD
solution (Figure 1). The PD solution was a commercially
available glucose-based, lactate-buffered solution (1.5%
glucose, 75.5 mmol/L Dianeal: Baxter Healthcare SA,
Castlebar, Ireland).

The position of the PD solution and drain bags (CAPD
twin bag with the CRM connector) was similar to that typi-
cally used by a PD patient: the port tube of the solution
bag being 125 cm from the floor, the bag simulating the
peritoneum being 50 cm from the floor, and the drain
bag being on the floor. Shortly after contamination, the
patient side was connected to the transfer set, the pin
was captured, the flow control was turned to simulate
“patient drain” into the empty bag and then again to
simulate “patient fill” from the bag pre-attached to the
connector, and the new pin was recaptured.
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After each complete simulated exchange, the PD solu-
tion collected in the bag pre-attached to the connector
was entirely and aseptically passed through a 0.20-um
filter. Colony-forming units were then counted by ap-
plying the filter at the surface of a Trypticase Soy Agar
medium (Oxoid), which was then incubated at 37°C for
24 hours.

For each contamination procedure (touch, aerosol)
and for each strain (S. epidermidis, P. aeruginosa), 15
simulated exchanges were performed, each simulated
exchange using a new CRM device.

To evaluate the efficiency of our recovery method,
and as a positive control sample, the fluid path was
inoculated with a known inoculum (1x103 CFU), which
was flushed into the “patient” bag. That fluid was then
filtered to determine CFUs. In addition, we suspended the
P. aeruginosa and S. epidermidisinoculain the Dianeal PD
fluid used in the study for up to at least 4 hours at room
temperature to ensure that the viability of the inocula
was not affected (data not shown).

RESULTS

The CFU counts carried out for both bacterial strains
showed that

¢ thestandardizedinoculumwas 5.0+ 0.8x108 CFU/mL
in size,

* the touch contamination procedure delivered 8.0 +
1.0x10° CFU to the top of the pin,

* the aerosol contamination procedure delivered 1.0 +
0.2x10° CFU and 6.0 + 1.5x10° CFU onto the pin and
the handle respectively, and

* air-drying did not significantly affect the viability of
the bacterialinocula.

The efficiency of our recovery method was greater than
97% for both bacterial strains tested.

None of the infected connectors transferred con-
tamination to the peritoneal washing fluid, regardless of
the challenge technique (touch or aerosol) or the strain
(S. epidermidis, P. aeruginosa) used.

DISCUSSION

The fear of peritonitis remains a major concern for
many patients and physicians, and that fear may militate
against use of PD as a replacement therapy in end-stage
renal disease. Although peritonitis incidence rates have
dramatically declined with antimicrobial prophylaxis
(15), and despite the introduction of the flush-before-
fill double-bag principle (6) and various technological
improvements relating to disconnection systems (7),



PDI SEPTEMBER 2012 -VOL. 32, NO. 5

cases of refractory or even fatal PD-related peritonitis
stilloccur (16), mainly because of P. aeruginosa—and, to
a lesser extent, S. aureus—infection (2,6,17).

The leading cause of peritonitis continues to be poor
aseptic technique at the time of PD exchange, because
during the procedure to attach and detach connectors,
micro-organisms can inadvertently be transferred via
the lumen of the peritoneal catheterinto the peritoneal
space, causing peritonitis.

Currently, catheter connecting systems are of three
main types:

e The standard or straight system, in which a new con-
nection is made at each exchange

* The Y-set or disconnect system, in which the patient
disconnects from the bags between exchanges

e The double- or twin-bag system, in which the con-
nection with the fresh dialysis solution bag is already
made, so that the patient has to perform one less
connection procedure

Observational studies and systematic reviews have
clearly demonstrated that disconnect systems (double-
bag and Y-connection) are superior to conventional
spike (or Luer-lock) connect systems in terms of the
prevention of peritonitis (5,11,18). The most likely
reason for that observation is the reduction of inad-
vertent peritoneal microbial contamination because of
the flush-before-fill maneuver during connections with
the Y-set and twin-bag systems (19). The elimination
of one connection procedure entailed by the twin-bag
system should theoretically further reduce peritonitis
episodes beyond what is achieved by the Y-connection
(5). The design of the CAPD delivery system could
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thereforeaffecttheincidence of both peritonitisand CAPD
technique failure.

In the present study, we assessed the efficiency of a
new CRM device in preventing the transfer of micro-or-
ganismsto the fluid path after deliberate contamination.
This CRM device was conceived and designed to forestall
the peritonitis risk deriving from touch and airborne
contamination. From an engineering standpoint, that
objective was successfully achieved by devising a mecha-
nism which, at the beginning of a PD fluid exchange,
captures the pin that closes the fluid path between PD
exchanges (patient side, Figure 2). At the end of the PD
fluid exchange, a new pinis recaptured from the transfer
set and closes off the fluid path (patient side). All the
steps occur in a fully automated manner and with the
lumen of the catheter always protected from bacterial
access to the fluid path during the PD fluid exchange.
Furthermore, unlike currently available PD connecting
systems, the pin is not equipped with a sponge ring
loaded with povidone iodine, thereby preventing the
side effects of peritoneal inflammation and fibrous
thickening (which may trigger encapsulating peritoneal
sclerosis) associated with povidone iodine flowing into
the peritoneal cavity (20,21).

Our results show that none of the bacteria contaminat-
ing the pin were transferred to the fluid path, ruling out
the possibility of bacteria gaining access to the perito-
neum during PD fluid exchanges. These results areall the
more impressive considering the level of contamination
generated by the challenge procedures (1.6x10° CFU),
which is considerably higher than might be expected in
the clinical setting—from 102 CFU by unprepared hands,
up to 4.5x103 CFU if hands are washed but not dried

TABLE 1
Published Studies Evaluating the Microbiological Safety of Peritoneal Dialysis Systems

Contamination Samples Range of challenge dose®
Reference procedure (n) (CFU) Bacterial species
Kubey et al., 1998 (25) Intraluminal 23 0.3 to 1x10% Staphylococcus epidermidis
Kubey et al., 2001 (23) Touch 10 0.04 to 4.4x10% Serratia marcescens
Intraluminal 21 3.9 to 5.1x103 S. epidermidis

Saito et al., 2010 (24) Touch 10 4.1t05.2x10° Staphylococcus aureus

Touch 10 1.5 to 3.2x10° S. epidermidis

Touch 10 1.8 to 5.2x10° Escherichia coli

Touch 10 0.3to 1.8x10* Pseudomonas aeruginosa
Present study Touch 15 8x10° S. epidermidis, P. aeruginosa

Aerosol 15 1to 6x10° S. epidermidis, P. aeruginosa

2 Only bacterial challenges are reported.
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(22)—orthan has been reported as the worst-case touch
contamination scenario in previous studies (23-25)
evaluating the ability of several commercially available
PD connectors to prevent fluid path contamination
(Table 1).

Moreover, our study is the first to use an airborne con-
tamination procedure, whichisa much worse contamina-
tion scenario than touch contamination alone. However,
the present study does not allow for the possibility of
biofilm formation on the part of the connection that is
notdiscarded to be unequivocally ruled out. Although the
chances of such an occurrence are low, that possibility
deserves future investigation.

Itisimportant to note that, although the CRM device
can also operate the flush-before-fill step, we simulated
PD exchange in the present study without including
that step. Without such convective removal of bacteria
contaminating the fluid path, commercially available
connector systems would not be very efficientin reducing
bacterial contamination (23,25).

CONCLUSIONS

Prevention is the most important step in managing
peritonitis and is therefore still a matter of great concern.
For prevention, a good connection technique is essential
to avoid transfer of microbes to the peritoneum. The CRM
device described here is the first PD connecting system
fully able to remove the risk of bacterial infection, even
in the presence of heavy contamination.

Randomized clinical studies will be needed to dem-
onstrate a relationship between our in vitro results and
clinical performance of the CRM device in terms of reduc-
ing peritonitis rates.
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