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Mechanical characteristics of plastic base Ports
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Background: Three types of totally implantable venous access devices, Ports, are currently
in use: titanium, plastic (polyoxymethylene, POM), and mixed (titanium base with a POM
shell). Physics theory suggests that the interaction between a non-coring needle (NCN, made
of stainless steel) and a plastic base would lead to the stronger material (steel) altering the more
malleable material (plastic).

Objectives: To investigate whether needle impacts can alter a plastic base’s surface, thus
potentially reducing flushing efficacy.

Study design and methods: A Port made of POM was punctured 200 times with a 19-gauge
NCN. Following the existing guidelines, the needle tip pricked the base with each puncture. The
Port’s base was then examined using a two-dimensional optical instrument, and a bi-dimensional
numerical simulation using COMSOL® was performed to investigate potential surface irregu-
larities and their impact on fluid flow.

Results: Each needle impact created a hole (mean depth, 0.12 mm) with a small bump beside
it (mean height, 0.02 mm) the Reynolds number Re,=10. A numerical simulation of the one
hole/bump set showed that the flushing efficacy was 60% that of flushing along a flat surface.
Discussion: In clinical practice, the number of times a Port is punctured depends on patient
and treatment characteristics, but each needle impact on the plastic base may increase the risk
of decreased flushing effectiveness. Therefore, the more a plastic Port is accessed, the greater
the risk of microorganisms, blood products, and medication accumulation.

Conclusions: Multiple needle impacts created an irregular surface on the Port’s base, which
decreased flushing efficacy. Clinical investigation is needed to determine whether plastic base
Ports are associated with an increased risk of Port infection and occlusion compared to titanium
base Ports.
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Introduction

Totally implantable venous access devices (TIVADs) have been in use for more than
three decades. They have proven to be safe and effective. Their indications, complica-
tions, and maintenance guidelines are well described and widely accessible!"!! There
are currently three types of TIVADs (further referred to as Ports) available: metal
(titanium), plastic (polyoxymethylene [POM]), and mixed (titanium base with a POM
shell). Physics theory suggests that, when accessing a plastic base Port, the interaction
between the metal non-coring needle (NCN, made of stainless steel) and the plastic
base, the stronger material (steel) would alter the more malleable material (plastic).
Given that Port access guidelines clearly state that when inserting an NCN, the Port’s
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base must be felt'>"® and repeated punctures could alter the
integrity of a plastic base’s surface.

The aim of this study is to investigate whether stainless
steel needle impacts on a plastic (POM) base can lead to the
alteration of the base’s surface and therefore to local modi-
fications in fluid flow within the Port.

Materials and methods

A Port, made of POM, was punctured 200 times with a
19-gauge NCN by the same participant.'* As recommended
in the existing guidelines, the needle’s beveled tip pricked
the base with each puncture. The Port was then taken apart
and its base was examined using a two-dimensional opti-
cal instrument with magnification powers of 21 and 147.
A bi-dimensional numerical simulation using COMSOL®
was performed to investigate the potential impact of surface
irregularities on flow characteristics along the Port’s base. The
dimensions of the surface irregularities (holes and bumps)
were obtained using image analysis (ImagelJ). The mean depth
of the holes and mean height of the bumps were calculated.
The retained parameters for fluid flow were U=0.5m/s for
the mean input velocity in the Port and V=1 0°m*/s for the
viscosity of the flushing fluid.

Results

Figure 1A and B shows a magnified view (x21) of the plastic
Port’s base, which has a bumpy and rugged aspect, confirmed
with a greater magnification (xX147). In the absence of any
other intervention, the bumps and holes are clearly the result
of the needle tip impacts. The mean depth of the holes was
0.12 mm and the bumps had a mean height of 0.02 mm.
These values yield a Reynolds number, associated with

k.U
the flow along a rough surface, of Re,=—— ,where k_is
V N

the dimension of the bump (k,=2x10"m), v=10"m’/s

Figure | Magnified view of the plastic Port base; (A; x21) and (B; x147).
Note: Source: Perouse Medical®©.

is the viscosity of the flushing fluid (normal saline), and
U=0.5 m/s is the velocity in the vicinity of the Port’s base. In
clinical situations, this velocity is associated with mean input
flows ranging from 0.2 to 1 mL/s." The retained parameters
lead to Re, =10. This value lies in the transition interval of
5<Re, <70, indicating that roughness may be associated
with altered flow patterns and, in fine, with decreased flush-
ing efficacy.

A rough estimate of the shear rate in the immediate
vicinity of the needle tip was obtained and used as an input
parameter in the numerical simulation. If the aperture of the
needle has an elliptical shape (Figure 2) with a semi-major
axisof a=1.97 mm fora 19-gauge needle (and b=0.35 mm,
semi-minor axis), then the shear rate on the Port’s base at the

outlet of the needle tip can be calculated as ,= % =250 57",
Figure 3 shows the geometry used for the simulation. The
surface irregularities of the Port’s base consist of a succession
of holes and bumps with the previously defined dimensions.
The simulation was conducted for stationary solutions by
applying a linear velocity profile with a shear rate y, as a
boundary condition at the entry of the flow.

Figure 3 shows the flow lines obtained from the numerical
simulation. The direction of the flow was chosen arbitrarily
(from right to left). The observed flow line constriction
above the bump, associated with an enlargement just before
and after, is a common situation encountered when studying
streamlines around obstacles.'®

More importantly, and of great clinical relevance for
flushing effectiveness in clinical settings, the flow lines
did not enter the hole, leading to a recirculating flow in the
cavity. In other words, closed streamlines appeared in the
hole as rotating cells of fluid (driven cavity flows) and had a
marked effect on mass transport between the main flow and
the cavity.!” The result was decreased flushing effectiveness.
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2b=0.71 mm

2a=3.94 mm

Figure 2 View of the elliptical aperture of the needle with a representation of the
velocity profile in the immediate vicinity of the Port base.
Notes: a and b =semi major and minor axis; U =mean input velocity; Y, =shear rate.
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Figure 3 Geometry used for the numerical simulation and representation of the
flow lines around and in the vicinity of the succession of a hole and a bump.
Notes: y, =shear rate; A, B, B, C, D = position along the limit.

Figure 4 shows the distribution of the wall shear rate
along the base in the vicinity of the irregularities. Points A,
B, B’, C, and D represent positions along the limit and are
also shown in Figure 3. The interval BB’ corresponds to the
hole’s aperture. The wall shear rate increases significantly
above the bump (position C, constriction of the streamlines).
Positions B, B, and D are associated with very low wall shear
rate values (widening of the stream lines). This distribution of
wall shear rates would occur around obstacles, such as drug
deposits, blood products, and contrast media.'®

Furthermore, the wall shear rate is closely related to the
velocity distribution near the base. A numerical simulation
can follow the variation of the velocity profile, perpen-
dicularly to the wall, along the distribution of the surface
irregularities. Results are shown in Figure 5, where z denotes
a coordinate perpendicular to the wall. The most striking
result is the transition of the velocity profile from a linear
profile (U=z) above the flat part of the wall to a logarithmic
velocity profile (U= Ln( % )) above the irregularities. This

Figure 4 Distribution of the wall shear rate along the base in the vicinity of the
irregularities.
Notes: Yi =shear rate; A, B, B’, C, D = position along the limit.
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Figure 5 Modification of the velocity profile above the bump.
Notes: U =mean input velocity; z =vertical coordinate; k_=dimension of the bump.
Abbreviation: Ln, logarithm.

last point is essential as it is a hydrodynamic signature of
the impact of the needle tip on a plastic base. As seen in the
simulation (Figure 3), the streamlines never penetrate the
hole and the positions just before and just after the bump
(positions B” and D in Figure 3) are also inaccessible to
flushing (Figure 4).

A phenomenological examination of wall shear rate
modifications along a rough surface provides an indication
of flushing efficacy and a logarithmic velocity profile can
be obtained, satisfying the boundary conditions against the

Ln( Zk )
wall v=U————-. We can then calculate the ratio G of
Ln( 2 ks)
the mean wall shear rate over the wall in the conditions of
flow at the outlet of the NCN with respect to the main wall
(%))
(aLn(% )—a+k,)

numerical values previously used, this results in G=0.6.

shear rate G=Ln( % ) . Taking the

In other words, in the vicinity of bumps and holes, flushing
efficacy is 60% that of flushing along a flat surface.
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These results show that multiple needle impacts on the
base of plastic Ports can potentially significantly hinder flush-
ing effectiveness, which is associated with increased risks of
occlusion and infection.

Discussion

For practical purposes, the flow analysis conducted in this
study focused on one hole and bump set, resulting from
one needle puncture. With each additional puncture, the
affected surface area of the Port base will increase, thus
leading to a progressive decrease in flushing effectiveness
and to an increased risk of microorganisms, blood products,
and medication getting trapped either in the hole or in the
bump’s vicinity. In practice, the number of times a Port is
accessed depends on the treatment it is used for. For patients
receiving frequent or prolonged intravenous therapy, the
number of punctures may be as high as 50 or 100 per year.
Indeed, according to international guidelines, the NCN must
be changed every 7 days when the Port is used on a continu-
ous basis. For intermittent treatments, a new needle may be
used (and removed) twice a week or more. Thus, for patients
requiring a heavy treatment regimen, the number of punctures
can be quite high. In these patients, the use of a plastic base
Port could significantly increase the risk of colonization and
occlusion. It is worth noting that the in vitro design of this
study cannot account for other factors related to the patient,
illness, treatment, or caregiver, all of which play an important
role in needle change frequency and on flushing effectiveness.
Nonetheless, the analysis of material interaction and fluid
flow from a physics perspective remains clinically relevant
and warrants further exploration in a clinical setting.

In addition, two studies have reported POM perforation
from repeated needle punctures.'>!* Although quite rare, and
not observed in our study, such events support our results
and confirm material displacement with each needle impact.
A systematic examination of POM Port base surfaces after
their removal is clearly indicated, as is the use of titanium
base Ports for patients who are likely to receive prolonged
treatment.

Furthermore, because Port access guidelines clearly state
that the Port’s base must be felt when inserting the needle,
preventing or minimizing the risk of altering the plastic
Port’s base by not pricking it with the needle tip cannot
be recommended. Indeed, this would increase the risk of
extravasation, a far more severe complication. Ensuring that
flushing is effective by increasing the volume used in plastic
base Ports may be indicated, although further research should
be undertaken to determine whether increasing the flushing
volume is sufficient to prevent complications.

Conclusion

The in vitro evaluation of surface conditions in plastic base
Ports shows that each puncture by a metal needle creates
a hole and bump set, which decreases flushing efficacy,
potentially leading to an increased risk of Port occlusion
and infection." Indeed, the observed holes and bumps were
of sufficient size to alter fluid flow along the base’s surface.
Over time, and with frequent use of the Port, the cumulative
effect of the needle tip impacts could lead to the creation
of a matrix, subsequent accumulation of microorganisms,
proteins and molecules, and concurrently decreased flushing
effectiveness. Further exploration is necessary to determine
whether this could result in clinical complications. To reduce
the risk of altering the base’s surface, needle insertion in
plastic base Ports should be performed with care, although
this may be difficult to implement in clinical practice. In any
case, plastic base Ports should be indicated for short-term
treatment only.
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