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In healthcare institutions, intravenous (IV) catheters are everywhere. Administration
of medications, chemotherapy, and stem cell infusions depend on them. They
are necessary for drawing blood samples. Monitoring of patients and providing
nutrition often rely on them.' One estimate is that up to 90% of all hospitalized
paticnts receive some form of IV therapy during their stay? Central venous catheters
(CVCs) account for more than 7 million insertions annually in the U.S.* with 2.1
million of these placed in critical care patients.*

As Imporlant as these devices are, risks remain. Infections, either systemic or
local, may develop. Thrombolytic or ronthrombolytic ocelusions may partially or
totally block flow. Mecharical complications, such as pneumothorax, hemaloma,
or accidental arterial puncture may occur® But complications can be reduced or
prevented with careful insertion and monitoring procedures, and with advanced
technology. According to one source, "Bloodstream infectiors from catheters are
nearly 100 pereent preventabie with clear, actionable steps.”

Two hospitals, one in Texas and one in Canada, compared occlusion and potential
infcction rates using the needleless Baxter Interlink® injection site and the
LifeShield™ TKO™-5 anti-reflux device, The triai and results arc described here,

There are several CVC types, all of which usually terminate in the superior vena
cava, Percutaneous CVCs, which have up to five lumens and can be placed at the
bedside, are for short-term use and arc inserted into the subclavian, internal jugular,
fernoral, or, more recently, axillary veins. Peripherally inserted centrai catheters
(PICCs), which have one to three lumens, are inserted into a peripheral ven and
used for medium- 1o ‘ong-term treatment. Subcutaneous CVCs are surgically
placed below the skin and used for medium- to long-Llerm treatment; they include
tunneled catheters and implanted ports. Implanted ports, which are placed entirely
beneath the skin and are for long-term use, e.g., administration of chemotherapy.”

OCCLUSIONS

Occlusions may be partial or total, and non-thrombotic, mechanical, or thrombotic.
A partial occlusion is defined as one in which flow is reduced or there is fibrin
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over the end of the catheter.”® With a total occlusion, there is
no blood return, and flushing and medication administration are
not possible.”

Non-thrombotic occlusions are causcd by collection of drug
or other infusion precipitates that block flow. Mechanical
occlusions may be caused by kinked or twisted external tubing,
poor internal positioning of the catheter, catheter migration, or
patient movement™" (Table 1).

Thrombotic occlusions are caused by blood collection at the tip
of the catheter that blocks llow within the catheter and forms a
clot. One cause is blood reflux, which frequently occurs as part of
IV therapy,'? and has been shown to result in partial or complete
occlusions in 3% to 79% of CVC insertions.'* 16

Sources of catheter tip reflux include syringe plunger reflux,
movement of blood during attachment or remaval of a syringe
from an unclamped catheter, and physiological reflux. Syringe
plunger reflux can occur with some plungers that compress
when the syringe is emptied completely. When forward pressure
by the finger on the syringe barrel is released, the compressed
barrel tip pulls back and the vacuum within the system pulls
a small amount of blood back into the catheter tip. Leaving
0.5 mL in the flush syringe before remaval can help prevent
syringe plunger reflux.

During attachment and removal of a syringe from an unclamped
catheter, blood moves back and forth in the catheter tip and will
adhere to the inner lumen of the catheter if not flushed out. One
way to minimize this reflux is by clamping the catheter prior to
syringe removal.

Physiological reflux is also important to understand. Buring
infusion into a catheter, an open pathway from the tubing into
the vein is in place. When the pressure of the fluid infusing
is greater than the vascular resistance, fiuid flows forward.
However, intravascular pressure is increased by physiological
processes such as patient movement, coughing, vomiting, or
mechanical ventilation and can often overcome the forward
pressure of the fluid even when an infusion pump is in use.
This increased vascular pressure forces blood into the tip of the
catheter. When the episode that caused the pressure, such as
coughing, stops, the infusion begins to flow forward into the
patient again. However, if the flow rate is low, the flushing
action of the infusion is not adequate to clear the blood from
the catheter lumen, causing adherence to the catheter wall. This
starts the occlusion process and potential for biofilm formation.
Because it is not possible to visually view the central catheter tip,
this reflux is often not addressed.
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Other influences on formation of thrombotic occlusions include
catheter material, tip location, duration of use, 7 and improper
flushing'™™® (Table 1). Thrombotic occlusions may increase
the risk of central line-associated bloodstream infections
(CLABSIs®).”” This may be due to catheter colonization on the
external catheter surface, contamination on the catheter
hub that is accessed without praper disinfection, or infection
elsewhere in the body that seeds the catheter hematogenously.™
Also, most indwelling vascular catheters are engulfed by a fibrin
sheath that forms soon after insertion.? This sheath has a sticky
surface, which allows pathogens to adhere to it and may become
a nidus of infection.?

Table 1: Factors that influence formation of occlusions'™! %1

Thrombotic Non-Thrombotic | Mechanical

Blood reflux _ C_ollectu;n of drug or_ k_ink;zdltwisted tut:ing-
other precipitates

Tipl_ocation T B Poor catheter ]

positioning

Catheler migration

Catheter material

Duration of use Patient movement

Improper flushing
To dissolve a partial or complete occlusion, a thrombolytic agent
such as alteplase may be administered. However, a thrombolytic
is not effective for occlusions caused by medication precipitates.
These may be dissolved with anolher agent, such as hydrochloric
acid, sodium bicarbonate, or ethanol, depending on cause.'5#'22 |t
is essential that compatibility between the solution and catheter
material be determined before any solution is used.## If a clot
cannot be dissolved, the catheter should be removed, if possible,
or replaced.

INFECTIONS

A recent publication by the Centers for Disease Control reports
92,011 CLABSIs annually in the US.? CRBSIs* for PICCs alone
account for 0.4 to 14.7 cases per 1,000 catheter days.'*"% Of the
2.1 million critically ill patients who require CVCs, about 34,000
experience CRBSIs annually.* Mortality associated with CVC-
related bacteremia in critically ill paticnts has been reported to
be 12% to 25%:*

*CLABSIs and CRBSIs

It should be noted that these terms, though often used
interchangeably, actually represent slightly differént criteria:
According to the Association for Professionalsin Infection
Control and Epidemiology (APIC), the term CLABSHS used for

surveillance purposes to identify bloodstream infections in
patients with central lines: A'more rigorous definition applies
to CRBSI, which includes precise laboratory findings and other =
S criteria. The term CRBSI is more likely 1o be used in

cal research.®




CRBSIs may be intraluminal, caused by microbes that invade
IV fluids or the route of fluid flow, or extraluminal, caused by

, contamination outside the catheter, e.g., on the catheter hub

Jor tubing.™ There are numerous factors commonly associated
with an increased risk for infection¢ (Table 2), These factors
include, but are not limited to, those noted in Table 2. The type
of CVC plays a role, with percutaneous catheters associated with
the greatest risk. Multilumen catheters may increase risk as does
length of hospital stay. The site of catheter insertion is a factor,
with the femoral roule presenting the greatest potential for
infection. A rate of 4.5 infections per 1,000 catheter days with
femoral insertion, compared with 1.2 per 1,000 catheter days
with subclavian insertion, has been reported.™ Risk of infection
increases the longer the catheter is in place and when catheter
patency is poor. Finally, patient characteristics can be factors.
These include immunodeficiency, low CD4 cell counts, high
APACHE scores, active infections at other sites, and the presence
of other IV devices.'8%8

Table 2: Factors that influence risk of infection'*8

Factors -
Type of CVC | Length of time Patient
B _! catheter is in place characteristics
Num_bcrmur;ens Line care _
- C_ari;‘ivr o Maimen;cé oT*' 1 e
insertior site catheter patency

e fesnonne Costs

In addition to increased morhidity and martality among patients,
IV catheter-relaled complications require additional resources—
sometimes substantial—from the institution. Estimates of the
economicimpact vary, but sourcessuggest that each bloodstream
infection costs a hospital $29,000%" to $35,000,% with more than
500,000 episades per year reported.* This translates to annual
healthcare costs in the US. of $2.3 billion due to prolonged
hospitalization and addit:onal therapies.®

In 2005, the Centers for Medicare and Medicaid Services
(CMS) Deficit Reduction Act (DRA) declared that treatment for
conditions acquired during hospitalization wou'd no longer be
reimbursed by Medicare or Medicaid. As of October 1, 2008,
CRBSIs were specifically included in this group. Since then,
healthcare institutions have put inlo place practices that would
hopefully avoid catheter-related complications.

HITR ! R HEATR AN STl AR
Catheter-related complications can be complex and challenging.
Numerous groups provide guidelines, many of which overlap, Lo
reduce IV catheter-related infections. Vigilance in assessment
and maintenance of catheter patency is increasingly emphasized.
In addition, new technology has been designed to help address
this problem.

GUIDELINES

Centers for Disease Control {CDC), in conjunction with the
Heaithcare Infection Control Practices Advisory Committee
(HICPAC), have developed  specific  evidence-based
recommendations to reduce CRBSIs™* QOverall, prevention
is focused on three areas—prior to, during, and after catheter
insertion—as described by the Scciety of Healthcare Epidemiology
of America (SHEA) and the Infectious Diseases Society of America
(IDSA)3*

These ideas arc captured in the lInstitute for Healthcare
Improvement's {IHi) central-line bundle of best practices, which
has been shown to reduce CRBSI rates® It is most effective
when all components are applied together™®:

® Hand hygiene
e Maximal barrier precautions on insertion
e Chlorhexidine skin antisepsis

e Qptimal catheter site selection (subclavian vein is preferred
for nontunneled catheters)

e Daily review of line, plus prompt remaoval of unnecessary lines

MAINTAINING CATHETER PATENCY

Maintaining catheter patency requires careful assessment of
patency before use, appropriate flushing technique, and prompt
treatment of partial or complete occlusions.

Catheter patency must be assessed prior to administration
of medication or solution; this is done by checking for blood
return.?® Appropriate flushing technigue helps retain patency and
reduces the potential tor development of biofilm once a catheter
has been inserted. When blood is flushed completely from the
catheter, it does not adhere to the inner wall and promote
biotilm formation when bacleria are present. Each institution
should have a flushing prolocol that describes frequency,
solution (heparin or saline) concentrations and volume, and
procedures to follow. In general, the concentration and volume
of flushing fluid depends on the size and type of catheter in
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place. Current guidelines from the Infusion Nurses Society (INS)
suggest that volume of flush solution should be twice that
of the calheter capacity, plus any add-on devices? Clinicians
should be aware of potential interactions between medication
and flushing solution, and variables among devices that may
require different procedures. Flushing is necessary after infusion
of blood products or albumin, which are highly viscous and more
likely to be associated with thrombosis, and is recommended
before and after administration of any medicatior, and between
medications if multiple infusions are necessary.?39%

As described in the Occlusions section, declotting should be
performed as required according to institution protocols. Daily
assessment of the continuing need for the catheter should be
conducted as long as the catheter is in place.

TECHNOLOGY

New technology to address the problem of catheter
occlusions has resulted in the development of needleless
valved catheters, pressure-activated safety valves, neutral
and positive displacement devices, and three-way valves"
Some manufacturers have created syringe barrels that do not
compress, which helps avoid syringe plunger reflux. Also, neutral
or positive displacement connectors may help prevent the reflux
that can occur with syringe connection/disconnection. However,
the physiological reflux that can occur while fluid is being
infused is not addressed by most needleless connectors. Because
occlusions continue to be a problem, anti-reflux devices have
been developed to prevent reflux.* The anti-reflux device can be
incorporated into the catheter itself or is available in needleless
connector form that can be added to any catheter.

The Bard Groshong™ device has a three-way valve at the distal
tip of the catheter that is placed inside the body. A slitin the tip
remains closed when it is not being used for infusion or flushing.
The Bard PowerPICC Solo™ has a valve with three slits in the
catheter hub that is placed outside the body. An infusion goes
through the middle slit; on aspiration, fluid comes through the
top and bottom slits. The Boston Scientific Pressure Activated
SafetyValve PASV® is placed in the hub of the catheter outside
of the body. The valve is pressure-activated and stays closed
when not in use. The Hospira LifeShield™ TKO™-5 is a pressure-
activated anti-reflux add-on device. The TKG™ is the only valve
available in a needleless connector that helps protect against
reflux, even when fluids are being infused. Use of the LifeShield™
TKO™-5 is described in this paper.
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What is a “valve"?

The term "valve," used frequently in IV therapy, is notwell
defined and may be a source of confusion breause the tem s
used to deseribe devices that have significantly different chars
acteristics. For example, the needleless connegtor that protects
the open end of catheters is often referred ta as a vaive (but
may also be called a cap, or-a positive-pressure cap...or even by
other terms). “Valve! is often used to descritie the mechanical
portions of some positive displacement needleless connecton
that have springs or other moving parts. These have been
associated with higher rates of bloodstream infection, a5 roted
by the FDA, and are currently undergoing postmarketstudjess
The pressure-activated valve in TKO-5 has no moving parts of
dead space where blood can escape clearance by flushing,

The TKO-5 anti-reflux pressure-activated device contains a three-
position bi-directional, dome-shaped silicone valve within the
needleless connector rather than in the catheter itself. The valve
opens and closes according to vascular pressure. It is designed
to operate like an automatic IV clamp and remains closed when
IV fluids are not flowing. This prevents fluid flow from the
bloodstream into the tip of the catheter. During infusions, the
valve opens outward, towards the patient's vascular system,
and allows |V fluids to flow through at normal gravity infusion
pressures (low cracking pressure of 8 - 10 inches of water or
head-height) at a rate of 70 mL per minute, or 4,200 mL per
hour at 30 inches of gravity pressure. When it is necessary for
the clinician to draw a blood sample, a syringe or vacutainer
easily opens the valve inward at higher pressures (6.5 PSI is
required), away from the patient. The straight fluid path can
be easily flushed with normal salinc, and the device is clear so
the clinician can see when blood has been properly flushed. The
TKO-5 is non-pyrogenic, non-latex, non-polyvinylchloride (PVC),
and is metal-free. It does not conflict with magnetic resource
imaging (MR1), is compatible with most blunt cannulas, and
attaches directly to any standard luer connector.

A previous, year-long project compared the use of the Baxter
InterLink® injection site with that of the LifeShield TKO-
5. It showed thal 7.6% (58) of 764 catheters using Baxter
InlerLink that were placed over 30 weeks required thrombolytic
intervention. In the subsequent 26 weeks, 784 catheters using
the LifeShield TKO-5 were placed, which resulted in 0.8% (6)
thrombolytic interventicns. This led to costs of $18,798.12
for managing thrombolytic interventions with Interlink, vs.
$3,446.40 for interventions with TKO-5.%

*




Trials comparing complication rates between TKO-5 and Baxter
“nterlink needleless connectors were conducted in two hospitals.
Both TKO-5 and InterLink are needleless connectors with a split-
septum design. The greatest difference between the two is the
anti-reflux valve inside the TKO-5

The first trial was conducted at Integrity Transitional Hospital
{ITH), a 64-bed acute-care hospital located in Denton, lexas,
that is part of a group of hospitals serving the North Texas
area. It specializes in management of patients who require
extended acute care, such as those with multi-system health
complications, those requ-ring extensive wound care, or those
needing a wide variety of respiratory scrvices. Average length of
stay is 25 days. Most ITH patients have a CVC of some sort, with
the greatest percentage having PICCs

The second trial was conducted at the Mantreal Chest Institute
(MCI), founded in 1909, which is one of five hospitals affiliated
with McGill University Health Center in Mantreal, Quebec,
Canada. The facility includes a 25-bed medical ward, a 7-bed
ICU, a 10-bed day hospital, and a 40 long-term bed facility,
providing intensive, acute, long-term, and ambu‘atory care on
diseases of the chest. Avcrage length of stay is 12.4 days.

This trial was designed to evaluate the TKO-5 device by
‘omparing its complication rates with those of InterLink, In both
facilities, CVC complications were measured over 21 days using
the Interlink device. The catheters and devices evaluated were
eitheralready in place at the beginning of the trial period, or were
newly inserted during the trial period. After 21 days, patients
on the Interlink device who continued to need a catheter were
switched to the TKO-5 device. Any ncw catheters inserted were
to use the TKO-5 devices. Complications in these patients were
measured for additional time periods.

Table 3: Montreal Chest Institute Catheter Data

& - | No.of closed- | | B __Average S |
Total no. of No. of open- ended PICCs No. of open- Total catheter catheter dwell
| catheters _|ended PICCs LBg_rq_Gﬂsbprg)__ ended ports days time (days)

InterLink 13 ? 10 1 102 7.8
1st 21 days i o R ) [ I R
TKO-5 2nd 9 3 5 1 165 18.3
21 days R ) B B
TKO-5 12 4 6 2 123 10.3
3rd 21 days i (i . —
TKO-5 20 10 | 8 2 331 16.6
subsequent
56 days ] l - - - I

At ITH, evaluations were made comparing complications during
the 21-day Interlink period with the 21-day TKO-5 period. At
MCI, dara continued to be collected after the initial 21-day
TKO-5 period. These reflected both existing and new TKO-5
insertionsoverathird 21-day period, then over a 56-day period. All
of these data sets were available for comparison. Both institutions
used the same flushing protocol for both devices: 0.9% NaCl
10 mL (lush before medication administration and 0.9% NaCl
10 mL flush followed by 3 mL heparin (10 units/mL) flush
following medication administration. When not in use, each
catheter lumen was flushed with 0.9% NaCl 10 mL followed by
3 mL heparin (10 units{ml) fiush every 8 hours

MEASUREMENTS

Complications data were defined as:

¢ Partial occlusion— flushing is possible, but some resistance
or sluggishness is noticeable

¢ Complete occlusion— neither flushing nor blood withdrawal
is possible

¢ Suspected infection— physician orders line removal or
administration of antibiotic specific to suspected pathogen
in line infection; due to the short duration of the trial, and a
low potential for enough patient days to show a significant
difference in infection rates, a delineation of actual infection
as defined by blood culture resutts and other criteria, was not
included in the study protocol

e Withdrawal occlusion— flushing is possible, but blood
withdrawal is not

e Declotting agent required— a thrombolytic (alteplase) is
administered to dissolve an occlusion

Page 5 Hospira, Inc




In the first 21-day period with Interlink at MCl, 13 catheters
(both existing and new insertions) were evaluated for a total

Table 5: Montreal Chest Institute complications
{complications/1000 catheter days)*

of 102 catheter days Average dwell time was 7.8 days. In the - A
second 21-day segment, which reflected switches to TKO-5 from - 'é' § ‘§ b
InterLink as well as new TKO-5 insertions during the 21 days, = 5’ fg‘ e &
9 catheters were evaluated for a tolal of 165 total catheter 2 g € -t =4
days and an average dwell time of 18.3 days, more than twice § Y e g q
that with InterLink. Ongoing evaluations continued for g third = 3 E © £
21-day period and a subsequent 56-day period. Dwell time ‘; E ? £ e
was 10.3 days in the third 21-day period, with 12 catheters in . = O | » | = |8 |
place and 123 lotal catheter days, and 16.6 days during the Inter- 19.6 29.4 0 0 49.0
subsequent 56-day period, with 20 catheters in place for a total Link
of 331 catheter days (Table 3). The addilional data for the third 1st 21
21 days and the subsequent 56 days are presented in this paper days ] 1l
as continuing evidence of TKO-5 efficacy in reducing central TKO-5 0 0 0 0 0
catheter complications. 2nd
Table 4: Montreal Chest Institute complications, number per M - — — -
evaluation period TKO-5 0 0 0 0 0
(eE Ry B o 3rd 21
@ g 8 days
" =] L2 3 < TKOLE il 1
g 3 g g s TKO-5 0 0 0 0 0
'5» § = TO‘ g- subse-
Sl f| B 5| 5o do
k= "g'. g = 2 ays | | =
;‘i 8 é E g | “Nuimbes of comuticalions divided by total number of catheter days muttipliza by 1000
I _ == =
Inter- 2 3 | o0 0 h More partial occlusions and complete occlusions were noted
Link with InterLink than with TKO-5 in any of the subscquent TKO-
1st 21 . 5 periods (Table 4). No suspected infections or withdrawal
days | | occlusions were seen with either device, although it was
TKO-5 0 0 0 0 0 | necessary to use alteplase to dissolve clots five times when the
2nd ! InterLink device was in use. These MCI data were translated to a
21 days [ ‘ commonly understood representation {(number of complications
ﬁgofs— 0 0 B 0 0 | 0 per 1000 catheter days, Table 5). Partial occlusions with InterLink
3rd 21 were 19.6/1000 cathcter days, and declots were 49.0/1000
days catheter days. No trial-defined complications were shown with
e : | | TKO-5 in any time period. Partial occlusions with InterLink
TKO-5 0 0 0 0 0 .
S | were 19.6/1000 catheter days, complete occlusions were
— 29.4/1000 catheter days and declots were 49.0/1000
56 days catheter days.
Table 6: Integrity Transitional Hospital Catheter Data
No. of Average
Total no. of No. of open- percutaneous No. of open- Total catheter catheter dwell
catheters ended PICCs CVCs ended ports days time (Ezy_s_»)_
Interlink 46 39 5 2 444 9.7
1st 21 days
TKO-5 2nd 30 21 ) 3 332 1.1
21 days . ——
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At ITH, 46 Interlink catheters (existing and new insertions) were
evaluated during the first 21 days, compared with 30 TKO-5
devices (existing and new insertions) over the second 21 days.
‘here were more catheter days (444 vs 332) but a shorter average
catheter dwell time with InterLink (9.7 vs 11.1 days) compared
with TKO-5 (Table 6).

Table 7: Integrity Transitional Hospital complications, number per
evaluation period

2
" 2 8
c | 2| 2| % |g
8 3 o g =
3 g £ =2 g
7] = ] @
g @ i = s
= z g £ |
.8 =3 i ©
| E ) = E
&£ S A = a
Inter- 20 5 0 i 14 3
Link
1st 21
days B | I N NR—
TKO-5 3 1 0 6 0
2nd
| 21 days I
Table 8: Integrity Transitional Hospital complications
(complicutia_n_s_pe_rl_()ﬂ()_gﬂhft_er doys)* - ) -
g
w v Q
= = 55—
" S 'S B L d
S E £ g | &
2 g £ = | £
< o :; © ‘@
g & 31 E3 S
S k™, > £ b
=] g g 2 s
5 § T2 | 2 | &
&£ S | & 2 a
Inter- 450 11.3 0 315 6.8
Link |
15t 21 |
days _
TKO-5 90 | 30 0 18.1 0
2nd
21 days | N S| S

*Nutnber of complications divided by 1atal number of calheter days muttiplied by 1000

In all categories except suspected infections, more complications
occurred with Interlink than with TKO-5, though partia’
occlusions (20 vs 3), complete occlusions (5 vs 1), and withdrawal
occlusions (14 vs 6) were seen with both devices. No declots
were necessary with TKO-5, vs 3 declots with InterLink (Table 7)
Complication rates with Interlink at ITH were greater than with
TKO-5 (Table 8).

Both institutions showed more complications with InterLink
than with TKO-b, though the complication rate for both devices
was higher at ITH. This result may have been due to differences

in hospital protocols. At MCI, all partia. and total occlusions
were immediately treated with a thrombolytic agent, while
at ITH, thrombolysis was not undertaken untl a complete
occlusion formed in the catheter, Thus, each complete occlusion
documented in the ITH trial was preceded by both a partial and
withdrawal occlusion, all of which are documented in the data.

Catheter-related occlusions and infections put patients at
risk and increase institutional costs, They can delay delivery of
necessary IV therapy, require expensive drugs for declotting
and other therapies, and are associaled with extended hospital
lengths-of-stay.** Blood reflux frequently occurs as part of IV
therapy'? and is a major cause of occlusion.* In fact, as much
as 25% of all CVC usage ends in occlusion,* which may lead to
biofilm formation and subsequent catheter-related bloodstream
infections. 46

Institutions now have incentives to reduce reflux and potential
infections. Because transparency in reporting of infections
is increasing, savvy consumers become aware of incidents of
infection at an institution, and will mare likely choose a hospital
based on their perceived risk for contracting an infection during
their stay. The lack of reimbursement for certain hospital-
acquired infections, as ruled by CMS, now encourages facilities
to prevent complications to avoid the added costs of prolonged
hospital stays and therapies of CVC-related complications.

This trial showed that fewer complications accurred at botn [TH
and MCI with TKO-5 than with InterLink, even with different
management protocols. Though economics were not part of this
evaluation, it could be speculated that costs were greater with
[nterlink, simply because more declots were required in both
institutions. None were needed with TKO-5.

Based on this trial, TKO-5 is currently the standard CYC device
used in both institutions. Informal evaluations among nurses
suggest that most found TKO-5 to result in fewer comglications
and was easy to use. A well-designed clinical trial is needed to
clarify the advantages of TKO-5 in preventing occiusions and
infections among patients with central venous catheters.
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