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Summary

Formation of fibrin sleeves around catheter tips is a central factor in catheter failure during chronic

implantation, and such tissue growth can occur despite administration of anticoagulants. We

developed a novel method for monitoring catheter patency. This method recognizes the

progressive nature of catheter occlusion, and tracks this process over time through measurement of

changes in catheter resistance to a standardized 1 mL bolus infusion from a pressurized reservoir.

Two indirect measures of catheter patency were used: (a) reservoir residual pressure and (b)

reservoir discharge time. This method was applied to the study of catheter patency in rats

comparing the effect of catheter material (silastic, polyurethane, Microrenathane™), lock solution

(heparin, heparin/dexamethasone) and two different cannulation sites (superior vena cava via the

external jugular vein, inferior vena cava via the femoral vein). Our findings reveal that application

of flexible smaller-size silastic catheters and a dexamethasone lock solution resulted in prolonged

catheter patency. Patency could be maintained over nine weeks with the femoral vein catheters,

compared with five weeks with the external jugular vein catheters. The current method for

measuring catheter patency provides a useful index for the assessment of tissue growth around the

catheter tip. The method also provides an objective and quantitative way of comparing changes in

catheter patency for different surgical methods and catheter types. Our method improves on the

conventional method of assessing catheter occlusion by judging the ability to aspirate from the

catheter.
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The increased use of small animal models in pharmacological, biomedical and behavioural

research has brought about an increased interest in techniques for vascular cannulation and

issues surrounding long-term catheter patency. Formation of a fibrin sleeve around the

catheter tip is a central factor in catheter failure during chronic implantation. The fibrin

sleeve can form despite administration of anticoagulants, either as a catheter lock solution

(Foley et al. 2002) or systemically (Ruggiero & Aisenstein 1983, Di Costanzo et al. 1984).

Fibrin sleeves begin to form as early as 24 h after catheterization (Hoshal et al. 1971). This

inflammatory repair response to the catheter includes acute inflammation, chronic

inflammation and foreign body reaction with granulation tissue, and macrophage and

foreign body giant cell interaction (Anderson 1988). In man, 42–100% of central venous

catheters are surrounded by a ‘fibrin sleeve’ (Xiang et al. 1998). The fibrin sleeve represents

a potential source of catheter-related infection, withdrawal occlusion and pulmonary

embolism (Lloyd et al. 1993).

Long-term catheter patency is determined by factors that include site of catheter placement,

technique of catheter insertion, biocompatibility of the catheter material, diameter and shape

of the catheter, as well as the schedule of catheter flushes (Cocchetto & Bjornsson 1983). In

rats, a common site of placement of a chronic venous catheter is the external jugular vein

(Yoburn et al. 1984, Patsalos et al. 1992, Noble et al. 1994, Burvin et al. 1998), though

other sites such as the femoral vein and the inferior vena cava have also been used (Koeslag

et al. 1984, Pages et al. 1993, Burvin et al. 1998, de Jong et al. 2001). Review of the

literature in which rats have been cannulated via the external jugular vein indicates that

patency of the catheter seldom extends beyond 30 days (Cocchetto & Bjornsson 1983).

Our study applied a novel objective method for monitoring catheter patency. This method

recognizes the progressive nature of catheter occlusion, and tracks this process over time

through measurement of changes in catheter hydraulic resistance to a standardized bolus

infusion. This method improves on the conventional method of subjectively assessing

catheter patency by judging the ability to aspirate from the catheter, and represents a

variation of the inline pressure-monitoring method that has been applied in human subjects

(Stokes et al. 1989, Yamataka et al. 1993, Arai et al. 2002). Our application of measuring

the discharge time (DT) of a standardized bolus infusion, while measuring changes in

catheter pressure provides a useful index for the assessment of the extent of tissue growth

around the catheter tip.

We examined different catheter materials, different catheter lock solutions, as well as two

different cannulation sites. First, long-term catheter patency was compared between

catheters made of silastic, polyurethane and microrenathane™. Second, the biomaterial with

the best performance was chosen to compare patency of catheters maintained with a lock

solution containing either heparin only or dexamethasone and heparin. Last, the

effectiveness of these two lock solutions were compared for two cannulation sites – the

external jugular vein and the femoral vein.
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Materials and methods

Animals and surgical procedures

Experimental protocols were reviewed and approved by the University of Southern

California Institutional Animal Care and Use Committee. Male Sprague–Dawley rats,

weighing 350–375g, were used. The animals were obtained from a commercial vendor

(Harlan Sprague–Dawley Labs, Indianapolis, IN, USA) that ensures fidelity of the strain

through a genetic monitoring programme based on physical characteristics, reproductive

indices and the polymerase chain reaction. Animals were certified as pathogen free

(adventitious viruses, Mycoplasma sp., respiratory and enteric bacteria, ecto- and

endoparasites) according to monthly microbiological monitoring (available from URL:

http://www.harlan.com/healthreports/index.asp). The rats were individually housed in

polypropylene cages with sawdust used as routine bedding for two weeks prior to the study.

Housing conditions were characterized by room temperature maintained at 21.1±1.1°C with

15–20 air changes per hour, humidity between 40 and 70%, and a 12 h light–dark cycle with

lights going off at 18:00 h. All rats had free access to standard rodent chow and water. After

experiments, euthanasia of rats was conducted in accordance with the Guideline on the

Panel of Euthanasia of the American Veterinary Medical Association. Anaesthesia was

induced with 2.5% halothane in oxygen in a flow-through chamber, then increased to 5%

until cessation of respiration. Thereafter, the animal was decapitated.

Prior to cannulation, rats were anaesthetized with halothane (Halocarbon Labs, River Edge,

NJ, USA) 2.5% induction, 1.3% maintenance in a mixture of 30% O2–70% N2O. Body

temperature was maintained at 37.0°C with a homoeothermic water blanket connected to a

temperature controller (model TCAT–12, Physitemp; Clifton, NJ, USA). Aseptic technique

was followed during all aspects of the animal surgery. The catheters (all blunt tipped) and

stainless steel plug were sterilized using ethylene oxide.

Rats were cannulated via the external jugular vein as follows. A 2 cm × 4 cm area was

shaved on the ventromedian aspect of the neck, and a 1 cm longitudinal skin incision was

made ventrally along the midline of the neck. The right external jugular vein was separated

from the surrounding neck musculature. The cephalad end of the external jugular vein was

tied. The caudal end was occluded with a microaneurysm clip (#B– 1V, ASSI®, Westbury,

NY, USA), which was released on insertion of the catheter. The catheter flushed with a 4

U/mL heparin/saline solution (heparin-sodium porcine derived, Baxter, Deerfield, IL, USA)

was advanced 3.5 cm caudally into the superior vena cava, close to the right atrium. The

catheter was fixed with two 5-0 silk ligatures, tunnelled subcutaneously (s.c.) to the dorsum

of the neck and drawn back up through the skin. A 1.0 cm distal end of tubing served as a

percutaneous access port, which was sealed with a stainless steel plug. This portion of

tubing was sutured to skin and the port served for routine post-surgical catheter flushes, as

well as to assess catheter patency. Prior to recovery of the animal, 0.5% bupivacaine-HCl

(Marcaine, Abbott Labs, North Chicago, IL, USA) was infused s.c. at the edges of the skin

incision. Animals were transferred to a warmed recovery cage until able to ambulate.

Flunixin meglumine 2.5 mg/kg, s.c. (Banamine, Fort Dodge Animal Health, Fort Dodge,

Iowa, USA) was administered for added postoperative pain control three times at 12-hour
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intervals. Signs of any local skin inflammation, if present, were treated with topical

application of bacitracin ointment.

For cannulation of the inferior vena cava, a similar approach to surgical preparation and

catheter insertion was taken. Our approach was a variant of the approach used earlier by

Kaufman, who proposed insertion of the catheter into the inferior vena cava by a direct

abdominal approach (Kaufman 1980). In our method, the catheter was advanced 8.0 cm

from the right femoral vein at the level of the inguinal area until its tip in the inferior vena

cava was at the approximate level of the xiphisternum. A percutaneous access port was

established as described above. Surgical incisions were closed with silk suture. Both

external jugular vein catheter and femoral vein catheter were flushed immediately after

surgery and twice weekly through the access port using 0.8 mL of 4U/mL heparin/saline

solution, followed by injection of 0.05 mL of a heparin 50U/mL saline lock solution. On

days when catheter patency was evaluated, catheter flushes occurred after the patency

assessment.

Method for assessment of catheter patency

Patency of the catheters was assessed in a standardized manner during administration of a 1

mL bolus of saline through the percutaneous catheter port. The port was connected to a T-

connector with one arm of the ‘T’ connected to a Statham strain-gauge pressure transducer

and the other arm connected to an elastomeric infusion reservoir. The reservoir was

customized from a commercially available infusion pump (Advanced Neuromodulation

Systems, Inc, Plano, TX, USA) by removing the flow restrictor, which normally limits the

flow rate for slow infusion applications (Holschneider et al. 2002). The reservoir was filled

by needle puncture through its silastic septum with 1 mL of saline. Outflow from the

elastomeric reservoir was controlled by an electrically activated stainless steel solenoid

valve (The Lee Company; Essex, CT, USA). Two proxy measures of catheter patency were

recorded: (a) residual reservoir pressure (RRP) after discharge of its liquid content, and (b)

DT until end of fluid discharge from the reservoir. Parameters RRP and DT were derived

from in vivo recording of the pressure at the T-connector port with an online signal

recording system (Axotape 2.0, Axon Instruments, Foster City, CA, USA, sampling rate 40

Hz). Recordings of catheter patency were stopped after DT exceeded 60s, because catheters

were considered to be non-patent at that point. Following the final assessment of catheter

patency, the animal was killed and autopsy was performed to confirm the position of the

catheter and to allow for visual inspection of the extent of tissue growth around the catheter

tip. A total of 15 rats were randomly divided into a 7-, 14- and 21-day group, with five rats

in each post-surgical group. Animals were respectively killed on days 7, 14 and 21.

Evaluation of catheter material and size on catheter patency

The first five groups of rats were used to study the effect of catheter material and size. There

were five rats in each group. Five combinations of catheter material and diameter were

tested: (1) 5 F silastic (0.76/ 1.65mm silicone catheter, Dow Corning Corp, Midland, MI,

USA), (2) 3 F silastic (0.64/1.19mm, Dow Corning Corp, Midland, MI, USA), (3) 3.5 F

polyurethane (0.69/ 1.20mm, Access Technologies, Skokie, IL, USA), (4) 2 F size

polyurethane (0.33/ 0.66mm, Access Technologies, Skokie, IL, USA) and (5) ~3 F

Yang et al. Page 4

Lab Anim. Author manuscript; available in PMC 2014 July 16.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



microrenathane™ (0.62/ 0.97mm, Braintree Scientific, Inc Braintree, MA, USA).

Microrenathane™ is a type of polyurethane tubing with high tensile strength and

biocompatible properties. Catheter patency was assessed at the time of surgery and post-

surgically twice a week for four weeks.

Use of lock solution with dexamethasone for improving catheter patency

Whereas heparin lock solutions have been commonly used for anticoagulation in catheter

maintenance (Kaufman 1980, Xiang et al. 2000), dexamethasone has been reported to

minimize formation of the fibrin sleeve by virtue of its anti-inflammatory properties (Chervu

et al. 1989, Painter 1991, Villa et al. 1994). The external jugular vein was cannulated with a

3 F silastic catheter and a percutaneous access port was established as described above. Post-

surgically, catheter patency was maintained by twice weekly flushes with 0.8 mL of 4U/ mL

heparin/saline solution through the access port, followed by administration of a lock

solution. Two different lock solutions were compared, each passed through a 0.22 micron

syringe fitter: either 0.05 mL of saline containing 50U/mL heparin, or 0.05 mL of saline

containing 50U/mL heparin plus 1mg/mL dexamethasone (Sigma, St Louis, MO, USA). In

these animals, patency was assessed twice weekly during weeks 1–4, and once a week

during weeks 5–9. In each group, five rats were used to test the effects of lock solutions on

catheter patency.

Femoral vein cannulation

Cannulation of the inferior vena cava via the femoral vein has been cited by previous

authors as prolonging catheter patency, possibly because this approach allows greater blood

flow around the catheter tip (Kaufman 1980). Effects on catheter patency of varying the

diameter of the silastic catheter, as well as the presence or absence of a dexamethasone lock

solution were investigated. Fifteen rats were used in this study and divided into three groups.

The three groups were: Group 1: 3 F silastic catheter, heparin lock solution (0.10 mL of 50

U/mL), Group 2: 3 F silastic catheter, dexamethasone/heparin lock solution (0.10 mL,

dexamethasone 1mg/mL in 50 U/ mL heparin–saline solution), Group 3: 2 F silastic

catheter, dexamethasone/heparin lock solution (0.10 mL, dexamethasone 1 mg/mL in

50U/mL heparin–saline solution). Patency was evaluated twice weekly during weeks 1–4

and once a week during weeks 5–9.

Data analysis

Group size for assessment of DT and RRP from the various experimental groups was five

rats in each group. Data were expressed as mean±SEM. ANOVA and Student– Newman–

Keuls post hoc tests were used to evaluate significant differences (P<0.05).

Results

Measurements of catheter patency

Representative pressure recordings on post-surgical days 7, 14 and 21 showed that the DT

was increased markedly with implantation duration (Figure 1). In addition, the RRP, initially

0mmHg, became increasingly positive after 14 and 21 days of implantation.
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Autopsy on those animals indicated that after one week of implantation, tissue had grown at

the site of initial catheter insertion, but not around the catheter tip. After two weeks of

implantation, tissue had begun to grow around the tip of the catheter, but the layer of fibrosis

was thin and pierced by many small holes due to routine flushing. By the end of the third

week, thick tissue growth encapsulated the tip of catheter completely with the infusate being

released only through tiny pores in the fibrotic tissue. The progressive growth of tissue at the

catheter tip reflected the increases of DT and RRP.

Effects of catheter material and diameter on external jugular vein catheter patency

For the catheters inserted via the external jugular vein, patency (DT <60s) was maintained

the longest (~3 weeks) in the 3 F silastic group (Table 1). Catheters in all other groups were

patent for two weeks or less. The patency of the smallest 2 F polyurethane tubing was

maintained for only 10 days. There was also no difference with respect to duration of

patency between the 3 F Microrenathane™ catheters and the other polyurethane catheters.

Comparison of dexamethasone or heparin lock solutions on external jugular vein catheter
patency

In the heparin group, DT increased markedly after two weeks of cannulation (Figure 2a). In

contrast, DT remained unchanged for nearly four weeks of cannulation in the

dexamethasone/heparin group. Similarly, RRP began to increase after 10 days of

cannulation in the heparin group, whereas RRP remained near 0 mmHg in the

dexamethasone/heparin group. Patency was maintained on average for 20.9± 1.8 days in the

heparin group and for 35.7 ± 2.2 days in the dexamethasone/heparin group (Figure 2b), a

difference that was statistically significant (P<0.01).

Effects of dexamethasone on catheter patency after cannulation of the femoral vein

In all groups cannulated via the femoral vein, patency was maintained for over nine weeks,

with no catheter demonstrating a DT>25s (Figure 3a). Due to their smaller inner diameter,

the 2 F silastic catheters exhibited immediately after surgery (day 0) a DT that was nearly

twice that of the 3 F catheters. After nine weeks of implantation, DT remained unchanged in

the 2 F catheter group. In contrast, DT doubled in both 3 F catheter groups, when compared

with its post-surgery value (P<0.05). As a result, there was no difference in DT among the

three experimental groups after nine weeks of cannulation.

RRP remained lower over the duration of observation in the two groups treated with

dexamethasone/heparin when compared with the group that received only a heparin lock

solution (Figure 3b). At the end of the nine-week study period, compared with 38.9±4.0

mmHg in the 3 F silastic heparin group, RRP was 20.1±3.4mmHg in the 3 F silastic group

treated with dexamethasone/ heparin (P<0.05) and 5.6±1.6 mmHg in the 2 F silastic catheter

group maintained with dexamethasone/heparin (P<0.01). In addition to remaining patent for

fluid infusion, femoral vein catheters were found to allow for long-term blood sample

collection. In the 3 F silastic group treated with heparin, aspiration of blood could be

performed for 7–8 weeks. Even by the end of nine weeks of implantation, blood sample

aspiration was possible from 2 and 3 F silastic catheters maintained with dexamethasone/

heparin.
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Rats cannulated via the femoral vein exhibited normal ambulation in their homecages,

suggesting that collateral circulation was adequate for leg perfusion under standard

conditions.

Discussion

We found that the material, diameter, type of lock solution and site of insertion contributed

to the effective long-term maintenance of an intravenous catheter. Use of a flexible 2 F

silastic catheter inserted in the inferior vena cava via the femoral vein with concomitant use

of a dexamethasone lock solution was optimal in terms of long-term patency, which was

maintained for more than two months.

Many investigators have been trying to find new methods that can extend the patency of

cannulation in vivo. We modified Kaufman’s method by cannulating the inferior vena cava

via the femoral vein, rather than through a direct approach, which requires exposure of the

vessel through a midline abdominal incision. Our approach avoided two potential problems

in Kaufman’s method. First, opening of the peritoneal cavity may prolong post-surgical

recovery and increase the potential for post-surgical infection. Second, intra-abdominal

movement of the intestine can push catheters out of the vessel when cannulation occurs by

direct puncture of the inferior vena cava. Using our modification of the Kaufman technique,

catheter patency was maintained effectively for more than nine weeks, and may have

continued further with a longer observation period.

Catheter patency was markedly prolonged when the catheter tip was located in the inferior

vena cava when compared with the superior vena cava. Thus, 3 F silastic catheters were

patent for more than nine weeks when inserted into the inferior vena cava via the femoral

vein, whereas identical catheters inserted in the superior vena cava via the external jugular

vein remained patent for only five weeks. It is possible that the larger vessel diameter of the

inferior vena cava prolonged catheter patency. A larger vessel diameter improves blood flow

around the catheter tip, thereby extending the patency (Kaufman 1980). Tissue growth

usually happens at the site of vessel ligation and grows towards the tip of catheter along the

passage of cannulas. Deep implantation of the catheter in a vein with high blood flow may

retard the growth of reactive tissue.

It has been reported that heparin can inhibit smooth muscle cell proliferation after arterial

injury (Lindner et al. 1992, Volker et al. 1995) and that intimal thickening after vascular

injury may be modulated in part by heparin-binding growth factors (Bachinsky et al. 1995).

Our results show that for long-term catheter implantation via the external jugular vein,

heparin alone in the lock solution cannot fully inhibit catheter fibrosis, and complete

encapsulation of the catheter tip ensues within three weeks. This is consistent with

experimental findings that suggest that though heparin inhibits mechanisms that promote

fibrosis, neointimal cellular proliferation and thrombus formation, it does so only at high

concentrations (Spears et al. 1994). In vitro studies suggest that concentrations of 1000–

50,000 U/mL are required (Spears et al. 1994). Such high concentrations are difficult to

maintain chronically at the site of catheter insertion, and pose a potential risk of bleeding

(Sasseen et al. 2001).
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Dexamethasone has been reported to suppress intimal hyperplasia in vascular injury

(Colburn et al. 1992, Petrik et al. 1998). Compared with a lock solution containing only

heparin, a dexamethasone/ heparin lock solution allowed the superior vena cava catheter to

remain patent for more than five weeks. In the cannulation of the inferior vena cava, the

benefit of the dexamethasone was less apparent, primarily because the approach through the

femoral vein itself prolonged catheter patency. After nine weeks of observation, DT was the

same for catheters used with or without dexamethasone in the lock solution. However, RRP

remained significantly less in the dexamethasone group compared with the control group.

Such differences may relate to RRP being potentially more sensitive than DT for detecting

early changes in catheter patency. The 2 F catheter maintained with dexamethasone also

remained patent over nine weeks, and demonstrated even less of an increase in DT or RRP

during this period than the 3 F catheter. This may have been due to the smaller diameter of

the 2 F catheter, which allowed for greater blood flow around the tip, less irritation of the

vessel’s intimal wall, with minimal resultant fibrosis.

Tissue growth at the catheter tip developed faster around the catheter tip for 2 F

polyurethane tubing when compared with 3 F silastic tubing (superior vena cava groups). In

addition to diameter, the stiffness of the catheter can also substantially influence its

biocompatibility. It is possible that, despite a smaller diameter, the polyurethane catheter

caused greater irritation to the vessel’s intimal lining than did the larger diameter but softer

silastic catheter. The irritation may have served as a focal site for accelerated tissue growth.

The superiority of silicone rubber tubing has been previously demonstrated for chronic

venous cannulation (Davis 1966, Lipton 1972, Upton 1975).

The chosen method of prospectively recording catheter resistance to infusion of a

standardized bolus infusion allowed us to track the progressive nature of catheter occlusion.

DT and changes in catheter pressure may provide a useful index for the assessment of the

extent of tissue growth around the catheter tip. Our method improves on past methods in

which catheter occlusion was evaluated mostly by the ability to withdraw blood or inject

saline through the catheter, using ‘patent’ or ‘not patent’ as the outcome measure. It

represents a variation of the in-line pressure monitoring method used in human subjects in

which detection of catheter obstruction is made during continuous infusion using an external

motorized pump (Stokes et al. 1989, Yamataka et al. 1993, Arai et al. 2002). Unlike the in-

line pressure monitoring method, in which injection occurs under constant flow conditions,

our method uses a flow whose rate is dependent on the existent pressure downstream. This

allows for the assessment of an additional variable, ‘total DT’ of a standardized volume that

correlates with progressive occlusion.

Our method provides a practical way to prospectively monitor patency in vivo in small

animals without the need for pressure guide wires, which have been used in larger animals

such as dogs, under guidance of fluoroscopy, to diagnose arterial stenosis (De Bruyne et al.

2000, Pijls et al. 2000, Shalman et al. 2001). Our method also provides a quantitative way of

comparing changes in patency for different surgical methods and catheter types in small

animals. Though the indices provided by our method do not directly quantify growth of

fibrosis around the catheter tip, autopsy suggested that the pressure changes during infusion

were directly related to the extent of tissue growth. Future research will clarify the
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applicability of this method for assessing patency in chronic cannulations of other vessels or

ducts.
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Figure 1. Changes in reservoir pressure during standardized infusion of a 1 mL bolus of saline in
a single animal on post-surgical days 7, 14 and 21
After implantation of a 3 F silastic catheter in the external superior jugular vein, baseline

pressures are shown from 0 to 10 s for each of the three curves. Opening of the valve at the

10th second allowed bolus administration and controlled release of the reservoir content.

From weeks 1 to 3, there is a progressive increase in residual reservior pressure (RRP), as

well as an increase in discharge times. The duration between opening of the valve (10th

second) and the release of the saline solution (pressure change) were increased gradually

with prolonged catheter implantations
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Figure 2. Effects of dexamethasone/heparin lock solution on discharge time (DT) and residual
reservior pressure (RRP) after cannulation of the external jugular vein with a 3 F silastic
catheter
Values are means±SEM. Catheter patency was significantly prolonged in the

dexamethasone/heparin lock solution group compared with the heparin group (P<0.01) the

dexamethasone/heparin group (Figure 2b), a difference that was statistically significant

(P<0.01).
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Figure 3. Effects of dexamethasone (Dex) on (a) discharge time (DT), (b) residual reservior
pressure (RRP) of femoral vein cannulas
Catheters contained a lock solution that was either heparin (Hep) or dexamethasone plus

heparin (Dex/Hep). The femoral vein cannulas were kept patent for over nine weeks. The 2

F catheter maintained with dexamethasone demonstrated even less of an increase in DT or

RRP during this period than the 3 F catheter. Values are means±SEM
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Table 1

Effects of catheter material and diameter on catheter patency after cannulation of the superior vena cava via

the external jugular vein

Catheter material Diameter ID/OD (mm) Patency (days)

Silastic   5 F 0.76/1.65 13.8±2.8

Silastic   3 F 0.64/1.19 21.0±1.9**

Polyurethane   3.5 F 0.69/1.20 12.2±2.0

Polyurethane   2 F 0.33/0.66 10.0±1.2*

Microrenathane™ ~3 F 0.62/0.97 11.0±3.0

Values are means±SEM. Each group comprised five rats and a catheter lock solution of 0.05 mL of 4 U/mL heparin saline was used. Catheters
were considered to be patent when discharge time DT was <60 s

*
P<0.05 versus 5 F silastic catheter by ANOVA and Student–Newman–Keuls test

**
P<0.01 versus 5 F silastic catheter, as well as 2 F and 3.5 F polyurethane catheters, and microrenathane catheter by ANOVA and Student–

Newman–Keuls test
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