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INTRODUCTION

Infusion thrombophlebitis (ITP) is well recognized as a
significant complication of intravenous therapy (1). The
symptoms vary and include pain, erythema, induration,
edema, and thrombus formation. The exact etiology of ITP
differs among formulations but the pathophysiological
events following the injection of an irritating parenteral are
similar to that of any inflammatory response. The main
phase of this inflammatory response usually does not begin
until several hours following venous insult and the visual
symptoms may not be apparent for several hours to days (2).
The increased blood flow from the early as well as the late
stages of inflammation causes a local rise in temperature
(3,4), which was found (5) to be detectable well before the
appearance of the visual symptoms accompanying venous
tissue destruction.

In the first study in this series (5) we introduced a new
method for the detection of ITP using a rabbit ear model and
a thermographic camera. This method of detection utilized
the local temperature elevation associated with the inflam-
matory process as a quantitative marker for detecting phle-
bitis. It is the purpose of this study to refine and extend our
previous model toward the goal of early detection and pre-
diction of severity. In these experiments the thermographic
camera has been replaced with a simple, inexpensive ther-
mocouple monitoring system. The model drug used in this
study was amiodarone HCl. Amiodarone is an antiarrhyth-
mic drug commonly administered as a bolus injection fol-
lowed by a short-term infusion. In addition, a more objective
method for visually quantitating the extent of phlebitis pro-
duced by a single amiodarone injection is introduced.

MATERIALS AND METHODS

Twenty-four New Zealand-strain white rabbits of ap-
proximately equal weight (3.0 kg) were divided into three
groups. Each treatment group received a different parenter-
al. The three treatments used were as follows: (1) a placebo
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injection of 0.9% normal saline (Abbott Laboratories, Chi-
cago, IL); (2) an amiodarone vehicle of 10% polysorbate 80
with 2% benzyl alcohol (Sigma, St. Louis, MO, and Aldrich,
Milwaukee, WI, respectively); and (3) amiodarone HCI, 50
mg/ml, (Labaz Laboratories, Ambare’s France). The amio-
darone vehicle was prepared in a laminar flow hood, passed
through 0.22-pum filters into sterile, pyrogen-free vials, and
then autoclaved.

In preparation for iv injection, the rabbits were mildly
sedated with 0.3 ml/kg of a solution containing 250 mg/ml
ketamine HCI, 10 mg/ml acepromazine, and 50 mg/ml xyla-
zine by intramuscular injection. Both ears were then shaved
to facilitate injection as well as visualization of veins and
symptoms. One of the ears was assigned as a reference,
while the other received the injection in the lateral vein at the
midpoint of the ear.

The injections were given via a 27-gauge, ¥s-in., butter-
fly catheter (Abbott Hospitals, Inc., Chicago, IL) attached
to a 1-ml syringe. A syringe pump (Sage Instruments, Model
355, Cambridge, MA) was used to control the rate to a uni-
form level of 1 ml/min. The dose was determined by individ-
ual rabbit weight and scaled to the standard human quantity
of 10 mg/kg (usually resulting in a volume near 0.6 ml).

Immediately following the injection, one type T thermo-
couple (Sensortek, Model 2102, Clifton, NJ) interfaced with
a digital thermometer (Cole and Palmer, Model 8500-40, Chi-
cago, IL.) was secured at a point directly over the vein and 2
cm proximal (downstream) to the injection site. A second
thermocouple was attached to the corresponding point on
the reference ear. The temperature difference between the
experimental and the reference ears was then recorded at the
following time intervals: every 10 min for the first 2 hr after
the injection; every 30 min for the next 4 hr; and at 24, 48,
and 72 hr.

Visual data were collected by actual physical measure-
ment of the length of the region of inflammation and erythe-
ma along the injected vein. These measurements were re-
corded in centimeters and collected at the same time points.

Statistical evaluation of the thermal data was accom-
plished through the use of a repeated measures ANOVA for
calculation of the mean square error terms. These values
were used for a Fischer Protected LSD test at the 0.05 level.

RESULTS

The recorded temperature differences between the ex-
perimental and the reference ears for all three treatment
groups are plotted against time in Fig. 1. Each data point, up
to 24 hr, represents the mean of no fewer than six rabbits.
The 48- and 72-hr time points have fewer rabbits due to
histological studies performed at 24 hr.

Contrasts for significant differences between the three
treatment groups for each time point yielded the following
results:

(1) a significant difference between amiodarone and

normal saline from 1 hr up to and including 24 hr,

(2) a significant difference between amiodarone and the

polysorbate vehicle from 1 hr up to and including 24
hr, and

(3) no significant difference between the vehicle and the

normal saline for any of the measured time points.
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Fig. 1. Mean temperature differences and the within-treatment
group standard errors for each time point. (A) Normal saline; (B)
polysorbate 80 vehicle; (C) amiodarone HCI.

Figure 1A is a representation of the normal saline treat-
ment group data plotted as the means and standard errors
versus time. It can be seen from this graph that, following
the first hour, the averaged thermal readings are consistently
near zero and the error terms small. At no time after the first
hour is there any deviation from the zero line larger than
0.4°C.

The data for the polysorbate treatment group (Fig. 1B)
are quite similar to those for the normal saline treatment
group. For the first hour there is some erratic thermal be-
havior, followed by near-zero averaged temperature differ-
ences for the remainder of the study. Here the largest devi-
ation from the zero line is approximately 0.2°C. The small
standard errors associated with each time point indicate
good agreement within the treatment group.

Figure 1C contains the data from the amiodarone treat-
ment group. It can be seen from the graph that after the
injection there is an initial drop below the point of zero tem-
perature difference, however, this is not significant (the
early erratic thermal behavior may be due to the effect of the
trauma that is caused by the injection procedure itself since
it is seen in all three treatment groups). The initial drop is
followed by a steady temperature increase. This increase in
temperature difference between the experimental and the
reference ears peaks with a value 0f 2.03°C at 1 hr 40 min and
reaches a relatively constant value of about 1.7°C through to
the 6-hr time point. At 24, 48, and 72 hr the temperature
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differences begin to diminish, however, the experimental
ears are still nearly a full degree warmer than the reference
ears after 3 days.

The length of erythema and swelling surrounding the
vein is assumed to be representative of the severity of phle-
bitis present. Figure 2 shows the relationship between the
length of inflammation (at 24 hr) and the temperature differ-
ence between the experimental and the reference ears early
in the study (1 to 2 hr postinjection). Each data point repre-
sents one rabbit. There is a correlation (r = 0.75) between
large temperature differences at early measurements and the
severity of the phlebitis manifested at later times.

Visual and physical examination of the rabbits in the
amiodarone treatment group at the 24-hr time point revealed
symptoms of phlebitis in all rabbits. However, measure-
ments of phlebitis taken at the 3-hr time point for this same
treatment group showed the presence of this condition in
only 1 of 10 subjects. Nearly all rabbits in this study had a
measurable amount of erythema. In the vehicle and saline
treatment groups, however, these regions were quite small
(generally circular in shape and less than 1 mm in diameter)
and attributed to the local trauma of the venipuncture. Fur-
thermore, the severity of these reddened areas decreased
with time after 3 hr, whereas the condition worsened for the
amiodarone treatment group.

DISCUSSION

Infusion of injection related phlebitis is similar to any
inflammatory process in that it generates heat at the site of
inflammation. We have demonstrated that a simple thermo-
couple system can be used as a convenient, noninvasive
means of quantitating the early temperature changes accom-
panying the onset of venous inflammation and phlebitis.

The rabbit model for examining phlebitis has been used
by several investigators (6-8); however, not until now has a
predictive model been introduced. As shown in Fig. 1C large
temperature differences are detected well in advance (sev-
eral hours) of visual symptoms. Not only is early detection
of phlebitis possible, but also it may be possible to predict
the severity of the condition from the magnitude of the tem-
perature differences (see Fig. 2).
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Fig. 2. Length of inflammation present surrounding the ear vein at
24 hr versus the mean experimental/reference temperature differ-
ence for the time course of 1-2 hr. Each data point represents one
subject in the study. The line represents the best-fit linear regression
equation, (r = 0.75). () Amiodarone HC}; (O) normal saline; (#)
polysorbate 80 vehicle.
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Using this model it was shown that amiodarone itself,
and not its polysorbate 80 vehicle, is responsible for the
phlebitis that often accompanies its administration. The rab-
bit ear/thermocouple model may be useful for identifying the
specific agent that is responsible for producing phlebitis.

The potential of a drug to induce ITP must be a concern
for those involved in parenteral formulation; therefore, in-
dustrial applications of this technique should be significant.
By using this model one may know within 1 to 2 hr of the
phlebitis potential of a parenteral, thereby providing a fast,
inexpensive, and accurate method for preformulation
screening of parenteral medications and of their potential
vehicles. Further, clinical applications of this technique may
lead to more effective treatment. Knowing in advance that
phlebitis is imminent would allow early therapeutic interven-
tion.

ACKNOWLEDGMENTS

The authors would like to thank Prof. R. O. Kuehl and
R. Axelson for their help in the statistical analysis of this
research. This work was supported in part through a fellow-

803

ship provided by the Pharmaceutical Manufacturers Associ-
ation, and by a grant in aid from the American Heart Asso-
ciation, Inc., Arizona Affiliate, Phoenix.

REFERENCES

1. S.J. Turco. Infusion phlebitis: A review of the literature.
Parenterals 5:1-8 (1987).

2. J. V. Hurley. Acute Inflammation. Churchill Livingstone, Ed-
inburg, London, Melbourne, New York, 1986.

3. T. J. Love. Thermography as an indicator of blood perfusion.
Ann. N.Y. Acad. Sci. 429-437 (1980).

4. G. Stuttgen. Biomedical Thermology, Alan R. Liss, New York
(1982).

5. G. H. Ward, P. E. Nolan Jr., M. Chawla, and S. H.
Yalkowsky. Studies in phiebitis: Detection and quantitation us-
ing a thermographic camera. Pharm. Res. 8:76-79 (1991).

6. M. Y. Levy, L. Langerman, S. G. Sabag, and S. Benita. Side
effect evaluation of a new diazepam formulation: Venous se-
quela reduction following iv injection of a diazepam emulsion in
rabbits. Pharm. Res. 6:510-516 (1989).

7. 1. Hessov, M. B. Moiller, and F. Melsen. Experimental infusion
phlebitis. Intens. Care Med. 5:79-81 (1979).

8. G. G. Doris, B. A. Bivins, R. P. Rapp, D. L. Weiss, P. P. De-
luca, and M. B. Ravin. Inflammatory potential of foreign par-
ticulates in parenteral drugs. Anesth. Analg. 56:422-427 (1977).



