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Abstract

Background: Computed tomography (CT) with rapid injection of contrast medium is important for the diagnosis of many diseases.
To obtain good diagnostic accuracy, a power injector is recommended and routinely used to achieve a consistent injection rate of
contrast medium. Although rapid contrast injection improves diagnostic accuracy, it increases the risk of extravasation of contrast
medium.

Objectives: The aim of this study was to evaluate the extravasation rate of contrast medium using a power injector and determine
if using a saline test injection mode can reduce the rate.

Patients and Methods: The records of 10,310 computed tomography (CT) examinations with contrast administration by a dual-
syringe power injector were retrospectively reviewed. Before contrast administration, the same volume of saline was injected with
a higher injection rate than that for contrast medium and the protocol was defined as “saline test injection mode”. The incident
reports of patients with extravasations were reviewed and the extravasation rate and prevention rate were calculated.

Results: Extravasations occurred in 12 (0.12%) of 10310 patients, and follow-up information was available for all patients. Five (41.67%)
of 12 extravasations occurred during the saline test injection period, and the CT examinations were completed after creation of a
new venous access. Contrast medium extravasation occurred in only six (0.06%) patients. One of the patients with contrast medium
extravasation developed compartment syndrome and required decompression surgery. Other cases with extravasation had only
mild symptoms and improved within 5 days.

Conclusion: The saline test injection mode may reduce the risk of contrast medium extravasation and improve the safety of using
a power injector.
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1. Background

Computed tomography (CT) is important for the diag-
nosis of many diseases, and the use of contrast medium is
an important part of many examinations. For the evalu-
ation of the hemodynamic changes of lesions and CT an-
giography, rapid injection of contrast medium is neces-
sary. To obtain good diagnostic accuracy, a power injector
is recommended and routinely used to achieve a consis-
tent injection rate of contrast medium (1, 2).

Although rapid contrast injection improved diagnos-
tic accuracy, it increases the risk of extravasation of con-
trast medium (3). The extravasation of contrast medium
may lead to severe complications, especially if there is
a large amount of leakage, and surgery with or without
grafting may be needed (4, 5). To reduce the extravasation

rate, in addition to training of the staff, testing of the in-
travenous line with manual injection of normal saline is
performed before contrast medium administration (6, 7).
Even with complete preparation, extravasation rates have
been reported to be 0.1% - 0.9% (5, 8-13). Most cases of con-
trast extravasation occur in elder patients and those with
diabetes mellitus as the veins of these patients may not tol-
erate the pressure of rapid injection. However, the man-
ual injection of saline for testing cannot sufficiently evalu-
ate the veins because the pressure and injection rate of the
power injection cannot be simulated. Injection of saline
with power injection is also recommended for testing and
may provide adequate evaluation of the veins to determine
if contrast injection could be safely performed (7, 14). No
prior studies, however, have provided the efficiency to ex-
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amine testing vein function using a power injection and
saline.

2. Objectives

The purposes of this study were to calculate the ex-
travasation rate in using a power injector and to deter-
mine if using power injection to inject saline prior to con-
trast administration could reduce the contrast extravasa-
tion rate.

3. Patients and Methods

3.1. Patients

This study was approved by the institutional review
board of our hospital, and because of the retrospective na-
ture, the requirement of informed consent was waived.

The records of all patients who received CT with intra-
venous injections of contrast medium by a dual syringe
power injector between January 1, 2012 and December 31,
2014 were retrospectively reviewed. At our hospital, the
standard operating CT procedure is to use a power injector
for the intravenous administration of contrast medium,
except for those patients in whom suitable venous access
cannot be achieved. In this study, patients were excluded
if manual administration of contrast medium was per-
formed, the patient was younger than 18 years, and if a
peripherally inserted central catheter, central venous line,
or port-A-catheter was inserted. Totally, 10,310 CT examina-
tions using a power injector with a saline test mode were
enrolled in this study.

3.2. Acquisition Protocol

All CT scans were obtained with a 320-row multiple de-
tector CT system (Aquilium One, Toshiba Medical Systems
Corporation, Tokyo, Japan) and a dual syringe power in-
jector (Stellant CT injection system, Medrad, Bayer Health-
care, NJ]). Nonionic iodinated contrast materials (iohexol
300 [Omnipaque 300; GE Healthcare, Waukesha, Wis]; Io-
promide 300 or 370 [Ultravist 300 or 370; Bayer Healthcare,
NJ]) were used for all patients.

Before CT examination, all patients who were planned
to have a contrast-enhanced CT were examined by one of
the well-trained nurses of the CT team to assure adequate
peripheral venous access at the antecubital region or fore-
arm. The venous cannulas were checked by administer-
ing 5-10 mL of normal saline manually. If the intravenous
catheter could not be flushed adequately, or if the patient
experienced pain at the injection site, a new peripheral ve-
nous access site was created.

3.3. Saline Test Injection Mode

The dual syringe power injector provides injection pro-
grams to vary rate, volume, and hold that make multiple
injections in the same CT examination possible. In our hos-
pital, the injection protocol is designed with 2 blocks (Fig-
ure 1). The first block is for saline test only, and the second
block is for contrast administration. The volume of saline
used for the testis the same as that of the contrast medium.
Theinjectionrate of saline for testing is 0.5 to1mL/s greater
than that of the contrast medium. If extravasation occurs
during the saline test, a new venous access is created (Fig-
ure 2).
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Figure 1. Injection protocol on the screen. This is a sample of CT injection protocol
for liver tumor detection.

3.4. Contrast Administration

Preheated contrast material (about 37°C) is routinely
used, and the rate of contrast medium administration by
the power injector is 1- 5 mL/s, based on the types and pur-
poses of the CT examination, e.g., CT angiography, tumor
detection and evaluation, and thrombus detection, and
the size of the cannulas (20-gauge for > 1.5 mL/sec and 22-
gauge for no greater than 1.5 mL/sec).

If extravasation was noted, the injection procedure
would be interrupted. The clinical criteria for diagnosis of
extravasation are as below:

1. Patient complaint pain or swelling at injection site,

2. Abnormal increase or decrease of the injector pres-
sure was noted on the remote monitor of power injector,

3. There was no normal enhancement at the great ves-
sels.

After administration of contrast medium, saline flush
with 30 mL and same flow rate was followed for better en-
hancement with low iodine doses.

3.5. Data Collection

If an extravasation occurred in use of the power injec-
tor, immediate symptoms and estimated extravasated vol-
ume (EEV) were evaluated. EEV was estimated according to
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Figure 2. Schematic diagram of the process using power injector

the injection rate and time interval between the episode
and stop of injector. The contrast material extravasation
incident records were made for each patient with extrava-
sation and these records included patient age and sex, type
of extravasated materials (saline test, contrast medium,
or saline flush), injection site, intravenous cannula gauge,
contrast material injection rate, EEV,immediate symptoms
(if any), and treatment. For this study, all the contrast ma-
terial extravasation incident records were reviewed, and
the medical records and the radiology reports of these pa-
tients were also reviewed.

3.6. Statistical Analysis

Nominal data (sex, injection site, symptoms, treat-
ment) and ordinal data (intravenous cannula gauge) were
summarized by counts and percentages. Interval data (age,
injection rate) were summarized by means and ranges.
The entire study population of unique patients who under-
went a CT scan with intravenous contrast was analyzed to
calculate the risk (prevalence) of contrast extravasation.

4. Results

Between January 1, 2012 and December 31, 2014, 35,613
CT examinations were performed in our hospital, and con-
trast medium was used in 12,384. Totally, 10,310 CT exam-
inations using a power injector with a saline test mode
were enrolled in this study. Twelve extravasations oc-
curred (Table 1) totally, and the overall extravasation rate
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was 0.12% (12/10,310). One extravasation occurred during
the saline flush phase, and no repeat administration was
performed. The contrast medium extravasation rate was
0.06% (6/10310). Five extravasations occurred during the
saline testinjection phase and the rate in all extravasations
was 41.67%.

Of the 12 patients in whom extravasation occurred
there were nine females and three males, and in seven
cases (58.33%), the intravenous cannula was placed in the
radiology departmentand in five cases (41.67%)in the ward.
Half of the extravasation cases had the intravenous can-
nula placed in the antecubital veins and the other half in
the forearm veins. In the cases with extravasation, the size
of the cannula in seven cases (58.33%) was 20-gauge, and in
the other cases was 22-gauge. The average injection rate in
the cases with extravasation was 2.25 + 0.92 mlL/s (range,
1.2-4.5ml/s). The average EEV was 39.58 & 23.01 mL (range,
20 - 70 mL). Local tenderness or swelling was noted in all
cases. Local pain was noted in six cases only. One of the
patients with extravasation developed compartment syn-
drome and received a decompression surgery. There were
no complications in the other patients with extravasation.

5. Discussion

The results of the current study indicate that the
saline test injection method can reduce the contrast ex-
travasation rate using an automated intravenous contrast
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Table 1. Patient Demographics and Contrast Injection Characteristics in Patients with Extravasation

Patient Cannula size Injection Staff sited the Type of extravasation and EEV*, mL Symptoms Treatment Sequelae/follow-
No./Age (G)location rate, cannula up time,
(y)/Sex mL/sec day

ns# Contrast injection NS

test flush
1/67[F 22[Forearm 12 Ward 20 Local swelling and pain Conservative Nilfs
2[50[F 20[Forearm 3 Radiology 70 Local tenderness and numbness Conservative Nil/4
3/75[M 22|Antecubital 23 Radiology 20 Local tenderness and numbness Conservative Nil[2
4[70[F 20/Antecubital 4.5 Radiology 55 (iopromide 370) Local tenderness and numbness Conservative Nilj3
5/44/M 22/Antecubital 15 Radiology 70 (iopromide 300) Local swelling and pain Conservative Nilf3
6/75[F 22[Forearm 2 Radiology 20 Local swelling Conservative Nil[2
7/42[F 22[Forearm 23 Radiology 60 Local swelling Conservative Nilf1
8/73[F 20/Antecubital 25 Ward 10 Local swelling and pain Conservative Nilft
9/57/M 20/Antecubital 15 Ward 30 (iopromide 300) Local swelling and pain Conservative Nilft
10/60[F 20/Antecubital 25 Radiology 20 (iopromide 300) Local tenderness Conservative Nil/4
11/56/F 20(Forearm 25 Ward 70 (iopromide 300) Local swelling and pain, cold skin Decompression Nil[30
12/71[F 20/Forearm 12 Ward 20 (iopromide 300) Local swelling and pain Conservative Nilft

Abbreviations: EEV, estimated extravasated volume; F, female; M, male; Nil, nothing; NS, normal saline

medium power injector. The overall extravasation rate in
our study was 0.12%, and the rate of extravasation with con-
trast medium was only 0.06%, which is lower than pre-
viously reported extravasation rates (5, 8-13). The differ-
ence between the overall extravasation rate and the con-
trast extravasation rate means that the saline test injec-
tion method can detect patients with a higher risk of
contrast medium extravasation and reduce the contrast
medium extravasation rate by 41.67%. To our knowledge,
there are no published data that demonstrate that the con-
trast medium extravasation risk can be reduced by using a
saline test injection.

The use of a power injector provides greater informa-
tion for the CT examination (1, 15, 16). However, a faster
injection rate may lead to contrast extravasation and po-
tentially severe complications (3, 5,10, 17). Prior studies re-
ported that the incidence of intravenous contrast extrava-
sation using a power injector range from 0.1% to 0.9% (5,
8-13). In our study, the overall extravasation rate was 0.12%,
which is at the low end of that reported in prior research.
The low incidence in our study may be due to the relatively
low injection rate of contrast medium via the power in-
jector (1 - 5 mL/s). Phantom studies have shown that the
contrast medium injection pressure increased with an in-
crease in the injection rate (18). In our hospital, the injec-
tion rate may be reduced if there is deemed to be poor
venous tolerance at the injection site, which is routinely
checked by our stuff. Alower injection rate may result in
a lower injection pressure, which may decrease the inci-
dence of extravasation in patients with potentially poor ve-
nous tolerance.

Although the currently available iodine-based contrast
media generally are considered to be safe, extravasation of

the contrast medium may lead to complications, especially
when using a power injector. Most patients with contrast
extravasation are asymptomatic, or have mild symptoms
such as swelling, tightness, stinging, burning pain, edema,
erythema, or tenderness at the injection site. For these
patients, conservative treatments with elevation of the af-
fected extremity and a warm or cold compress are rec-
ommended. Only rarely do serious complications such as
compartment syndrome, skin ulceration, and tissue necro-
sis, which may require surgical intervention, occur. In our
study, only one patient developed compartment syndrome
after contrast extravasation and received surgery treat-
ment. No long-term sequelae were noted in this patient.
Other patients in whom extravasation occurred had only
mild symptoms and no surgical intervention was needed.
All of the patients with normal saline extravasation, in-
cluding the saline test phase and saline flush phase, ex-
perienced only mild symptoms as there was no contrast
medium present.

Prevention of contrast extravasation at the intra-
venous access site important for the safe use of contrast
media. Previous studies have examined potential risk fac-
tors for contrast medium extravasation including sex, age,
injection rate, cannula size, cannula location, and the type
of staff who inserted the cannula (6, 11, 19). At our hospital,
itis standard procedure to use a cannula of 22G or greater,
and only place it in an antecubital or forearm vein. The
results of our study showed that the incidence of extrava-
sation did not vary with cannula size or cannula location.
Similar to a previous study, the incidence of extravasation
did not increase with an increase in the injection rate in
our study (11). In addition, the incidence of extravasation
was similar regardless of the person inserting the cannula
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(19).

For decreasing the extravasation rate, the American
College of Radiology (ACR) and the Society for Pediatric Ra-
diology (SPR) practice guidelines for the use of intravas-
cular contrast media suggests that the intravenous access
should be examined to verify that the catheter is appro-
priate for the injection (7). Methods for determining suit-
ability include checking for the backflow of blood, saline
flush, and/or test injection with a power injector. In most
of the previous studies regarding contrast administration,
test injections were performed by manual push only. Only
one study used a saline test injection by a power injector
to estimate the contrast medium pressure in pediatric CT
and suggest that a saline test injection may be useful (20).

Different from the previous study, we performed the
saline test by manual pushing and a power injector. In
our study, five (41.67%) of all extravasations occurred with
the saline test injection, and no severe complications were
noted in these patients. Compared to iodinated contrast
medium, normal saline has less toxicity and is suitable for
testing (21). However, a manual push saline test does not
reach the pressure of using a power injector, especially the
higher pressure at a higher injection rate. For simulating
the conditions of contrast medium injection, we use the
same volume of normal saline as would be used with the
contrastmedium, but with a higherinjection rate. We used
a higher injection rate with the saline test because nor-
mal saline develops less pressure than iodinated contrast
medium at the same injection rate. Even a saline injection
rate that is 0.5 - 1 mL[s greater than that of the contrast
medium injection may not attain the same pressure.

Several limitations of this study should be noted. First,
this was a single-hospital study, which might limit the gen-
eralizability of the results. Second, the study data were
collected retrospectively. Although guidelines for high-
quality retrospective data collection were followed, the de-
tails of all participants could not be evaluated for risk fac-
tor detection. Third, subtle or minimal extravasation with-
out significant symptoms may not be recorded. Although
the post-injection condition of the patients was evaluated
by our well-trained nurses, only patients with focal discom-
fort, focal mass or poor enhancement in the post-enhanced
images would be rechecked and recorded. Forth, we did
not perform a power statistic calculation because we did
not have a control group. In addition, we did not perform
an in vitro study to determine if the amount of normal
saline used for the power injector test was adequate.

In conclusion, a saline test injection using a power in-
jector is simple to perform and may reduce the risk of con-
trast medium extravasation.
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