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Abstract : The aims of this study were to obtain the normal ranges of enhancement parameters for salivary gland
in dynamic CT and to investigate the effects of fasting time on contrast enhancement in clinically normal beagle dogs.
With five healthy beagle dogs, dynamic CT examination was performed according to fasting times (as fasting times,
12 hours, 0 min, 20 min, 40 min, 1 hours, 6 hours, 24 hours). In normal beagles with 12 hours fasting, enhancement
parameters through the preliminary study were as follows: ImaxA – 472.49 ± 19.01 HU; ImaxS – 138.95 ± 6.25 HU;
TmaxA – 25.8 ± 1.79 sec; TmaxS – 69.0 ± 23.11 sec; Teq – 80.5 ± 6.61 sec; T-Aeq – 54.5 ± 5.51 sec (Imax – peak
enhancement; Tmax – time to peak enhancement; Teq – time to equilibrium phase; T-Aeq – time between peak enhancement
in the common carotid artery and onset of the equilibrium phase; A – common carotid; S – submandibular gland;
HU – Hounsfield unit). Additionally, ImaxA and ImaxS were significantly increased in 40 min after eating. Because
these results associated with postprandial hemodynamic changes can make the diagnosis of salivary gland diseases
more difficult, sufficient fasting time is important for accurate diagnosis.
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Introduction

Contrast-enhanced computed tomography (CECT) is used

to enhance the contrast between pathologic, normal organ

structures, and surrounding tissues to find lesions. CECT is

routinely performed in humans (2,3,30) as well as in the in

the veterinary field (9,12,31). To establish optimal imaging

conditions for CECT, dynamic computed tomography (CT)

should be performed prior to CECT (5,20,36).

In human medicine, differentiating between various sali-

vary gland diseases or between tumor types has been studied

using dynamic CT (8,23,37,39). Computed tomographic fea-

tures of salivary gland diseases such as sialolithiasis, muco-

cele, sialadenitis and adenocarcinoma have been studied in

veterinary medicine (6,7,21,22,35). However, there are no

studies, in which dynamic CT was applied to the lesions in

the salivary glands. The protocol to obtain optimal scanning

time for salivary gland has not, also, been established. There-

fore, it is expected that establishing normal reference ranges

for dynamic CT enhancement parameters of salivary gland

will enhance the usefulness of CT in diagnosing salivary

gland diseases.

The aims of this study were to obtain the reference ranges,

as preliminary experimentation, for dynamic CT of salivary

gland in clinically normal dogs and to evaluate whether the

postprandial hemodynamic changes have effects on contrast

enhancement.

Materials and Methods

Preparation and general anesthesia of experimental

animals

All procedures were approved by the Institutional Animal

Care and Use Committee at Gyeongsang National Univer-

sity and the dogs were cared for according to the Guidelines

for Animal Experiments (GNU-170227-D0006) of Gyeong-

sang National University. Five healthy beagle dogs (mean

weight 10.6 kg, range 8.7-12.1; mean age 4 years; five males)

were used in a crossover method and the experiments were

performed. Using physical examination and abdominal radio-

graphs, they were screened for evidence of gastrointestinal

disease. The minimum time delay between consecutive exam-

inations in the same dog was 2 weeks to allow complete renal

excretion of the contrast medium.

In this study, seven groups with varying fasting times (As

fasting times, 12 hours, 0 min, 20 min, 40 min, 1 hour, 6

hours, and 24 hours) before dynamic CT examination were

applied to the five healthy dogs. 12H group (12 hours fast-

ing time before dynamic CT examination) was set to repre-

sent the protocol in general use in small animal clinics (14).

During fasting, care was taken that the animals did not

have any visual and olfactory contact with the test meal to be

fed later. The test meal consisted of daily ration of dry dog

food (Original Ultra.®, Natural Balance Korea. Co., Ltd.,

Gyeonggi-Do, Korea).

All dogs were premedicated with glycopyrrolate (0.01 mg/

kg, SC, Mobinulinj.®, Myungmoon pharm. Co., Ltd., Seoul,

Korea). Anesthesia was induced with alfaxalone (2 mg/kg,

IV, Alfaxan inj.®, Careside. Co., Ltd., Gyeonggi-Do, Korea;
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6 mg/kg IV) through a 22-gauge intravenous catheter and 3-

way stopcock in the right cephalic vein. General anesthesia

was maintained with isoflurane (Ifran®, Hana pharm. Co.,

Ltd., Kyonggi-Do, Korea) in oxygen (2 L/min) via endotra-

cheal (ET) intubation. All dogs were intubated with ET-tube

and position was ventral recumbency.

Injection protocols of contrast medium

The present study used non-ionic contrast medium Iohexol

(Omnipaque 300®, GE Healthcare Ireland) containing 300

mg I/ml. The contrast medium was administered by the use

of an automated power injector (CT 9000TM ADV injector,

Mallinckrodt, Germany) with a 22-gauge intravenous cathe-

ter and 3-way stopcock into the cephalic vein. A 2 ml/kg

intravenous bolus of contrast agent was injected at 1 ml/s.

Protocols of dynamic CT

The examinations were performed on a two-channel multi-

detector helical CT scanner (Somatom Emotion®, SIEMENS

Medical Systems, Erlangen, Germany). Thirty-five dynamic

CT scans were obtained with dogs positioned in dorsal

recumbency under general anesthesia and a total seven sin-

gle-level dynamic CT examinations per dog with seven groups

of fasting times were performed in five beagle dogs.

Dynamic CT was evaluated at the region of submandibu-

lar gland, as the biggest salivary gland, including common

carotid artery. In dogs, submandibular gland is commonly

located caudally to the mandibular ramus (6). In all examina-

tions, a topogram was initially performed to establish the

region of where mandibular ramus is located. Pre-contrast

images from the mandibular ramus to 2nd cervical spine,

including submandibular gland and common carotid artery,

were obtained. One of the pre-contrast images was deter-

mined as a single level which visualize the submandibular

gland and common carotid artery concurrently. The selection

of a level was followed by single-level, contrast-enhanced

dynamic CT study after a contrast medium administration.

The scanning parameters of the dynamic CT were as fol-

lows: Peak kilovoltage 110 kVp, tube current 50 mAs, 1 sec

rotation time, 2 sec intervals, and slice thickness 5.0 mm. The

time delay between the beginning of the contrast medium

injection and the start of scanning was 3 sec for each exam-

ination and 50 images were obtained every 2 sec for 100 sec.

Image analysis

All dynamic CT images were analyzed at a workstation

with OsiriX (Pixmeo, Geneva, Switzerland), which is a clin-

ically used PC-based software.

Using a circular region of interest (ROI) of approximately

2 mm2, the attenuation values (in Hounsfield unit; HU) of the

common carotid artery and submandibular gland were mea-

sured in each of the 50 images. Care was taken to avoid the

vessels in the parenchyma of submandibular gland within the

ROI circle (Fig 1).

Time-attenuation curves were obtained in each scan and

enhancement parameters were analyzed in the common carotid

artery (A), submandibular gland (S). Enhancement parame-

ters calculated for each images of scans included the peak

enhancement (Imax), the time to peak enhancement (Tmax),

the time to equilibrium phase (Teq), and the time between

peak enhancement in the common carotid artery and onset of

the equilibrium phase (T-Aeq). The equilibrium phase pro-

posed by Foley et al. represents the period where aortic and

hepatic enhancement undergo gradual parallel decline (13).

This definition was applied to the present study as the period

where enhancement of common carotid artery and subman-

dibular gland undergo gradual parallel decline.

Statistical analysis

Statistical tests were performed using commercially avail-

able statistical analysis software (SPSS25.0, SPSS Inc., Chi-

cago, IL, USA). All data are expressed as means ± standard

deviation for each group.

For the comparison of the effects of the postprandial

times, differences in mean attenuation values between the

12H group and the remaining groups were analyzed for

statistical significance by the use of one-way analysis of

variance (ANOVA). When the differences were statistically

significant, post hoc analysis was performed using Scheffe’s

multiple-comparison test. In the test, a P values less than

0.05 was considered to indicate a statistically significant dif-

ference.

Results

Representative enhancement parameters using dynamic

CT in clinically normal beagle dogs

As preliminary experimentation, the mean enhancement

parameters in normal beagle dogs whose fasting time was

12 hours were as follows: Imax of common carotid artery

Fig 1. The region of interest (ROI) of the common carotid artery

(black round), and submandibular gland (dotted round). Using a

circular ROI of approximately 2 mm2, Hounsfield Unit (HU) of

the common carotid artery and submandibular gland were mea-

sured. Care was taken to avoid the vessels in the parenchyma of

submandibular gland.
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(mean ± SD) was 472.49 ± 19.01 HU. Imax of the subman-

dibular gland was 138.95 ± 6.25 HU. Tmax of common carotid

artery and submandibular gland were 25.8 ± 1.79 sec and

Table 1. Representative enhancement parameters in normal
beagle dogs whose fasting time was 12 hours

Parameters Mean ± SD

ImaxA (HU) 472.49 ± 19.01

ImaxS (HU) 138.95 ± 6.25

TmaxA (sec) 0025.8 ± 1.79

TmaxS (sec) 000.69 ± 23.11

Teq (sec) 0080.5 ± 6.61 (n = 4)

T-Aeq (seq) 0054.5 ± 5.51 (n = 4)

Fig 2. Imax (HU) of the common carotid artery and submandibular gland in each group. Graphs show peak enhancement value of

common carotid artery (ImaxA) and submandibular gland (ImaxS) for each fasting time group. Significant differences between the

groups are identified in the evaluation of the ImaxA and ImaxS (*; p < 0.005).

Fig 3. Tmax (sec) of common carotid artery and submandibular gland, Teq (sec) and T-Aeq (sec) in each group. Graphs show time

to peak enhancement, Teq, and T-Aeq in fasting time groups. There are no statistically significant differences in the TmaxA, TmaxS,

Teq and T-Aeq between fasting time groups.

69 ± 23.11 sec respectively. In Teq and T-Aeq, if these param-

eters could not be evaluated in 100 seconds of dynamic CT

scanning, it was excluded from the analysis. Teq and T-Aeq

(n = 4) was 80.5 ± 6.61 sec and 54.5 ± .51 sec respectively

(Table 1).

Imax (HU) of common carotid artery and subman-

dibular gland in each group

The mean peak enhancement values of the common

carotid artery (ImaxA) and submandibular gland (ImaxS) for

each group is shown in Fig 2. In comparison with 12H group

(12-hours fasting time), ImaxA and ImaxS in the 40M (40-

minute fasting time) group were significantly higher than

those in the 12H group (p < 0.005) respectively. There were

significant differences between ImaxA of the 40M and 6H
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group (p < 0.005) as well as in between those of the 40M and

24H group (p < 0.005). ImaxS in 24H group (p < 0.005) was

also significantly different from the 40M group.

Tmax (sec) of common carotid artery and subman-

dibular gland, Teq (sec) and T-Aeq (sec) in each group

There were no significant differences in the time to peak

enhancement of the common carotid artery (TmaxA) and sub-

mandibular gland (TmaxS) between 12H and other groups.

Additionally, no significant differences were observed in the

Teq and T-Aeq (Fig 3).

Discussion

In human medicine, a few dynamic CT studies of subman-

dibular glands were performed to optimize examination parame-

ters for spiral CT scan (34,37). Moreover, it is reported that

parametrical analysis of a contrast enhanced dynamic CT

study can serve to differentiate the submandibular glandular

diseases including salivary adenitis and salivary gland tumors

(8,37,39). There were several protocols of dynamic CT

examination in theses human studies. Enhancement parame-

ters using the protocol (injected contrast material 50 ml with

a flow of 1 ml/s) which the most similar to the present study

were as follows: ImaxA – 127 ± 20 HU; ImaxS – 36 ± 7 HU;

TmaxA – 45 ± 6 sec; TmaxS – 68 ± 34 sec (34). When com-

paring these parameters to results of the present study, ImaxA

and ImaxS were lower and TmaxA was longer than results of

the present study. TmaxS could not be compared due to the

wide standard deviation. Contrast enhancement at CT is

affected by various interacting factors. These factors can be

divided into three categories: patient factors, contrast medium

factors, and CT scanning factors. In case of patient factors,

the major factors affecting contrast enhancement are body

size and cardiac output (cardiovascular circulation time) (1).

Therefore, the difference of enhancement parameters between

human and dog may be due to the differences in body size,

normal heart rate, and contrast medium volume.

In dogs, there were some protocols for contrast-enhanced

CT images of liver and pancreas. Three-phase scanning for

hepatic and pancreatic CT imaging was categorized as fol-

lows: arterial phase – 13 sec (liver) and 13 sec (pancreas);

portal or venous phase – 30 sec (liver) and 28 sec (pancreas);

equilibrium phase – 120 sec (liver) and 90 sec (pancreas)

(15,18). In this study, the arterial phase and venous phase for

submandibular gland were about 26 sec and 69 sec respec-

tively and these were longer than those for liver and pan-

creas. The reason for this difference is not clear, however it

may be explained by the differences in blood volume supply-

ing to the organs and distance from injection site to the tar-

get organ (1). Difference in the equilibrium phase could not

be evaluated because of the subjective evaluation of the time-

attenuation curve pattern.

In author’s experience, there were various degrees of con-

trast enhancement of salivary gland in patients without sali-

vary gland diseases. Contrast enhancement in CT is affected

by cardiovascular circulatory system such as cardiac output

and cardiovascular circulation time (1). In previous study, by

using Doppler ultrasonography in dogs, end diastolic veloc-

ity, mean velocity and blood flow volume increased signifi-

cantly postprandially in the splanchnic vessels (29). In humans,

likewise, these postprandial effects were also found in com-

mon carotid artery (11). Postprandial hemodynamic changes

are known to result in increased blood flow volume and

velocity in the splanchnic vessels such as cranial mesenteric

artery and celiac artery. In dogs, it is known that these phys-

iologic changes are significantly identified from 20 to 90

minutes postprandially (29). Similar hemodynamic changes

are also observed between about 30 and 45 minutes postpran-

dial in humans. Additionally, there were significant increases

in common carotid artery flow volume and heart rate post-

prandially (10,11,19,24,25). External carotid artery is the

main continuation of the common carotid artery and it has

several branches. The facial artery, one of the external carotid

branches, gives rise to glandular branch. This branch is the

main supply to the mandibular salivary gland in dogs (4).

Therefore, it can be suspected that the hemodynamic changes

in the common carotid arteries can give effect to the contrast

enhancement of salivary glands. In this study, significant

increases in the ImaxA and ImaxS occurred after 40 minutes

of food ingestion. These results were similar to those observed

at the postprandial hemodynamic change in previous studies

(11,29).

In previous studies, it is known that alteration of portal

flow by means of food intake or hormonal administration can

result in increased contrast enhancement of hepatic paren-

chyma. Administration of glucagon in dogs is known to cause

a 23% increase in hepatic enhancement and decreased time

to peak enhancement by a increase of portal blood flow (38).

It is also reported that consuming a liquid meal increase

hepatic enhancement by 11% in humans (17). These effects

of hepatic enhancement may adversely affect hypervascular

lesion conspicuity or improve detection of hypovascular lesion

(17,32). In the present study, statistically significant increased

enhancement of submandibular gland was identified after 40

minutes fasting. Thus, this may also have similar effects on

the detection of lesions as the previous studies do. For mini-

mizing this possibility, we recommend that the fasting time

should be more than 12 hours.

The limitations of this study are as follows. First, the influ-

ences of factors associated with postprandial hemodynamic

responses were not fully excluded. The stress factors (such as

temperature and environment) stimulate the release of vaso-

pressin from the hypophysis and lead to vasoconstriction of

the splanchnic vessels (28). Gastric distension and the digest-

ibility of the food have also effects on the postprandial mes-

enteric hyperemia (16,26,27). It is reported that the larger-

volume and lower-fat meal increase the postprandial contrast

enhancement (33). In this study, we did not control the amount

and composition of the test meal. The second was that the

present study was performed with only small number of clin-

ically normal dogs. In this study, due to the small number of

the dog, we just could obtain the normal enhancement param-

eters as preliminary study. Establishing reference range for the

enhancement parameters with large number of dogs through

further studies is needed for more accurate statistics. It is also

necessary to differentiate between the normal and salivary

glandular diseases.
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Conclusion

In conclusion, as preliminary study, the enhancement

parameters of dynamic CT for salivary gland in clinically

normal dogs were as follows: ImaxA – 472.49 ± 19.01 HU;

ImaxS – 138.95 ± 6.25 HU; TmaxA – 25.8 ± 1.79 sec; TmaxS –

69.0 ± 23.11 sec; Teq – 80.5 ± 6.61 sec; T-Aeq – 54.5 ± 5.51

sec. Additionally, due to postprandial hemodynamic changes,

contrast enhancement of salivary gland was significantly

increased in 40 minutes after eating. Because this result may

have effects on the diagnosis of salivary glandular diseases,

sufficient fasting time is important for accurate diagnosis.
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